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Osnova

Hodnoceni expozice:

» obecné zakonitosti hodnoceni expozice

» osud latek v prostredi

» chemické a biologicke analyzy v hodnoceni rizik

 metodiky a modely

~ Problem definition/
Identification of Specific Protection Goals
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Faze analyzy rizik

» Analyza je proces, ktery zkouma dvé hlavni slozky rizika, expozice a
ucinku a jejich vztahy mezi sebou navzajem.

« Cilem je poskytnout data nezbytne pro stanoveni nebo predpovidani
ekologické odezvy na stresory za podminek expozice.

* Produktem faze analyzy jsou souhrnné profily, které popisuji expozici a
vztah mezi stresorem a odpoveédi.

» Tyto profily tvofi zaklad pro odhad a popis rizika v charakterizaci rizik.
* Prubéh faze analyzy:

— Selekce dat, ktera budou pouzita na zakladé jejich uziteCnosti pro
vyhodnoceni hypotéz

— Analyza expozice - zkoumani zdroje stresoru, distribuci stresort v Zivotnim
prostredi a miru spolecného vyskytu nebo kontakt

— Analyza dopadu - zkoumani vztahu stresor-odpovéd, dikazy kauzality a
vztah mezi mérenymi efekty a hodnocenymi endpointy
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Expozice v ekotoxikologii a v ECORA

* hodnoceni efektl bez znalosti expozice je témér zbyteCné
 bez expozice neni ucinek, bez expozice je riziko =0

* zhlediska poslani / cile cele ekotoxikologie: nejen resit efekty, ale
popsat cely problém, popsat riziko, odvodit opatreni, chranit ZP:

— predikce — hodnoceni rizik — pravdépodobnosti, ze pfi dané koncentraci
dojde k definovanym efektum

— kauzalita — korelace intenzity stresoru (koncentrace chemické latky) a miry
poskozeni biologického systemu

— Vysledek je progndza koncentrace toxikantl v jednotlivych slozkach
prostfedi = PEC (Predicted Environmental Concetration)

— potencialni expozice jako jeden z podkladd pro hodnoceni u€inku
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Expozice v ekotoxikologii a v ECORA

Expozice = stav kdy se toxikant dostava do primeého kontaktu s
biosystémem

— Zahrnuje i cesty, kterymi se latka dostava od zdroje k prijemci a osud latky v
prostredi

Uéinek = zména, kterou svym plisobenim toxikant v biosystému vyvola

K primému vlivu toxikantu na biosystém muze dojit pouze tehdy,

jestlize molekuly toxikantu vstoupi do interakce s molekulami v miste
ucinku v biosystému

Pouze pokud toxikant vstoupi do organismu a zde dosahne mista, které
je citlivé na jeho pusobeni (= tzv.misto u€inku) a vstoupi do reakce s

molekulami, které se ztc€astriuji metabolismu, muze nastat Skodlivé
pusobeni

Neprimy ucCinek = zprostredkované vztahy mezi organismy — likvidace
vCel pusobeni pesticidu ovlivni opalovani rostlin
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« vSechny tyto procesy je potifeba popsat a vyhodnotit (= zméfit/modelovat) pro kvalitni
analyzu ekotoxikologického problému, protoze v drtivé vétSiné pripadu plati, Ze
pro ucinek musi latka vstoupit do organismu a reagovat s biol. receptorem
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Hodnoceni expozice
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Princip hodnoceni expozice, jakozto zakladniho predpokladu pro existenci
ucinkd je v metodice EcoRA zcela nezbytnou komponentou.

Expozice se vyjadiuje bud ve vazbé na prokazatelné pritomné stresory v
prostredi nebo jako funkce davky, napriklad dle oCekavaného pfijmu v potrave.

Samostatnou kategorii popisujici celkovou davku prijatou organismem jiz ve
vztahu k predpokladanému ucinku je davkovy ekvivalent.

Hodnoceni expozice a hodnoceni u€inku spolu uzce souviseji. Musi byt
koordinované s aktivitami charakterizujicimi fyzikalni a chemické vlastnosti
sledované lokality Ci oblasti.

| pfes velmi uzkou souvislost téechto hodnoceni neexistuji standardni pristupy
ani specificka sada metod EcoRA pro vSechna mista — kazdé hodnoceni je
unikatni a mistné specifickeé.

vyznam hodnoceni spociva v kvantifikaci skuteCné nebo potencialni expozice
kazdého receptoru zajmovymi kontaminanty a pouzite metody musi tudiz
spojovat kontaminanty v prostfedi s ekologickymi receptory.
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Figure 2. Conceptual model for metals in aquatic systems. (1) runoff and point sources; (2) atmospheric deposition (and volatilization for

Hg); (3) uptake from dissolved phase; (4) trophic transfer; (5) deposition of detrital organic matter; (6) precipitation/dissolution
and sorption/desorption; {7) uptake by rooted macrophytes; (8) benthic organisms may ingested sediment or irrigate their burrows
and take up metals from water column; (9) emergence of insects. Me*: free metal ions (metal aquo complexes); MeL: metal
complexes with ligand L (charges are neglected for simplicity);
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Chapman et al. (2003) Human and Ecological Risk Assessment 9, 641

MeS: metal precipitates; =S-OMe: metal adsorbed on particles.




Metodiky hodnoceni expozice

Hodnoceni expozice zahrnuje popis a kvantifikaci vSech jevu, které se
vyskytuji mezi vystupem toxikantu ze zdroje a jeho primym kontaktem s
biosystémem, tedy expozici.

— Vystup toxikantu ze zdroje (emise)

— Transformace v prostfedi v€etné zmén a transformace latek v prubéhu
transportu (transmise)

— Kontakt toxikantu s cilovymi organismy (imise)
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Zdroje rizik

|dentifikace zdroje - relevantni informace mohou pochazet:

Map vyuziti pady, letecké snimkovani
Rozhovory s mistnimi informatory
Historické zaznamy

Priuzkumy oblasti

Fyzikalni stav zdroje

Slozeni zdroje, a jeho historie, v€etné stavu ktery vedl k naprave (napfr.
odpad ulozen pfed 15 lety na povrch pudy a zakryty Cistou pudou pred

10 lety)
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Zdroje rizik - prehled zdroju kontaminace

— BODOVE ZDROJE (Ize |épe kontrolovat, postihovat)
« odpadni komunalni vody
e prumyslové odpadni vody

* pevné méstskeé a prumyslové odpady - skladky / spalovani

— DIFUZNIi ZDROJE (obtizna kontrola)
« prumysl, produkty motoru, vyroba energie
 splachy z povrchu (silnice, stfechy, natéry ...)

« zemeédélskeé Cinnosti
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Otazky pro pri hodnoceni distribuce stresoru

« Jaké jsou dulezité transportni cesty?

» Jaké vlastnosti stresoru ovliviuji jeho transport?

« Jaké vilastnosti ekosystéemu budou ovlivhovat transport stresoru?
» Budou se tvorit sekundarni stresory?

 Kam se budou stresory transportovat?
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Charakterizace stresoru

* Pro chemické stresory, vyhodnoceni obvykle zacCina urCenim
rozdélovacich koeficientu

» Kilicové faktory zahrnuji fyzikalné-chemicke vilastnosti, jako je
rozpustnost a tlak par

« Napriklad chemickeé latky s nizkou rozpustnosti ve vodé maiji tendenci
se nachazeji ve slozkach zivotniho prostredi s vySSimi podily
organického uhliku, jako jsou pudy, sedimenty a biota

* Odtud se hodnoceni muze zkoumat transport v kontaminovaném mediu

* Vzhledem k tomu, smési latek mohou mit rtzné vlastnosti, analyza by
méla zvaZzit, jak se slozeni smési mize meénit v ase v prubéhu
transportu v zivotnim prostredi

« Bioakumulace a biomagnifikace jsou dalSimi dulezitymi parametry
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OSUD latky v prostredi urcuje miru EXPOZICE

ENVIRONMENTALNI OSUD (fate) popisuje
? V kterych slozkach prostiedi se latka nachazi ROZDELOVANI mezi slozky Sowrs
? Jak se uvnitr slozek pohybuje TRANSPORT - napf. vzduchem /
? Jak se uvnitf slozek preménuje TRANSFORMACE = .....: >
— chemické a biologické

Y

Atmosphere

EXPOZICE (exposure)
Mira vystaveni organismu
latce (v urcité koncentraci,
po uréitou dobu atd

= Expozi¢ni scénare)
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Obecné mechanismy transportu a rozptylu stresorti

» Fyzikalni, chemicke a biologicke stresory:
— VzdusSnym proudénim
— V povrchovych vodach (feky, jezera, potoky)
— Skrze pudni povrch
— V podzemnich vodach
* Primarni chemicke stresory:
— prostiednictvim potravniho fetézce
* Primarné biologicke stresory:
— Lidska Cinnost
— Pasivni transportem jinymi organismy

— Biologické vektory
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ROZDELOVANI TRANSPORT | TRANSFORMACE

Vlastnosti latky

Polarita vs hydrofobicita (Kow, rozpustnost ve vodé)

Tékavost, bod varu, vyparovani (H, bod varu)
Reaktivita vs stabilita a persistence (t1/2)

Vlastnosti
prostredi

Voda

Sedimenty

Puda

Atmosféra

Proudéni (rychlost, smeér, typ ...)
Teplota
Svétlo (a jeho parametry)
Chemické slozeni
pH (volné H+)
Redox potencial (... pfitomnost O2)
PFitomnost anorganickych iontt / vyménnych mist (napf. jil)
Castice — typ, velikost, mnozZstvi
Organicky material — typ, mnozstvi (huminové latky atp.)

Vlastnosti bioty

vegetace, konzumenti ...

Pocet / Pohyb [/ Velikost (povrch)
[ Mnozstvi (%) tuku
| Stupen v trofické pyramidé atd. atd.

Kombinace uvedenych parametrt urci osud a vyslednou expozici organismu
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OSUD latky v prostredi urcuje miru EXPOZICE

» Transportni procesy - dochazi k pohybu latek v prostredi, ale neméni
se chemicka podstata

— Difuze, sorpce, volatilizace, biokoncetrace

* Transformacni — méni se chemickeé slozeni toxikantu — dochazi k jeho
degradaci

— Fotolyza, hydrolyza, oxidace, biologicka degradace

» P¥i popisu latek v prostfedi je dulezita kinetika, to znamena zména
koncentraci latky v zavislosti na Case. Rychlost degradace a
transformace je dulezitym parametrem pro hodnoceni moznosti jejich
migrace v zivotnim prostredi

« Rada t&chto procest probiha podle kinetiky 1. fadu coZ znamena, Ze
okamzita rychlost reakce je umerna koncentraci vychozi latky v dané
fazi.
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Premeény latek v prostredi — (bio)transformace

 Typy transformaci organickych latek:
— CasteCna zmeéna struktury (napfr. vstup OH do neutralni mk)
— degradace na mensSi organické molekuly
— uplna degradace org. latky (CO2, H20)
* Hlavni procesy
— Chemické - dle typu prostredi
» atmosféra — fotochemické reakce, reakce s kyslikem (!)
» voda — hydrolyza, oxidacni reakce
» anoxickeé prostredi (sedimenty, podzemni voda) — redukcni reakce
— Biotické (enzymaticka)
« Uplna biotransformace (,Ready biodegradability* )

— latka je vyuzivana mikroorganismy jako zdroj uhliku = produkce
CO2

« Kometabolizace

— mikroorganismy potrebuiji jiny (hlavni) zdroj C (transformace latky v
ramci ,vedlejSich“ procesu)

Centrum pro vyzkum
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Premeény latek v prostredi — (bio)transformace

» Vysledek transformace

— netoxickeé produkty

"V VIV s

 Biodegradabilita vs Persistence
— Latky polarni a reaktivni — zpravidla kratky poloCas zivota

— Halogenované, neutralni latky — persistentni v prostredi
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Sekundarni stresory

Sekundarni stresory miuze vyrazné zmeénit zaveéry o riziku — mohou byt vétsi
nebo mensi, nez se tykaji primarniho stresoru.

Charakterizace sekundarniho stresoru je obvykle souCasti charakterizace
expozice - vSechny potencialné vyznamne sekundarni stresory jsou brany v
uvahu.

Pro chemikalie, vyhodnoceni se obvykle zaméruje na metabolity,
biodegradace produkty nebo chemikalie vytvorenych pomoci abiotickych
procesu.

— mikrobialni ¢innost zvySuje bioakumulaci rtuti preménou anorganickych forem
na organicke

— sekundarni stresory mohou byt také vytvofeny pomoci procesu v ekosystemu.
Pfisun nutrientll do feky miZze snizit koncentraci rozpusténeho kysliku protoze
se zvySi primarni produkce a nasledné dekompozice

— Fyzikalni disturbance — nap¥. odstranéni bfehovych porostu, muze generovat
mnoho sekundarni stresory, v€etné zvyseni zivin, teploty, sedimentace a zméne
toku — tyto faktory mohou ovlivnit umrtnost ryb v daném misté reky
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Expozice v ekotoxikologii a v ECORA

e prekryv s environmentalni chemii

« expozici pfedchazi osud kontaminantu v prostredi, ktery nemuze
ekotoxikologie prehlizet, protoze expozici klicové ovliviuje:
— zména environmentalni dostupnosti:
» zména celkové koncentrace v prostredi
« zména distribuce v riznych ¢astech prostredi
« zmeéna forem vyskytu latky (napf. kovy — speciace) a transformace

» zavisi zejmeéna na vlastnostech latky a prostredi

— zména biodosazitelnosti a biodostupnosti
» vazba na slozky prostredi
* omezeni pfijmu organismy

 zavisi na vlastnostech latky, prostfedi ale i organismu (uvedte konkrétni pfiklady)
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Expozice v ekotoxikologii a v ECORA

cela fada souvisejicich procesu na prekryvu ekotoxikologie a
environmentalni chemie

©)

bioakumulace
biokoncentrace
bioobohacovani
biotransformace
biodegradace
toxokinetika

toxodynamika
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Bioakumulace, Biokoncentrace, Bioobohacovani

B |’0 kovl:‘ce nt’race Bivaccumulation & Bioconceniration Process
Mira pfijmu latky do organismu (ryby) z vody Food chain transfer

BCF - Bioconcentration factor

Concentrationg;ota
Concentrationywy gier

BCF =

Bioconcentration

(Uptake from water)

Elimination
(respiration & excretion}

Experimentalni stanoveni _ - ; _ - o
Tes ty s rybami (stan dard OECD 30 5) Bicaccumulation = bioconcentration + food chain transfer - (elimination+ growth dilution)

Dlouhé, narocéné testy, testy s rybami in vivo

BCF lze predikovat z Kow

logBCF = logKow — 1.32
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Bioakumulace

, v . i i i —1
Akumulace latky (vSechny cesty expozice) g _ —oncentration of HM in dry fsh thooue (we Ke!)

BAF — Bioaccumulation factor Concentration of HM in rivulet water (mg L_l)
Bioaccumulation

Bif)oboha_c?vél?i = I remr

(Biomagnification) | — = e

Zvysovani koncentraci latek v organismech
v potravnim fetézci
BMF — Biomagnification factor (C,.qator/Cto0a)

@ Contaminant Levels

S, T~
\{z’_:» ‘ Ay ~4 ‘ % ﬂﬁ
\d-li::‘:bl ——N

@ contaminant Levels  Biomagnification
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Hodnoceni expozice

Environmental — )
Risk Assessment (ERA) DEEEGELEET
uz -

Exposure Effect
assessment m assessment
hEﬁ---“- RCR <1 PHEC =
Environmental : No-Effect
Concentration Concentration
| N ! :

ERA life cycle < e

'Visk Characterisation Raxiz;/
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Atmospheric
Deposition

=

Erosion
& Runoff__ e

\» . =
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Hodnoceni expozice

analyza intenzity, kvantifikace stresoru = chemicke latky, toxikantu

cil = pfesna a pravdiva koncentrace/davka, které jsou biosystémy exponovany +
pripadné Cetnost a doba trvani expozice a prostorové definovani

meéreni versus modelovani
nutno jasné definovat KDE (na jake ,vrstve®) je stresor kvantifikovan:
koncentrace v prostfredi X koncentrace v organismu (davka)

a CO vlastné vyjadruje

pro hodnoceni rizika (HI = PEC / PNEC) je nutné, aby PEC a PNEC mély stejny kontext: musi
byt ve stejnych jednotkach (napf. celkova koncentrace ve vodeé / ucinky pfi konkrétni celkove
koncentraci ve vode)

u kauzality to nutné neni (napf. koncentrace ve vodé / poCet bunék fas v ml) — ALE kvantifikace
stresoru musi byt co nejvice relevantni k naslednym efektiim (biodostupna koncentrace)

Centrum pro vyzkum
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Metody hodnoceni expozice

,Klasické*

stanoveni totalni koncentrace v prostredi (externi)
stanoveni koncentrace v organismu (interni - body burden)

vétSinou jednorazové stanoveni aktualni koncentrace

,moderni*

©)

stanoveni ,,biodostupnych* koncentraci v prostfedi — duraz na realnou frakci
— efektivni frakci toxikantu

stanoveni realné expozice z hlediska ¢asu — dlouhodobé zprimérovani
koncentrace — time weighted average (TWA) — pasivni vzorkovani

mérfeni a modelovani prestupu do organismu — toxokinetika

efektivni koncentrace v organismu (lethal body burden, incipient lethal level..)
+ biomarkery expozice

modelovani expozice multislozkovymi environmentalnimi modely

Centrum pro vyzkum
toxickych latek
v prostiedi



Hodnoceni hladin a koncentrace v prostredi

— Principem je odbér vzorkd, jejich chemicka analyza a vyhodnoceni
— Vystupem je totalni koncentrace na daném misté v daném Case
— Zakladni informace pro retrospektivni studie

— Monitoring vybranych latek v ovzduSi na meéficich stanicich

— Monitoring kvality vod v povrchovych tocich

— Systematicky monitoring kvality p(id a jejich kontaminace v ramci celé CR
— Ugelové studie kontaminace okoli priimyslovych zavod

— Vyzkumné studie zamérené na urcity zdroj kontaminace

— Rozlozené koncentrace latek v modelovém ekosystému

— Monitoring zdravotniho stavu lesnich porostld pomoci analyzy siry v jehliCi

Centrum pro vyzkum
toxickych latek
v prostiedi
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Exposure
Medium

Typical Tools for
Measurement / Estimation

Typical Ancillary Parameters

Cautions / Key Issues

Soil

® Measurement of bulk soil
chemistry. based on
collection by trowel or auger

® Site-specific. but may include
organic matter content, pH.
moisture content. soil texture,
cation exchange capacity.

e Sample depth
® Differentiation of soil layers

® Spatial design and resolution

Surface water

® Measurement of total or
dissolved concentrations
using typical water sampling
gear

® Site-specific. but may include
hardness, pH. alkalinity.
acidity, temperature. dissolved
OXygel. anions, cations.
nutrients, conductivity.
salimty. TSS. DOC

® Temporal variability including
seasonality

Sediment and
sedunent
porewater

® Measurement of bulk
sediment chemistry using
grabs, divers, or cores

® Measurement of sediment
porewater chemistry
(dissolved) by extraction
from sediments, or directly
(e.g.. using push-point
samplers)

® For sediment: organic carbon,
particle size. pH. sulphides,
SEM:AVS, possibly iron and
manganese hydroxides

® For porewater: redox. plus
similar parameters to surface
water

® Understanding relevance of bulk
sediment versus porewater for
each receptor type

® Sample depth

® Spatial design and resolution

® Understanding and addressing
oxygenation of porewater
samples during collection and
transport

Auar / Vapour

® Rare for ERA. but direct
measurement and modeling
are both used — see text.

Tissues

® Direct measurement preferred

® Estimation using uptake
factors or models

® Lipid content
® Moisture content

® Consideration of whether to test
whole organism or selected tissue
types

® Consideration of whether to
depurate, depending on how
tissue data will be used.

Government of Canada
(2012) Federal
Contaminated Sites
Action Plan. Ecological
Risk Assessment
Guidance.



Celkové - totalni — koncentrace

totalni celkové koncentrace
silné, agresivni (,,harsh“) extrakce
puda
sediment
voda
vzduch (filtry)

biota




Mereni biodostupnosti




BIODOSTUPNOST

* Pojem plvodné z farmakologie

— frakce latky, ktera je v téle uc€inna
* V environmentalnich védach

— frakce latky, ktera maze byt pfijata do organismu = latka je ve formé, ktera je

dostupna (neni tedy vazana v prostredi - napf. na organicky uhlik apod.)

 Biodostupnost popisuje procesy (vztahy) mezi

— Latkami pritomnymi v prostredi

— Vstupem (akumulaci) latek do organismu

— Vlastnostmi prostredi

Priklad - Pada
dvé rozdilné pudy (vysoky a nizky obsah organického uhliku)
biodostupnost (a tedy i bioakumulace) je vyssi v pripadé “low”

SYMBOLS
Eié%r; e(I:_i'légamc Matter,

Low Organic Matter
Conten

k Earthworm

4 soil Lipophilic Site
(© soil Negative Charge
@ Lipophilic Pesticide

Positive Charge
© Pesticide g

Low Organic Matter Soil




Toxické kovy ve vodach vs. tvrdost vody
-> vysSi tvrdost vody (vice Ca / Mg) — snizeni biodostupnosti / snizeni toxicity kovu
(kompetice s toxickymi kovy o vazebna mista v bioté)

Specific binding sites or toxic action' — et
, = Biotic Ligand (BL) 9 ! | Clwlm I

OH, CI, CO.>, HCOy, 80,>, HS

Centrum pro vyzkum
toxickych latek
v prostredi
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Hydrofobicita — organické latky vs. organicky uhlik (huminové latky)

BIODOSTUPNOST

-> hydrofobni latky - tendence akumulace v tucich / v bioté
(ale sou¢asné i v mrtvé organické hmotée - OC)
-> vysoky obsah OC v prostiedi (ve vodé): snizeni biodostupnosti latek

S

Uncontaminsted Sediment load from Lake Hmwetl
Fibutanes (e q., Keowee and Seneca Rivers). and

forest and undeveloped land
o

o -
Residual sedimant
FCEB loading from

Town Crask

—_—

&

i

Laka Hatwell fow .
L from Town Creek

-~

HII'I'III‘I an.d'l'ﬂl'\ﬂl.ll
f.‘:antun'lp

|~/

@@
LAepare Diyaios
41

Lamea Fish !?lﬂ H!blH Smal Fish (e
and Largemouth Bss)  gpinem mdahldl

m%

! Flow loward
kb — B Lake Hartw afl
Plrlinh ESTE Dissolved
F-nt!unrm ]'—"1' FCRs [ Suzpended
1. 1—'- sediment ranspoi
- idis plrgian)

Centr
toxick
v prostiedi

©)




Toxické kovy ve vodach vs. pH / slozeni vod
-> vyS8Si pH: kovy pfitomny v nerozpustnych hydroxidech (snizeni biodostupnosti)
-> nizsi (kyselé) pH — vyssSi rozpustnost a vyssi toxicita kovu

Complexed
with erganic & 3+.
inorganic ligands Effect of pH on Al” in solution
20
Exchangeable ELT:E:::;[?
o § =
Trace elements n_
in E £
s oil solution -
Specifically o 15 -
adsorbed on elay, in
organic matter or ! = 10
oxides e
E 5.
:
0 r Y j
a5 4 4.5 5 55 B
Soll pH

Centrum pro vyzkum
toxickych latek
v prostredi
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bioavailability

degree to which chemicals present in the soil may be absorbed or metabolised by human or ecological
receptors or are available for interaction with biological systems ISO 17402 (2006)

* je potfeba zejména pfi analyze kauzality mezi expozici a uc¢inkem
* je potreba pro vétSi mechanistické poznani tohoto vztahu

* je potfeba pro mozné extrapolace ucinku mezi vzorky a kontaminanty

Eisenia andrei exponovana olovu 2 g/kg
(totalni koncentrace)

2 90 i
= 80 " _
g 70
=) 60
E 5
@
> 40
T 30
=3
E

1
(6]

() pp—y—y———— G B e

Q
AL R, . 2 o oov @v -,
& ¥ 9,,9 & o & & & © &2 Q@
A & &£ ¥ & F & &
Centrum pro vyzkum Lanno et al. (2004) ECOtOXiCO|Ogy
(6) ‘°x‘°kf’_°‘:'j_‘a"e‘< Soil and Environmental Safety 57, 39-47
v prostredi




% Bioavailable / Mon-bioavailable

« pravdivé biodostupnou koncentraci Ize stanovit pouze analyzou organismu po
jeho expozici pfipadné analyzou efektu

* snaha vyvinout jednoduché chemické nastroje pro odhad biodostupné
koncentrace / frakce kontaminantu

* pouze takova chemicka metoda, ktera koreluje s biologickym prijmem Ci efekty
je validni (biomimetické metody / proxy for biota)

100 100

% Easily extractable

o0 90

% Bioavailable

% Non-bioavailable 80

80

W
-
2
(%]
E
3
x % Non-extractable
70 _2 70
e
60 £ 60
E
50 Decreasing = ‘50 :
9 Deereasing
Bicavailable a I I¢ 5 ;
40 ~ 40 with time
| Fraction with w
-
30 time £ 30
Increasing E
k]
20 Nen-Bisavailable 2 20
Fraction with 8 Increasing
10 w ID
time a8 with time

Arbitrary Time Af'blfmy Time



Celkovy obsah

aging, sekvestrace
2? ooy
Pomalu reverzibilné

Nereverzibilné " .
vazana frakce

vazana frakce

2?

Pevna fdze Rychle reverzibilné

vazana frakce

Sorpce
Kd, Koc, pH, CEC

Frakce vazana

Volné rozpusténa
na DOC P

frakce

Vodna faze

Neextrahovatelna frakce
Agresivni extrakce

Mirna extrakce

[ [l

Asimilace

Distribuce
Metabolismus
Eliminace

Ingesce

Kow, BCF

Bioakumulace

Hlen DosazZeni receptoru
/ Toxicita ?
Prijem
dermdlni

Exkrece




Jak zmerit biodostupnost ?

Sorbed compound
(rapidly reversible)
(Bioavailable or bioaccessible:
Temporally constrained)

MAYBE

Sorbed compound
(flowly/very slowly reversible)
(Bioaccessible:

Bioavailabl . playarole.

compound —

contaminant

Biodosazitelna

Biodostupna

Released
contaminant

+

Potencialné biodostupna

Bioavailability processes

In both soil and sediment, processes that determine exposure to con-
tamination include release of a solid-bound contaminant (A) and subse-
quent transport (B), transport of bound contaminants (C), uptake across
+ aphysiological membrane (D), and incorporation into a living system
(E). Note that A, B, and C can occur internal to an organism, such as in
the lumen of the gut. The NRC report defines A, B, C, and D to be bio-
availability processes, but not E, because soil and sediment no longer

o Biological membrane |

C
\__,.. Absorbed

AssnciatiunT Ai Dissociation

~in

Bioaccessible
compound
(Physically constrained

Occluded compound
(Non-bioaccessible)

NEVER

Semple et al. (2004) EST 15: 229A

Centrum pro vyzkum
toxickych latek
v prostiedi
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—>- organism J F  response

biodostupnost za¢ina
az prestupem pres
biomembranu



Jak zmerit biodostupnost ?

Reseni:
nemuze existovat jedna univerzalni metoda soiliwater

rizné organismy, latky, situace:

Chemical measurements
(available fractions)

membrane N / \ I
— toxicita pro organismy Zzijici v médiu ® pa—

— biodegradace kontaminantu ©

— prestup kontaminantu do potravnich fetézcu ®

Toxicity tests\—/

organism

Biological
measurements

nutné se ptat: biodostupnost PRO jakou latku ?

Centrum pro vyzkum

jaky organismus ?
jakou situaci ?
jaky cil ochrany ?

.7

specifické okolnosti definovat a pro danou situaci hledat vhodnou metodu

Bioaccumulation



puda / sediment

hydrofébni

polarni

koncentrace v porové vodé

polutanty

polutanty

extrakce vodnymi roztoky
H,O, CaCl,, NH,NO,

vzorkovani volnych kovt
diffusive gradient in thin film (DGT), Donnan membrane technique (DMT)

slabé kyseliny €i komplexujici ¢inidla
CH;COOH, EDTA

SN XX

roztok v kombinaci se sorbenty
Tenax, XAD ci hydroxypropyl-B-cyclodextrin (HPCD)

slaba organicka rozpoustédla
butanol, metanol, etanol, smési s vodou

superkriticka fluidni extrakce (SFE)
nastavitelna sila / polarita extrakce

biomimetické sorbenty / pasivni vzorkovace
polyoxymethylene (POM), polydimethylsiloxane (PDMS), solid phase
microextraction (SPME), semi-permeable membrane devices (SPMD)

DN N I N N

SN S

voda / vzduch

biomimetické sorbenty / pasivni vzorkovace
POM, PDMS, SPME, SPMD, Polar organic compounds integrative sampler
(POCIS), Chemcatcher,

hydrofébni
polutanty

v

polarni
polutanty

v

kovy

vzorkovani volnych iontd kovu
diffusive gradient in thin film (DGT), Donnan membrane technique (DMT)




« ISO 17402 (2006)
Guidance for the selection and
application of methods
for the assessment of
bioavailability in soil and soil
materials

 vybér metod dle mnoha
kritérii — nejen prosta korelace
s biologii (empirické metody),
ale dfraz na mechanisticky
|/ fyziologicky princip =
logicky souvisi s biologickymi
efekty / prijmem

- validace na vice latkach,
vice ptidach/sedimentech

Centrum pro vyzkum
toxickych latek
v prostredi
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Mechanism Simulates Pathway Method Calibrated Rec Limitations
om
men
Contaminant Target ded
Neutral Pore water Direct contactjl Neutral water Cd/Zn/Ni Soil + NH4sNO; may
extract concentration with water extract (NaNOs;; organisms, reduce pH in low
KNO3NH4NO3; plant uptake buffered soils.
CacClz) CacClz may
reduce DOC
concentrations
Poorly soluble
compounds
Depends on
concentration of
salt
Direct contactjl Extraction of Cd/Zn/Ni Soil + Pore water not
with water pore water organisms, available in dry
plant uptake soil
Equilibration time
if water is added
Transport Leaching test Inorganic/or | Ground- + Poorly soluble
ganic water compounds
Separation Free metal Uptake DMT, DGT inorganic Soil + Specialized
by diffusion concentration organisms. equipment
plant uptake
Acid Potential Uptake Acid extract Cd/Zn/Ni Plant uptake +
extraction soluble in water (HNO3) after
including
soil
characteristi
cs
Transport Leaching test Inorganic Ground- +
water
Uptake Acid extract (pH Pb Screening, + Gives a maximum
of stomach or human of bioavailability,
lower) ingestion because pH in the
intestine system is
higher
Complexing | Potential Uptake. EDTA extract Heavy Plant
agent soluble in Transport metals uptake.
water, groundwater
competitive
Simulation Oral uptake Human Stomach and Pb/Cd/Zn/Ni | Human +
of digestion uptake intestine system [@/Hg/PCB/
PAH method
comparison
Adsorption Amount in Contact with Adsorption to PAH Degrading +
to equilibrium with | pore water solid phase organisms
competitive | pore water (TENAX, XAD,
adsorbant cyclodextrines)
Adsorption to PAH/PCB/ Uptake +
solid phase OocCP invertebra-
(SPME, TENAX) tes
Increasing Amount in Contact with Mild (water + PAHSs Degrading
solubility equilibrium with | pore water organic) solvent organisms
pore water
Partial Amount of Easy Oxidation with PAHs Degrading +
oxidation of | weakly attainable by @ persulphate organisms
organic bounded micro-
matter organic organisms

contaminants




Metody stanoveni expozice

 Chemickée metody
— ruzné druhy extrakci - extrakce vodnymi rozpoustédly a vyluhy,

— extrakce organickymi rozpoustédly a extrakce na pevnou fazi
Chemical measurements

Total concentration —
in soilisoil like material "g
I I i £ A %
* Biologicke metody = ieraction £
S g 8
— Bioakumulace 5 L
£
e ’ . 7y r . = Potentially available concentration
— stanovovani rezidui latky v organismu (CBR) £ i sl maorl
Lﬁ Fraction Fraction Fraction
I A i ikt gt iraif‘nsg:;d.llzm
— Klasicke testy na organismech | kil
Environmental nce :
— Biomarkery expozice ——
uplake
14 r o é‘
— Sledovani genu 5 R 5
% BCGI.II'BI':I.Iol-&ﬁOH lmnﬂé}ﬁiﬁ g,
g ',’.:BFQ—T
'E Food:wah i

Centrum pro vyzkum
toxickych latek

v prostredi Biological measurements

©)




rimeé biologické metody

* Informace o aktualnim mnozstvi pfijaté chemickeé latky

« Zahrnuji v sobé vSechny biotické (napr. metabolismus) a abioticke
(napr. pH, mnozstvi organické hmoty) faktory ovlivnujici biodostupnost.

 CBR - critical body residuum - meri bioakumulace nebo obsah rezidua v
organismu

» CBRs predstavuje vnitfni koncentraci chemické latky v zavislosti na
subletalnich a letalnich efektech a charakterizuje toxikologickou
biodostupnost, zatimco bioakumulace reprezentuje prechod mezi
enviromentalni a toxikologickou biodostupnosti.

Centrum pro vyzkum
toxickych latek
v prostiedi
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Primeé biologické metody

chemickeé latky v téle organismu, ktera je spojena s vyskytem
nezadoucich efektd u jedincu a populaci, a to ve vSech stadiich vyvoje

 CBRs tedy pomahaji ustanovit toxikokineticky vztah mezi expozici a
celkovou koncentraci latky v organismu.

* Pro studium kontaminovanych mist Ize posuzovat kvalitu pudy pomoci
koeficientu nebezpecnosti (risk quotient, RQ):

RQ =IBR/CBR
« kde IBR je vnitfni obsah rezidua v tele

 Hodnota RQ<1 by méla zabezpedit pfiméfenou ochranu dulezitych
funkci ekosystému, které jsou spojeny s pudnimi organismy

Centrum pro vyzkum
toxickych latek
v prostiedi
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Akumulacni indikatory

* Neékteré organismy jsou v sobe schopny akumulovat zvysené mnozstvi
toxikantd a mohou slouzit jako material pro chemickou analyzu

« Akumulacni metody jsou Casto kombinovany s indikaCnimi postupy
signalizujicimi na biochemicke nebo fyziologické urovni ucinky
kontaminantu

« U odebranych organismu se stanovuji — tézké kovy, POP + parametry
rustu, zasazeni parazity, krevni obraz, biochemické parametry

Centrum pro vyzkum
toxickych latek
v prostiedi
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Akumulacni indikatory

» Priklady — akumulace tézkych kovu v plzich, bryomonitoring —vyuziti pfi
hodnoceni imisni zatéze
— Mechorosty maji vysokou sorpc€ni kapacitu — diky vysoké smacivosti a
vysokému povrchu bunécnych stén
— Hojné rozsifené organismy

— Ro¢ni pfirastky mechu dovoluji analyzovat vzorky z Casoveé urceného
obdobi

— Bryomonotirng na tzemi CR zahajen v roce 1991 na 33 lokalitach — mech
travnik Schreberuv

— Umoznuje sledovat Casové vyvojove trendy imisni zatéze

Centrum pro vyzkum
toxickych latek
v prostiedi
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Akumulacni indikatory

» P¥i pouzivani akumulacnich indikatoru je tfreba respektovat:

— Akumulacni indikator je zivy organismus s veskerou variabilitou zivého
systéemu

— Kumulace toxikantu neni pasivni proces, ale je realizovan celym
metabolismem organismu se vSemi obrannymi procesy jak z hlediska prijmu
tak z vydeje

— O vysledné koncentraci nerozhoduje pouze pfijem toxikantu, ale rovnovaha,
ktera se ustavi mezi vSemi slozkami latkoveho toku

— ZjiSténé koncentrace v akumulacnich bioindikatorech jsou modelem
biodostupné slozky latky, nikoliv celkového obsahu v prostredi

— Standardizace musi vzdy respektovat cile studie a konkrétni podminky na
strané stanovované latky tak organismu

Centrum pro vyzkum
toxickych latek
v prostiedi
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organickeé polutanty:

A. stanoveni biodosazitelné frakce pomoci extrakce rozpoustéedly Ci
pomoci vodnych roztoku s pridanymi sorbenty

Method

Working principle

Strengths

Weaknesses

Mild solvent extraction
(Kelsey et al, 1997;
Liste and Alexander, 2002)

HPCD extraction
(Cuypers et al., 2002;
Reid et al., 2000)

Sequential Tenax extraction
(Cornelissen et al., 1997;
Xu et al,, 2008)

6-h Tenax extraction
(Cornelissen et al., 2001)

Analyze HOC in mild solvent
after extraction

Partial extraction measuring
rapid desorption fraction

Analyze HOC in HPCD after
extraction

Partial extraction measuring
rapid desorption fraction

Consecutive desorption with
Tenax as HOC trap

Use regression model to estimate
various desorption fractions

Use Frapia to indicate bioaccessibility

Single-step desorption with Tenax
as HOC trap

Use Fgp, to approximate bioaccessibility

s Easy operation

» Fast and easy operation

e Tenax reused and economical
« Understanding of desorption
kinetics

e Fast and easy operation

Results vary with solvent,
matnx and organisms
Mot applicable for in situ
measurement

Species-dependent performance
and limited extraction capacdity
Mot applicable for in situ
measurement

Time consuming and labonous
Mot applicable for in situ
measure ment

Fgnh may not equal to Frpia
Not applicable for in situ
measure ment

Cui et al. (2013) Environmental Pollution 172: 223-234

Centrum pro vyzkum
toxickych latek
v prostredi
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Metody hodnoceni biodostupnosti — puda / sediment

slaba rozpoustédla

» polarnéjSi organicka rozpoustédla (BUuOH, MeOH, EtOH) / smési rozpoustédel a vody /
pripadné sekvencni extrakce — zvysujici se sila extrakce

* nizka mechanisticka / fyziologicka obhajitelnost

* nutnost korelace s biologickymi endpointy je kliCova

Sample Preparation Mild Solvent Extraction Data Interpretation
. _— Add n-butanol Solvent extractability
[ Spite “le"h B ] _+ (e.g.. soik:solvent=1:2) — (% of spiked HOC)
Incubate for various ; Solvent extractability
unaged soils time intervals Shake mixture for 2 h = accessibility 7
2 54 | n
S =52 _ J l
gL i i ik . Correlate extractability
= - _ o H
= 2% R® = 0.9298 | Centrifuge for 10 min with bioassay data
o <
n 8 S46 |
T goaaf l
T HT 42| e
- = =17
- T 40 1 . 1 ) [ Collect supernatant Slope
< 0 5} 10 15 20
[ accumulation percentage by earthworm (%) l
% Te) i'i'es
= S . aged soils Analyze HOCs in T
A«I) ® 29 | supernatant by HPLC —_— Suivmlextmd_mn_muucs
QB EZ2T [ y=34771x + 15003 DR necmempbility
Q 5. 25 R = 0.8567
@8 a 209 |
= = 8
A~ 38521 . . .
25519 Cui et al. (2013) Environmental Pollution 172: 223-234
<
®E 5717
= =
g 6 @ 15 I
Do 0 1 2 3 4

accumulation percentage by earthworm (%)



Metody hodnoceni biodostupnosti — puda / sediment

superkriticka fluidni extrakce (SFE)

« CO, v superkritickém stavu
* moznost meénit tlak a teplotu a tim silu / polaritu extrakce, napf.:

— mild extraction: 12 MPa + extrakéni teplota 50°C + teplota restriktoru 120°C + extrakéni ¢as 30 min
— harsh extraction: 40 MPa + extrakéni teplota 150°C + teplota restriktoru 120°C + extrak&ni ¢as 45 min

» nutnost korelace s biologickymi endpointy je kliCova

aged soils

y = 5.1283x + 9.5276
R? = 0.9076

T

Extraction percentage
by SFE (%)
Do
=)
T

www.waters.com accumulation percentage by earthworm (%)

Sun and Li (2005) Water, Air, and Soil Pollution 166, 353-365



Metody hodnoceni biodostupnosti — puda / sediment

hydroxypropyl-B-cyclodextrin (HPCD)
» oligosacharidovy cyklus s hydrofébni kavitou a hydrofilnim exteriérem

» obrovska kapacita roztoku HPCD pfripomina degradaci (ubytek) latky
diky biodegradaci — méfi vlastné mass transfer, ktery je limitujicim
faktorem biodegradace

» perfektni korelace s biodegradaci pro PAHs, PCBs, OCPs, alkany
napfi¢ riznymi pudami a latkami !! (pro jiné organismy nevhodny !!)

0/\<OH
0.
Q

}\OH N N Sample Preparation HPCD Extraction Data Interpretation

o

0 | Add 25 ml HPCD solution HPCD extractability

\?/ /zz/ O O Sail or sediment with HOC { (50 mM) to 1 Zigsud J ) (% of spiked HOC)

DO Q v
. Shake mixture for 20 h } m’f‘ﬂ;:;mﬁ“l' ]‘_
; ) l v
S 90 4 Correlate extractability
'é [ Centrifuge for 10 min ] with bicassay data
£ |
‘g 80 - J'
% Collect supematant
£ 701 =
+—
<
g Slope = 0.99 J' iyu
-:Cj 60 R®=0.93 Analyze HOCs in
S ) Intercept = -0.98 supernatant by HPLC HPCD extraction mimics HOC
s bioaccessibility
50 T T T T
60 70 80 90 100
Centrum pro vyzkum . . q
(@) e 14¢_Phenanthrene extracted (%) Cui et al. (2013) Environmental Pollution 172: 223-234




Metody hodnoceni biodostupnosti — puda / sediment

hydroxypropyl-B-cyclodextrin (HPCD)

« omezena kapacita HPCD vyfeSena pomoci PDMS ,infinite sink®

Sorptive bioaccessibility extraction (SBE)

Gouliarmou and Mayer (2012) Environ Sci Technol 46, 10682—10689

Centrum pro vyzkum
toxickych latek
v prostiedi
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Metody hodnoceni biodostupnosti — puda / sediment

Tenax

* vysoce porézni polymer (2,6-diphenyl-p-phenyleneoxide), leh¢i nez voda - I1ze odfiltrovat

« veétsSinou jako sekvencni extrakce v nékolika opakovanych extrakcich stejného vzorku —
desorpcni kinetika s rychlou (F,,4), pomalou a velmi pomalou desorpci

« dlouha metoda — existuje 6h varianta

0.4

0.35

03

H
|

025 Il |

024'!

Fraction desorbed

0.15 +

0.1

0.05 +

Cornelissen et al.
(2001)
Environmental
Toxicology and
Chemistry 20: 706—
711
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PAH degradation (%)

e

100 -
90
80
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Sample Preparation

I 2 g sediment ]

Mix

Tenax Extraction

>

+

| 0.15 g Tenax beads |

20 40 60 80 100
Fraction rapidly desorbing (%)

Fig. 3. Estimation of polycyclic aromatic hydrocarbon (PAH) bio-
availability using Tenax. Amount degraded (%) versus rapidly des-
orbed (%). Degradation in a bioreactor (Il and A) or by landfarming

toxickych l¢ (#) (Cornelissen et al., 1998a. b).

Collect Tenax at 1,2, 6,...,336h
by centrifugation

ks

Supernatant

Sediment

[iltration

[ Harvest Tenax by

|

Add fresh 0.15 g
Tenax

|

Measure HOCs in extract
Calculate SI in Eqg. 1

|

sediment at 336 h

e
W

Data Interpretation

n

—

1o derive lemd

Fit data 1o Eq. }

v

Correlate anm with
bioassay data

1

Slope =17

chs

HOC bioaccessibility

{ Tenax extraction mimics

|

Cui et al. (2013) Environmental Pollution 172: 223-234



XAD

« XAD-2, XAD-4 (amberlite) kopolymer polystyrenu
« vyhoda — stabilita do 200°C — Ize pouzit termalni desorpci
* postup podobny jako u Tenax

Porosity:  0.41mL pore/mL bead

g SUPELCQO  surfeceArea i) 300mg

Mean Pore Diameter.  90A

Bead Microspheres

80 A Vs

Adsorbate
Molecule—__

y=1.0429 x
R?=0.8753

—

O 40 4
Hydrophilic Hydrophobic
Head Tail

20 A
® PAH residuals

Linear regression
—_—— N
0 e 45° line

PAH residuals after biodegradation, mg/kg

0 20 40 60
PAH residuals after XAD-2 assisted desorption, mg/kg

Centrum pro vyzkum
toxickych latek
v prostredi

Lei et al (2004) Environ Sci Technol 38: 1786-1793
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organické polutanty

B. stanoveni volné rozpusténé koncentrace s vyuzitim sorbentu —
pasivnich vzorkovacu

(vlastné velice podobné postupy jako pasivni vzorkovani vody)

Method

Working principle

Strengths

Weaknesses

SPMD (Semi-permeable membrane
device) (Huckins et al., 1990;
Zimmerman et al,, 2004)

PED {Polyethylene device)
(Cho et al,, 2009)

Injector-type SPME [Arthur and
Pawliszyn, 1990; Xu et al., 2007)

Disposable SPME (Mayer et al., 2000;

Hunter et al., 2008)

# Expose sampler in sample matrix

« Analysis of HOC in sampler after
solvent extraction

o Denve Coee and use e to indicate
bioavailability

# [Expose sampler in sample matrix

« Analysis of HOC in sampler after
solvent extraction

e Derive Giee and use Ciree to indicate
bioavailability

+ Expose sampler in sample matrix

« Analyze HOC on fiber by direct injection

e Derive Giee via external calibration and
use Cee to indicate bioavailability

« Expose fiber in sample matrix

» Analyze HOC at equilibrium

e Derive Gipe via Ksprge and use Cipe t0
indicate bioavailability

+ Good sensitivity due to large
sampler volume

o« Commercially available

+ Applicable for in situ measurement

+ Good sensitivity due to large
sampler volume

s [nexpensive

+ Applicable for in situ measurement

+ Good sensitivity due to analysis
of whole fiber
+ less time consuming and solvent-free
+ Automation possible
« Applicable for in sifu measurement

+ Inexpensive and easy operation

» Compatible with bench-scale bioassays
and co-exposure

« Applicable for in sifu measurements

# [xtensive post-sample processing

# Reqguire large sample size

e Very long eguilibration times

« Mot compatible with bench-scale
bioassays

# Reguire large sample size

« Very long equilibration times

s Mot compatible with bench-scale
bioassays

« MNon-eguilibrium sampling

e Matrix effect

« Mot compatible with bench-scale
bioassays

« Sensitivity may be low
s long equilibnum times for HOCs
with large Kq.,

Centrum pro vyzkum
toxickych latek
v prostredi

©)

Cui et al. (2013) Environmental Pollution 172: 223-234



* nekolik zasadnich vyhod oproti klasickemu vzorkovani:

— vzorkovacC — sorbent je vystaven v mediu vetSinou delSi dobu podobne jako
organismus — time weighted average (TWA) concentration

— je snaha, aby rozdélovaci koeficienty mezi médiem a vzorkovacem pripominaly
prestup do bioty — ,biomimetic®, ,proxy to biota“

— vzorkuje relevantni koncentraci — ,,free dissolved concentration“ (C,..)

[ ]
—o» Wildlife
.
2
=
E
=]
i
(1]
Sediment 3 %
Chemical - @ 2
activity @ g & ‘01" ‘ Dissolved and
=R =2 -ﬂi’ Bioavailable

Concentration
SR
=22
Mussels

(Not to Scale)

SETAC (2012) Guidance on Passive Sampling Methods to
Improve Management of Contaminated Sediments. Summary
of a SETAC Technical Workshop

Samplers to Monitor Organic Contaminants at

US EPA (2012) Guidelines for Using Passive
Superfund Sediment Sites



Passive sampling - teorie

Generalized uptake profile for a passive < kinetika 1. fadu, jednoslozkovy model — vstupni
sampling device promé&nné k, a k, (rychlost pFijmu a vydeje)

The passive sampler operates in three regimes: kinetic
(white), intermediate (light blue), and near equilibrium
(blue). A first-order one-compartment model (Equation

1) is often used to fit experimental measurements. *Vv monitoringu ZP je Up‘feanStnénO nerovnovazné
. _ o vzorkovani — linearni pfijem latky vzorkovacem —
Kinetic Intermediate Near equilibrium . ) . . )
S e — : pro dosazeni TWA, zatimco pri stanoveni
/ biodostupnosti je &ast&j§i rovnovazné vzorkovani
£ Gampler(®) = Crnedium + — +(1-e"%")
& - * vV rovnovaze nejsou k; , potfeba a Cy,, a fugacita
mohou byt spocitany ze vztahu

2 pfree = Csamplerl Ks_ _
kde Ks je rozdélovaci koeficient vzorkovac-vzorek

Time

Mayer et al (2003) Environ Sci Technol 37: 184A-191A

7 PDMS

 Cim vySSi je pomér povrch / objem, tim rychleji je
dosazeno rovnovahy

Polyacrylate fiber

Log [ky(mm?=day)]

SPMD

Centrum prc
toxickych lat
v prostiedi

| 1 | 1
1 2 3 4 5 [
Log [A/V {m¥m7)]
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Passive sampling - teorie

« zakladni predpoklad = volné rozpusténa koncentrace (C;,..) je hlavni determinant
pfijmu latky biotou a naslednych efektu a rizik

» plati zejména u malych organismu pfijimajicich latky pasivni difuzi
« jakmile hraje vyznamnou roli potrava, nemusi byt jiz tento pristup validni !!

* vzorkovani by nemeélo ovliviiovat vzorkovany system: y._ . g onmedt

tzv. negligible depletion <0.05

35 A a2

30 - Cw,ﬂ

» depleci lze vyuzit pro stanoveni

dosazitelné frakce

T 25 4
= '
2 20 4 %
equilibr Multi ratio EPS _:I_ o 15 - _,f‘
/ o 10 i
— /
Q 54  inaccessible ¥ i
Jge . 1 5' 0 SR RIRITICITRTE e CERtetes >
e & ;e 0 100 200 300 400
d o e° A @ C. (ugkg™)
= % =
5 > Q ! = Figure 3. Fluoranthene concentrations in the water (C,) versus the
large c ! g residual concentration in the sediment (C,) as calculated by eq 5. The
passive 8 ; — ?m‘; on the right indicates the original concentration in the sediment
C.p)-
sample I} I s
............. ’ ' ‘ll LR} ’ .

conc. in sediment

Smedes (2013) Environ. Sci. Technol. 47, 510-517



SPMD - semipermeable — membrane devices
« membrana (,obal“) - LDPE (low-density polyethylene) &i acetat celulézy (TECAM)

« napln dle sledovanych latek - pro HOCs nejcastéji lipid triolein OJOKOAAV»\/:CHZ(CHZ,ECHE
« rozpusténé molekuly se difizi dostavaji do pord LDPE (max 10 A) >—oMW\cnztcuz,acH3
a kumuluji se v trioleinu B A CHACHAGH
o
Sample Preparation SPMD Extraction Data Interpretation
Fold SPMD (10 cm long Mix SPMD and sediment } [ Caleulate Cspup ]
+0.1 g trinlein) in half s uq111|b11um —> ¢

l Calculate Cyee from Eq.2 ]

'l' [ Multiply (‘-¢

Rinse SPMD by HCI,
solvent and water

‘ 12 g sediment (wet) ]

e With BCF ‘
Dialyze SPMD in hexane
o for 24 h (three times) J'
i
= Phe
4 144 l
& y=51.65x g
= 129 r=0.693 Concentrate and clean-up
i dialysis extract =
g 101 o
=X HEH J‘ Yes
- B Q
z g = SPMD mimics HOC
o ‘ Analyze HOCs by GC bioavailability
E 4 ° o en
= FEH - . .
= gy a8 ye Cui et al. (2013) Environmental Pollution 172: 223-234
£
2 000 005 010 015 020 025 030

Tao et al. (2009) Environmental

CEﬁtrL{m pro vyzkum . il -1 il .
toxickych latek conc. in soil (pgg™'soll) Pollution 157: 545-551

v prostredi
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SPME

» tzv. matrix SPME nebo disposable SPME - odvozeno od injekéni SPME

» vlakno s tenkou vrstvou PDMS ¢i jinych sorbentu (divinyloenzen - DVB,
polyakrylat — PA, carboxen. carbowax ...)

» velka praktiCnost, rychlost, prostorova nenarocnost
« pro pouziti je nutné predem determinovat Kppys

0 150 300 450
Analyto Molecular Waight Hange

www.sigma-aldrich.com

Centrum pro vyzkum
toxickych latek
v prostredi
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SPME

* pouziti pro vodu

Centrum pro vyzkum
toxickych latek
v prostredi

SPME fibre ‘ ‘ Agueocus sample

— p——
S o et

Select appropriate SPME phase

100 nm peolydimethylsiloxane

30 um polydimethylisiloxane

7 num polydimethylsiloxane

85 um polyacrylate

mixed phases, e.g.

B85 um polydimethylisiloxane/divinylbenzene

B85 um Carbowax/divinylbenzene

75 num Carboxen/polydimethylsiloxane

50/30 nm divinylbenzene/Carboxen on polydimethylsiloxane

60 um polydimethylisiloxane/Carboxen

50 nm Carbowax/templated resin

Prelirminaries

- Optimize fibre adsorption time
= Stirred or unstirred solution

= Add salt to solution

4

Procedure

e Retract fibre into holder and pass the needle through the sample vial septum

= Depress plunger to expose fibre to the liquid sample or headspace above the
sample

e Analytes adsorb to the fibre (see preliminaries abowve)

e Retract the fibre into the holder and remove the needle from the sample vial

Py
Analvsis by GC Analvsis by HPLC
-

Insert the needle into the GC = Insert the needle into the
injector port SPME/HPLC interface

e Depress the plunger, exposing

the fibre in the heated zone of
the injector, to desorb the analytes

desarption chamber
e Depress the plunger, exposing
the fibre to the mobile phase and

onto the column desorbing the analytes
= Retract the fibre and remove the onto the column

needle e Retract the fibre and remove the
needlea

Tigure 3.10 Typical procedure used for the solid-phase microextraction of liquids. I'rom
Dean. J. R.. Methods Jor Environmental Trace Analvsis, AnTS Series. Copyright 2Z003. ©
John Wiley & Sons. Limited. Reproduced with permission.

SPME fibre ‘ ‘ Agueous sample

==— —
e

Select appropriate SPME phase

100 num peolydimethylsiloxane

30 um polydimethyisiloxane

7 um polydimethylsiloxane

85 um polyacrylate

mixed phases, e.g.

685 um polydimethyisiloxane/divinylbenzene

65 um Carbowax/divinylbenzene

75 um Carboxen/polydimethylsiloxane

50/30 nm divinylbenzene/Carboxen on polydimethylsiloxane

S0 um polydimethylisiloxane/Carboxen

50 um Carbowax/templated resin

Prelirminaries

- Optimize fibre adsorption time
= Stirred or unstirred solution

= Add salt to solution

Procedure

= Retract fibre into holder and pass the needle through the sample vial septum

= Depress plunger to expose fibre to the liquid sample or headspace above the
sample

= Analytes adsorb to the fibre (see preliminaries abowve)

e Retract the fibre into the holder and remove the needle from the sample vial

P
Analvsis by HPLC

Analvsis by GC
-

Insert the needle into the GC = Insert the needle into the
injector port SPME/HPLC interface
= Depress the plunger, exposing desorption chamber

the fibre in the heated zone of e Depress the plunger, exposing

the injector, to desorb the analytes
onto the column

Retract the fibre and remove the
needle

the fibre to the mobile phase and
desorbing the analytes

onto the column

Retract the fibre and remove the
needle

TFigure 3.10 Typical procedure used for the solid-phase microextraction of liquids.
Dean. J. R.. Merthods for Environmental Trace Analvsis

John Wiley & Sons. Limited. Reproduced with permission.

T'rom

AnTS Series. Copyright 2003. ©



Metody hodnoceni biodostupnosti — puda / sediment / voda

SPME

* pouziti pro pudy / sedimenty

« varianta se suspensi — tfepani do dosazeni rovnovahy (nutno stanovit predem
dostateCny Cas — feSit kinetiku a pomér vlakno / vzorek — nedepletivni !!)

« varianta vlaken pfimo exponovanych ve vzorku

Bioassay chamber SPME Extraction Data Interpretation
Collect fibers at end —.[ Calculate Croer ]
. ) . o of co-exposure
Ter Laak (2005) Sorption to soil of hydrophobic and ionic .L ¥
organic compounds: measurement and modeling - [ Estimate Cge with Kspae ]
Rinse fiber and clean with
wel paper tissue J ,b
2 mL water
(10 mM NaN3]

ﬁ;ﬁem SPME Sample
os fibers

[ Correlate Cy, with BR |
Use MC-HOC? No 1
IF4C used i Yes BR = BCF*Cire!
[ %C - combustion to "*COy:; Place fibers in cocktail;
Extract Body residue (BR) Measure activity by LSC
o fibers in
Rock 'nroll vial
i

l Yes
ACN | SPME mimics HOC ]
Extract fibers with solvent; |+ |
T \ Analyze HOCsbyGC [
Cui et al. (2013) Environmental Pollution 172: 223-234
m m HPLC-FLU
detection

bioavailability
Figure 1: A schematic picture of negligible depletion passive samplers to measure freely
dissolved aqueous concentrations of contaminants in soil.




SPME

 velice dobré korelace s prijmem biotou 8| 3 Bom enes § Qe et
 mechanistické / fyziologické opodstatnéni 6 1
» aplikovatelnost pro fugacitni modelovani

van der Wal (2004) Environ Sci Technol 38: 4842-4848

10,000,000
E O site 2- Ac
E msite 3-Ac e
Asite 3-E
Es 100000 | L2 o
© 35
£2 8
c D D
£ 1,000 - qi!ﬂ
8 A3
c
[=]
[E]
10 .
10 1,000 100,000 10,000,000

concentration in fiber (ug/L)

FIGURE 3. Relationship between steady-state concentrations of
different contaminants (HCB, telodrin, dieldrin, and PCBs) in
earthworms (Aporrectodea caliginosa (Ac) and Eisenia andrei (Ea);
see Table 4) and in 30-zm PDMS fibers (see Table 3) exposed to

site 2 and site 3 soil.
\NWRs /s | VPIosuEu

DiFilippo (2010) Environ Sci Technol 44, 6917-6925

(b) ©

¢ PAHs m PCBs

< Pyrethroids o Carbamates
7 4| A Triazines o PBDEs
X Hexachlorocyclohexanes

’

w 5 -
X
o 41
o
=, °
2 O *
L - g
o
0 r . . T .
0 1 2 3 4 5
log Kow
1000000
y=1.235x 2 e

R?=0.762

100000 A

10000 -

y=1.0759x

— N R? =0.7568

Tissue conc (ng/g lipid)

100 ™ - -
100 1000 10000 100000 1000000
Kow" Cpw

Figure 1. Comparison of predicted tissue concentrations in oligochaetes derived using pas-
sive samplers with measured data. Symbols denote river (squares) and dilured river (dia-
monds) sediments. K, = octanol—water partition coefficient; C,,, = Cp,.. (Source: Lu X,
Skwarski A, Drake B, Reible DD. 2011. Predicting bioavailability of PAHs and PCBs with
porewater concentrations measured by solid-phase microextraction fibers. Environ Toxicol
Chem. 30(5):1109-1116. Reprinted with permission.)



,coated vials* _

HaC
H |
: ; 0=C
vialky s tenkou (um) vrstvou sorbentu: LS doll o\l
— ethylene vinyl acetate (EVA) «{(';_(';| [yl 5|3l Sll SI:I
— polydimethylsiloxane (PDMS) r'a r'1n i |I4_m

« Cim tencCi (vySSi pomér povrch / objem), tim rychlejSi dosazeni rovnovahy

Nr.1 glass cover slip

Wilcockson and Gobas (2001) Environ Sci Reichenberg et al. (2008) Chemistry Central Journal 2
Technol 35: 1425-1431

Centrum pro vyzkum
toxickych latek
v prostredi
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Metody hodnoceni biodostupnosti — puda / sediment / voda

stir bar sorptive extraction (SBSE)

 michadélko potazené PDMS

(a) (b)

Prieto (2010) Journal of Chromatography A, 1217:
2642-2666

Centrum pro vyzkum
toxickych latek
v prostiedi
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prouzky PDMS ¢i POM

« malé prouzky silikonové gumy ¢i polyoxymethylenu (POM) pfimo v pudni
suspensi — exponované do dosazeni rovnovahy, extrakce

|
Environ. Sci. Technol. 2001, 35, 3742—3748 6 (I?.—O
Polyoxymethylene Solid Phase | H
Extraction as a Partitioning Method w e
: % s -
for Hydrophobic Organic Chemicals " LAk,
in Sediment and Soot . i
3 ¥
MICHIEL T. O. JONKER* AND S‘ ,.‘
ALBERT A. KOELMANS o -
Aquatic Ecology and Water Quality Management Group., o
Department of Environmental Sciences, 'm
Wageningen University, P.O. Box 8080, 4 1 K
6700 DD Wageningen, The Netherlands ) 4
¥
T A
3 ) 1 T ]
4 5 6 7 8
log K o
(@) Centrum pro vyzkum FIGURE 4. Relationship between log Kpom and log Kow (both in L/L)
toxickych latek

v prostiedi for PAHs (triangles) and PCBs (squares).




Metody hodnoceni biodostupnosti — puda / sediment / voda

PDMS a POM - pro bezobratlé a rostliny mnohem lepsi predikce
biodostupnosti nez u rozpoustédel a HPCD !!!

Figure 1. Relationships between PAH concentrations measured in E. fetida and concentrations in soil measured by (A) acetone/hexane extractions,
(B) cyclodextrin extractions, and (C) butanol extractions; and concentrations in earthworms predicted (based on equilibrium partitioning
calculations) by (D) solid phase micro extraction, and (E) polyoxymethylene solid phase extraction. The solid black lines represent the 1:1
relationships, whereas the dotted black lines delimit the 1 order of magnitude deviation intervals.

3 v ] i -
A . % * .-‘ *“.O:".-.. . B f‘:-.‘ﬂ/ C ‘f'i':--/.
s R g a{: ._-";.:,.1- T 1 L T e o i e ' B e A
- * -'; R * Ve, :.r'// - / - Eiy L "-.“ - /’
= Vme =) A I P o W, -w."":" e
§ 1 W . = Vo e = ? ] g, drwaw T e
2 - . P - 8 g -
2 | i e S
'\E g & ,—-'/, ® // - e -E ' - o . * ""‘" _.Hf-)
= s St - i £ -~ A -
(: A UE ab” gl o Gt /_,;f ,--/
® ¥ / 7 3 - A
s .24 3 ,/ - -~ ] -"/ ..-'" =
e ./_,-"'
3 " /." . f—"‘
-1 n L 3 i L] i I
10g C werm - measured (mg/kg lipid) op C. - measured log C,., - measured (mg/kg lipid)

-

_-"/"
-
A
o /
o,_‘.f. .j/
- "(y/“ i -
s - "__,.

-~

log €,,.,, POM cakulated (mgkg lipid)

Tag €., SPME calenlated (mg/kg lipid)

) i 3 "1 1 B i
log C,,n - measured (mg/kg lipidy fog Cyorm - measured (mg/kg lipid)

toxickych latek
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POCIS

e polar organic compounds integrative sampler

Chemcatcher

« Empore disks
« styrenedivinylbenzene (SDB)

450 4 A
&
sampler g o
housing b
2 300 =}
7] oe
[=3]
sampler receiving diffusion =
housing  phase limiting layer 1: Q
& 150 4
L DE
= o
o)
2
0 1P

0 50 100 150
DEQ,, (ng SDB™)

Vermeirssen et al (2009) Water
Research 43, 903-914

oxickych late
v prostredi

200

Fig. |. Differences in polar organic chemical integrative samplers (POCIS)
fouling from different deployment environments. Very lightly fouled POCIS
(upper picture ) deployed in the Norwegian Sea (~200 km offshore) for 42 d
and moderately fouled POCIS (bottom picture) from wastewater treatment
works after 14 d exposure. [Color figure can be seen in the online version of
this article, available at wileyonlinelibrary.com.]

Harman (2012) Environmental Toxicology and Chemistry 31, 2724—-2738



rizné sorbenty (PDMS, PE, POM ...)

vyhoda je zejména cena a jednoduchost

H
1 H 1 H I
@ €. 1 €. 1 .C. |
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| o 1 =0 1 0 1
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1
" ¥ ¥

US EPA (2012) Guidelines for Using Passive
Samplers to Monitor Organic Contaminants at
Superfund Sediment Sites




kovy:

A. stanoveni pomoci extrakce v€éetné sekvencni extrakce

(Weak) salt extractions (e.g., CaCly, Ca(NOs)s,
NH,Ac, NaNO,, Mg salts, BaCl,, in concentrations
from as low as 0.001 M and up to 1 M salt solutions).
Reductive extractions (e.g., sodium ascorbate, hydro-
xylamine HCL, sodium dithionite).

Weak acid extractions (e.g., acetic acid, citric acid).
Strong complexation methods (e.g., DTPA-TEA,
EDTA, NTA).

Dilute strong acids (e.g., HNO;, HCI, “double acid™
(HCI+ H>80.4)

Combined extractants (e.g.., Ammonium oxalate-
oxalic acid, Mechlich IIT (dilute acid, salt, and
EDTA)).

Peijnenburg and Jager (2003) Ecotoxicology and
Environmental Safety 56 : 63-77

Centrum pro vyzkum
toxickych latek
v prostredi
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‘ Sequential Extraction ‘

‘ Exchangeable fraction ‘ ‘ Reducible fraction ‘ ‘ Oxidizable fraction ‘ ‘ Residual fraction
Loosely bound, labile Metals bound to Metals bound to e
; - Metals bound within
or exchangeable iron and manganese organic matter, ;
) - crystal matrix
metals oxides e.g. detritus
Metals most avallab.le lhatiids i Kistals bourids Metal present are not
for plant uptake, leading : i expected to be released
: L transfer to available organic matter can i
to possible contamination under normal conditions
: forms for plants be released 5
of groundwater and soil in nature

Figure 4.7 Overview of the sequential extraction method for metals, as applied to the
analysis of soils and sediments [45]. From Dean. I. R.. Methods for Environmental Trace
Analysis, AnTS Series. Copyright 2003. © John Wiley & Sons, Limited. Reproduced with
permission.



Table 4.1 Extraction procedures used to isolate nominal soil/sediment phases [1]

Metody hodnoceni i —
biodostupnosti — ptida/ Ry e
sediment pore displacement,

sediment e i

Exchangeable MgCl,, NHyOAe,  Contains weakly bound (electrostatically)
HOAc metal species thal can be released by
ion-exchange with cations such as Ca®*,
Mg+ or NH,; . Ammonium acetate is
the preferred extractant as the complexing
power of acetate prevents re-adsorption

extrakce kovu

Extraction ganic  occlusion  mineral of precipitation of released metal ions. In
agent (amorphous complexes (crystalline g : S
) todronides)  atti addition. acetic acid dissolves the

exchangeable species, as well as more
tightly bound exchangeable forms

Organically bound  NayP:07, H20Oz st Contains metals bound to the humic

pH 3/NaDAC malerial of soils. Sodium hypochlorite is
used to oxidize the soil organic matter
and release the bound metals. An
altermnative approach is to oxidize the
organic matter with 30% hydrogen
peroxide, acidified to pH 3, followed by
extraction with ammonium acetate to
prevent melal ion re-adsorplion or

oxalic acid
oy (R D

precipitation

dilated Carbonate NaOAc at pH 5 Contains metals that are dissolved by
et {HOAc) sodium acetate acidified to pH 5 with
digestion: acid acelic acid
mixture + HF

I Mn oxide-bound NH;OH.HCI Acidified hydroxylamine hydrochloride
aquaregia releases metals from the manganese
’Mim' = oxide phase with minimal attack on the

iron oxide phases

(extracts +
acd) [ D

Fe {amorphous) iNH4)2C:04 inthe  Amorphous forms of iron oxides can be

basic Lo~ oxide dark discriminated between by extracling with
e acid ammonium oxalate in the dark
T W S Fe (crystalline)  (NH):C;04 under  Crystalline forms of ron oxides can be

Al . oxide UV light discriminated between by extracting with

Dean (2007) Bioavailability, Bioaccessibility and Mobility of Environmental Contaminants.

acid ammonium oxalate under UV light




extrakce (nejen) kovl napodobujici pérovou vodu

Salt solution Concentration (M) Reference

Calcium chloride (CaCly) 0.01 Smith et af (2010)
Krishnamurti (2008)
Peijnenburg et al (2007)
Barriuso et al (2004)
Houba et al (2000)

0.05 Krishnamurti (2008)
Cheng (1990)
0.1 Peijnenburg et al (2007)
Calcium nitrate (Ca(NOs)a) 0.1 Peijnenburg et al (2007)

Lanno et al (2004)

Ammonium acetate (NHzAc) 1.0 Peijnenburg et al (2007)
Mg-salts n/a’ Peijnenburg et af (2007)
Barium chloride (BaCl,) n/a’ Peijnenburg et af (2007)
Sodium nitrate (NaNO;3) 0.01 Yin et al (2002)

0.1 Peijnenburg et al (2007)
Ammonium nitrate (NHsNO3) 0.1 Peijnenburg et al (2007)

1 n/a: not available

A 0.01M CaCl; solution has been documented as the preferential extraction solution because the
concentration of Ca”* ions is similar to that measured in soil pore water solutions (Peijnenburg et al, 2007)

and a similar ionic strength (Houba et al, 2000).

Centrum pro vyzkum
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’ vprmstiel ECETOC (2013) Understanding the relationship between extraction technique and bioavailability . TR 117 .ISSN-0773-8072-117



Metody hodnoceni biodostupnosti — puda / sediment

° Place 10 g of dry sediment/soil in a 250 ml polyethylene
extrakce kovu nusol

|

Add 100 ml of CaCl, solution (0.01 mol I-")

h 4

Shake the container for 3 h at ambient temperature
(20 £ 2°C) on an ‘end-over-end’ mechanical shaker at a
speed of 30 rpm

v
Decant 60 ml into a centrifuge tube and centrifuge for

10 min at 3000 g. Measure pH in extract before
centrifugation

Place 20 g of dry sediment/soil in a 100—150 ml PTFE or
polyethylene bottle

}

Add 50 ml of NH4NOj3 solution (1 mol I) v
Analyse solution immediately

b 4

Shake the container for 2 h at ambient temperature Figure 4.5 Procedure adopted in the single extraction method for metals (employing
(20 £2°C) on an ‘end-over-end” mechanical shaker at a calcium chloride (CaCly)), as applied to the analysis of soils and sediments [2].
speed of 50-60 rpm

L 4
Filter supernatant through an acid-washed filter paper into a
50 ml polyethylene bottle (discard the first 5 ml of
filtrate). Stabilize by adding 1 ml of HNO5

h 4

If solids remain, centrifuge or filter through a 0.45 um
membrane filter. Analyse solution immediately

Figure 4.4 Procedure adopted in the single extraction method for metals (employing Dean (2007) Bioavailability, Bioaccessibility and Mobility of
ammonium nitrate (NH4NOs)). as applied to the analysis of soils and sediments [2]. Environmental Contaminants. ISBN: 978-0-470-02577-2



Metody hodnoceni biodostupnosti — puda / sediment

extrakce kovu

| Place 5 g of dry sediment/soil in a 100 ml PTFE bottle |

.

‘ Add 50 ml of EDTA (0.05 mol I) ‘

Shake the container for 1 h at ambient temperature
(20 + 2°C) on an ‘end-over-end’ mechanical shaker at a
speed of 30 rpm

A

Centrifuge at 3000 rpm for 10 min and then remove the
supernatant with a piepette. This liquid is then stored in a clean
polyethylene bottle at 4°C prior to analysis

The sample should be rehomogenized prior to
analysis by manually shaking for 5 min

‘ Place 5 g of dry sediment/soil in a 100 ml PTFE botile ‘

!

Add 200 ml of acetic acid (0.43 mol I7)

h 4

Shake the container for 16 h at ambient temperature
(20 = 2°C) on an ‘end-over-end’ mechanical shaker at a
speed of 30 rpm

Centrifuge at 3000 rpm for 10 min and then remove the
supernatant with a pipette. This liquid is then stored in a clean
polyethylene bottle at 4°C prior to analysis

The sample should be rehomogenized prior to
analysis by manually shaking for 5 min

Figure 4.2 Procedure adopted in the single extraction method for metals (employing
acetic acid). as applied to the analysis of soils and sediments [45]. From Dean, J. R.. Meth-
ods for Environmental Trace Analysis, AnTS Series. Copyright 2003. © John Wiley &
Sons, Limited. Reproduced with permission.

Figure 4.1 Procedure adopted in the single extraction method for metals (employing
ethylenediamine tetraacetic acid (EDTA)), as applied to the analysis of soils and sedi-
ments [45]. From Dean, J. R., Methods for Environmental Trace Analysis, AnTS Series.
Copyright 2003. © John Wiley & Sons. Limited. Reproduced with permission.



» Casto je kladen vice duraz na TWA, biomimetické schopnosti jsou v pozadi

° /“m p\

e «aﬁs

* Global Atmospheric Passive Sampling (GAPS) Network

stainless steel dome
PUF disk

- @
support ring
air circulation \

stainless
steel housing

mounting bracket stainless steel
mesh tube
containing XAD

http://www.ec.gc.ca/rs-mn/default.asp?lang=En&n=6AA18234-1
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Modelovani expozice




e scenare (,worst case scenario” Ci jiné)

- SUBSTANCE
e modelovani: —

— transportu od zdroje

— zmeény koncentrace

ehotofysis

/] AR nyoroxyt radicars
— degradace a vzniku transformaénich m"efm"a
produktU
— distribuce v ZP A 4 r
BIOTA [ soiL
— distribuce v ramci dané slozky prostiedi metaboliem | adman

(napf. v pudeé)

« zdrojem jsou data o zdrojich + data

vlastnostech latek a prostredi B LY
SEDIMENT | WATER

axidation F oxrdation

reduction reduction

hydrolysis

photolysis

“ slévarna s : : jimaci
lakovna : 5 ; sty
eroze — povrchovy snos

tiniky BTEX

e - S

The Edinburgh Centre for Toxicology. UNEP/IPCS
Training Module No. 3, Section B, Environmental
Risk Assessment.




Modelovani expozice

The following assumptions are made:

a) Sludge produced 0.085 kg /head /day
b) Population served by water treatment plant 100 000

c) Application rate to land 1kg/m?

d) Depth of soil penetration 20 cm.

Concentration in sludge = (i) x (i) x {iii} x (v)
(a) x (b)

=5x10°x013x003x09 mg / kg
0.085 x 100 000

=2.06 x 10° mg / kg

Concentration in =206x10°xi{c) mg/kg
receiving soil (d)
=206x10°x1 mglkg
200

=10.3mg/

This assumes a sail density of 1 tonne / m°. Given a low water solubility, and high
log Kow, it is anticipated that leaching will be minimal. This assessment takes no
account of the potential effects of repeat applications of sludge.

Of course, the assumptions made above must be justified (see below).

©)
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modelovani zateze
jednotlivych slozek ZP — od
zdroje do okoli organismu

The Edinburgh Centre for Toxicology. UNEP/IPCS
Training Module No. 3, Section B, Environmental
Risk Assessment.



 multimedia fate models (Mackay)
« fugacitni modely | az IV

« fugacita = tendence utikat/prchat z prislusné faze

c=f.2Z

Air - 6x10¢ m3

Terrrestrial plant biomass
roots - 3.7 x 103 m3
stem - 4.6 x 103 m3

C - koncentrace v dané fazi foliage - 9.2 x 102 m3

f — fugacita Water - 7 x 106 m3

Z - konstanta fugacity Soil 4.5 x 104 m3
oil 45 x104m

e Vv rovnovaze plati:

Suspended solids - 35 m3

fsoil = Tair = Tsediment = fbiota Aquatic biomass - 7ma
Water Air Soil Animal  Plant Sediment - 2.1 x 104 m3
Affinity biota biota
Sin Hin log Koc log Kow log Koa . - , .
/L o5 v ] ? . 2 FIGURE A4.2 The “unit of world” in Mackay's fugacity
- amimo model with the inclusion of terrrestrial plant biomass
high >1 >10 >5 >5 >8 . . .
medium hlgh 4 102 10 - 10-1 5.4 5-35 8-7 ;\I'/lhed Eldlrll\lburghsCe?tre ]iBOrETOXICO|Ogth|NREPli|iCS Tralnlntg
FREHIL 10_2_ 10_3 10_1 _ 10_2 4-2 35.3 Fe5 oaule NO. o, oseclion b, Environmenta IS ssessment.
medium low 10°-10°  10%-10" 2-1 3-1 >4

low <107 <10 <1 <1 <4



Mereni a modelovani toxikokinetiky

Soil samplas {10 g of air-dnad soil} spiked and placed in Corg . FCI[EI
50 mi screw-capped cultura tubes BSAF= —=
3 Cs - F lip
Six earthworms (Eisenia foetids) added to sach tube and where
covarad with Al foil containing five small holes for agration
| BSAF= biota—soil accumulation factor
Tubes placed in a maist chamber in the dark at 21 + Corg = concentration in the worm
2. After 8 days, worms transferrad to tubes . A 4 3
containing sterils, ‘unamended' soi Cs = concentration in soil solid phase
| Fyjp = weight fraction of lipid in the organism
Worms removed after 24h, frozen with liquid Fom = weight fraction of OM.

nitrogen and ground with a monar and pestle

Worm fizsue placed in 50 ml Teflon contrifuge tubes and
25 mi dichoromethane (DCM) added

Tubes shaken for 24 hat 29 £ 2°C and
centrifugad. 1.0 mi of the suparnatant mixed with 18.0 mi
of liquid scinfllation cocktail

v

Solution analysed for C-radioactivity

Figure 5.3 Procedure adopted in the earthworm uptake studies used by Kelsey «f al. [3].

critical Body Residues (CBR)
internal concentration accumulated in a tissue, organ or all body that is correlated with an adverse effect

Centrum pro vyzkum
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Environmental Toxicology and Chemistry, Vol. 10, pp. 1541-1583, 1991
Printed in the USA. Pergamon Press plc

Annual Review

TECHNICAL BASIS FOR ESTABLISHING SEDIMENT
QUALITY CRITERIA FOR NONIONIC ORGANIC
- CHEMICALS USING EQUILIBRIUM PARTITIONING

DoMinic M. D1 Toro*

Water Only Sediment - Pore Water
Exposure Exposure
Biota Biota
Water Sediment | Koc ) Pore
° Carbon Water

Equilibrium Partitioning

Centrum pro vyzkum
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v rovnovaze Ize namodelovat pomoci K
koncentrace v porové vodé a pudé /
sedimentu a pomoci BCF potom
koncentrace v organismu

nasledne Ize pouzit k extrapolacim mezi
riznymi latkami (QSAR) ¢&i mezi riznymi
pudami/sedimenty

predpoklada, ze klicovou koncentraci
pro nasledny vstup do organismu a
efekty je rozpusténa koncentrace C;, .

pr - Cs/(Koc foc)
C,w concentration in pore water;
C, concentration in solid phase;
K. chemical-specific partition
coefficient;
f.c mass fraction of organic carbon
(kilograms organic carbon per kilogram
sediment).



Modelovani expozice

Plant protection products (PPP) — pesticides

FOCUS modely EU - http://focus.jrc.ec.europa.eu/
PELMO, PEARL, MACRO, PRZM — podzemni voda
STEP 1 a 2, SWASH, TOXWA, SWAN - povrchova voda

EVA — ovzdusi
cilem jsou hodnoty PEC,,

©)
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Mereni a modelovani prijmu
kontaminantli organismy




Mereni a modelovani toxikokinetiky

[ micropenutants |

CcOooH

Intrinsic pollutant properties
Uncertanty

[Environmental sSystem | | miclogical system |

distribution

Uncertainy ~ Varablt/Complxty

Chemical fate & effects ~ System properties

Intrinsic polutant properties
Uncertainty

IEnvIrorlrn.nml Sysmml I Biological System I

distribution air

soil

{
{
{
{

sediment groundhwater

-

g surface water
g

!

[Cimternat Exposure |

Chemical ol fets  Sysem propetis

{ [ Environmentai Fate | —-  Biocavailability | Toxicokinetics and -aynamics |

Schwarzenbach et al. (2006) The challenge of micropollutants in aquatic
systems. Science 313, 1072-1077
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TOXIKOKINETIKA 1: prijem latek do organismu

Prijem latek u riiznych organismu
1) jednobunecné organismy
- pasivni difuze pres membranu
- ,selektivni® vstup pres existujici transportni systemy
2) vicebunécné organismy / rasy
- difuze toxikantu pfes membranu a mezi bunkami
3) terestrické rostliny
- rozpusténé ve vodé/pudeé - vstup koreny/listy
- plyné toxikanty - vstup pres stomata na listech

- lipofilni latky (nékteré herbicidy) - penetrace voskove kutikuly
- vstup do bunky [1 pres membranu

Centrum pro vyzkum
toxickych latek
v prostiedi
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TOXIKOKINETIKA 1: prijem latek do organismu

Prijem latek do organismu:
4) zivoCichoveé - 3 hlavni cesty vstupu do organismu
- potrava/pitna voda

- pruchod travicim traktem, zmény/transformace dle pH, mikroflory
stfeva, pr. cykasin: netoxicky - ve stfeve konverze->silny mutagen

- respiracni cesta

- trachee u hmyzu, zabry u akvatickych organismu, plice

- velka plocha pro vyménu/vstup latky (Casto 25x > povrch téla)
- povrchem téla

- vétSi vyznam u mensSich organismu (relativné vétsi plocha) a
akvatickych organismu

Centrum pro vyzkum
toxickych latek
v prostiedi
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ULOZENI (sequestration)

Ulozeni xenobiotik v inertnich tkanich
=> omezeni cirkulace a snizeni expozice
Zivogichové - tuk (organochlorove latky), zuby, vlasy, rohy (kovy)

- U bezobratlich popsano ukladani nerozpustnych
zinkovych granuli ve streveé pijavek

Rostliny - vakuoly, listy, kura (-> opadani)

Uvolnéni ze zasob

PCBs a dalSi organochlorové latky -> tuk: ALE: rychla potreba energie
(stradani, tvorba mléka ...) uvolnéni ze zasob

-> nahla vétsi expozice a/nebo uvolhovani v mléce

Centrum pro vyzkum
toxickych latek
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ULOZENI (sequestration)

Metalothioneiny (MTs, MT-like proteins)

- cytoplasmatické nizkomolekularni proteiny (6-10 kD) bohaté na Cys
- znamy u velké rady eukaryot

- vazba kovu : Zn, Cd, Hg ... => snizeni expozice / toxicity

- dlouhy polocas Zivota proteinu (~ 25 dni)

- puvodni biologicka funkce -
? snad regulace dostupnosti esencialnich kovu (napfr. Zn) ?

INDUKCE MTs

e expozice kovy

* jiny meéne specificky stres - hypoxie, zmény teploty ...
* Indukce MTs - dalSi pfiklad BIOMARKER EXPOZICE

Centrum pro vyzkum
toxickych latek
v prostiedi
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Expozice volné Zijicich zivocichu

» externe vystaveny kontaminaci oralni, dermalni a
iInhalacni cestou

 oralni expozice zahrnuje spotrebu
kontaminovanych potravin, vodu, nebo v pudu.

« dermalni expozice nastava, kdyz jsou
kontaminuijici latky absorbovany kuzi.

* Inhalacni expozice nastane, kdyz jsou vdechnuty
tekave slouceniny nebo jemne Castice.

» celkova expozice je celkovy soucet expozice:
» Ecelk = Eoral + Edermal + Einhal

©)
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Dermalni expozice — pudni organismy

Predpoklady:

1) organismus je exponovan kontaminantum pfi kontaktu povrchu téla s

pudou

2) organismus je vystaven expozici pudou ktera pfilne k jeho povrchu

(kbzi), ne vSechny kontaminanty jsou absorbovany
Model prevzaty z hodnoceni rizik pro lidi:

D=(A*P*S*C*F*B)/W

Kde:

©)

A = plocha povrchu organismu (cm2)

P = podil kontaminované plochy

S = adhezni faktor pro kuzi (mg/cm2)

C = Koncentrace kontaminantu v pudé (mg/kg)
F = konverzni faktor (103 kg/mg)

B = hustota pudy (kg/cm2)

W = hmotnost organismu (kQ)

Centrum pro vyzkum
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Inhalacni expozice - pudni organismy

» InhalacCni expozice je Casto zanedbatelna:
1) vetsina kontaminovanych lokalit jsou bud pokryta vegetaci

2) vétSina tékavych organickych latek (VOC) se rychle odpafi z pudy a
povrchové vody, misi se vzduchem, kde se rychle redi a disperguuje

Difize neni pravdépodobna, pokud Henryho konstanta je >24.3 Pa/m3/mol

Centrum pro vyzkum
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Oralni expozice

» Oralni expozice zkuseny volné Zijicich zivoCichu muze pochazet z
kontaminované potravy (rostlinného nebo zivocisného), vody, nebo z
pudy.

« Poziti pudy muze byt nahodné nebo zatimco se zvife pase a nebo
ucelne.

» Celkova peroralni expozice je soucet expozic pripadajici na jednotlive
vstupy

Eqa = Efoog T E + Eqoil + Egirect

water
* E; .4 =exposure from food consumption;

* E,aer = €Xposure from water consumption;
« E,, = exposure from soil consumption;

* Egieet = eXxposure from direct consumption.

» Vyjadreni je v jednotkach mg kontaminantu/kg télesné hmotnosti/den

Wildlife Exposure Factors Handbook (US EPA 1993)
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Model pro odhad oralni ingesce potravy

E=) (IxCy
i=1

where E; = oral exposure to contaminant () (mg/kg/d); m = number of ingested media (e.g.,
food, water, or soil); /; = ingestion rate for medium (i) (kg/kg body weight/d or L/kg body
weight/d); and C; = concentration contaminant (j) in medium (i) (mg/kg or mg/L). E;
represents the daily exposure averaged over the exposure duration, which at most waste
sites 1s likely to be chronic, measured in terms of months or years.

Centrum pro vyzkum
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Calculation of fresh food consumption may be estimated as:
n {Ilrd
Iy = Pix———
g ;( = WCE-)

where /7 = total food ingestion rate (kg food (fresh weight)/kg body weight/d); m = total
number of food types in the diet; P; = proportion of the ith food type in the diet; and
WC; = percent water content (by weight) of the ith food type.

Water ingestion rates can be estimated for mammals and birds from allometric models
(Calder and Braun 1983):

I, =99 """ Mammals
and
I, =59wW%%  Birds

where [, = water ingestion rate (mL water/d); and W = body weight (g live weight).

Vice informaci:
Wildlife Exposure Factors Handbook (US EPA 1993)

Centrum pro vyzkum
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In the absence of relevant data, food consumption values can be estimated from allometnc
regression models based on metabolic rates. Nagy (1987) derived equations to estimate food
consumption for birds and mammals, including;

Ly = 023502 Eutherian mammals
Ly = 0.621W"*%  Rodents
Ly = 0.577W"™  Herbivores
Ly = 0492 Marsupials
Lir = 0.648 W51 All birds
Ly = 0.495W"™  Seabirds
Lir = 0.398 W9 Passerine birds

Ly = 0.013W%"  Insectivorous iguanid lizards

Lir = 0.019 " Herbivorous iguanid lizards

where /4 = food ingestion rate (dry weight) in (g/d); and W = body weight (g live weight).

Centrum pro vyzkum
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Modelovani prijmu kontaminantu

« Koncentrace kontaminantu ve slozce prostredi vCetné bioty
vV expozicnich bodech

« Faktory prenosu z prostredi do bioty
* Informace o zivotnim cyklu receptoru:
— Dieta (typ potravy, proporce ruznych druhu potravin)
— Metabolicka rychlost, rychlost prijmu potravy
— Rozsah domovské oblasti vs. Plocha sledované lokality
— Vyuziti lokality

— Chovani
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Modelovani expozice — denni davka

ADD = (C* IR*F)

Kde:

ADD = aplikovana denni davka konzumentem (mg/kg/d)
C = koncentrace kontaminantu v potravé nebo slozce prostredi (mg/kg)
IR = rychlost pfijmu (normalizovana) (kg potravy.kg télesné vahy.d)

F = frakce dané potravy v dieté (0-1)

Centrum pro vyzkum
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Ukazka vypocCtu: modelovani expozice

The western harvest mouse
Reithrodontomys megalotis

ADD = (C* IR*F)
Kde:

 ADD = aplikovana denni davka konzumentem (mg/kg/d)
« (C= koncentrace kontaminantu v potravé nebo slozce prostredi (mg/kg)
* IR =rychlost pfijmu (normalizovana) (kg potravy.kg télesné vahy.d)

» F=frakce dané potravy v dieté (0-1)

Centrum pro vyzkum
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Odhad expozice Pb pro Western harvest
mouse (Reithrodontomys megalotis

Znameé informace:

« Expozi¢ni bodova koncentrace pro Pb v povrchové vodé a pudé z dané
lokality

» Odhad koncentrace Pb ve vegetaci zaloZzeny na prenosovem faktoru
puda/rostlina

« Meérena koncentrace Pb v hmyzu sbiraném na daném misté (kobylky)

Centrum pro vyzkum
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Expozice z prijmu potravou

Dieta: 16% bezobratli, 81% vegetace, 3% puda

Rychlost pfijmu potravy: 0.15.kg.kg bw-'.d-"

Rychlost pfijmu vody: 0.10 L.kg bw-" d-*

Koncentrace Pb v potrave:

©)

Bezobratli: 9.7 mg.kg™’
Vegetace: 2.1 mg.kg™
Pitna voda: 0.0012 mg.I
Puda: 105 mg.kg"
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White-Footed Mouse

Expozic¢ni faktor Prameér
Télesna vah 20.6
Rychlost piijmu potravy [g.g.d?] 0.45
Rychlost pfijmu vody [g.g™.d"] 0.19
Frakce prijmu z pudy [%] 20
Oblast vyskytu [ha] 0.06
Dieta [%)]

Hmyz 58
Vegetace 42

Min
14.0

0.38

0.123

0.0

0.054

Max SD
26.3 34
0.55 0.06

0.287 0.04

5.0 0.03

0.072  0.005




Denni davka Pb z poziti bezobratlych

IR (rychlost pfijmu potravy) = 0.15. kg potravy.kg" bw.d-’
C = 9.7 mg Pb.kg'bezobratlych
F (frakce bezobratlych v dieté) = 16%

ADD = C* IR*F

ADD =9.7 mg Pb . kg * 0.15 kg potravy.kg! bw.d"* 0.16
ADD = 0.23 mg Pb.kg' mysi.d-
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Denni davka pb z pozité vegetace

* IR =0.15. kg potravy.kg! bw.d-"
« Cvegetace =2.1 mg Pb.kg"' vegetace

* Frakce vegetace v potravé = 81%

« ADD =Cveg * IR * FRveg

« ADD = 2.1 mg.kg™! vegetace * 0.15. kg.kg' bw.d"** 0.81
« ADD =0.26 mg Pb.kg!' mysi.d-
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Denni davka z nahodného poziti pudy

* IR =0.15. kg potravy.kg! bw.d-"
e Csoil =105 mg Pb.kg" ptdy
* Frakce v dieté = 3%

 ADD = Csoil * IR * FRsoll

« ADD =105 mg.kg! vegetace * 0.15. kg.kg' bw.d"** 0.03
« ADD = 0.47 mg Pb.kg' mysi.d-

Centrum pro vyzkum
toxickych latek
v prostiedi



Denni prijem pozitim povrchové vody

* |IR water =0.10 L vody.kg™" bw.d"’
« C water =0.0012 mg Pb.kg'vody

« ADD = Cwater * IRwater

. ADD = 0.0012 mg Pb.kg-'vody * 0.10 L vody.kg-! bw.d"!
. ADD = 0.0001 mg Pb.kg"! mysi.d-"
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Celkovy denni prijem Pb

« ADDinvertebrates = 0.23 mg Pb.kg" mysi.d-"
« ADDvegetation =0.26 mg Pb.kg' mysi.d-’

* ADDsoil =0.47 mg Pb.kg-! mysi.d-

« ADDwater =0.0001 mg Pb.kg-! mysi.d-"

« ADD total = ) (ADD invertebrates + ADDvegetation + ADD soil + ADDD water)
= 0.96 mg Pb.kg' mysi.d-

 Pro charakterizaci rizika bude tato hodnota srovnana s hodnotami
charakterizujici mozny Skodlivy uCinek (napf. NOAEL, LOAEL)
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