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RECETOX research team

15 teachers and professors
20 Ph.D. researchers
50 Ph.D. students

10 senior researchers and post-
docs
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Study of the fate and harmful effects of
environmental toxic compounds
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Persistent organic pollutants
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& Bioaccumulation

% Long-range transport
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Study of impacts of global changes to the fate and effects
of toxic environmental pollutants
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Ecotoxicology and harmull effects of pollutants

Bioassays for acute and chronic toxicity — ait, water,soil
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RECETOX activities

Persistent, bioacummulative and toxic substances
— Relationship between their environmental
levels and their biological effects — ecological
risk assessment

International conventions and programmes
Monitoring on the regional and local scales
Environmental chemistry and ecotoxicology

Human and ecological risk assessment
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Co-operation with government, regional and local
authorities and industry

&  Educational activities




RECETOX Educational programme

[Masaryk University]
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RECETOX Conceptual approaches

Ecological risk
assessment

Environmental
chemistry

Ecotoxicology
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Fate of toxic compounds in the environment

Y%  Fate concept: physical, chemical, biological mechanisms

% Properties, abiotic & biotic degradation mechanisms
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Chemicals in the environment: nothing new....

Hippocrates (460-377 BC)

“Whoever wishes to investigate medicine propetly
should proceed thus...We must also consider the
qualities of the waters, for they differ from one another

in taste and weight, so also do they differ much in their
quality”

of human health in context of the
characteristics of the natural environment

So... Hippocrates appreciated the significance
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Cause - effect paradigm: nothing new....
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Paracelsus (1493 - 1541)

What is there which is not a poison?

%  All things are poison and nothing
without poison.

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

Human care products

(cosmetics, perfumes Industrial chemicals
(~300), chemicals for hair
bleaching and permanents,

UV-filters)

( ~ 80000 registered by
EPA,
~ 4000 neurotoxins)

(n=???)

Pharmaceuticals

antibiotics,
betablockers, anti-
epileptics, analgetics)

~ 50000 producs,

~ 2900 effective
substances

Metabolites

Tensides, detergents

(~ 800 substances)

Pesticides

(herbicides,
insecticides,fungicides...)

~ 1004 effective
substances registered

R. Triebskorn
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Subject of interest

PTS= Persistent toxic substances

PBTs = Persistent, bioaccumulative and toxic substances

POPs = Persistent organic polutants

17



POPs (Persistent organic polutants)

Research

© The group of most fascinating
pollutants (Kevin C. Jones)

@® Ghost of the past (Tertry Bidleman)

God created 90 elements, man round 17, but Devil only 1 -
chlorine (Otto Hutzinger)
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Environmental fate of chemicals
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Environmental chemistry and photochemistry

solar
irradiation

condensation
+ evaporation
gas—particle
transformation
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Environmental interface
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Figure 3.0-1. Interfaces in the geospheres. |
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Systems, environmental system

Sunlight

!

from lakes,

and soil

groundwater flows to sea

%  Isolated

%  Closed

% Opened
% Opened
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Environmental fate of POPs

How well do we understand the fate of POPs ?
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Environmental fate of POPs

Fate of POPs — environmental transport and transformations
Study of environmental processes:
%  Physical-chemical properties of POPs

% Environmental properties

%  Environmental distribution

24



Environmental fate of POPs

Fate of POPs — environmental transport and transformations
Study of environmental processes:
Y% Laboratory experiments

Field experiments

S
% Monitoring
S

Modelling
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Soil can be a source or sink of POPs

‘Occlusion’

Direct
applications

] Clay Particles Micropores 1 w
'\ and/or Oxide U -

Coatings Mesopores —'1—

WATER OR GAS I
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1

Encapsulated e
Amorphous SOM

COMBUSTION RESIDUE |
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¢ -
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Mineral Phase

FIGURE 1. Conceptual model

\
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Dense SOM
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of sorbent organic matter (SOM), combustion residue particulate carbon such as
iquids (NAPLs).

Biodegradation
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Air-surface

exchange
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depth

K. C. Jones
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Risk assessment

European Union
System
W f?:r ’mt? Evaluation
EXPOSUI’C Effects of Substances
Atmospheric

Deposition

Wy

Erosion——

Rl] II ! I 1 ! % — "' ' - ‘t‘- o 1
S - T— Laboratory (and field) studies
Untreated disc Ecotoxicity tests

Predicted Exposure Predicted No Effect
Concentration (PEC) Concentration (PNEC)
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Three Types of Processes

%  Phase partitioning:

¢ Described by partition coefficients (Henry‘s law constant,
octanol-water partition coefficient, etc.) and intermedia
mass transfer coefficients

%  Degradation:

¢ Described by first-order rate constants, representing
biological and chemical degradation

% Transport:

¢ Described by air and water flow velocities or macroscopic
eddy diffusion coefficients

©) e 3



Phases in the Atmosphere

What phases do organic chemicals associate with in the
atmosphere?

Gas phase
Particulate matter

Water

S
S
S
S

Ice/Snow
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Surfaces in the environment

Which surfaces are important for exchange of organic chemicals
with the atmosphere?

Water
Soil
Vegetation

& & & &

Snow/Ice

30



Environmental persistence

Velocity of losses of the chemical in environmental
compartments can be described by the equation of the 1. order:

d[A] [-dE kT *[A] c, after time t

c, intime t=0 /

In [A] / [A] = ky * ¢

If [A,] / [A] = 2, t = const., then:

t,=In2 / ky

/T

Half life — characteristics of the pollutant persistence in
environmental compartments under specific conditions
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Environmental persistence

The ability to resist degradation in various media, e.g. air, soil,
water, sediment, measured as half-life of the substance in the
medium.

Persistence reflects the ability of the substance to resist physical,

chemical or biological degradation.

The overall persistence of a chemical in the environment depends on how it is
emitted to the environment (i.e. to air, water, or soil) and on how it
subsequently migrates between media.

The implication is that a substance may be quite short-lived if discharged to
air, but long lived if it is discharged to water.

Furthermore, a long half-life in a medium may be relatively inconsequential if
the substance is not emitted to that medium or is likely to transfer to it.

For example, an accurate half-life for reaction in air may not be needed for a
relatively involatile chemical which is unlikely to evaporate into the
atmosphere.

©) e 3




Environmental persistence

Persistence is described by half-live (t,,,), when the concentration
of compound decreases on the half of original amount in
given environmental compartments — after 5 cycles the level

decreased on 3 %

Waters - t,,, = 6 days — during 1 months; if t;,, = 70 days, removal during ca 1

year . .
Disappearance of Chemical from
the Environment
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Environmental persistence

Persistence under environmental conditions depends:

@

properties of compound

properties of environmental compartments:

- sun irradiation

- concentrations of OH radicals

- composition of microbial communities - temperature

@
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Volatility

Chemicals with a volatility of less than 1000 Pascals are
considered as a POPs.

The volatility criterion is applied together with persistence in air,
and/or data on presence in remote regions.

It should be noted that even chemicals with a low to very low
volatility may be transported over long distances in sufficient
quantities to cause risks to human health and the
environment in remote regions.

Velocity of volatilization — Vy, [mol.I".hod!]:

V, = dCy, / dt = ky *Cy,

/ k

Water concentration Velocity constant of
[mol.l-1] volatilization [hod-!]
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Henry’s Law Constant

H=p/Cy

P = partial pressure, Pa
C,y = water concentration, mol/m?

K,w = C,/Cy = air-water partition coefficient = H/R*T

Sometimes K,y is called the dimensionless Henry’s Law
constant, H’

36



Vapour pressure (VP)
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Water solubility (WS, S)
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Partition coefficient n-octanol-water (K, P)

Partition coefficient n-octanol-water K, — the ratio of the
concentration of a solute between water and octanol as a
model for its transport between phases in a physical or
biological system:

Kow = Cow / Cy

Because the n-octanol is a good surrogate phase for lipids in
biological organisms, a K, represents how a chemical
would thermodynamically distribute between the lipids of
biological organisms and water.

It further represents the lipophilicity and the hydrophobicity of
the chemicals.
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Partition coefficient n-octanol-water (K, P)

Kow = (X) octanot 7/ (X) water
Hexachlorobenzene Acetone
. -l+-¢.=:¢.. L ¢ ¢
o " o2dea o seeg| Octanol . « | Octanol
e *o%s ‘4 . "".'l‘ ¢
] - L] LI
L] hd - ™
. s ¢+ | Water . * "% e, |Water
. . ** s »
. ) -
Bioconcentration factor Soil sorption LC50
—> Kow —> Kow
Figure 7.6. The octanol-water partition coefficient (K,,) is defined as the ratio of the concentrations of a chemical in octanol and in
m_': Mueous phase at steady-state. It can be measured, for example, by the shake-flask procedure. K, is often used for the estimation
of hioconcentration, sorption and toxicity.
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Partition coefficient n-octanol-air (K,,)

Transfer of compound cross the interface octanol — air can be
described by Whitman two-resistance coefficient of mass
transfer (MTC), which used the conception of two resistance
— in boundary layers of octanol and air.

Mass transfer if directed by molecular diffusion and the result is
slower diffusion.

Overall mass transfer coefficient derived from particular MTC:

1/k=1/k,+1/ (ko *K,,)

41



Environmental equilibria

K

#_@ﬁ

/k/}

Oooooo

0]@) O
Oooc%
O
Gaseous

K air-wate rTl

1s exchange between the atmosphere and the earth's surface. From Schwarzenbach [13]. With permission.
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Environmental equilibria

Compound property

Gas
1
| ¥ Yapour pressure
Pure liquid P
ar sofid

Pure liquid
or solid
(sat, with water)

H' Agueous solubility

Saturated agueaus
salution

| a0 o 5% o Gas (air)

3o < o @ A
|2 o &2 o i -
| - | Air-water partition
7o "Iy o — ansta ' constan!
TNES o o
2O solution ' e

[mporant compound properties showing the equilibnum partitioning between two phases.

L0y = constant = &+
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Equilibrium air - water

Processes Resulting in Emissions and/or
Depositions at the Air/Water Interface

AEROSOLIZATION
VOLATILIZATION

muu:)

ADSORPTION ,
SEDIMENTATION

ABSORPTION
INFLOW
{ RIVERS AND
WATER
DISCHARGES) DESORPTION ,
RESUSPENSION
ADSORPTION,

SEDIMENTATION

e i

JHgWﬂ\fE
iation

;. shortwave
solar radiation

Je. Evaporation

Sun
0 |I/*

¥

FTAN

.. convection

_ Wind

Figure 4.3-1. Heat and energy transfers at the air—-water interface.
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Exchange Processes

What processes can transfer organic chemicals from the
atmosphere to surfaces?

Deposition of water (wet deposition of dissolved chemical)
Deposition of ice/snow
Wet deposition of particulate matter

Dry deposition of particulate matter

& & & &6

Gaseous deposition
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Exchange Processes

What processes can transfer organic chemicals from surfaces to
the atmosphere?

% Aerosol generation

&  Volatilisation

46



Phase Distribution in the Atmosphere

Between the gas phase and water:

According to the Henry’s Law constant (K,,=H/RT)

Dependent on temperature

Equilibrium generally reached, but perhaps not locally

& & & &

Surface adsorption can contribute to levels in very small
water droplets (fog)
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Phase Distribution in the Atmosphere

Between the gas phase and particulate matter:

G

G

Combination of dissolution, surface adsorption, and
absorption in organic matter

Absorption believed to dominate for POPs, described by:

Kpa = Vi * foc * Koo/ Kaw

Temperature dependent

Equilibration believed to be rapid, but not much
experimental evidence

©) e 3



Phase Distribution in the Atmosphere (11I)

Between the gas phase and snow:

% Surface adsorption

Dependent on surface area of snow (0.01-0.1 m?/g)

&

% Little experimental evidence on magnitude and kinetics of
partitioning

49



Two resistent concept of mass transfer of a

chemical between air and water

4 Diffusion path
h Gy "
Air
Hapid eddy
| diffusion N
I Boundary layers
\ i < Slow molecular = I.fﬂ?:;
0y, \ i ";- diffusion < OF fip
f 1] G :
EAI ‘I-
D \ /r *" Slow molecular A
- diffusion I/ Chy
VT &
S n
Water Related by Kyw i I
1 i
; Rapid eddy |
3 diffusion
| . Resistances
o G
Fugacity profile Concentration profile
Figure 3.12. Mass transfer of a chemical between two phases, air and walter, according to the two resistances concept described |
Mackay [1]. Reprinted by permission of Lewis Publishers, an imprint of CRC Press, Boca Raton, Florida,

o 1.00E+0 —
E | Removal fram water by volatilization
% 1.00E+33
=
T 1.00Es 2
1.00E+01
1006400 7 | : ittomsaces |
1.00E-05 1.00E-04 1.00E-03 1.00E-02 1.00E-01 1,006+00
— H'

Figure 3.13. Half-lives for the removal of a substance by vola-
tilization from a body of water (depth 2 m), plotted for different
values of the dimensionless Henry's law eonstant,

11Dy, or Ry

50




Soil and atmospheric processes which determine
volatilization of soil applied chemicals

Soll and Atmospheric Processes which Determine
Volatilization of Soil Applled Toxlcs

‘ENTRAINED

PARTICULATE
TOXIC VOLATILIZATION
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Dry and wet atmospheric deposition

Chemical compounds are transported from the atmosphere on
water or soil by atmospheric deposition.

“* Atmospheric Deposition Fundamentals ™
Atmospheric deposition:
%3 la 7 '
F | .*.“j/ e:-*'d.f'.-'f:"#
q““l.“ i:!_‘_'_-/ -/Ii_"/ﬂ-
_l."-_-..
-8 ™~
% dry { }
N | s
Atmaspheric loading = nel flux 2 "|Ix!;!-::-!:'|:||"Fh
Mel Mux = dry removal « wel removal - resuspansion - solatllizalion

Wet atmospheric deposition — sum of rain washing (rain out) a
washout (under clouds) process.

Dry atmospheric deposition — sum of aerosol deposition and gas
absorption.

©) e s




Dry and wet

atmospheric deposition

Particulate

v

| Dry deposition I

Mechanisms of atmospheric deposition.

Particle
scavenging -

| Wet deposition I

From Schwarzenbach [13].With permission.
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Particle - gas interactions

free vapour o ® ®
\ Vapour-su_l_-fa R
® ® ® ® /dSOrpt 101’5

absorption \ liquidike
: layer
‘ F
® aerosol
® S
‘
liquid-surface¢ .
adsorption  HNGES
. . \
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Particles in the Atmosphere

Chemical conversion
of gases to low

I

Hot volatility vapors |
vapor ; P |

I

Condensation Low |
volatility |

- vapor [
L Primary particles ‘ * |
Homogeneous I

Coagulation nucleation |
|

|

Condensation growth
of nuclei

Chain aggregates

Wind blown dust
4
Emissions
+
Sea spray
+
Volcanos
+
Plant particles

Droplets

Coagulation

Coagulation

Coagulation

\

Rainout
and
washout

Sedimentation

| | l | 4

0.002 0.01 0.1 1 2 10 100
Particle diameter (um)

T_rans|ent nu_c1E| ar Accumulation Mechanically generated
Aitken nuclei range range aerosol range

Fine particles - Coarse particles ————

Whitby, K., Sverdrup, G., Adv. Environ. Sci. Technol. 10, 477 (1980)
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Dry and wet atmospheric deposition

Rainout, washout and aerosol deposition — one direct advection
transport processes — chemicals are removed from
atmosphere to waters and soils — this mechanism is realized
if compound has a higher fugacity in water or soil.

Absorption of gases has a diffusive mechanism — absorption of
compound from gaseous phase by water or soil is realized in
the fugacity of chemical is higher in air than in water or soil.

If the fugacity in water or soil is higher, the result is a opposite —
the volatilization is coming.
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Dry atmospheric deposition

Transport of chemical compounds from air to the waters and soils by dry

deposition can be described resistance.

Velocity of deposition v, indirectly depends on the three resistances which

represent three various steps of process:

vyg=1/(,+1, +1)

Whetre:

-
|

= atmospheric resistance

t, = resistance of laminar layer
tr. = resistance of surface covering
t,, t, —depend on atmospheric stability

aerodynamic
R Atmospheric

& Resistances

‘laminar’ sub-layer

S
chemistry
Rcd-

R02

Canopy &4 |7
Resistances

Resistance analogy for the deposition of atmospheric pollutants

r. - depends on chemical composition and physical structure of acceptor

surface and deposited material.
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Sorption

In the interface of two phases the transition area is created the
concentrations of individual components are generally
different than inside the phases.

The different properties if inter-phase are done by the existence
of inter-surface powers.

If based on the effect of these powers, the concentration of one
component increased in the comparison with the
concentrations inside the phase — this cummulation is
described as a sorption.

The contact of gases or solutions with solid phase is described
as adsorption.

Adsorbent — adsorbate.
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Electric double-layer

el. dvojvrstva

O & O

kompaktni

Surfaces

Iont exchange
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Surfaces

Sorption Colloids
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sorpce Pb na goethitu
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Physical sorption

Two types of adsorption:

Physical — van der Waals intermolecular powers act between the
solid phase and molecules of adsorbate:

Bond is relatively weak, reversible

Consists from more than 1 layers

Adsorption energy - 0,3 — 3 kJ.mol!

Adsorption equilibrium is constituted relatively quickly
Example: adsorption of gases on active carbon

S
S
S
®
®
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Chemical sorption

Chemical — nature are powers much more stronger, comparable

& & & &

G

with the powers which are leading to the production of
chemical compounds:

Production of surface compound

One layer

Adsorption energy — 40 — 400 kJ.mol!

In the range of low temperature — mostly irreversible, we need
for removal chemisorbed gas from the surface higher
temperature

Adsorption of ions — electrostatic powers — electro-adsorption.

Adsorption is not a simple process — combination of interactions.
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Adsorption isotherms

Freundlich isotherm:

517 log Cg = log K; + n *log Cy,

q -
slope . n
7 =
IDgCS 1+
log K -
| IJ’/E, I 1 T T 1
i -1 1 2 4 = 6
—_—

-2 -

Figure 8. Typical Freundlich adsorption isotherm C_ = concentration on the adsorbent;

C,, = concentration in the water; 0 <n=1. C$=KE‘.E_. or log Ci=nlogC,+

log K.

wn BaP

sorbed per o Clav or sediment

100~

|
1.0
1

congentration of BaP in supernatant at equilibrium ng ml~
SORPTION [SOTHERMS OF BENZO(a&)PYRENE
W searswille Pond Sediment, Hp = 150,000
& Coyote Creek Sediment, K = 76,000

@ [es Moines River Sedirent, K« 35 000
| calcium Hontmorillonite Clay, dp = 17,000

Figure 9, Sorplion isotherms of benzo[a] pyrens [45].
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Sorption

FIGURE 2

liguid in porus media (not to scale)

Soil aggregate

Pore water

Coal tarin

Schematic showing mass transfer and microbial degradation of solutes from nonaqueous-phase

\ Tacropare

__—t+Dissolution

| Sorption

— Diffusion

— Biodegradation
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Equilibrium water — solid phase (sediments,
suspended sediments, soils)

K 0
R =%

Sedimentation

—> U compound

Sediment/water

Retardation in the exchange
subsurface (e.g. aquifers) (resuspension, diffusion)
Kd . (FRs/FRw) (I-FRy~FRs) Kp . Mg/ Viy Netsed
RHOg \ / \
Solid-water I Porosity Particle Settling velocity
ratio concentration of particles
Density

Solids-water exchange in natural waters. See text for the explanation of abbreviations. From Schwarzenbach




Atmospheric transport

% Substantial transport of the volatile and semi-volatile POPs

% Significant seasonal variations for some POPs reflecting
differences in usage, transport mechanisms and degradation
(e.g: trans-chlordane, y-HCH)

% Change in congener/isomer distribution due to differences

in deposition and photo-chemical processes (e.g. PCB,
HCH and chlordane profiles)
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Long-range atmospheric transport

Persistent Organic Pollutants
(POPs)

Mainly due to LRT, but also
some regional use and
releases of pesticides and
industrial chemicals (e.g.

PCBs and HCB)

‘Clean’ air;

over NW Pacific

Tq ! :-.."I
east coast

low toxaphena
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Principles and consequences of long-range
transport

% Distribution and transport of stable contaminants across
long distances

%  Major distribution routes: atmosphere, oceans, rivers and sea
ice
%  Transport and accumulation in pristine ecosystems

% Ultimately, significant impact on indigenous people
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Long-range transport elucidation

Evaluation tools

%  Estimation of meteorological, hydrological, oceanographic
conditions during the transport event (e.g, air mass back
trajectories)

Y%  Physico-chemical properties and characterisation
%  Compound pattern elucidation

%,  Assessment of concentration levels including ratio

01 Apr 2000

evaluation between different contaminant type’"* 4255

%  Transport and fate modeling




The ,,Grasshopper Effect*

5
Steps
1. Volatilization

2. Long-range transport
3. Condensation
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PTS Transport Pathways

Y persistence increases the relative importance of transport relative to
transformation in controlling a contaminant's fate

% distribution characteristics leading to significant presence in different
environmental media (air, water, soil)

atmospheric transport (gas phase, particles, cloud water)

Y

transport by migratory animals

Y

riverine transport
(dissolved phase, particles)

A

anthropogenic transport (products, waste)

oceanic transport
(dissolved phase, particles)




Long-range transport of PTS, e.g. HCB

Because rates of deposition and evaporation are temperature-
dependent, hopping is enhanced by periodic temperature
changes

deposition > evaporation

seasonal cycling
of deposition and

evaporation
long range
atmospheric
transport long range

oceanic
transport

low latitudes \

evaporation > deposition




The Chemical Partitioning Space

JO&%
/3 U
6 » o o % defined by equilibrium
: phase partition
S 2 coefficients between
4 ti 4  air, water and octanol
2 [S—
@ 0 09
¥ N >
< = 1 = e
= phase
7 -2

aqueous
dissolved
phase

organic
dissolved
phase
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Biaccumulation — basic definitions

The process by which the chemical concentration in an (aquatic)
organism achieves a level that exceeds that in the water (soil),
as a result of chemical uptake through all possible routes of
chemical exposure (dietary absorption, transport across the
respiratory sutface, dermal absorption, inhalation).

Bioaccumulation takes place under field conditions.

It is a combination of chemical bioconcentration and
biomagnification.
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Biaccumulation

o
|

N

CSS = Ri‘r k
(steady-state
conditions)

=
)
|

0.4

Concentration C (units of Cgg)
o
i
I

0.2

0 1 Zud 4 5 -6 "1 8B
Time ¢ (units of k-1)

I

Figure 7-1
Increase in metal
concentration with
time to reach the

steady-state value, C,.
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Bioconcentration — basic definitions

The process in which the chemical concentration in an (aquatic)
organism exceeds that in water (soil) as a results of chemical
exposure to (water)borne chemical.

Bioconcentration refers to a condition, usually achieved under
laboratory conditions, where the chemical is absorbed only

from the water (soil) via the respiratory surface (e.g. gills)
and/or the skin.
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Biomagnification — basic definitions

The process in which the chemical concentration in an (aquatic)
organism exceeds that in the organism s diet, due to dietary
absorption.

The extent of chemical biomagnification in an organism is best
determined under laboratory conditions, where organisms
are administered diets containing a known concentration of
chemical, and there is no chemical uptake through other
exposure routes (e.g. Respiratory surface, dermis).

Biomagnification also can be determined under field conditions,

based on chemical concentrations in the organism and its
diet.
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Biomagnification

Plants Herbivores Carnivores

t phytoplankton
humphback whale
=

young fish SN =25 o o

A-ﬁ%iﬁ/ Y4
w’&w’m}w}ﬁ e J

? & *‘r Sy gt Figure 5.1.5 Food chain network

flatfish

mii ﬁ%t_'tﬁg’i
ditoms g i Egﬁ g i

Figure 5.1.4 Food pyramid




Bioaccumulation

Figure 6-7

The bioaccumulation
and biomagnification
of PCBs in the Great
Lakes aquatic food
chain. (Source: The
State of Canada’s Enui-
ronment. 1991.
Ottawa: Government

of Canada.)

Herring gull eggs
124 ppm

Lake trout
4.83 ppm

Rainbow smelt

1.04 ppm

Zooplankton
0.123 ppm

Phytoplankton
0.0025 ppm
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Bioaccumulation

ATMOSPHERE
Discharged into woters Transpart by wind of (CH,), Hg
HgQr and contamination of other
Phenyl ocetate Hg surfoce wolers

Methoxymethyl Hg

Transfermation
1o {CH,) Hy

and (CH, 1 Hg
Benthic sl

Fig. 3.24 Contamination qr the food chain of the pike in Sweden (this diagram has been based on one by Duvigneaud (1974) and on analytical
data on mercury contamination from various Swedish researchers). (fn Ramade, 1982. Reproduced by permission of McGraw-Hill)
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Bioaccumulation, biomagnification

Elimination process
Analogically of the process of intake also the process of elimination can be
directed mainly by passive diffusion and active transport.

Main part of hydrophobic compounds are eliminated by passive diffusion to
water or excrements.

Concentration of compound is also diluted by the process of organism
growing.
Other possible elimination process is breathing or transfer of chemicals to the

eggs.
Biotransformations, especially of mote hydrophilic compounds is other
s €SP y ydrop p
possible proces of elimination of compound from organism.

Elimination k_
Intake Growing >
> - Biotransformation
Fish
% >

©) T Reproductionk, .



Bioaccumulation, biomagnification

Intake and elimination of compounds by aquatic organism:

Exposure by pollutant Exposure is finnished
A T ——
_________________________________ Elimination:
Co
dC,/dt = -k * C,
Time
Intake: Equilibrium:
dC,/dt =k *C_—k *C, dC,/ dt=0




Bioaccumulation

Threshold for toxic effects .

Body burden of
toxic compound

| Dose x
INLNLONIN NN N

Time

FIGURE 5-5

, Uptake * Elimination
| .

.

One event

|
L

Effect of dose fractionalization on accumulation of a toxic compound.
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Bioaccumulation factor

Bioaccumulation factor (BAF) is the ratio of the chemical

concentration in an organism (C;) to the concentration in
water (Cy):

BAF = C, / Cy

Because chemical sorption to particulate and dissolved organic
matter in the water column can reduce substantially the
fraction of chemical in water that can be absorbed by aquatic
organisms, the BAF also can be expressed in terms of the
freely dissolved chemical concentration (Cyp):

BAF = C; / Cyp
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Bioconcentration factor

Bioconcentration factor (BCF) is the ratio of the chemical
concentration in an organism (Cy) to the concentration in
water (Cy):

BCF =C, / Cy

BCE, like the BAF, also can be expressed in terms of the
dissolved chemical concentration (Cy):

BCF = C; / Cyp

The exposure under steady state conditions is considered.
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Biomagnification factor

Biomagnification factor (BCF) is the ratio of the chemical
concentration in an organism (Cy) to the concentration in
the organism s diet (Cy):

BMF = C; / C,

86



Relationship between BCF and log K

Log BCF

FIGURE 4.1 Relationship of BCF to log K .

Log Kow
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Bioaccumulation in terrestric vegetation

EMCUTMULATT WAX

LAMELLAE

|

CUNICLE W MATRIX

FIDIULLAE

|" Il
—— CUTINS —————————

4———— INTRACUTICULAR WAXES -~
POLYSACCHARIDES ————»

Summary of the main internal ultrastructural and chemical features of plant
cuticles (from Holloway, 1993)




Relationships among the environmental parametets

Compartment Parameter Compartment
Water Kow Soil, sediment, animals
(more mobile) ” (less mobile)
Koc
Kp
BCF
< WS
Water H Air
\' ,
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Bioavailability — key issue

Bioavailability processes can be defined as the individual physical, chemical

and biological interactions that determine the exposure of organisms to
chemicals associated with soils and sediments.

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

Bioavailable
{labile)

Recaleitrant but extractable as intact

parent compound in solvent_ - = = =
a2 [rreversibly
bound {[14311-&'.-:1:1*3;:[31;13}

T
— ==
— -

K. Semple
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Bioavailability

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

physiological membrane (D), and incorporation into a living system
(E).(A, B, C, D — bioavailability processes)

/Biological membranes
Bound C
contaminant \
] Adsorbed Site of
Association | A Dissociation D contaminants biological
- - - in organism response
Released /:[)v
contaminant

Ehlers and Luthy, 2003
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Chemicals in the living organisms

Environmental Contaminants

DD
%@ =l NV e -)

External
Dose "
& &
+ o
Posyre ROV
ingestion
Absorption Q inhalation Q
skin contact

Internal
Dose

Transport
Metabolism

Target Organs

Biologically
and Tissues

Etfective Dose

bilityse

ioavai

Ciutside cel|

=B

Cel

membrane
Inside ce

M

permeation

Endocylosis M

LK N 1,.. |
--‘--.-'1

'! -
>

lon
I:I‘Irﬂ._:l-ll':"l

Carmier
mediated

Camplex
permeated

IGURE 17.4 Mechanisms of melal (M) fux across the microbia
I membrane. {Adapted from Simkiss and Tavior, 1989,
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Toxic effects of chemical compounds

Mitachondrian

FPharmacologic
(T,

I

O ch.‘l.ru.'.'.lr-.'

'E

Inhibitian

{M}Iiﬂ.ﬂim
‘E[{E{EI[.EEH

Mutation

Pathologic

Raceptor in lipid bilayer

[

Crestruction

I N |

L

Typical
cell

Category of

toxic action

Target
molecule

Toxic
effect

Substrates

Enzyme and substrates | reaction

FIGURE 58
Lock-and-key model for losic action, ™
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Environmental transport and transformation

processes

Chemodynamics

vapour pressure,
vaporisation rate

photochemical
reactions

solubility,
diffusion

redox reactions
(abiotic, biotic)

adsorption,
desorption

hydrolysis reactions

transport in
biological systems

microbial transformations
(enzymatic)

Figure 5.1.2 Basic principles of pollutant distribution and transformation
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Chemical transformation processes

Processes — reactions, when attend to the disappearance of
chemical bonds and origin of new ones:

% Abiotic (without present living organisms) — the result is a
new compound:

* chemical (redox, hydrolysis),

* photochemical:

= direct photolysis (direct absorption of light)

= indirect photolysis (reaction with reactive particles — free
radicals, singlet oxygen)

Y%  Biotic:
biological (microbial degradation) — it can leads to the
environmental mineralisation.
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TABLE 121  Examples of Environmentally Relevant Chemical Reactions

Reactants

Mucleophilic substifution

@}—:H,-cu s+ HO — @—m—b-cm Ho . o

Benzyl chlonde

CHaBr + H,0
Methyl hromide

GHaBr + 5HT
Methyl bromide

Elimimation
CIsHG-CHCI; « OHY

——————— CHyOH + WP, g®
Methanal

& CHy5H + 8:°

1.1.2.2-Tetrachloroethane Trichloroethene

Ester hyvdrolysis
C.
o~
D

Dibutyl phthalate
=3

0
DEJ
+ 20H° —— + ZHO-CHy
P
o]

Equation
Products Number
(12-1}
Bereyl aleohal
(12-2}
(12-3}
Methyl mercaptan
£
e GIHC=CCl + O+ My (12-4)
(12-5)
Phthalate Butanol
12-8)

5
i 1L I}
':':2H50|:-'-'!"D‘©*Ng? + OH® — (CaH D) P-07 + HD—Q—NDz

Farathion

Ohxidation
2EH:EH + 120,
Methyl mercaptan

Eeductian

n.0-Diethyl- p-Mitrophenol
thiophosphoric acd

- H}'C—'Er—S-—CH'_- . H;O
Dimethyl disulfide

@—N{J? + “reduced species” + EHQ—PQ—.NHQ « “pudized species” + 2ZH.0  [12-B)

Anthne

MNitrobenzene

Chemical transformation
processes
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Chemical transformation processes

%  One or more reactions of given compound is ongoing under
given environmental conditions and what reaction products
can be expected ?

%  What is a kinetic of different reactions ?

%  How is a effect of important environmental variables such as
a temperature, pH, redox conditions, ionic power, presence
of other dissolved compounds or concentration and type of
solid phases on the behaviour of given compound during the
transformation process ?

For answering of these questions - we need to the reaction
mechanism of compound transformation.
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Chemical transformation processes — reaction
kinetics

Reaction of the first order: Velocity constant of the 1. order ‘

d[A] / dt = -k * [A]

Integration from [A] = [A],in time t = 0 to [A] = [A], in time t = t:

Ca

[A] = [A]p* e

—

Half-life of the 1.st order reaction:

t1/2=ln2/k=0,693/k
Reaction of the second order:
d[A] / dt=-k * [A] * [B]

t,/, for losses of compound A =1n 2 / k [B]
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Hydrolysis
Nucleophilic substitution of halogens on the saturated C atom

SNZ mechanism SNl mechanism

Az Rg [
3". .EI
Y.'L'l,é:,;{'
]
R

1

Sp2

free energy —=

free energy

extent of reaction —=

extent of reaction —
Figure 12.3 Two-dimensional portrayal of relative free energies exhibited by the educts, Figure 124 Two-dimensional portrayal of the relative free energies exhibited by educt,
aclivated complex. and products of an 5,2 reaction. activated complexes, an intermediate, and product of an 5,1 reaction.
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Oxidation

Process, where electron-deficient particle (oxidant) receives electrons from
substance, which is oxidized.

Examples of oxidants present under environmental conditions in sufficient
high concentrations and react quickly with organic substances:

alkoxy radicals (RO¢®)
peroxy radicals (ROO®)
hydroxyl radicals (OH?®)
singlet oxygen (10,)
ozone (O;)

& & & FE

Most of these oxidants are directly or indirectly generated from compounds
after interaction with sun light via excited form of molecule
(photochemical excitation).

Oxidation is a main transformation process for the most or organics in
troposhere and surface waters.




Oxidation

(1) H-atom transfer
| |
RO+ H—C— — ROH+ -C—
| I
R=alkylorH;n=1or2

(2) Addition to double bonds

. d . <~ . A
HO- or ROy» + C = C—*R0,C—C- or HOC —C-
< -, o e e ",

R=alkylorH

(3) HO- addition to aromatics

HO« + ,@ ——p Q

e
HO H

{4) RO,- transfer of O-atoms to certain
nucleophilic species

RO+ + NO = RO-+ NG,

Figurs 3.31. The general reaction pathways for environmental
oxidation. From Mill [49]. With permission.

rable 3.10. Half-lives (d) for tropospheric oxidation of various
classes of organic compounds in the northern hemisphere

Alkanes l - 10
Alcohols l - 3
Aromatics [ - 10
Qlefins 0.06 - l
Halomethanes [00 - 47,000
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Reduction

X X
HC=CH, + 2X

L

2 Fe®* > 2FeM 4 2e
X X
|
HC—CH, +  2Fe™ > HC=CH, +  2F

Figure 3,32, Example of a reductive transformation: electron transfer from Fe** to 1,2-dihalogen substituted ethane (X denotes a hal-

Ogen atom),
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Reduction

\,"J'\/' Cl
—> ’O 1,2,3-trichlorobenzene
Cl cl
Cl
Cl
A _-Cl ol ol Gl ol ~
—_— - O —— 1,2, 4-trichlorobenzene
Cl Cl Ci Cl cl cl A
Gl cl
O A
— ]O; 1,2,3-trichlorobenzens
Cl 1,3,5-trichlorobenzene
3.4 4.8 43 3.9
Log Kow
Products formed by reductive dehalogenation of hexachlorobenzene and the corresponding values of log K.




Photochemical transformation processes

solar

irradiation

condensation
+ evaporation meteoriles,
gas—particle

asteroids,
transformation l I { comets

‘ ll’ - "“ chemical

exchange with reactions

sedimentation hiosphere
+ rain : . volcanism \ } é. .
dissolution + & w\} condensation +
é { sublimation

| Wiy prsam s b
R il
Nl T

evaporation + ablation

condensation +

[T lE'N L AR ]

Figure 2.2.1 Chemistry and photochemistry




Photochemical transformation processes

UV

infrared visible

I microwave .

infrared visible

ultraviolet




Photochemical transformation processes

*C"ompound
hv
excitation
o
i
physical processes chemical reactions
@ vibrational loss of @ fragmentation
energy (heal transter)
® mramelecular rearrangement
@ energy loss by ght
emission (lumnescence] @ isomenzalion
| @ energy transier promating an ® nhydrogen atom aostraction
electron in another chemical ® dimenzaton
speces (pholosensiization)
® glectron transfer from or 1o
the chemacal
el prﬂ-ﬂuﬂt{ﬁ]

Figure 136 Physical processes and chemical reactions of a photochemically excited organic
species.
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Photochemistry of organic pollutants in solid
matrices
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Ice Photochemistry of organic pollutants

Chlorobenzene - unique transformation pathways in ice matrix

Qg»g%@f@% C@

X,y,z=0-3

(phenol is the major photoproduct
from aqueous solution photolysis)

Klan P., Ansorgova A., Del Favero D., Holoubek I. Tetrahedron Lett. 2000, 41, 7785-7789.

108



Toxicity increases in ice upon photolysis

= GG O

no photosolvolysis: 140 -

& TCDD 6h
120 | | —#—TCDD 24h l
OH ~ A CB-DIOL 6h l
100 1 | —A—CB-DIOL 24 h |

OH

COUBOMIGTIR,

80 A

60 -

40 -

Luciferase activity (%TCDD max.)

20 A

ice
Monochlorophenols 0 -

1.10"2 1.10™"" 1.10"°/ 1.10° 1.10° 1.10*
concentration (mol . I'1)

Induction of dioxin-like toxicity by photoproducts of p-
chlorophenol in water ice (comparison with the
toxic potency of 2,3,7,8-TCDD)

Blaha et al., 2004
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Environmental consequences

products of
ice (photo)chemistry

DEPOSITION
GLOBAL ACCUMULATION RELEASE TO
TRANSPORT (PHOTO)CHEMISTRY THE ENVIRONMENT

Klan P., Holoubek I.: Chemosphere, 2002, 46, 1201-1210




OH radicals in the atmosphere

HC
O, + hv - 0, +O("D)
O'D)+ H,O +2

Data and degradation

Slide 11 Wigif-Lilnch Falm — palm@uni-lueneburg de

W.-U. Palm
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Biodegradation

NO; NHz
Cl a Cl
Cl Ct Cl

c ¢ CaHO_} CiHEO §
pentachloro- pentachloro- F‘“‘@""ﬂl T ] C:Hgﬂlp-ﬂ@m]

Fd
nitrobenzene aniline L2k
parathion amino-parathion
o 3o enin ()
CCly CHClz
DDD DDD HC  CHs
AN i? — Cs=Cld
H Cl Cls—Clp Qs=
cl His i @ s e
H d ¥ | toxaphene dechlorinated toxaphene
lindane benzene

Figure 5.2.2 Reductive (anaerobic) reactions of xenobiotics




Biodegradation

/ l \:\
/|
g /] "‘\ transition states of a
= !/ \ nonenzymatic reaction
o / | AG? and of an enzymatically
o ;; | ©nonenz. catalyzed reaction
% / | /
/ "
i 7 l ‘TGEHZ \
educts —
enzyme: AG
educts enzyme: L
complex products
complex products

progress of reaction

Figure 14.1 Schematic representation of the change in activation energy barriers for an
enzymatically mediated reaction as compared to the analogous noncatalyzed chemical

reaction.




Mechanisms of biotransformation of the
xenobiotics in the living organisms

Types of biotransformation reactions
Two types:

Phase I — non-synthetic reactions — hydrolysis, oxidation,
reduction — molecules of compound are changed by
introducing of polar group (-OH, -COOH, -NH,) — products
are reactive compounds easily conjugated in the phase II

Phase II — synthetic reactions — conjugation — production of
conjugates such are glucuronides, sulphates, acetyl and
glutathion conjugates — results is conjugated product which
can be eliminated by excrements




Mechanisms of biotransformation of the
xenobiotics in the living organisms

Xenobiotics in organism
Superhydrophobic Hydrophobic Polar Hydrophilic

1

Accumulation in

fatty tissue

v v

Phase 1
Bioactivation or detoxication
Oxidation, reduction, hydrolysis

\ 4

Phase 11
Bioactivation or detoxification
Conjugation

v
Excreation
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Biotransformations

Sites
of action
Excretion
Active 1
secondary S
Original metabolite T Conjugates
lipophilic : : x
R 2 } Esen>

metabolite metabolism » Metabolites

Primary \

metabolite Excretion

Sites of
primary
metabolism

FIGURE 2.2 Metabolism and toxicity.




Biotransformations

LIPOPHILIC ISR HYDROPHILIC
OH

< 0

HADPH +« H* HADP*

Naphthalene a-naphthol
+
~0I1— Glue. i l OH
Conjugate p-naphthol
HYDROPHILIC EXCRETION

Figure 1. The cytochrome P-450 mixed function oxidase system facilitates excretion of

lipophilic organic substrates in terrestrial and aquatic animals by producing metabolites that
are more water soluble than the parent compound. Common metabolites of naphthalenc arc
shown (after 2).




