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(11) Environmentalni biotické rovnovahy

Biotické environmentalni rovnovahy.
Bioakumulace.

Bioobohacovani, pfijem potravou, pfijem ze sedimenti,
kombinovany pfijem z vody, potravy a sedimentti.

Akumulace v terestrickych rostlinach, pfijem kofeny, foliarni
pfijem.

Akumulace v terestrickych bezobratlych.
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Bioakumulace

Bioakumulace, biokoncentrace, bioobohacovani

Chemické latky mohou kontaminovat biotu riiznymi cestami —
z ovzdusi, vody, sedimentt, pud a tento proces zavisi na
environmentalnich a fyziologickych faktorech.

Moznosti kontaminace:

% savcl — z ovzdusi

% ryby —z vody (kontaminace vody pfimo vypousténim,
nepfimo z ovzdusi, pud ¢i sedimenti)

% terestrické organismy — z pudy

% terestrické rostliny — ovzdusi, ptida

%, akvatické rostliny — voda, sedimenty

% vSichni konzumenti — prostfednictvim potravy
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Bioakumulace

Bioakumulace ve vodnim prostfedi

Pro fadu vodnich organismi je pfijem z vody a eliminace do vody
hlavnim cestou pfijmu chemickych latek.

Biokoncentrace je pak vysledkem procesu pfijmu a eliminace
latky.

Proces pfijmu — existuje nékolik procesti vedoucich k pfijmu
chemické latky organismem.

Kazdy z nich zahrnuje pfechod latky pfes bunécnou membranu.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Bioakumulace

Hlavni proces pro vétsinu organickych latek a nékteré kovy a
organokovové slouCeniny — pasivni difuze, dalSimi procesy
jsou filtrace, aktivni transport, difuze.

Ridici silou pro pfijem je rozdil fugacit mezi vodou a
organismem.

Obvykle je pasivni difuze fizena koncentraCnim gradientem.

N ©®

VystiZnéjsi popis bioakumulace je pomoci fugacity.
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Bioakumulace

Organismus obvykle ma vyssi kapacitu pro ukladani xenobiotik
na jednotku objemu nez voda:

% nékteré kovy se vazi na bilkoviny jako je metallothionein
% organické latky jsou ukladany v lipidech
% organokovy mohou byt ukladany v lipidech nebo proteinech

Fugacity latky je pomér koncentrace k ukladaci kapacité.

Koncentrace latky ve vodé je obvykla mala - ukladaci kapacita
(rozpustnost) je mala, zatimco fugacita je relativné velka.

Research Centre for Toxic Compounds in the Environment 6
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Bioakumulace

Koncentrace v organismu je na pocatku procesu relativné mala,
béhem procesu pfijmu koncentrace v organismu narusta, ale
diky vysoké ukladaci kapacité fugacita latky v organismu je
relativné nizka.

Latka je transportovana z mista z vyssi fugacitou do mista z niZsi
fugacitou pasivni difuzi.

Kvantitativni popis vSak Castéji vyuZiva koncentraci nez fugacit.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Bioakumulace

Figure 7-1

Increase in metal
concentration with
time to reach the
steady-state value, Cg.
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Bioakumulace

Pasivni difuze

Jeden z nejdilezitéjsich pfijmovych mechanism latek — pfechod
pfes lipidni fazi membran miZe definovan Fickovymi zakony

Donorovy Membrana | Receptorovy
kompartment kompartment
, C=C,
C, C=0
h
>
Tok
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Bioakumulace

Je-li koncentracni gradient konstantni, rovhovazny tok F je dan

vztahem: /

F = (D * CO) / h% Sila membrany

7

Koeficient difuze Koncentrace na povrchu

membrany z donorové strany

Na receptorové strané —ucinna C =0

C,=K*C,

Rozdélovaci
koeficient

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Bioakumulace

C, je znama, pak:

F=(K*D*C,)/h

Koeficient permeability
[cm.s] P=K*D

Je-li difuze latky 1. fadu, pak koncentrace C’v donorovém
kompartmentu objemu V je dana vztahem:
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Bioakumulace

Koeficient difuze muazZe byt vyjadfen jako funkce parametrii
vyjadfujicich vlastnosti difundujici latky (polomér molekuly
t, molekulova hmotnost..):

D = konst. / t
D = konst. / (MH)!/2
P = (K * konst.) / (MH)2

Y% existuje pfimy vztah mezi pfijmem a rozdélovacim koeficientem

*w /r

% hydrofobnéjsi latky maji vyssi tendenci k pohybu pfes biologické
membrany

%  kdyZ je rychlost absorpce fizena rozdélovacim koeficientem latky, pak
tendence kyselin €i bazi je ovliviiovana jejich pK a pH.
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Bioakumulace

Proces eliminace

Analogicky procesu pfijmu 1 proces eliminace latky z organismu je fizen
y
pfevazné pasivni difuzi a aktivnim transportem.

Vétsina hydrofébnich latek je pasivni difuzi vylu¢ovany do vody nebo vykali.
Koncentrace latky je rovnéz zfed’ovana procesem rastu organismu.

Dalsi mozny proces je kojenim nebo transferem latky do vajicek.

Biotransformace, zvlasté u hydrofilnéjSich latek je dalSim procesem eliminace
latky z organismu.

Eliminace k,_

Rust y >
Piijem Biotransformace k__

,| Ryba >

o Reprodukce k,

N ERS/
S 2
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Bioakumulace

Organismus

Okolni

Pfijem Vylucovani
medium

CO
k, k,

\ 4

v

Rychlost zmény (nartst, pokles) latky ve vodnim organismu
v Case je dan vztahem:

dC, /dt=k_*C_-k_ *C,

Kde:

C,, — koncentrace latky ve vodé [mol.l!]

C, — koncentrace latky v organismu [mol.kg]
k, - rychlostni konstanta pfijmu [L.kg1.d"]

k. - rychlostni konstanta eliminace [l.d"!]
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Bioakumulace

Konstanty k  a k, nezavisi na koncentraci latky ve vodé a
organismu, ale zavisi na organismu a vlastnostech latky.

Pokud je organismus kontinualné exponovan danou latkou (C je
konstantni), integraci po pocatecni podminky C,=0at =0,
pak C, v Case t:

Co=(Ci*ky) *(1-e*") [k,
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Pfijem a vyluCovani latek vodnim organismem

Expozice polutantem Expozice ukoncena
_________________________________ Vylucovani:
Co
dCy,/dt =-k * C,
Pfijem: Rovnovaha:
dCy, /dt=k _*C_ -k *C, dC,/dt=0
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Bioakumulace

V rovnovaze se tedy pfijem rovna vyluCovani:

dC,/dt=0=k_*C_-k_* C,
K,*C, =k *Cq

KdyZ je expozice polutantem ukoncena pak:
K,*C, =0
Pak vylu€ovani:

dC, / dt = -k_* C, = Cg,* eke*t

Research Centre for Toxic Compounds in the Environment
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Bioakumulace

Biologicky polocas Zivota (t;,,) v organismu — Cas potfebny ke
sniZeni koncentrace v organismu na polovinu:

t;/, = 0,693 / k,

Bioakumulacni faktor (BCF) — v rovhovaze (po nekonecné
dlouhé expozi¢ni dobé) pokud je dC,/dt = 0 plati:

BCF=C,/C_=k_/k,

log BCF = n *log K,y + b

Research Centre for Toxic Compounds in the Environment 18
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Bioakumulace

Threshold for toxic effects
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FIGURE 5-5
Effect of dose fractionalization on accumulation of a toxic compound.
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Bioakumulace

Vztah mezi BCF alog Ky,

Log BCF

Log K'DW
FIGURE 4.1 Relationship of BCF to log K .
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Bioakumulace

HIGHLY & _
VASCULARIZED
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Diffusion
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FIGURE 2-24 Schematic representation of a physiologically based kinetic model for M;;::’;::;:" -
bioaccumulation of a chemical that is absorbed through the gills, transported by blood -

flow, stored in various body tissues, and metabolized by the liver. Such a model requires
much more detailed information on the fish than does a partitioning model; yet it may be Blood Flow
necessary to use this more complex approach for chemicals that are metabolized or !"3?"‘3 g,';?'ei_”
excreted by the fish more rapidly than they are exchanged with the water. (Barron, 1990.) Rinding, Rifusion

Metabolites

Blood Flow
Binding/Partitioning

Conceptual model of bioconcentration from water.

GILL FILAMENTS
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BLOOD
S
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The fish gill.
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Bioakumulace - bioobohacovani

Pokud zacina byt koncentrace latky vyssi v organismu nezZ v jeho

potravé, pokud je hlavni cestou pfijmu potrava — dochazi
k bioobohacovani.

Bioobohacovani je vyznamné pouze pro latky, které jsou ve
vysokych koncentracich v potravé a velmi nizkych
koncentracich v okolnim prostfedi (voda pro akvatické
organismy, vzduch pro terestrické organismy, ptida a
sedimenty pro bentické a ptidni organismy).

Research Centre for Toxic Compounds in the Environment
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Bioakumulace - bioobohacovani

Pfijem potravou

K pfijmu potravou dochazi zaZivacim traktem (Gastro-Intestinal
Tract, GIT).

Polutanty pfitomné v potravé mohou byt pfijimany riznymi
mechanismy:

% latka je desorbovana z potravy v GIT s naslednym
transportem pfes lipidni membrany,

% potrava je vstiebavana, nasleduje uvolnéni z potravni matrice
a transport pfes lipidni membrany,

% kontaminanty jsou uvolflovany z potravy spolu s Zivinami a
nasleduje transport pfes membrany.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace - bioobohacovani

Plants Herbivores Carnivores

phytoplankton zooplankton

humpback whale ‘
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Bioakumulace - bioobohacovani

Chrysalis E
3 N
\}{‘, 17
r \ f-

Caterpill

Figure 6.8. Life cycles of an insect and amphibian species with
concomitant changes in exposure patterns.

Figure 6.10. Simplified aquatic food chain consisting of pri-
mary producers (various species of algae), herbivores (daph-
nids), primary carnivores (caddisfly larvae), secondary carni-
vores (beetle larvae), tertiary carnivores (fish) and decomposers,
i.e., detritus-feeding animals such as snails and amphipods and
bacteria and fungi (species not drawn to the same scale).
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Bioakumulace - bioobohacovani

Figure 6-3
Simplified food web
for the Great Lakes
with typical DDT
concentrations for
urce:
Figure 6-7 n th
The bioaccumulation e
and biomagnification
of PCBs in the Great
Lakes aquatic food
chain. (Source: The .
State of Canada’s Envi- Herring gull eggs I
ronment. 1991. 124 ppm y
Ottawa: Government
of Canada.) 0 ~
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Figure 5.3.6 Bioaccumulation of PCBs
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Bioakumulace - bioobohacovani

Bioobohacovani — pfijem potravou a eliminace zpét do prostiedi
muze byt popsana analogicky biokoncentraci:

Potrava » Organismus —— Okolni prostfedi
k, k

(S

Kde:
k; — konstanta rychlosti pfijmu z potravy [kg.kg bwl.d"]

ki =E; *f
Kde:

E, — ulinnost pfijmu z potravy
f — rychlost krmeni [kg food.kg bw.d]

Research Centre for Toxic Compounds in the Environment
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Bioakumulace - bioobohacovani

Bioobohacovani miZeme vyjadfit:
dC, /dt=E *f *C, _, -k *C,

Kde:
C,.q — koncentrace v potravé [mol.kg food]

Hodnota f je zavisla na biologickém druhu a na délce Zivota.
Pokud je f konstantni:

Co(t) = (B ¥ *Cp ) / (k¥ [1—e™"1])

Research Centre for Toxic Compounds in the Environment
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Bioakumulace - bioobohacovani

Hodnoty f se pohybuji pro ryby pfibliZné v rozmezi 0,02-0,05 kg

potravy.kg t.v."l.d!

Pro expozici z potravy miuZeme odvodit bioobohacovaci faktor

(BMF) pro ustalené podminky:

BMF =E *f / k. =C,/ C;, 4

Research Centre for Toxic Compounds in the Environment
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Bioakumulace - bioobohacovani

Pfijem ze sedimentt

Rada vodnich organismi Zije v z6n& dna a konzumuji sedimenty nebo detritus
jako hlavni potravni zdroj.

Pro tyto organismy je pfijem latek ze sedimenti vyznamnym zdrojem
kontaminace — pfitom sedimenty mohou obsahovat mnohem vyssi
koncentrace nez vlastni vodni téleso.

Koncentrace polutantt v sedimentech ne vZdy reflektuji expozici organismi
danymi latkami.

To miuZe byt dano konzumaci jemnych castic suspendovanych sedimentt a
detritu, jeZ obsahuji znacné mnozstvi organického uhliku s vazanymi

polutanty (aZ o fad vice neZ ptivodni sediment).

Koncentrace v sedimentové vodé mohou byt jiné nez ve vodé vodniho télesa.

Research Centre for Toxic Compounds in the Environment
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Kombinovany pfijem z vody, potravy a sedimentti

MiiZe nastat u xenobiotik, dominantni cesta zavisi na fyzikalné-chemickych
vlastnostech latky, habitatu a fyziologickych vlastnostech organismu.

Voda (C) ky

k; _ k,
Potrava (Cg,,,) Organismus (C) Okolni prosti-edi

v

v

v

Sediment (C__,)

Kde:
k.4 — tychlostni konstanta pfijmu latky ze sedimentt [kg sed.kg bwl.d!] — analogicka
pfijmu z potravy
k., kg k.4 — rychlostni konstanty pfijmu z jednotlivych medii — mohou byt nahrazeny
soucinem ucinnosti pfijmu (E , E, E_ ;) a toka z vody Zabry (V ), z potravy pies
zazZivaci trakt (f) nebo ze sedimentii pfes zaZivaci trakt (S) organismu:
k,=V,*E,
ki=f*E,
Keea =S * By
Zména koncentrace latky v organismu miiZe byt popsana:
dC, /dt=(V_ *E *C_+f*E.*C. . +S*E_ *C_)-k *C,
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Bioakumulace - bioobohacovani

Obrazek &.2. Vliv hloubky, ve které je pfijimana potrava, na expozici bentickych organismi
polutantim sedimentli. Standardni hloubka vzorkovani (2 cm) sedimentu k chemickym analyzam
je znazornéna preru§ovanou &arou. Zavislost koncentrace Cd, DDT a chrysenu (Chy) na hloubce
je hypoteticka; standardni odbérova technika nemusi adekvéatné reprezentovat miru expozice

organismu obou potravnich zaméreni (Lee 1991).

Konzument a transportér Konzument Koncentrace
hlubokého detritu povrchovych depozit polutantu
ad
y 51 )‘ \ /~
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Bioakumulace v terestrickych rostlinach

Kontaminace rostlin:

aplikace pesticida,

sucha a mokra depozice latek,
zemédélské pouzivani aktivovaného kalu,
skladkovani toxickych odpadi,
kontaminace piid a podzemnich vod.

& EEEE

Expozi¢ni mechanismy, biodostupnost a akumulacni procesy jsou

v terestrickém ekosystému velice komplikované.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych rostlinach

Pfijem polutanti vegetaci:

kofenovym systémem z ptidniho roztoku
adsorpci na povrchu kofenu

foliarnim pfijem tékavych latek (priiduchy)
absorpci povrchem listi (kutikulou)

& & & &

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

34



Bioakumulace v terestrickych rostlinach

Schéma pisobeni vzdu$nych polutanti na terrestricky ekosystém

mokra a sucha

5 . depozice
mokra a sucha P .

depozice
b

\%\ translokace
a
volatilizace )/\ i

fotodekompozice padnf prach detoxifikace

o3 ﬁ \/ H A {gpad

/// adsorpce m‘ o

chemicky : : s
rozklad AEsAturIvany tof \‘ korenova exudace

biologicka / prijem koreny
degradace

vyluhovini

hladina spodani vody
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Bioakumulace v terestrickych rostlinach

Atmosféra: teplota, srazky, zareni, dalsi vzdusné polutanty, rychlost
depozice

Vodni faze

Rostlina: pomér povrch/objem, struktura vosku, obsah lipidd, rychlost
rustu, rostlinna morfologie

éf\\leRslr
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Bioakumulace v terestrickych rostlinach

Schéma pisobeni vzduSnych polutanti na list

mola stomatdlni povrchovd absorpce
depozice absorpce pri vy3si vzdusné
aer 1 ac g s i
osolovd lutikialirai vihkosti

depozice

rgusﬁpénlﬁ
volatilizace fotodekompozice
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Bioakumulace v terestrickych rostlinach

plant cover

1N¢ (M
soil surface

rooted soil space ls
lS

groundwater
reaction area

waters » A

Figure 3.1.10 Water cycle in the area of water-soil-vegetation
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Bioakumulace v terestrickych rostlinach

salt relocation in
plant

salt transport from roads

—
onto verges uptake via leaves

and branch parts

I drizzle [rucsasmn ot |
accumulation of salt
; ions in leaf edges and
Spray shoot tips
/- 2
drifting of
{ salt crystals

salt transport from
roots with water flow

]

Bk e Ll -—gsx,

reduced nutrient
salt uptake availability due to
by roots increased pH
change of osmotic deficiency of nutrient
ratios in soil solution ions due to Na" exchange
and root cells
e —————
—————
impaired soil air level
inhibited mycorrhi hinders
ycorrhiza ‘ inders root
formation Effects of salt on plants respiration

above ground

Figure 4.3.4 Transport and activity of melting salts (after Pietsch and Kamieth, 1991)
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Bioakumulace v terestrickych rostlinach

Some forms of contaminants y

are trapped in fibrous parts
of the tree or other plant.

Figure 10-11
Mechanisms of
phytoremediation by a
plant.

Enzymes in fungi and
microbes released from the
plant react with pollutants
and break them down.

/7

Other pollutants are
absorbed into the tree
from the roots.

-
-uvA

- =
7 \g\
\

Some pollutants in the
soil are broken down

by oxygen and enzymes
0O,, enzymes  emitted from the roots.
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Bioakumulace v terestrickych rostlinach

Pfijem kofeny

Ve vodé rozpustné latky jsou obvykle pfijimany kofeny spolu
s vodou.

Hydrofobni latky mohou byt sorbovany na povrch kofent z pady
nebo podzemni vody.

Hlavni transportni proces pro vodu a xenobiotika v rostliné je
celkovy tok vody do xylému.

Transport xylémem je vyvolan evapotranspiraci vodni pary z listovi

do ovzdusi.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych rostlinach

Pfijem kofeny/II

Xylém je zakladni transportni systém pro spojeni vody a
mineral vzharu z kofent.

Voda je absorbovana z pudniho roztoku v kufe nebo vnéjSich
tkanich kofenu.

Voda se pohybuje do stfedu kofent do endodermis.
Latka prochazi pfes endodermis a obohacuje xylém.

Tento pranik zavisi na polarité latky a molekularni konfiguraci
daného xenobiotika.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych rostlinach

Pfijem kofeny/III

Latka se mizZe sorbovat, vazat nebo metabolizovat v endodermis
pfed obohacovanim v xylému.

Latky, které obohacuji xylém jsou transportovany rostlinou
v transpiracnim proudu nebo mize.

Béhem tohoto transportu mohou reagovat s/nebo se rozdélovat
do riznych rostlinnych tkani.

Mohou byt degradovany nebo vstupovat do atmosféry pory
stomat, jeZ se nachazeji hlavné v listech.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych rostlinach

Piijem kofeny/IV

Translokace latek transpiraci do vySSich casti rostlin jako jsou

r

stonky nebo listy vétSinou zavisi na hydrofobicité latky

(Kow)-

Silné hydrofilni latky (log Koy < 0) a silné hydrofobni latky (log
Kow = 3) jsou v rostlinach jen pomalu translokovany.

Sttedné hydrofobni latky (0 < log Ky < 3) jsou hlavné
transportovany prostfednictvim xylému — tento transport je
rychly, protoZe rostlina transpiruje velka mnoZstvi vody.

Pfijem fady latek kofeny rostlin je nepfimo imérna rozpustnosti
ve vodé (nebo nepfimo umérna Kgy).

Research Centre for Toxic Compounds in the Environment 44
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Bioakumulace v terestrickych rostlinach

Pfijem kofeny/V
Silné hydrofébni latky maji tendenci k biokoncentraci v kofenech.
Obsah organické hmoty ovliviiuje rovnéZ osud latky v systému

puda/rostlina — hydrofébni latky jsou silné sorbovany a méné
biodostupné.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych rostlinach

Foliarni pfijem

Pokud neni parcialni tlak latky pfilis nizky, latka miZe tékat
z pudy do ovzdusi a muZe vstupovat do nadzemnich Casti
rostlin.

Nadzemni Cast rostlin v€etné listovi je pokryta kutikulami, jez
hraji rozhodujici roli jako bariera sniZujici ztraty vody

z rostliny a zabranuji penetraci ¢astic z atmosféry.

Kutikuly jsou pokryty kutikularnim voskem.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych rostlinach

Foliarni pfijem/I1

Povrch lista rovnéz obsahuje malé pory nebo stomata, jezZ se
otviraji nebo zaviraji dle environmentalnich podminek.

Stomata hraji duleZitou roli v procesu vymény plynu a
Vv transpiraci.

Kyslik je pfijiman a oxid uhlicity vyluCovan respiraci a CO, je
pfijiman a kyslik vylucovan fotoasimilaci.

Latky mohou vstupovat do listovi prostfednictvim kutikul nebo
stomat.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych rostlinach

Foliarni pfijem/I1I

Cesty pfijmu kontaminantu listovim zahrnuji:

%,  pfimou aplikaci — napfiklad pfi pouZziti pesticidi,
% depozici prachu nebo atmosférickych tuhych castic,
Y% pfijem okolnich par absorpci pres kutikula nebo stomata.

Latky rozstfikované nebo deponované na listy mohou byt
distribuovany do kutikul odkud jsou translokovany rostlinou.

Latky s vySsi rozpustnosti ve vodé€ jsou vice transportovany

rostlinou pfes phloem, zatimco méné rozpustné maji tendenci

zustat ve vosku kutikul listu.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych rostlinach
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Summary of the main internal ultrastructural and chemical features of plant
cuticles (from Holloway, 1993)
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Bioakumulace v terestrickych rostlinach

Faktory ovliviiujici bioakumulaci v rostlinach

Faktory ovliviiujici pfijem a distribuci organickych latek
rostlinami jsou:

% fyzikalné-chemické vlastnosti latky (WS, VP, MW, K,w, Kaws
Kon);

% environmentalni podminky (T, obsah vody, obsah
organickych a mineralnich latek v ptidach..),

% vlastnosti rostlin (typ kofenového systému, tvar, chemické
charakteristiky listd, obsah lipidd (vosku) ).

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych rostlinach

Bioakumulacni model pro rostliny
Multikompartmentovy model.

Soucasti modelu jednak fyziologické casti rostlin — kofeny,
stonek, listy, jednak chemické komponenty — voda, cukry,
proteiny, lipidy:.

Pro hydrofobni slou€eniny — pro modelovani bioakumulace jako
funkce rozdéleni mezi ovzdusi a rostlinu se vyuZiva velikost
kompartmentd a distribucni koeficienty vzduch-voda a
oktanol-vzduch.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych rostlinach

Bioakumulacni faktor rostlina-vzduch (Kg,):
Kga = Ve* Kep + Vg * Kya T V¥ Ky, + Ve * Kpy + Ve * Ky
Kde:

Keca Kwas Kias Kpay Kpy — rozdélovaci koeficienty mezi
vzduchem a kutikularnimi membranami, vodu, bunécné
lipidy, strukturalni cukry a proteiny

Vc,Vw » VL, Ve Vp —objemové frakce pro uvedené
kompartmenty v tkanich lista

Rozdélovaci koeficienty jsou odvozovany nejCastéji z
rozdélovacich koeficientli K,y a Kg,.

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych bezobratlych

Ingesce potravy obsahujici kontaminanty — primarni cesta pfijmu,

dale muizZe hrat roli i obsah kontaminantt v porové vodé.

Pfijem z potravy je vyznamny pro silné hydrofébni organické
latky (log Koy > 5).

Research Centre for Toxic Compounds in the Environment
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Bioakumulace v terestrickych bezobratlych

1
Insects 7
=0 . Crops
2
Granulate 3 >
seed treatment 3> —
7 Birds
rr———
Application soil "
target area )l Earthworms I__
Surface water 7
ditch

Figure 3.28. Food as a major source of contaminants for mammals and birds in a simplified food web. 1 = Application of spray, 2 =
Drinking from leaves/crops, 3 = Ingestion of granules/treated seeds, 4 = Bioconcentration soil-worm, 5 = Drinking from surface
vater, 6 = Bioconcentration water-fish, 7 = Consumption. From USES [44]. With permission.
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Bioakumulace v terestrickych bezobratlych

Table 3.7. Bioaccumulation tactors of 1,2,3,4-tetrachlorobenzene (TeCBz), pentachlorobenzene (pCBz) and hexachlorobenzene
(HxCBz) from water, soil and food by the earthworm Eisenia andrei (38]

ka TeCBz pCBz HxCBz
Soil particles < Interstitial water
kd > Water BCF (L/kg)* 1000 4300 6600
Sediment BSAF (kg gimendk2)" 1.3 1.9 2.6
Food BMF (kgjoee/k2)* - 0.032 0.063

a o H . . . . - - . . . .. o -
BCF iy the bioconcentration factor. BSAF is the biota-to-sediment accumulation factor and BMF is the biomagnification factor.

Table 3.8. Dietary uptake efficiencies for cadmium (Cd) in terrestrial invertebrates [39]

Species Food Cd concentration Uptake
in food (1mol/g) efficiency (%)

kr Snail agar 55-92
[sopod poplar leaves 0.03-0.37 10-60
N4 Centipedes isopod hepatopancreas 1.21-10.2 0-7
Millipedes maple leaves - 8-40
Offspring Pseudoscorpion collembolans 0.2 39
Mites green algae 0.15 17
Figure 3.27. Diagram showing the relationship between soil || Insects green algae 0.09-0.15 9
collembolans 0.23 35

particles, soil interstitial water and the earthworm where k4 is
the desorption rate constant, k, the sorption rate constant, & the
dietary uptake rate constant, &, the uptake rate constant from
interstitial water, k, the elimination rate constant, &, the meta-
" nlic rate constant, k, the growth rate constant and &, the repro-
uuction rate constant. From [38]. With permission.
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Bioakumulace v terestrickych bezobratlych

(@) (b)
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FIGURE 4.2 (a) A bioaccumulation model for tervestrial organisms. A kinetic model for liver. R , rate of
uptake from the gut; R, rate of metabolism in liver; C,, concentration of pollutant in liver. The arrows
indicate the routes of transfer of pollutant within the animal. The rates of uptake and metabolism are
expressed in terms of kilograms of body weight. The final elimination of water-soluble products (metabolites
and conjugates) is in the urine. (b) Lineweaver—Burke plot to estimate the bioaccumulation factor. N _and
v are expressed as milligrams of pollutant metabolised per kilogram of body weight per day. S is expressed as
the concentration of pollutant, ppm by weight (either in terms of grams of liver or milligrams of hepatic
microsomal protein). After Walker (1987).
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Vztahy mezi environmentalnimi parametry

Charakterizujte chemikalie
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Biodostupnost — kliCovy pojem

Proces biodostupnosti miiZe byt definovan jako jednotlivé
fyzikalni, chemické a biologické interakce, které urcuji
expozici organismil chemickymi latkami vazanymi na povrch
pud a sedimentti.

N ERS/
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Biodostupnost - definice

%  Schopnost Zijicich organismi pfijmout chemické latky z
potravy nebo z jejich abiotického prostfedi do té miry, Ze se
chemicka latka zapoji do metabolismu tohoto organismu

%  Stupenl a rozsah uvolnéni chemické latky z puady do
prostiedi, tedy do vody a do vzduchu, nebo pfenosu
na ekologické a humanni receptory umoznéném dermalnim
kontaktem, potravou nebo inhalaci

Research Centre for Toxic Compounds in the Environment
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Osud a chovani organickych latek v piidach

??? Co je skutecné nebezpelné, Skodlivé, rizikové a co neni ?7?

Degradabilni/odstranitelna frakce

Snadno dostupna
frakce

Recalcitrant frakce

Koncentrace kontaminantu

Neextrahovatelna frakce

(v:as
Klicova otazka — biodostupnost — v Evrop¢ je vice nez 500 000

kontaminovanych mist — kde je cil limitt ?7?
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Biodostupnost - definice

Prostiedi Organismus

Expozice </

/\/\N\/—/v £ Cilovy organ ===
.-'EE: .::.- ~ ’-.

nebo burka

D e
—.__ Voda/

sediment - Metabolismus /
£ homeostaza
Rozhrani ~ l
Environmentalni "T"‘ Toxikologicka /
dostupnost farmakologicka
- f6FFE Environmentalni Plodostupnost
- koncentrace biodostupnost - davka
(aktivita) - pfijem v cilovem
- doba - stupeii vyskytu miste
- efektivita
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Association A

Biodostupnost

Bound
contaminant

A

A4

Dissociation

Released
contaminant

Absorbed
contaminant in
organism

Site of biological
response
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Cellular membrane

Biodostupnost

In both soil and sediment, processes that determine exposure
to contamination include release of a solid-bound
contaminant (A) and subsequent transport (B),

Bound transport of bound contaminants (C), uptake across a
contaminant physiological membrane (D), and incorporation into
a living system (E).(A, B, C, D — bioavailability
prodesses)
Absorbed

Site of biological
response

Association Dissociation contaminant in —_—

organism E
Released
contaminant
Bioavailability processes (A, B, C and D)
Contaminant Transport of Passage across Circulation within organism,
interactions contaminants cellular accumulation in target organ,
between phases  to biota membrane toxicokinetics, and toxic effects
Bioaccessibility
(Processes A, B, C and D)C wwr Bioavailability
R Ses,(‘ . .
7 (Process D) ypounds in the Environment
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Biodostupnost/biopfistupnost

Y% Bioavailability is the fraction of a contaminant actually
available at a given moment in time in soil.

%  Biodostupna je frakce kontaminantu, jeZ je skutecné v pudé
dostupna v daném Casovém okamziku

Y%  Bioaccessibility encompasses what is actually bioavailable
now plus what is ‘potentially bioavailable’.

%  Biopfistupné znamena to, co je v daném okamZziku
biodostupné plus to, co je potencialné biodostupné.

Semple et al., 2004
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Biodostupnost — faktory - vlastnosti kontaminantu

L Koy - rozdélovaci koeficient n-oktanol — voda

KOW = C oktanol / C voda

Y Ko - mnozstvi latky adsorbované na jednotku organického
uhliku

%  Naboj, ionizovatelnost, reaktivita, tvorba vodikovych mustku

Research Centre for Toxic Compounds in the Environment
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Biodostupnost — faktory - ptidni prostfedi, sloZeni ptidy

% Sorpce

% pH pidy, reakce v ptudé

&  Vlhkost

% Kationtova vyménna kapacita

% Teplota

% SloZeni pudy

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

66



Biodostupnost — faktory - ptidni prostfedi, sloZeni ptidy

Pevna faze

Anorganické slozky Organicka hmota

pisek, prachova frakce, jil Huminové a fulvokyseliny

Hydratované oxidy Zeleza,

Uhlicitany, sirany, fosfaty,
sulfidy
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Biodostupnost — faktory - ptidni prostfedi, sloZeni ptidy

%, Transport kontaminanti v ptidach

Y Aging

% ztrat
% biodostupne

nasledujici # % nedostupne
pomala faze slozky

nnn

:  pocatecni
rychla faze

§: POKLES
biodostupne
frakce v ¢ase

-
| NARUST

i nedostupné frakce
v Case

% nedostupné /biodostupné / ztraty

doba kontaktu
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Biodostupnost — faktory - vlastnosti organismui

Pfijem — potrava, dermalni kontakt, inhalace

Metabolismus — transformace, ukladani v tukové tkani

Vylouceni — do ptudni vody, do pudy, svlékani, zfedéni
rastem, reprodukce

Research Centre for Toxic Compounds in the Environment
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Biodostupnost/biopfistupnost

Sorbed compound
(rapidly reversible)
[bioavailable or bioaccessible:

temporally constrained) \ ‘:‘
j
e

Plant root Sorbed compound

(slowly/very slowly reversible)
[bioaccessible:
temporally constrained)

Saees

O

Bioavailable
compound

Bioaccessible
compound
[physically constrained)]

Occluded compound

Earthworm

[non-bioaccessib.le] ) ] Semple et al., 2004
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New definitions (I)

The word available is defined in the Concise English Dictionary
(1982) as ‘capable of being employed; at one’s disposal; at
hand’

e . Concise
% There is an implied immediacy to the

term; what is available 1s available now O X fO rd
ENGLISH

%  Hence, we define the bioavailable DlCthnarY
compound as that which is freely
available to cross an organism’s
(cellular) membrane from the medium
the organism inhabits at a given point
in time

T Worrtp's MosT TrusSTED DICTIONARIES

Research Centre for Toxic Compounds in the Environment
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New definitions (II)

The word accessible is defined in the Concise English Dictionary
(1982) as ‘capable of being approached or reached; approachable,
attainable.

Concise

There is the sense that some of what is OXfO rd
accessible can be reached, but is not ENGLISH

Dictionary

quite within reach or can be reached
at a given time.

In our context, there is an implied
constraint in time and/or space,
preventing the organism from
gaining access to the chemical now

TaE WorLp's MosT TRUSTED DICTIONARIES
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New definitions (III)

Definition: the bioaccessible compound is that which is available
to cross an organism’s (cellular) membrane from the
environment it inhabits, if the organism has access to it;
however, it may be either physically removed from the
organism, or only bioavailable after a period of time

‘Physically removed’ refers to chemical which is occluded in soil
organic matter or because the organism is occupying a
different spatial range of the environment than the
contaminant

Semple et al., 2004
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Summary

Bioavailability is the fraction of a contaminant actually available
at a given moment in time in soil.

Bioaccessibility encompasses what is actually bioavailable now
plus what is ‘potentially bioavailable’.
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Biopfistupna frakce

Biopfistupna frakce se sklada z:
¢ Koncentrace latky v pidni porové vodé
¢ Desorbovatelné frakce

¢ “Aktivné” desorbovatelné frakce

Soil Organism

N\
Total Concentration Bioaccessible Bioavailable .
(unknown) Concentration Concentration g

N A

\/

~gq‘:‘,VI/\I v

N Research Centre for Toxic%%%ﬁi)%g&eﬂlffﬁglﬁﬁf%%ﬁggﬁermhen (1999)
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