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Expozice v ekotoxikologii a v ECORA

hodnoceni efektu bez znalosti expozice je témér zbytecné

proc?

bez expozice neni ucinek, bez expozice je riziko =0

z hlediska poslani / cile celé ekotoxikologie: nejen resit efevkty, ale
popsat cely problém, popsat riziko, odvodit opatreni, chranit ZP:

— predikce — hodnoceni rizik — pravdépodobnosti, Ze pfi dané koncentraci
dojde k definovanym efektim

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

Centrum pro vyzkum
toxickych latek
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Expozice v ekotoxikologii a v ECORA

 ECORA - ecological risk assessment
Ecological Risk Assessment o
. Discussion »
» CSA - chemical safety assessment Between the PROBLEM FORMULATION §
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* Hazard Identification + Exposure Scenarios Building
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REACH —_ CSA US EPA (1999) Ecological Risk Assessment Guidance for Superfund:

Centrum pro vizkum Process for Designing and Conducting Ecological Risk Assessments
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Expozice v ekotoxikologii a v ECORA

» prekryv s environmentalni chemii

» expozici pfedchazi osud kontaminantu v prostredi, ktery nemuze
ekotoxikologie prehlizet, protoze expozici klicove ovlivhuje:
— zména environmentalni dostupnosti:
« zmena celkové koncentrace v prostredi
» zmeéna distribuce v riznych ¢astech prostredi
« zména forem vyskytu latky (napf. kovy — speciace) a transformace
» zavisi zejména na vlastnostech latky a prostfedi (uvedte konkrétni priklady)
— zména biodosazitelnosti a biodostupnosti
* vazba na slozky prostredi
e omezeni pfijmu organismy

 zavisi na vlastnostech latky, prostfedi ale i organismu (uvedte konkrétni priklady)

Centrum pro vyzkum
toxickych latek
v prostiedi
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Expozice v ekotoxikologii a v ECORA

» vSechny tyto procesy je potrfeba popsat a vyhodnotit (= zmérit/modelovat) pro kvalitni
analyzu ekotoxikologického problému, protoze v drtivé vétSiné pfipadu plati, ze
pro u€inek musi latka vstoupit do organismu a reagovat s biol. receptorem

* expoziéni cesta
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konstrukce expozi¢niho sc e — analyza situace
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cela rada souvisejicich procesu na prekryvu ekotoxikologie a

Expozice v ekotoxikologii a v ECORA

environmentalni chemie

definujte a rozliSte, uvedte pro kazdy pojem priklad tykajici se tématu

vasi BP, DP, DisP):

(DU do 12/10, soubory docx &i pdf do odevzdavarny sam_prac_01)

©)

bioakumulace
biokoncentrace
bioobohacovani
biotransformace
biodegradace
toxokinetika

toxodynamika

Centrum pro vyzkum
toxickych latek
v prostiedi



Hodnoceni expozice




Hodnoceni expozice

 analyza intenzity, kvantifikace stresoru = chemicke latky, toxikantu

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

* méreni versus modelovani

» nutno jasné definovat KDE (na jaké ,vrstvé®) je stresor kvantifikovan:
koncentrace v prostredi X koncentrace v organismu (davka)

a CO vlastné vyjadfuje

 pro hodnoceni rizika (HI = PEC / PNEC) je nutné, aby PEC a PNEC mély stejny kontext: musi
byt ve stejnych jednotkach (napf. celkova koncentrace ve vodé / u€inky pfi konkrétni celkové
koncentraci ve vodé)

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

©)
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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 — diraz na realnou frakci
— efektivni frakci toxikantu

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

— merfeni a modelovani prestupu do organismu — toxokinetika

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

— modelovani expozice multislozkovymi environmentalnimi modely

©)
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Celkové - totalni — koncentrace

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

biota

Centrum pro vyzkum
toxickych latek
v prostiedi
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Aktualni koncentrace v médiu




Celkové - totalni — koncentrace

Exposure Typical Tools for Typical Ancillary Parameters Cautions / Key Issues
Medium Measurement / Estimation
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.

® 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
OXYger. anions, cations.,
nutrients, conductivity.
salinity. TSS. DOC

® Temporal variability including
seasonality

Sediment and

® Measurement of bulk

® For sediument: organic carbon,

® Understanding relevance of bulk

sediment sediment chemistry using particle size. pH. sulphides. sediment versus porewater for
porewater grabs, divers. or cores SEM:AVS. possibly iron and cach receptor type
® Measurement of sediment manganese hydroxides ® Sample depth
p;reu;atcz c:;emistry . . Flozﬁyorewater: redox. phg ® Spatial design and resolution
ssolve extraction smular parameters to surface . .
( . ) by . P ® Understanding and addressing
from sediments, or directly water : s
: . oxygenation of porewater
(e.g.. using push-point . :
= = samples during collection and
samplers) ] =
transport
Aur [ Vapour ® Rare for ERA. but direct
measurement and modeling
are both used — see text.
Tissues ® Consideration of whether to test

® Direct measurement preferred

® Estimation using uptake
factors or models

® Lipid content
® Moisture content

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.



Mereni biodostupnosti




Mereni biodostupnosti

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 potfeba pro vétSi mechanistické poznani tohoto vztahu

* je potfeba pro mozné extrapolace ucinkl mezi vzorky a kontaminanty

Eisenia andrei exponovana olovu 2 g/kg
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Jak zmerit biodostupnost ?

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

* snaha vyvinout jednoduché chemickeé 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
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o % Non-extractable

&0

50 b .,
ECF’EGSIHQ

. TS

% Bioavailable
% Non-bioavailable

Decreasing
Bisavailable
Fraction with
time

30 30

Inereasing
Nen-Bisavailable
Fraction with
time

% Bioavailable / Mon-bioavailable

20 20

10 Inereasing
with time
v}

Arbitrary Time Arbitrary Time
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% Easily extractable / Recalcitront / Non-extractable




Jak zmérit biodostupnost ?

Celkovy obsah

aging, sekvestrace
?? P
Pomalu reverzibilné

Nereverzibilné punil
vazana frakce

vazana frakce

??

Pevna faze Rychle reverzibilné

vazana frakce

Sorpce
Kd, Koc, pH, CEC

Frakce vazana

Volné rozpusténa
na DOC P

frakce

Vodna faze

D Neextrahovatelna frakce

D Agresivni extrakce
D Mirna extrakce

Asimilace

Distribuce
Metabolismus
Eliminace

Ingesce

Kow,

Bioakumulace

Hlen Dosazeni receptoru
/ Toxicita ?
Prijem
dermdlni
Exkrece




Jak zmeérit biodostupnost ?

Sorbed compound Biodosazitelna
(rapidly reversible) MAYBE _
(Bioavailable or hioaccessible: AFTER Sorbed compound =
Temporally constrained) (lowly/very slowly reversible) Biodostupn a
(Bioaccessible: M

Plant root _

emporally constrained)

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

| g a physiological membrane (D), and incorporation into a living system
(E). Note that A, B, and C can occur internal to an organism, such as in

1 'E 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

play a role.

Biological membrane
Bound / I
contaminant C
— » Absorbed b_Sllte of I
-~ S contaminant in lologica
Association| A Dlsmyrg—»— organism E response
Released B '

contaminant —_—
——l

Bioaccessible
compound biodostupnost zacina

(Physically constrained . .
(Non-bioaccessible) AzpieStIRSIIBIES
Earthworm biomembranu

NEVER

©)

Centrum pro vyzkum Semple et al. (2004) EST 15: 229A
toxickych latek
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Jak zmerit biodostupnost ?

« je to koncentracel/frakce Ci tendence/potencial ?

[

=== Ulp U &G
fissovad 5 5

Equilibrium
Sampling

Device
Total concentration Accessible portion Chemical activity
Reichenberg and Mayer (2006) Environ Toxicol Chem 25, 1239 / \
Kolik se miize uvolnit PRO .. Jaka je tendence pro vstup DO ...
[ ]
S

princip bude odstranéni / princip bude rovnovazné
extrakce dostupné frakce vzorkovani (pasivni vzorkovace)

Centrum pro vyzkum
toxickych latek
v prostiedi
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Jak zmeérit biodostupnost ?

Reseni:
Chemical measurements
- . . . , , (available fractions)
* nemuze existovat jedna univerzalni metoda soilfwater
* ruzné organismy, latky, situace: m
membrane \ )
— toxicita pro organismy Zzijici v médiu ®
organism Toxicity tests Bioaccumulation
— biodegradace kontaminantu © Biological
measurements

— prestup kontaminantu do potravnich fetézct ®

* nutné se ptat: biodostupnost PRO jakou latku ?
jaky organismus ?
jakou situaci ?
jaky cil ochrany ?

L7

« specifické okolnosti definovat a pro danou situaci hledat vhodnou metodu

Centrum pro vyzkum
toxickych latek
v prostiedi
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Metody hodnoceni biodostupnosti

plida / sediment hydrofébni polarni
polutanty polutanty

koncentrace v pérové vodé v

extrakce vodnymi roztoky v

H,0, CaCl,, NH,NO,

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

slabé kyseliny ¢i komplexuijici €inidla
CH,COOH, EDTA

roztok v kombinaci se sorbenty
Tenax, XAD ¢&i hydroxypropyl-B-cyclodextrin (HPCD)

DN N N BN

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 NI BN
DN NI I N N

hydrofébni polarni

voda / vzduch

polutanty polutanty

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

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




Metody hodnoceni

biodostupnosti —
puda / sediment

« 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 dliraz na mechanisticky
|/ fyziologicky princip =
logicky souvisi s biologickymi
efekty / prijmem

- validace na vice latkach,
vice ptidach/sedimentech

Centrum pro vyzkum
toxickych latek
v prostiedi
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Mechanism Simulates Pathway Method Calibrated Rec Limitations
om
men
Contaminant Target ded
MNeutral Pore water Direct contactf@ Neutral water Cd/Zn/Ni Soil + NHsNO; may
extract concentration with water extract (NaNOz3; organisms, reduce pH in low
KMNO3NH4NOs3; plant uptake buffered soils.
caclz) CacClz may
reduce DOC
concentrations
Poorly soluble
compounds
Depends on
concentration of
salt
Direct contactll 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 scluble
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 (HNO3z) 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 oCP 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 PAHSs Degrading +
oxidation of | weakly attainable by persulphate organisms
organic bounded micro-
matter organic organisms

contaminants




Metody hodnoceni biodostupnosti — ptiida / sediment

organickeé polutanty:

A. stanoveni biodosazitelné frakce pomoci extrakce rozpoustedly Ci
pomoci vodnych roztoki s pridanymi sorbenty

Method Working principle Strengths Weaknesses
Mild solvent extraction « Analyze HOC in mild solvent + [Easy operation « Results vary with solvent,
(Kelsey et al, 1997, after extraction matrix and organisms
Liste and Alexander, 2002) « Partial extraction measuring « Mot applicable for in situ
rapid desorption fraction measurement
HPCD extraction s Analyze HOC in HPCD after s Fast and easy operation s Species-dependent performance
(Cuypers et al., 2002; extraction and limited extraction capacity
Reid et al., 2000} o Partial extraction measuring o Mot applicable for in situ
rapid desorption fraction measurement
Sequential Tenax extraction » Consecutive desorption with o Tenax reused and economical o Time consuming and laborious
(Cornelissen et al., 1997; Tenax as HOC trap + Understanding of desorption « Not applicable for in situ
Xu et al, 2008) « Use regression model to estimate kinetics measurement
various desorption fractions
» Use Fapig to indicate bioaccessibility
B6-h Tenax extraction s Single-step desorption with Tenax s Fast and easy operation s [gp may not equal to Fragig

(Cornelissen et al., 2001)

as HOC trap
Use Fgp, to approximate bioaccessibility

Mot applicable for in situ
measurement

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

Centrum pro vyzkum
toxickych latek
v prostiedi

©)




Metody hodnoceni biodostupnosti — ptiida / sediment

slaba rozpoustédla

» polarngjSi organicka rozpoustédla (BuOH, MeOH, EtOH) / smési rozpousStédel a vody /
pripadné sekvencni extrakce — zvysSujici 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
[ Spike smllwuh HOC ] {e.g., soil:solvent=1:2) — (% of spiked HOC)
| Incubate for various . Solvent extractability
unaged soils time intervals Shake mixture for 2 h = accessibility 7
D
é” 54 | l ¥
g 23 I ¥ = B.5G1Tx & B8, H6 . Correlate extractability
—_ [ = . -
= £F .81 R™ = 0.9298 | Centrifuge for 10 min with bioassay data
(e} =
0w Sz
T 3 =4 ‘l'
T E7T 42 e
= 8 10 1 . 1 ) Collect supernatant
< 0 5 10 15 20
[ accumulation percentage by earthworm (%) l
% [Te) ¢Yes
= S . aged soils Analyze HOCs in —
,\c\,l) % 29 supernatant by HPLC — Solvent extraction mimics
g g % =27 y = 3.4771x + 15,003 HOC bioaccessibility
S g 25 R® = 0.8567
9‘./8 2 2 93
O~ 52 a1 |
= - - .
T5% 9 . Cui et al. (2013) Environmental Pollution 172: 223-234
- — < )
SRRt
—_ =
55 ° 15 |
Do 0 1 2 3 4

accumulation percentage by earthworm (%)



Metody hodnoceni biodostupnosti — ptiida / sediment

superkriticka fluidni extrakce (SFE)

« CO, v superkritickem stavu
 moznost menit tlak a teplotu a tim silu / polaritu extrakce, napfr.:

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

» nutnost korelace s biologickymi endpointy je kliCova

aged soils

30

y = 5.1283x + 9.5276
RZ = 0.9076

Extraction percentage
by SFE (%)
Do
)

10

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

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



Metody hodnoceni biodostupnosti — ptiida / sediment

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

» obrovska kapacita roztoku HPCD pfipomina 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
o]

0
}\OH S o BN\ P\ Sample Preparation HPCD Extraction Data Interpretation
o HO
OH O.
Q . B ) Add 25 ml HPCD solution HPCD extractability
% 0, e ) > Soil or sediment with HOC }_>‘ (50 mM) to 1.25 g sail ‘ —3| (% of spiked HOC) J_
“K o Q ', RS g ) ) v

100 ‘ Shake mixture for 20 h ‘ HPCD extractability ].—
OH

= accessibility?

i Correlate extractability

90 -
[ Centrifuge for 10 min ] with bioassay data
80 i J’

Slope = 0.99 J, J,Yes

14C_Phenanthrene mineralised (%)

] 2 _
60 R*=0.93 Analyze HOCs in
Intercept = -0.98 supernatant by HPLC HPCD extraction mimics HOC
bioaccessibility
50 ; ; . .
60 70 80 90 100
Centrum pro vyzkum i X i
(6) toxickych latek 14C-Phenanthrene extracted (%) Cui et al. (2013) Environmental Pollution 172: 223-234
v prostiedi




Metody hodnoceni biodostupnosti — ptiida / sediment

hydroxypropyl-B-cyclodextrin (HPCD)

* omezena kapacita HPCD vyifeSena pomoci PDMS ,infinite sink®

Sorptive bioaccessibility extraction (SBE) » i

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

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

Tenax

» vysoce porézni polymer (2,6-diphenyl-p-phenyleneoxide), lehCi nez voda - Ize odfiltrovat

« vetsinou 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

5
W,

n

0.4 P
035 | gee
e Sample Preparation Tenax Extraction Data Interpretation
0.3 f |
g 025 | | | 2 g sediment | Mix {Cc.nm Tenaxat 1,2,6, .... 336 h 1 Fit data to Eq
’ ifuoati -
g L0 + > by centrifugation i —> to derive me
5 —l ., i
g o015 | 0.15 g Tenax beads l Supernatant Sediment |
¢ e v v V
0.1 Harvest Tenax by Add f{esh 015 }.-I Correlate F,;, with
005 | 100 -  w " filtration cnax bioassay data
§ 207 w_at h i
o+ . - B0 . u a T T i 'L
0 100 _5 70 = xtract Tenax
E 60 1 . . *m Measure HOC in
5 507 . - sediment at 336 h
£ 40 - R
= zg T | Measure HOCs in extraﬁt} l Yes
. oz T ) Calculate § in Eq. 1
Cornelissen et al. < 10 .inkEq ‘
(2001) = 0 T T . T . | Tenax extraction mimics
Environmental 0 20 40 60 80 100 HOC bioaccessibility

Toxicology and
Chemistry 20: 706—
711

Fraction rapidly desorbing (%)

Fig. 3. Estimation of polyeyclic aromatic hydrocarbon (PAH) bio-
availability using Tenax. Amount degraded (%) versus rapidly des-

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

Centrum pr orbed (%). Degradation in a bioreactor (Il and A) or by landfarming
toxickych I (#) (Cornelissen et al., 1998a, b).
v prostiedi
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Metody hodnoceni biodostupnosti — ptiida / sediment

XAD

 XAD-2, XAD-4 (amberlite) kopolymer polystyrenu

» vyhoda — stabilita do 200°C — |ze pouzit termalni desorpci
* postup podobny jako u Tenax

Porosity:  0.41mL pore/mL bead

@ SUPELGCQO surtece area i) - 300mi

Mean Pore Diameter:  90A

Bead Microspheres

60 2

Adsorbate
Molecule

y=1.0429 x
R%=0,8753

40

o—
Hydrophilic Hydrophobic
Head Tail

20 1

® PAH residuals
Linear regression
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 prostiedi

Lei et al (2004) Environ Sci Technol 38: 1786-1793
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Metody hodnoceni biodostupnosti — ptiida / sediment

organickeé polutanty

B. stanoveni volné rozpusténé koncentrace s vyuzitim sorbentt —
pasivnich vzorkovaci

(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

Derive Ciree and use Giee to indicate
bioavailability

Expose sampler in sample matrix
Analysis of HOC in sampler after
solvent extraction

Derive Ciree and use Ciee to indicate
binavailability

« Expose sampler in sample matrix

Analyze HOC on fiber by direct injection
Derive Ciree via external calibration and
use Ciee to indicate bioavailability

Expose fiber in sample matrix
Analyze HOC at equilibrium

Derive Cirpe via Ksppge and use Ceee tO
indicate bioavailability

Good sensitivity due to large
sampler volume

» Commercially available

Applicable for in situ measurement

Good sensitivity due to large
sampler volume

Inexpensive

Applicable for in situ measurement

Good sensitivity due to analysis
of whole fiber

+ Less time consuming and solvent-free

Automation possible
Applicable for in situ measurement

Inexpensive and easy operation
Compatible with bench-scale bicassays
and co-exposure

Applicable for in sitt measurements

Extensive post-sample processing
Require large sample size

Very long equilibration times

Mot compatible with bench-scale
bioassays

Require large sample size

Very long equilibration times
Mot compatible with bench-scale
bioassays

« MNon-equilibrium sampling

Matrix effect
Mot compatible with bench-scale
bioassays

Sensitivity may be low
Long equilibrium times for HOCs
with large Ky

Centrum pro vyzkum
toxickych latek
v prostiedi

©)

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



Passive sampling - teorie

* nekolik zasadnich vyhod oproti klasickemu vzorkovani:

— vzorkovaC — sorbent je vystaven v mediu vétSinou delSi dobu podobné 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;,..)

Wildlife

Sediment
Chemical
activity

Passive sampler

Freely
dissolved

Passive
Samplers %

(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


http://youtu.be/4zlQQbnxxR0
http://youtu.be/4zlQQbnxxR0

Passive sampling - teorie

Generalized uptake profile for a passive  « kinetika 1. fadu, jednoslozkovy model — vstupni
sampling device proménné 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. °V monitoringu ZP je upfednostnéno nerovnovazné
. , o vzorkovani — linearni prijem latky vzorkovacem —
Kinetic Intermediate Near equilibrium B i g & i
S pro dosazeni TWA, zatimco pri stanoveni
// biodostupnosti je CastéjSi rovhovazné vzorkovani

k] - (l_e_kz.[}
2

C&a.mp]er{f) = Cmedium *

Csamplar

* vV rovnovaze nejsou k, , potreba a C;,, a fugacita
mohou byt spocitany ze vztahu
> .Cfree = Csampler/ Ks_ _
kde Ks je rozdélovaci koeficient vzorkovac-vzorek

Time

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

PDMS

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

Polyacrylate fiber

Log [ky(m¥m?®-day]]

SPMD

Centrum prc ‘ | |

toxickych Lt

v prostredi 1 2 3 3 5 6
Log [A/V (m¥m?)]

©)




Passive sampling - teorie

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

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

e vzorkovani by nemelo ovlivhovat vzorkovany systém:

Vsamp]er = Ksampler, medium

o . <0.05
tzv. negligible depletion Vimedium
. . , 35 - c,
» deplecilze vyuzit pro stanoveni o . ¢
dosazitelné frakce PN R — e ,
4 ’
2 20 ,;"
equilibrati _ | Multi ratio EPS G 15 - A
/ Q ol 10 - /
---------------------------------------------- w} o 5| inaccessible  ¥cC..,
arge . \@ 5' P . }"qm- ]
S o A géo II w °% 100 200 300 400
: & P S« ] C. (ugkg")
o 2 Q ! 3 Figure 3. Fluoranthene concentrations in the water (C,) versus the
large LC) ! g residual concentration in the sediment (C,) as calculated by eq 5. The
passive 8 i — E(chmw; on the right indicates the original concentration in the sediment
sample | /e e n e > - .;I o

conc. in sediment | Smedes (2013) Environ. Sci. Technol. 47, 510-517



Metody hodnoceni biodostupnosti — ptuda / sediment / voda

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

* napln dle sledovanych latek - pro HOCs nejCastéji lipid triolein iWCHE(CHa,SCHQ
* rozpu$téné molekuly se difuzi dostavaji do pért LDPE (max 10 A) } T
a kumuluji se v trioleinu O A OO

Sample Preparation SPMD Extraction Data Interpretation
Fold SPMD (10 cm long Mix SL:M?JiE,iiﬁiMI ] | Calculate Cspun ]
+0.1 g triolein) in half "*“‘I’ —> ¢

| Calculate Cree from Eq.2 I

5

| Multiply Cy, .. with BCF ‘

Rinse SPMD by HCL,
solvent and water

v

| Dialyze SPMD in hexane J

| 12 g sediment (wet) I

—_ for 24 h (three times) ¢

-

Z g P

) y=51.65x ’L

g H%H BR = C;__ *BCF?

E 124 F=0693 l Concentrate and clean-up I free
il dialysis extract

ef 10 1 - ¢

= —EH Yes
g . |

4 S‘ SPMD mimics HOC
S { Analyze HOCs by GC bioavailability
E 4 1 L

= FEH . . .

= 24 87 &0 Cui et al. (2013) Environmental Pollution 172: 223-234
£

® 000 005 010 015 020 025 030

Tao et al. (2009) Environmental

Centrum pro vyzkum

ket toel cone. in soil (ugg™'soil) Pollution 157: 545-551
v prostiedi

©)




Metody hodnoceni biodostupnosti — ptuda / sediment / voda

SPME

tzv. matrix SPME nebo disposable SPME - odvozeno od injek¢ni 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

7 pm PDMS

30 pm PDMS
100 pm PDM5S

DVB-Carboxen

Carboxen

0 150 300 450
Analyta Molecular Waight Range

www.sigma-aldrich.com

Centrum pro vyzkum
toxickych latek
v prostiedi
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SPME fibre Aqueous sample

Metody hodnoceni —_

b i Od Ostu p n Osti — p loj d a I Select approprfa.te SPMLT'phase
. ¢ 100 um polydimethylsiloxane
sediment / voda

30 pm polydimethylsiloxane

7 um polydimethylsiloxane

85 um polyacrylate

mixed phases, e.g.

65 pum polydimethylsiloxane/divinylbenzene

S P M E 65 um Carbowax/divinylbenzene

75 um Carboxen/polydimethylsiloxane

50/30 um divinylbenzene/Carboxen on polydimethylsiloxane

o 60 um polydimethylsiloxane/Carboxen
tl pro VOd u 50 pm Carbowax/templated resin

Preliminaries

e Optimize fibre adsorption time
e Stirred or unstirred solution

¢ Add salt to solution

.

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

¢ Analytes adsorb to the fibre (see preliminaries above)

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

* pouzi

Procedure

A A

Analysis by GC Analysis by HPLC

e |nsert 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 o Depress the plunger, exposing
the injector, to desorb the analytes the fibre to the mobile phase and
onto the column desorbing the analytes

e Retract the fibre and remove the onto the column
needle ¢ Reiract the fibre and remove the

needle

Figure 3.10 Typical procedure used for the solid-phase microextraction of liquids. From

(6) f;'i‘:m,m pro vyzkum Dean, I. R., Methods for Environmental Trace Analysis, AnTS Series. Copyright 2003. ©
kych latek
v prostfedi John Wiley & Sons, Limited. Reproduced with permission.



Metody hodnoceni biodostupnosti — ptuda / 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 prfimo exponovanych ve vzorku

Bioassay chamber SPME Extraction Data Interpretation
Collect fibers at end —-[ Calculate Crner ]
) ) ) ] ) of co-exposure
Ter Laak (2005) Sorption to soil of hydrophobic and ionic ~|r ¥
[ Estimate Cpe with Kspae ]

organic compounds: measurement and modeling T —.
nse [per and clean wil
| wel paper tissue I

\

2 mL water
(10 mhi NaN) [ Correlate Cy, with BR ]
e SPME Worte o
fibers ‘1'
2 gr soil \ .

IF1C used 'l Yes BR = BCF*Crrc!
[ C — combustion to 'CO; Place fibers in cocktail;
Extract Body residue (BR) Measure activity by LSC
. i fibers in
Rock 'nroll vial

J Yes
\ACN | SPME mimics HOC ]
Extract fibers with solvent;
Analyze HOCs by GC
Cui et al. (2013) Environmental Pollution 172: 223-234
M m oy

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




Metody hodnoceni biodostupnosti — ptuda / sediment / voda

SPME

9
A 4 N A (b) : ng'sCompounds :(E,)?E;?\ophos horus Insecticides
» velice dobré korelace s prijmem biotou et
, 43 X Hexachlorocyclohexanes

» mechanisticke / fyziologické opodstatnéni 6 1
« aplikovatelnost pro fugacitni modelovani

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

10,000,000
g Osite 2- Ac
° msite 3-Ac o
é Asite3-Ea o
g 100,000 -
3 =
£= &
c D
E v
£2 1000 qi!“
2 ‘“
o
[=]
o
10 ‘ T
10 1,000 100,000 10,000,000
concentration in fiber (pg/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.
\WRs s | Vprususa

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

Y- 5 =
4
o 4
o
2 | A
2 4 I:|. b3
11 an g
o
0 T T
0 1 2 3. 4 5
log Kow
1000000
*
T ]
E_100000
K
o
£
o 10000 A
=
o
(4]
§ o iy 1.0759x
@ 1000 - * R?=0.7568
[
100 : . .
100 1000 10000 100000 1000000

Kow " Cpm
Figure 1. Comparison of predicted tissue concentrations in oligochaetes derived using pas-
sive samplers with measured data. Symbols denote river (squares) and diluted river (dia-
monds) sediments. K, = octanol—water partition coefficient; C,, = Cj... (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.)



Metody hodnoceni biodostupnosti — ptuda / sediment / voda

,coated vials* ——

» vialky s tenkou (um) vrstvou sorbentu: 0=li: | | |
— ethylene vinyl acetate (EVA) Pl Sll SII SII
_ polydimethylsiloxane (PDMS) W onl, LA oAl "

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

\.

. I 0.05 um EVA

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 prostiedi
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Metody hodnoceni biodostupnosti — ptuda / 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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Metody hodnoceni biodostupnosti — puda / sediment / voda

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 - T-C—01

Polyoxymethylene Solid Phase H
Extraction as a Partitioning Method "

for Hydrophobic Organic Chemicals SFY-Ea
in Sediment and Soot i

MICHIEL T. O. JONKER* AND
ALBERT A. KOELMANS

Aquatic Fcology and Water Quality Management Group,
Department of Environmental Sciences,

log K'rom

.
s
.-
»- .
.
.l

Wageningen University, P.O. Box 8080, 4
6700 DD Wageningen, The Netherlands K
A
A
3 .
4 5 6 7 8
log Kow
Centrum pro vyzkum FIGURE 4. Relationship between log Kpom and log Kow (both in L/L)

©)

e for PAHs (triangles) and PCBs (squares).




Metody hodnoceni biodostupnosti — ptuda / sediment / voda

PDMS a POM - pro bezobratlé a rostliny mnohem lepsi predikce
biodostupnosti nez u rozpoustéedel 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.
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6 toxickych latek
v prostiedi

Gomez-Eylez et al. (2012) Environ Sci Technol 46: 962-969



Metody hodnoceni biodostupnosti —voda

POCIS

« polar organic compounds integrative sampler

Chemcatcher

©
- R
« Empore disks &
<
oo N
» styrenedivinylbenzene (SDB) N
. >
kZ
=
450 2
A o 8]
- G >
2 300 u) o
0 oo 3
L i g <
samp}er receiving Adllffuslun ‘_l_:__ o
housing  phase limiting layer a Q —
g 150 g %
[1T] 0 ()

=
g g
? S
0 ' =
0 50 100 150 200 L
| (q\]
DEQ,, (ng SDB™) Fig. 1. Differences in polar organic chemical integrative samplers (POCIS) o
fouling from different deployment environments. Very lightly fouled POCIS &
] (upper picture) deployed in the Norwegian Sea (~200 km offshore) for 42d =
Vermeirssen et al (2009) Water and moderately fouled POCIS (bottom picture) from wastewater treatment =
Research 43, 903-914 works after 14 d exposure. [Color figure can be seen in the online version of ol
I

this article, available at wileyonlinelibrary.com.]



http://youtu.be/f7Xzr4FIJmg

rizné sorbenty (PDMS, PE, POM ...)

vyhoda je zejména cena a jednoduchost

Metody hodnoceni biodostupnosti —voda

<
;.ﬂh;‘:‘

Polyethylene

¢

H H
1 H ] 1
(@ €. ! .C. ! .C. |
i =BT 0§ =eY )
H 1 H 1 H
H H
H H
1 1 | 1 1
(B ‘@ @ sGs  aBy aBy 4B
I '.‘0‘.' | '._0_.' | '.O.° 1 '-0 > 1
H H H
H H H
1 1 1
H H-C-H

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



http://youtu.be/xZnQt0IKlRE

Metody hodnoceni biodostupnosti — ptiida / sediment

A. stanoveni pomoci extrakce véetné sekvencni extrakce

® (Weak) salt extractions (e.g., CaCly, Ca(NO3)s,
NHyAc, 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 HCI, 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., HNO3, HCI, “double acid™
(HCl + H,804))

® Combined extractants (e.g., Ammonium oxalate—
oxalic acid, Mehlich IIT (dilute acid, salt, and
EDTA)).

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

‘ Sequential Extraction ‘

v v
‘ Exchangeable fraction ‘ ‘ Reducible fraction ‘ ‘ Oxidizable fraction ‘ ‘ Residual fraction
Loosely bound, labile . Metals bound to Metals:. bound to Metals bound within
or exchangeable iron and manganese organic matter, .
. . crystal matrix
metals oxides e.g. detritus

Metals most available
for plant uptake, leading
to possible contamination
of groundwater and soil

Unstable metal forms
transfer to available
forms for plants

Metals bound to
organic matter can
be released

Metal present are not
expected to be released
under normal conditions

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, J. R., Methods for Environmental Trace
Analysis, AnTS Series. Copyright 2003. © John Wiley & Sons, Limited. Reproduced with

Centrum pro vyzkum permission.

toxickych latek
v prostiedi
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Table 4.1 Extraction procedures used to isolate nominal soil/sediment phases [1]

” Phase Reagent or method Comments
Metody hodnoceni of isolation
. . o Water-soluble, soil ~ Water, Contains the most mobile and hence
b I Od ostu p n ostl — p u d a l solution, centrifugation, potentially available metal species
sediment pore displacement.,

sediment e

Exchangeable MgCl;. NHyOAc,  Contains weakly bound (electrostatically)
HOAc metal species that can be released by
ion-exchange with cations such as Ca™*,
Mgt or NH:T. Ammonium acetate is
the preferred extractant as the complexing

extrakce kovl

1

Type of binding e ,-._.-_,,;.I_r:z"f‘fﬂ{u power of acetate prevents re-adsorption
Extraction ion surface  precipitate Coprecipitate  organic  occlusion  mineral or precipitation of released metal ions. In
agent exchange adsorption (carbonates, (amorphous complexes (crystalline  crystal - . . .
SR ydrcxides) hdrialy e addition, acetic acl_d dissolves the
hydroxides) exchangeable species, as well as more

tightly bound exchangeable forms

Organically bound  NayP:05, H20z at  Contains metals bound to the humic

pH 3NaOAC material of soils. Sodium hypochlorite is
used to oxidize the soil organic matter
and release the bound metals. An
alternative approach is to oxidize the
organic matter with 30% hydrogen
peroxide, acidified to pH 3, followed by
extraction with ammonium acetate to
prevent metal ion re-adsorption or
precipitation

Carbonate NalOAc at pH 3 Contains metals that are dissolved by
{(HOAC) sodium acetate acidified to pH 5 with
acetic acid
Mn oxide-bound NH;OH.HCI Acidified hydroxylamine hydrochloride

releases metals from the manganese
oxide phase with minimal attack on the
iron oxide phases

Fe {(amorphous) (MH4):C;0y in the  Amorphous forms of iron oxides can be
oxide dark discriminated between by extracting with
acid ammonium oxalate in the dark

Fe (crystalline) (NH,5.C20, under  Crystalline forms of iron oxides can be
oxide UV light discriminated between by extracting with
acid ammonium oxalate under UV light

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




Metody hodnoceni biodostupnosti — ptiida / sediment

extrakce (nejen) kovli napodobujici pérovou vodu

Salt solution Concentration (M) Reference

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

0.05 Krishnamurti (2008)
Cheng (1990)
0.1 Peijnenburg et af (2007)
Calcium nitrate (Ca(NO3),) 0.1 Peijnenburg et al (2007)
Lanno et al (2004)
Ammaonium acetate (NHzAc) 1.0 Peijnenburg et al (2007)
Mg-salts n/a' Peijnenburg et al (2007)
Barium chloride (BaCl,) n/a' Peijnenburg et al (2007)
Sodium nitrate (NaNQOsz) 0.01 Yin et al (2002)
0.1 Peijnenburg et al (2007)
Ammonium nitrate (NHgNO3) 0.1 Peijnenburg et al (2007)

"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).

toxickych latek

(6) | Centrum pro vyzkum
v prostred! ECETOC (2013) Understanding the relationship between extraction technique and bioavailability . TR 117 .ISSN-0773-8072-117



Metody hodnoceni biodostupnosti — ptiida / sediment

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

I

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

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

y
Decant 60 ml into a centrifuge tube and centrifuge for

Place 20 g of dry sediment/soil in a 100150 ml PTFE or 10 min at 3000 g. Megisure_pH in extract before
polyethylene bottle centrifugation

,

Add 50 ml of NH4;NO5 solution (1 mol I'1) 4
Analyse solution immediately

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

v
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 HNO4

h 4

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

Figure 4.4 Procedure adopled in the single extraction method for metals (employing Dean (2007) Bioavailability, Bioaccessibility and Mobility of
ammonium nitrate (NH4NO3)), as applied to the analysis of soils and sediments [2]. Environmental Contaminants. ISBN: 978-0-470-02577-2



Metody hodnoceni biodostupnosti — ptiida / 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 bottle ‘

|

Add 200 ml of acetic acid (0.43 mol I"1)

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

r
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., Meih-
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.



Metody hodnoceni biodostupnosti — ptiida / sediment

B. Separacni techniky zalozené na iontové vymeéne (IE), sorbentech,
¢i mikroseparacnich metodach jako Donnan membrane technique
(DMT) ci diffusive gradients in thin-film gels (DGT)

protective
membrane

Knutsson (2013) Passive sampling ,
for monitoring of inorganic pollutants o 16000 5 —
in water. ISBN 978-91-7385-854-0 L P 14000 3
T——__  sampler E v ;
o i § 12000 7 jog y=-0.43 log x + 4.85
o\ ] - .
S 2 10000 =0.49 *p<0.05 =
H T g ]
i : N ~ ]
A::‘ Ag')‘:' ;a;:gl:; resin gel dxfgleslmn ;]'.\ % Bﬂ[}ﬂ--;
: | S 5
basn L ¢ S soo0- —e
L2 |@| Flux soln & " ]
[ o 9o ! oeY o QU 00 -— = ]
o e | e 5 % - —e—
o P Ko o B o 3 2 1
o (@ - Bollslurpye® & o 3 1
3 e S5 A TR o 3 000 —
e |8 C_" 8 s g o . © 10 100
E b gﬁl\l?}@ Coik _‘E’ Cie a -g Cu concentrations in DGT (ng L)
E 2 5vs au“‘ o5 c( - ‘!H o o D Fig.4 Logarithmic representation of Cu concentrations measured direct-
Bl ) s a? > < ly in hepatopancreas of L. vannamei versus the DG T-measured concen-
0 Distance é trations. Both DGT measurements and Cu burdens were namral log
FIGURE 1. Processes induced by deployment of a DGT probe = I:ramsfon:ned.Em:fr bars are the sr:midmd devifatims gf !'f:plicates; (n=3).
(exploded view) in a soil slurry. The mass (M) of metal is accumulated S Regression equation and correlations coefficient (significant = value)
by diffusion across the diffusion layer of exposed interfacial area =  shown are calculated from all pooled data points

(A). Further explanations are given in the text.



Passive sampling - ovzdus

« Casto je kladen vice diraz na TWA, biomimetické schopnosti jsou v pozadi

* Global Atmospheric Passive Sampling (GAPS) Network

stainless steel dome
PUF disk

- @
supportring
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

Centrum pro vyzkum
toxickych latek
v prostiedi
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http://youtu.be/w-Cn8LzB21c
http://youtu.be/w-Cn8LzB21c
http://youtu.be/w-Cn8LzB21c




Passive dosing

: 7 D - = Smith (2012) Environ Sci Technol 46: 4852-4860
« PDMS pOtazene nadOby Cl O'kVOUZky Solvent spiking Dynamic passive dosing

1 Kgegradation | Adueous phase
1 kdegraa'aﬂ'on do P

fo P oo

o
P 1 krelease
RAP ol P PP FRA
dgﬁ W%ng* Polymer
PDMS tubing P

Solvent spiking

— Assay medium

i
f%kwmwm
Test organism av

1i

M. substrate

Kwon et al. (2011) Environ Health Toxicol

N

v

Time
Centrumprovyzkum e -
toxickych latek M, substrate, total
v prostfedi ——

M, substrate,dissolved



Passive dosing

Butler et al. (2013) Sci Total Environ 463-464: 952-8

Fig. 1. The passive dosing unit showing the inlet (lower left) and outlet (lower
right) ports for the perfusion of the lumen. The other three ports are for the
perfusion of the shell space.

Adolfsson-Erici et al. (2012) Chemosphere 86: 593—-599




Mereni a modelovani prijmu

kontaminantu organismy




Mereni a modelovani toxikokinetiky

| Micropollutants ]

COOH

Intrinsic pollutant properties
Uncertainty
AL
=]

lEnvIronrnental Systeml | Biological System l

distribution

sediment groundwater

System properties
Variability/Complexity
A

\
r
§ [ Environmental Fate | wl)  Bioavailability |Toxicokinetics and -dynamics|
5 Y
% g< Exposure | [ Internal Exposure J
ﬁ =
i :
5 \_ Effects

Schwarzenbach et al. (2006) The challenge of micropollutants in aquatic
systems. Science 313, 1072-1077

Centrum pro vyzkum
toxickych latek
v prostiedi

©)




Mereni a modelovani toxikokinetiky

Soil samples (10 g of air-dried soil) spiked and placad in Corg * Fom
50 ml scraw-capped cultura tubes BSAF= —
l Cs-F lip
Six earthworms (Eisania foatida) added to each tube and where
covarad with Al foil containing five small holes for asration

BSAF= biota—soil accumulation factor

Tubes placed in a moist chamber in the dark at 21 = Corg = concentration in the worm
2°C. After 8 days, worms transfarred to tubes . . . .
containing sterile, ‘unamended’ sail Cs = concentration in soil solid phase
. Fjp = weight fraction of lipid in the organism
Womz remowved after 24h, frozen with liquid Fom = WEight fraction of OM.

nitrogen and ground with a mortar and pestle

Worm fissue placed in 50 ml Teflon centrifuge tubes and
25 ml dichoromethane (DCM) added

Tubas shaken for 24 h at 21 + 2°C and
centrifuged. 1.0 ml of the supernatant mixed with 18.0 ml
of ligquid =scintillation cocktail

Ld

Solution analysed for "*C-radioactivity

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

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

Centrum pro vyzkum
toxickych latek
v prostiedi
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Equilibrium sampling of biota

Exhaustive extraction Equilibrium sampling

Water

Lipids

Proteins

¥

C

Fishwelweig
Cl'iﬁh.llpld—m‘mulw:d = et Cl-ish.lipul equilibrium ™~ CP[)MS D Lipid PDMS
Jriid
What is done: All measured analyte is What is done: Cyiiq is calculated based on
assigned to the lipid phase. equilibrium partitioning.

Assumption: All analyte is present in lipids. | Assumption: The partitioning into the lipids of

Fig. 1. Circular PDMS thin-films were inserted into intact fish tissue for equilibrium the sample is well represented by the applied
sampling of PCBs. The samplers were retrieved after time periods of 1 h up to 7 d.

Dy value.
Picture: U. Berger. Lipid, PDMS

Applicability domain: The assumption is best Applicability domain: The sampling works

Jahnke (2009) Chemosphere 77: 764— met for lipophilic analytes in lipid-rich tissue. best in lipid-rich tissue.
770 Strengths: Well-established procedure. Strengths: Well-defined partitioning phase.

Results can be directly compared to
equilibrium sampling in the exposure medium

that is relevant for the organism.

Limitations: Results do not give a measure of | Limitations: Dy ipiapoms values have only been

the fugacity of the chemical in the tissue, and determined for a limited range of HOCs.
hence do not allow comparison of the Equilibrium sampling in lean tissue has been
chemical’s thermodynamic status in the tissue found to be challenging.

with other tissues or organisms.

Fig. 1. Overview of two different approaches to estimating the concentrations of hydrophobic organic chemicals (HOCs) in the lipid fraction of biota: lipid
normalization of total extract concentrations obtained from exhaustive extraction: converting equilibrium partitioning concentrations in polydimethylsiloxane
(PDMS) to concentrations in biota lipids. [Color figure can be seen in the online version of this article, available at wileyonlinelibrary.com]

(6) | Centrum pro vyzkum
toxickych latek
v prostred! Jahnke et al. (2011) Environmental Toxicology and Chemistry 30: 1515-1521



PBET — napodobovani traviciho procesu

Sorptive Physiologically Based Stomach 050¢ sodium malate
Extraction of Contaminated Solid pH2.5 050g tri-sodium citrate
Matrices: Incorporating Silicone Rod 420 pL. lactic acid
As Absorption Sink for Hydrophobic 500 uL. glacial acetic acid
Organic Contaminants 1.25g pepsin (porcine)
) ] ) Small intestine 1.78 ¢ bile salts
Gouliarmou et al. 2013, Environ Sci Technol 47: 941-948
(added to stomach medium) 05g pancreatin (porcine)
pH 7.0
Colon 40¢g type 1I  mucin (porcine
stomach)
pH 6.5
45¢g sodium chloride
45¢g potassium chloride
1.5g sodium bicarbonate
1.25¢ magnesium sulphate
hexahydrate
800 mg cysteine hydrochloride
500 mg potassium phosphate
500 mg di-potassium phosphate
400 mg bile salts
189.0 mg calcium chloride
50.0 mg haemin (= 80%, bovine)
5.0mg iron (II) sulphate heptahydrate
(6) Centrum pro vyzkum
toxickych latek
v prostiedi




Add 100 mL of gastric juics to glass flask.
Gastric juice was preparad by addir=g 12509
pepsin (activity 800-2500 unitz mg ™), 0.5 g
of citrate, 0.5 g malata, 420 uL lactic acid,
and 500 pL acetic acid to 1 litre of de-
ionized water that had baan adjusted to pH
2.5 with 1% HCIL

'

Glass flasks were placed in
a shaking water bath
maintained at 37 °C.

¥

PBET — napodobovani traviciho procesu

1.00 g of soil

Gastric
extraction

Aliquot of sample (5 mL) was removed {phasa 1) after 1
hour. To maintain anoxic conditions ni an or argon is
introduced in to the glass flasks (1 L min™) for 5 min. The
removed sample was replaced with the same voluma of
gastric juice to maintain a fixed solid'solution ratic.

Dean (2004) Trends in Analytical

'

Solutions newtralised by introducing in to
each flask dialysis tubing (B000 molecular
waight cut off spactra’Por calluloss aster
tubing) containing NaHCOa (sufficient to
increasze the solution pH from 2510 7)
dissolved in 5 mL deicnised water.

'

At pH 7.0, 175 mg of bile =alt
and 50 mg pancreatin ware
added 1o each flask.

'

Intestinal
extraction

Chemistry 23, 609-618

Centrum pro vyzkum

After 2 and 4 hours an aliquot of sampls (5 mL) was
removed (phases 2 and 3, respectivaly). To maintain
anoxic conditions nitrogen was infroduced in to the glass
flasks (1L rrin"j for & min. The removed sample was
replaced with the same volume of gastric juice to
maintain a fixed solid’sclution ratio.




PBET — napodobovani traviciho procesu

« simulated earthworm gut (SEG) test

Table 2. Composition of tested simulated earthworm gut fluids

Volume added (ml)

Treatment Cellulase (g)* Media® Culture® Water? 0.2 M CaCly® Amylase’ Total
Control {media) 0 ER.] 0 02 0 0 4
0.01 M CaCl, 0 ER.] 0 0 0.2 0 4
Enzyme 0.29 ER.] 0 0.062 0 0. 108 4
Culture 0 0 38 0z 0 0 4
Enzyme and culture 0.29 0 3.8 0.062 0 0.108 4

2 On the basis of stock enzyme containing 0.64 U/mg protein and the target cellulase activity of 400 pg glucose produced/mg enzyme/h.
b Filter-sterilized earthworm gut culture from chemostat.

¢ Unsterilized earthworm gut culture from chemostat.
4 Sterile deionized water.
¢ Made in deionized water and then filter-sterilized.

FOn the basis of stock enzyme solution made to 6.25 U/pl (filter-sterilized) and the target amylase activity of 300 pg starch consumed/mg
enzyme/h.

Ma et al. (2009) Environmental Toxicology and Chemistry 28: 1439-1446

Centrum pro vyzkum
toxickych latek
v prostiedi
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Mereni prestupu pres biologické membrany

MultiFill™ collector

Jacketed media
Vertical diffusion replace beaker
cells (6x)

MicroettePlus™
autosampler

Interchangeable racks
for HPLC vials

Precision 6-cell
drive and stainless _

| stand
Membrane
Receptor Solution ————
Water Jacket 32°C
Centrum pro vyzkum ix Mi
(6) toxickych latek & Magnetic Stirrer
v prostiedi




Modelovani expozice




Modelovani expozice

e sceénare (,worst case scenario” Ci jiné)

-y SUBSTANCE
e modelovani: I

— transportu od zdroje //
— zmény koncentrace -
8 y © . ’,r mmﬂug@icﬂs
— degradace a vzniku transformaénich i
produkt
— distribuce v ZP i
BIOTA  [SOIL]
— distribuce v ramci dané slozky prostiedi i | radusson
(napf. v pudé)
« zdrojem jsou data o zdrojich + data
vlastnostech latek a prostredi s — D .Y
SEDIMENT | WATER
axidation > oxbdation
reduction reduction
hydrolysis
photolysis

jimaci

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 (i} x (v}
(a) x (b)

=5x10°x0.13x003x09 mg / kg
0.085 x 100 D00

=2.06 x 10° mg / kg

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

=103 mg/

This assumes a soil 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 jusfified (see below).

©)

Centrum pro vyzkum
toxickych latek
v prostiedi

modelovani zatéze
jednotlivych slozek ZP — od
zdroje do okoli organismu

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



Modelovani expozice

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

» fugacita = tendence utikat/prchat z prislusné faze

cC=f.2Z

Air - 6x10° ma3

Terrrestrial plant biomass
roots - 3.7 x 103 m3
. stem - 4.6 x 108 m3
C - koncentrace v dané fazi foliage - 9.2 x 102 m2

f — fugacita Water - 7 x 106 m3

Z - konstanta fugacity Soil 4.5 X 104 m3

e v rovnovaze plati:
Suspended solids - 35 m®

fsoil = fair - 1:sediment - 1:biota Aguatic biomass - 7ma
Water Air Soil Animal Plant Sediment - 2.1 x 104 m2
Affinity biota biota
Sin Hin log Koc log Kow log Koa . " , .
/L Pa m*/mol g g g FIGURE A4.2 The “unit of world” in Mackay’s fugacity
g amime model with the inclusion of terrrestrial plant biomass
high >1 >10 >5 >5 >8
medium high 1-102 10 - 10" 5_4 5.35 8.7 The Edinburgh Cen_tre for Tox_icology. UNE_P/IPCS Training
medium 102- 107 10" - 102 4-92 35.3 7.5 Module No. 3, Section B, Environmental Risk Assessment.
medium low 10°-10°  10%-10" 2-1 3-1 >4

low <10° <10* <1 <1 <4



Modelovani expozice

Table R.16-9: Characterisation of environmental compartments

General

Density of the solid phase
Density of the water phase
Density of air

Temperature (12°C)
Surface water

Concentration of suspended matter (dry weight)

Suspended matter

Volume fraction solids in susp. Matter
Volume fraction water in susp. Matter
Weight fraction organic carbon in susp. solids

Sediment

Volume fraction solids in sediment

Volume fraction water in sediment

Weight fraction organic carbon sediment solids
Soil

Volume fraction solids in soil

Volume fraction water in soil

Volume fraction air in soil

Weight fraction organic carbon in soil solids

Weight fraction organic matter in soil solids

RHOsolid
RHOwater
RHOQair
TEMP

Su Spwater

Fsolidsusp
Fwaterssp

FoCeusp

Fsolidsed
Fwatergeg

FOCseq

Fsolidsgi
Fwatergg
Faireg
FOCsqi

Fomso"

[kgsolid'msolid-s]
[KGuater Muater
(KQair Mai]

(K]

-1
[Msgiia-lwater ]

3 -3
[msolid ‘Msusp ]
3 -3
[mwater "Msusp ]

[kgoc'kgsolid-1]

3 -3
[msolid ‘Mgeq ]
3 -3
[mwater Maey ]

[kgoc'kgsolid-1]

[Msoia”™ Msoi "]
[Moater Meoi ]
[Mair” Megi ]
[kgloc'kGsoiid” ']
(KGom kQsoia” ]

2,500
1000
1.3
285

16

0.1
09
0.1

02
08
0.05

06
02
02
0.02
0.034

modelové ZP

(modelovani pro
potfeby REACH)

ECHA (2012): Guidance on information
requirements and chemical safety assessment.
Chapter R.16: Environmental Exposure Estimation.
ECHA-10-G-06-EN



Modelovani expozice

« Plant protection products (PPP) — pesticides

« FOCUS modely EU - http://focus.jrc.ec.europa.eu/

« PELMO, PEARL, MACRO, PRZM — podzemni voda

« STEP 1a2, SWASH, TOXWA, SWAN — povrchova voda
« EVA - ovzdusi

* cilem jsou hodnoty PEC, PEC,,, PEC, PEC,,

http://www.pesticidemodels.eu/home

Centrum pro vyzkum
toxickych latek
v prostiedi
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http://focus.jrc.ec.europa.eu/

Modelovani expozice

5

Me m porewater |

=3-OMe » Me? H‘) MelL,
MeS ~ j
Figure 3. Conceptual model for metals in terrestrial systems. (1) surface runoff/erosion; (2) atmospheric deposition; (3) insect emergence

from aquatic systems; (4) trophic transfer; (5) metal uptake from soil pore water; (6) soil ingestion; (7) organic matter decay; (8)
scavenging of dead organic matter; (9) precipitation/dissolution and sorption/desorption. Me*: free metal ions (metal aquo
complexes); MeL: metal complexes with ligand L (charges are neglected for simplicity); MeS: metal precipitates; [SS~OMe: metal
adsorbed on particles.

Centrum pro vyzkum
toxickych latek

v prostredt Chapman et al. (2003), Human and Ecological Risk Assessment 9: 641
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Equilibrium Partitioning Theory (EqP)

Environmental Toxicology and Chemistry, Vol. 10, pp. 1541-1583, 1991

. . * v rovnovaze lze namodelovat
Printed in the USA. Pergamon Press plc

pomoci Kd koncentrace v

Annual Review porové vodé a pudeé /
TECHNICAL BASIS FOR ESTABLISHING SEDIMENT sedimentua a pomoci BCF
QUALITY CRITERIA FOR NONIONIC ORGANIC potom koncentrace v
" CHEMICALS USING EQUILIBRIUM PARTITIONING organismu
Dowmic M. Dr Toro® - » nasledné Ize pouzit k
etrapolacim mezi riznymi
Water Only Sediment - Pore Water latkami (QSAR) €i mezi
Exposure Exposure raznymi pudami/sedimenty

» predpoklada, Ze klicovou
koncentraci pro nasledny vstup

Biota Biota do organismu a efekty je
rozpusténa koncentrace Ci,
Water Sediment < KOC > Pore
Carbon Water

Equilibrium Partitioning



Biotic Ligand Model — BLM

 Ligandy — hlavni ovlivnéni biodostupnosti — anionty nebo molekuly, jez
vedou ke vzniku koordinacnich sloucenin nebo komplexu s kovy

* Rozpustné ligandy mohou modifikovat transport kovu pfes membrany
nékolika mechanismy:

— soupereni o povrchova ligandova mista
— zmeénu rozpustnosti v tucich
— srazeni komplexu

— tim jsou modifikovany biologické procesy — osmoregulace, respirace,
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