Ekotoxikologie vodnich
ekosystemu

Osud latek a biodostupnost



Faktory ovliviujici biodostupnost

 Forma toxikantu

* Dostupnost formy do organismu
— Komplexaxe/dekomplexace
— Adsopce/ desorpce
— pH
— Konc. Org. latek
— Konc. Organic/ mineralnich castic
— Teplota okoli a v organismu
— Zpusob prijmu potravy (kuZze, respirace, s potravou,
membranovy prenos)



Osud latek ve vodnich
ekosystemech ovlivni:

Vlastnosti chemickych latek

Vlastnosti vodniho prostredi

Bioticke 1 abioticke interakce

Pohyb a michani vody (...podzemni!!!)
Kyslikove a redox poméry na lokalité

pH

Svétlo (fotolyza, autotrofni biodegradace

Sorpce (obsah org. Latek, jilo/min. komplexy, HK



Properties of a chemicals in
environmental/nydro chemistry

*  Molecular structure

*  Molecular weight

«  Water solubility and precipitation (a)

* Vapor pressure

* Henry's law constant

*  Octanol-water partition coefficient (b)

«  Sorption constants for soiLs, sediments, or atmospheric particle ©
« Acid or base dissociation constant (a)

«  Complexation constants (a)

«  Electron transfer (redox) constant (a,b)

«  Polymerization constants (a)

« Diffusion coefficients

« Light absorption spectrum and quantums yield

»  Bioconcentration factor (a,b)

« Biodegradation or biotransformalion constant (b)
«  Hydrolysis constants (b)

« Particle size (for solids)

(a) Both equilibrium and rate constants are important.
(b) Primarily used for organic chemicals.
© Primarily used for inorganic chemicals.



Properties of the aquatic environment
important in predicting the fate and transport
of a chemical

Physical properties

« Surface area

*  Flow, extent of mixing, and bottom scouring

« Sedimentation rate

« Solarirradiation (at surface) and irradiance as function of wavelength and water body depth
Chemical properties

Temperature

- pH

« Eh* (for several redox couples, including oxygen)

« Suspended solids (nature and concentration)

* Hardness, salinity, ionic strength

«  Concentration of major ions

«  Concentration of dissolved organic matter

«  Bottom sediments (nature, including organic carbon content and redox status)
Biological properties

«  Microbiological populations and activity

* Trophic status

* Nutrient concentrations

*Eh = value which «presents potential ot redox reactions.
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Air

Volatilization

* Includes:
Hydrolysis
Photolysis
Biodegradation

Sediment
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Note: Symbols B and C represent degradation products of chemical A, and
symbol D represents a ligand that complexes with (or adds to) A.

Figure 1. Schematic representation of some transport and transformation phenomena important for a

environment.

chemical in an agquatic
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Table 4. Particle types contributing to suspended materials in Onondaga Take, New York

% of total particle cross-sectional area’

Onandaga

Particle type : Lake Tributarics
““Organic’” detritus” » =22 9 * 11
CaCO; precipitate 22 + 13 20 + 15
Quartz plus diatoms 23 =+ 15 14 * 5§
““Clay particles™ P 2 - 2 * 12
Calcium precipitate on clay silica ““nucleus’™ 8% 06 27 * 14
Anything else 5+ & 10 = 16

“Mcan and standard deviation given for cach entry.
"This category may also contain some low average atomic weight inorganic materials as well as true “‘organic’” residues.
Source: Reprinted with permission from Johnson et al., 1991, Copyright 1991 American Chemical Society.



Table 5. Measured values of soil or sediment sorption constants for selected organic chemicals

Nonaromatic chemicals

Aromatic chemicals

Chemical log K. Chemical log K. Chemical log K.
Acrolein 0.70 Acelophenone 1.54 Glyphosate 342
Aldrin 4.30 Acridine 4.11 Hexachlorobenzene 3.59
Bromacil 1.86 Alachlor 2.28 Leptophos 3.97
Chlordane 515 Ametryn 2.59 Linuron 2.9]
Crotoxyphos 223 2-Aminoanthracenc 4.45 Methazole 342
Cycloate 2.54 6-Aminochrysene 546 Methoxychlor 4.90
24-D §23 Anthracene 4.78 (4.41)  2-Methoxy-3,5.6-trichloropyridine 2,90
DBCP 201 Aroclor 1254 6.25 9-Methylanthracene 4.81
Diallate 328 Asulam 2.48 3-Methylcholanthrene 6.09
cis-1,3-Dichloropropene 1.36 Alrazine 217 2-Mcthylnaphthalene 393
trans-1.3-Dichloropropene 1.41 Benzene 1.92 Methyl parathion 3.33
Dieldrin 382 Benzo[a]anthracene 6.24 Metobromuron 1.78
Dinoscb 2.09 Benzo[a]pyrene 6.74 Metribuzin 1.98
Disulfoton 325 2,2'-Biquinoline 4.02 Monolinuron 2.30
Endrin 3.56 Carbaryl 2.36 Monuron 2.00
EREC 238 Carboluran 2 1.45 Naphthalene 3.55.0311)
Ethion 4.19 Carbophenothion 4.06 1-Naphthol 272
Ethylene dibromide 1.64 Chlorbromuron 2.606 Napropamide 2.83
Heptachlor 4.00 Chloroneb 3.06 Neburon 336
Ipazine 322 Chloroxuron 3:51 Nitrapyrin 2.62
Lindane 2.96 (3.03) _ Chlorpyrifos 4.13 Norfluorazon 3.28
Malathion 317 Chlorpyrifos-methy! 3.52 Oxadiazon 3.51
Methomy! 220 Chlorthiamid 203 2.2'.44'5.5 -PCB 6.08
Methy! isothiocvanate 0.78 *Chrysene 597 2,2,4,5,5 :PCB 4.03
Monuron 2.20 Cvanazine 2.30 Parathion 3.93
Pebulate 2.80 DDD 5.38 Phenanthrene 4.36
Pentachlorophenaol 205 DDE 517 P'henol 1.43
Phorate 351 DDT 548 (5.38)  Prometon 2.54
Picloram 8 5 13H-Dibenzola.f]earbazole 6.02 Prometrvn 201
245-T 1.87 Dibenzothiophene 4.05 Pronamide 2.30
Tebuthiuron 279 Dibenzola.hlanthracene 6.23 Propachlor 2.42
Terbacil 1.71 (1.58) Dicamba 0:2 Propazine 2.20
Toxaphene 3.00 Dichlobenil 237 Propham 1.71
Triallate 395 Diflubenzuron 3.83 Pyrazon 2.08

7,12-Dimethylbenzfejanthracene  5.35 Pyrene 492
Dipropetryn 3.07 Pyroxychlor 348
Diuron 2.60 (2.47)  Simazine 2.01
Fenuron 1.43 Terbutryn 2.85
Fluometuron 2.24 Tetracene 5.81
Fluoranthene 5.3 3.5.6-Trichloro-2-pyridinol 211
Fluorene 4.01 Trictazine 2.18

Trifluralin 4.14

Source: Lyman and Loreti, 1987 (values compiled from several sources).
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Schematic overview of the most important processes for the fate of
pesticides in aquatic systems



BIOLOGICKE SYSTEMY V EKOTOXIKOLOGII

VSTUP vs ELIMINACE

PRIJEM ~ ELIMINACE (rovnovéha, homeostéaza)
- udrzovani latky v organismu pod urovni skodlivého efektu
- organismus vsak vynaklada energii na udrzeni rovnhovahy
(procesy eliminace, metabolismus ...)

PRIJEM > ELIMINACE
- narust koncentraci latky v organismu
- Casem prekroCeni urovné efektu (threshold level)

PrekroCeni limitu homeostatickych procesu
-> prechod ze stadia rezistence
do stadia pozorovatelnych negativnich efektu u jedince
-> Skodlivé efekty na vyssSich urovnich organizace




BIOLOGICKE SYSTEMY V EKOTOXIKOLOGII

Priklad efektu/odpovédi toxikantlu na ruznych urovnich organismu
molekularni

- vazba na DNA, zména struktury, aktivace ,inaktivnich proteinu*
bunécna

- zména profilu proteint produkovanych bunkou (nové, mutace)
organova

- zména fyziologie (koncentrace hormonu, tlak krve)
organismalni

- zmeény chovani/zdravi, zmény reprodukce, rustu -> smrt
populace

- zmeny demografie (stari > mladi)

spolecenstvo

- vymizeni druhu

Na vSech urovnich reparace (reparace DNA, adaptace, nahrazeni druhu)
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Conceptual view of major mass transfer processes affecting bioaccumulation in a multiphase
system; in this case the gill is used as an illustrative example. Key: (1) flow of water along
the membrane; (2) flow of blood in the organism; (3) flux of chemical across the
membrane; (4) binding and release from blood serum proteins; (5) absorption
to/desorption from blood cells; (6) transfer of chemical from blood to tissues via
perfusion of major tissues; (7) complexation /decomplexation from dissolved organic
carbon (DOC); (8) adsorption to/desorption from particulate organic carbon (POC); (9)
adsorption to/ desorption from large particulale solids plus interval diffusion within Ihese
particulates. d. diffusion distance across the membrane; h. thickness of the stagnant water
layer adjacent to membrane.



