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(08) Parametry charakterizujici vlastnosti latek

Parametry charakterizujici vlastnosti latek

Struktura, funkéni skupiny

Molekulova hmostnost

Bod tani, bod varu (bod sublimace)

Tenze par

Rozpustnost ve vodé

Rozpustnost v tucich

Rovnovaha organicka faze — voda

Rozd¢élovaci koeficient n-oktanol-voda

Organické kyseliny a baze, konstanty acidity a rozdélovaci chovani

Persistence v prostfedi
Chiralita latek
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Fyzikalné-chemické vlastnosti fidici environmentalni
distribuci chemickych latek

Molekulova hmotnost, Struktura

Hydrofébicita, Polarita, Reaktivita

Tenze par, Rozpustnost ve vodé

Rozpustnost v tucich, Adsorptivita

Henryho konstanta, K,

Water/air? KParticle / air? K\X/ater/ bio? KParticle /water? KWater/ soil
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Environmentalni procesy a parametry

Proces Parametr

Fyzikalni transport

Meteorologicky transport Rychlost vétru
Bio-pfijem Biomasa
Sorpce Obsah OC v pudach a sedimentech
Tékani Turbulence, rychlost vyparu, reaera¢ni koeficient, obsah OC v pudé
Odtok Rychlost sraZek
Vymyvani Adsorp¢ni koeficient
Spad Koncentrace Castic
Rychlost vétru

Chemické procesy

Fotolyza Intenzita zafeni
Propustnost A, W
Oxidace Koncentrace oxidantu a retardéru
Redukce Koncentrace O,, Fe**
Hydrolyza pH, T
Biologické procesy
\\&oggansfw - Po lac mkror anismﬁ, ov i.iin, T, pH

NX‘JSVW. ’

N g a C a he a hment
= > DG = > > = S ° 1t
12} [
Z < 'h\ :%
= & o
& ¢ $
O [ *o\

http:/ /recetox.muni.cz

N
“ranp B




Environmentalni parametry

Carcinogenic Vapor
Reference slope factor Solubility pressure (mm
Compound dose (mg/kg-d) [(mg/kg-d)~ 1] (mg/L at 25°C) Hg at 25°C)
Perchloroethylene 0.171 (inh) 0.175 (inh)
(tetrachloroethylene) 0.01 (oral) 0.052 (oral) 150 (at 20°C) 18.47
Trichloroethylene 0.01 (inh) 0.4 (inh)
0.0003 (oral) 0.011 (oral) 1366 74
1,1-Dichloroethylene 0.057 (inh) 0.175 (inh)
0.05 (oral) 0.6 (oral) 2500 591
Vinyl chloride 0.0286-0.01 (inh) 0.03 (inh)
0.003 (oral) 1.5 (oral) 2763 2660

Sources: http://www.atsdr.cdc.gov/toxprofiles/, EPA Toxic Profiles.
http://www.epa.gov/iris/subst/, IRIS (EPA Integrated Risk Information System).
http://www.epa.gov/tin/atw/hlthef/, EPA Technology Transfer Network Air Toxics Website.
http://risk.Isd.ornl.gov/cgi.bin/tox/, RAIS (EPA Risk Assessment Information System).
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Eesimating Pl LCl (p .

G

EPI Suite QSPRs -

Quantitative Structure Property Relationships (QSPRs)
developed by Syracuse Research Corporation for USEPA

Estimation program used by regulators (US, Canada, EU),
industry scientists, and environmental chemists in general

Download and use from:

We will use it to estimate physical-chemical properties (VP,
Kow, HLC, S, Koc) and atmospheric oxidation rates

Estimations developed based on 1,000’s of measured values

Input chemical structure using CAS number or Simplified
Molecular Input Line Entry System (SMILES) notation

Staci Simonich
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http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm

EPI Suite — SMILE Notation

& &

&

& &

For most chemicals, you will be able to input CAS number

directly and the program will generate the SMILE notation

In some cases, you will have to generate the SMILE notation

if the CAS number is not recognized or you are modeling a

chemical without a CAS number

Depicts molecular structure as a 2-D picture

C = carbon, N = nitrogen, S = sulfur, F = fluorine,
=oxygen, etc

Aliphatic atoms = upper case; aromatic atoms = lower case;

H’s not included in notation

Single bonds = no notation (CC); double bonds = ‘=¢; triple

bonds = #

Branches = (); example C(=0)

See “SMILE Help” file in program for details and examples!

Research Centre for Toxic Compounds in the Environment Staci Simonich
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Tlak nasycené pary a bod varu kapaliny

Typickou vlastnosti kapalin je jejich vypafovani.

Pfi kazdé teploté prechazi urcita Cast molekul vlivem tepelné
energie do skupenstvi plynného.

Dochazi-li k vypafovani v uzavieném prostoru, vyplnéném
kapalinou jen zCasti, ustavi se pfi kazdé teploté mezi
kapalinou a jeji parou rovnovaha.

Tato rovnovaha je rovnovahou dynamickou, pfi které v daném
casovém okamziku zkondenzuje z pary stejny pocCet molekul,
jako se z kapaliny vypafi.
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Tlak nasycené pary a bod varu kapaliny

Tlak pary kapaliny pfi uvedené rovnovaze se nazyva tenze ¢i tlak

nasycené paty.

TP

Zavislost tenze par na teploté: -

p-0

e e 3S
T

logp=-A/T+B

Teplota, pfi niZ dosahne tenze pary vnéjsiho (atmosférického)
tlaku, se nazyva bod varu.

Pfi vnéjsim tlaku 0,101325 MPa - normalni bod varu.
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Vapor Pressure

itical
o e Vapor Pressure — the pressure the

gas phase exerts when it is in
equilibrium with its solid or
liquid phase

_[ : critical point

_________________________________________

Subcooled or Supercooled liquid
vapor pressure — vapor
pressure that a solid
substance would have if it
were liquid at environmental
temperatures

pressure p

T % .5
temperature
Because of low concentrations in the environment, there are few solid crystals

of anthropogenic chemicals (vapor pressure of solid) so the vapor
pressure is more like that of a liquid — a subcooled liquid

Staci Simonich
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Tenze par (VP)

Tenze (tlak) par P’ je definovan jako tlak par latky v rovnhovaze
s Cistou kondenzovanou fazi.

Bod varu T — teplota pfi které je PO latky rovna 101,325 kPa
(rozsah nasycené tenze par pfi 25 °C pro dulezité tfidy
organickych polutantil).

Pro latky s hodnotou okolni tenze par pod 1012 atm (napfiklad
DDT, PCB, BaP) nebudeme ocekavat, Ze by vypafovani bylo
duleZitym environmentalnim procesem.

Vzhledem k extrémné nizké hodnoté rozpustnosti ve vodé téchto
latek (vyplyvajici z jejich vysokych hodnot fugacit ve vodné
fazi), pokud jsou pfitomny v povrchové vodé, je mozné
oCekavat jejich transport do atmosféry.

Research Centre for Toxic Compounds in the Environment 11
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Tenze par (VP)
Tenze par urCuje speciaci latky o—-
v atmosféfe — plynna faze vs. N Gt
tuhé &astice. ?
Vzhledem k rozsahu teplot ol
v atmosféfe — tenze par dané g i et
latky se muZe ménit 3 o 7
v rozsahu vice neZ jednoho S et .
fadu — teplotni zavislost _-1’2: E
tenze pat. 14} .
Molekularni interakce ovliviiujici o B
tenzi par — intermolekularni ¥ o s BE:
interakce ovliviiujici e 8 Yapc i 25 1 AP 5 o g1 el
specificky tenzi par, narust
v homologickych fadach.
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Vapor Pressure — Unit Conversions

Pressure Conversion Factors.2

kPa bar torr atm psi
1kPa  1.000 10000 x10=- 7501 9869 x10° 0.1450
1 bar 10%.0 1.0000 750.1 0.9869 14.50
1 torr 0.333 1333 x 10+ 1000 1316x102 1934 x 10
1 atm 10:231.3 1.0133 76(()).0 1.0000 14.70
3

1 psi 6.895 6.895 x 102 51.71 = 6.805 x 102 1.0000

2 To use the table to convert from atm to kPa use the entry in the atm
row and kPa column to find 1 atm = 101.33 kPa. Staci Simonich
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Tenze par (VP)

1012 100 108 106 10* 102

halogenated CClp: CCly 1 CHaCly
Cy-and Cz- compounds i
i festas |
!
|
alkylated @ ©
benzenes e
4 a5 o “
chlorinated mI?tI-cl @
benzenes Cl
Cl ClCl Ci ci
polychlorinated ¢ {Gy—c)-ct
biphenyls ¢l coctc
(PCBs)
2 ;
Capna~ Cn-
@Iifgw @CJE)\
phthalate v E——
esters
polycyclic
| aromatic 00
| hydrocarbons
| (PAHs)
aliphatic CigHag CsHy
g hydrocarbons
|
L L ! i J

102 10" 0% 0% 04 1007 1
PO, vapor pressure (atm)

4.1 Ranges at 25°C in saturation vapor pressure (P°) values for some important
s of organic compounds.
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Liquid - Vapor Equilibtium

T (°C)
160140 120 100 80 60 40 30 20 10 ©

e %  This relationship can be used as

e OH long as the compound does not
B “Quic) : .
° \m%"""’ change state (become a solid)
4L (liquid) C ..
o - within the temperature range
oL (liquid)
af N (%} % If we extrapolate below the
at . melting point temperature, we

log p; / bar

get an estimate of the subcooled
liquid vapor pressure

(solid)

ol @
(solid)
-10}
| [ [ . o .
2.5x1078 3.0x1072 3.5x 102 Staci Simonich
1T (K
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Piehled tenzi par vybranych latek

alkanes vapor PAH vapor Chlorinated HC

vapor
pressure pressure prgssure
[kPa] i [kPa] . [kPa]
n-octane 1.9-10 phenanthrene 16-10 trichloromethane (chloroform) 2.6:10"
n-nonane 5.9:10" fluoroanthene 1.2:10° trichloroethene 9.1-10°
pyrene 6.0-10" tetrachloroethene 2.5-10°
benz[a]pyrene 7310 G 6.0-10°
_ Vo 5.6-10°
monoaromatics vapor chlorinated aromatics vapor
pressure pressure PCB vapor
[kPa] [kPa] pressure
benzene 1.3-10* Floron 1610° [kPa]
e 3.8-10° chiorobenzene S PCB 28 (2,4,4"trichlorobiphenyl)  2.6:10°
ethylbenzene 1.3-10° 1,2-dlchlorobenzene 1.8:10 PCB ]ﬁll (25',?{5,5"_) 3.4-10°®
1,3-dichlorobenzene 2.9-10™ e e
m-xylene 1.1-10° _ . PCB 180 (2,2'3,4,4'5,5"- 13107
p-xylene 1.8-10° 1,4-dichlorobenzene 2.3:10° heptachlorobiphenyl)
o-xylene 8.8-10" pentachlorobenzene 1.310" ETGIT [0 RS TR
n-propylbenzene 4.6-10" hexachlorobenzene (HCB) 2.410° P (kFI)Da)
tert.-butylbenzene 2.9-10" dichlordiphenyltrichloroethan 2.1-10°® BaP 7.100
4-ethyltoluene 3.5:10" (DDT) DDT 210
1,3,5-trimethylbenzene 3.3-10 dichlorodiphenyldichloroethene 8.0-10” 5
1,2,4-trimethylb 2.8-10" (BDE) HCB 210
,2,4-Ttrime enzene Re )
ey . 2-chlorophenol 3.4-10™ benzene|1 -10"
1,2,3-trimethylbenzene 2.3-10 CEC13 |3 ‘103
4-nonylphenol 1.0-10™

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Direct Measurement of Vapor Pressure

Measuring method Solid Sl Eiquid Recommended range
Dynamic method Low melting Yes 10° to 10° Pa
Static method Yes Yes 10 Pa to 10° Pa
Isoteniscope method Yes Yes 10" Pato 10° Pa
Effusion method: vapour pressure balance Yes Yes 10°to 1 Pa
Effusion method: Knudsen cell Yes Yes 10~ to 1 Pa
Effusion method: isothermal thermogravimetry Yes Yes 1010 1 Pa
Gas saturation method Yes Yes 10~ to 10’ Pa
Spinning rotor method Yes - XS 10“ t0 0.5 Pa

*from OECD Guideline

G Gas saturation — saturation vapor phase produced by passing over solid at constant

temperature; Effusion — weight loss through orifice into a vacuum at constant temperature

© Uncertainty in measurement increases as VP decreases!

L OECD Guidelines:
http:/ /www.oecd.org/document/40/0,3343,en_2649_34377_37051368_1_1_1_1,00.html free

download or on reserve in library

G See “The Vapor Pressure of Environmentally Significant Organic Chemicals: A review of
methods and data at ambient temperature” A. Delle Site, J. Phys. Chem. Ref. Data, 1997, 26,
157 - 193 Staci Simonich
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Air-Water Partitioning — Henrys Law Constant

The solubility of a gas in water as a function of pressure

CS, =PS/RT PSis vapor pressure

Vapor Pressure
/ /\ Saturation / p
- limit p
U 1
o K.. =-——: =Pam3/mol
£ iH C
8 W
B ™ "
g = Water Solubility
2 e w
S Sope =By solubility
=HRT /
Concentration in water Cy,
*trom Boethling and Mackay
. . = KfH =
Dimensionless Henry’s Constant = K jaw — E—f Cy/ Cy

% K, can be significantly affected by temperature

% In general, as temperature increases K, increases  s.cisimonich

Research Centre for Toxic Compounds in the Environment 18
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Measurement of Henrys Law Constant

K, is difficult to measure!

Often estimated from measured vapor pressure and water
solubility

OK to do this if measured values were from the same state
(liquid or solid) and at the appropriate temperature

It is erroneous to use one liquid-state and one solid-state
property

Staci Simonich
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Rozpustnost ve vodé (WS, S)

Rozpustnost ve vodé je definovana jako vyskyt latky v jednotce
objemu vodné faze, kdyzZ je roztok v rovnhovaze s Cistou latkou
v jejim aktualnim stavu (plyn, kapalina, tuha latka) za
specifickych podminek (25 °C, 1 atm).

Teplotni zavislost rozpustnosti ve vodé:

log Cy5** = (- AH¢ / 2,303 * R * T) + konstanta
g “w S

Research Centre for Toxic Compounds in the Environment
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Rozpustnost ve vodé (WS, S)

Schéma procest ovliviiujicich rozpustnost neutralni organické

molekuly ve vodé.

(a) van der Waals only

i van der Waals + polar

\

oy H-cos c M
H-C e LC K ek -
WERNCH N
$O;OH $0y
“H EH & "H-C-H
n-creney o
H H gy
=0
H-C-H
dipole : dipole H

dipole : induced dipole

t) van der Waals + polar + H-bonding

o g

Figure 4.4 Conceptuaizatior of molecular forces ara nieractions. (@) Nonspeciic or .2s
cer Waais attracticns occur cetween all forms of matter sven ~onpolar maternals like certane
(b) The presence of ureveniy distributed electron gensities Jives rise to bond-size 3'cliey

which are altractive ic cther cipoles or which .nguce eieciror redistrioutior 'n "2 groC
molecules and therepy establish cipole inguceda dipole attract.cns. (¢) Hydrogen atoms cor

QT‘

10 Oxygen or nirogen are avaiaole to be attractec to the nonponded elecirons of cim2

CXxygen or nitrogen atoms. esiablishing hydrogen bonas

or 2 la
[P 3 [
4
s Jeves
s
e 2
LI
organic liquid l1quid water
H, [ breako:o break w:w)|
1A ‘(attractrons) OH, (attractlonsr‘
3ol
T oy VR
18T
1solated organic NoacdS

solute w ™

cavity formed in water

\,/ (maxe 0: w
attrachons

organic solute inserted into water

4[waters lining cavity re-orient

lA y, [strengthen w:w attractions as ‘\
to form flickering crystal /

water molecules on edge of cavity orient

Figure 5.2 Schematic representation of the various enthalpies involvec when c <

neutral organic molecule in water.
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Water Solubility

& & & &

The maximum amount of a chemical that will dissolve in
water at equilibrium, and at a specified temperature and

pressure
C. 52t or S

mg/L or g/m?
Often difficult to measure below 1 mg/L
Inversely proportional to K

For liquids, the increase in solubility with increasing

temperature is rather small in the range of (0 — 80 °C (less than

a factor of 2 between 0 — 30 °C for most compounds)
For solids and gases, temperature effect is greater. C, 5
increases with temperature for solids and decreases with
temperature for gases

Staci Simonich
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Rozpustnost ve vodé (WS, S)

Environmentalné vyznamné polutanty maji rozsah hodnot
rozpustnosti ve vodé nékolik fadi.

log C&' (mol-L™)

Figure 5.6

T(°C)
40353025 20 1510 5 0
OF A CHyBr (Supﬂhelted)
hquid
e CH3Br (gas.latm)
CH;CI; (hquud)
-1+
- — @ (tiquid)
2r . o CCly = CHCI
— 0 (11quid)
@E:gc (liquid)
5
-3k
‘*ﬁ—o_‘
(subcooled liquid)
-4|r (solid) !
l A d A J
33x10°3 35x10°3 37x1073
Yt (K™)

Soluoility in water as & func: o~ of temperature tor various compouncs

Figure 5.1
compounds.

10" 10 0% 108 10¢ 10?7 ¢

CCig = CCly CHzCly

halogenated
Cy-and C;- compounds

E—
alkylated @
benzenes —e—

Cl Ct

A _Cl
chiorinated ¢l Ié[u

benzenes cl

CLcictct Cl

polychlorinated ¢t <y—{o)-C!
biphenyls ct Clcl &
0 0

(PCBs)
¢ Co-
O esJCOTNO ¢
phthalate 0

0
esters
Iycycl 0(-?
polycyclic
aromatic CQ
hydrocarbons
(PAHS)

CigHag CeHip
TR AL ML Pa—

aliphatic
hydrocarbons

) I

|

|
|
j

10 10 10® 0% 10¢ 107

C33t, water solubility (mol.L"")

Ranges in water solubllites (C3*) of some important classes of organic
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Effect of Functional Groups

Groups that increase solubility

NH, OH COOH CONH,
SO, CN OCH; NO, SH N~*
ionic H - bonding

unsaturation rings branching

Groups that decrease solubility

-CH,- -CH; -ClI -Br -N(CH,),

saturation  larger size

Research Centre for Toxic Compounds in the Environment 24
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Measurement of Water Solubility

Historically, many organic compounds have been classified
at “insoluble in water” when they are actually soluble at
environmentally relevant concentrations

Improved detection limits result in more accurate solubility
measurements

Important to separate dissolved from insoluble phase using
filtration, centrifugation, dialysis, etc.

Staci Simonich
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Flask Method

Chemical is dissolved in water at a temperature somewhat
above the test temperature

Solution is shaken or stirred at constant temperature

When saturation is achieved, solution is cooled and
maintained at test temperature

Centrifuge at test temperature to separate dissolved and
insoluble fractions

Concentration in dissolved phase is determined

Staci Simonich
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Estimation of Water Solubility — EPI Suite
WSKOWWIN - LFER

Estimation from K__

When measured melting point (T, ) is available:

log S (mol/L) = 0.693 — 0.96 log K__ — 0.0092(T._-25) — 0.00314 MW
+C

When measured melting point is not available:
log S (mol/L) = 0.796 — 0.854 log K__ — 0.00728 MW + C

C is a correction factor for: aliphatic alcohols, aliphatic acids,
aliphatic amines, aromatic acids, phenols, alkylpyridines,
azos, nitriles, hydrocarbon, nitro

See: Meylan, Howard, & Boethling, “Improved method for estimating water solubility
from octanol/water partition coefficient” Environ. Tox. Chem. 1996, 15, 100-106

Research Centre for Toxic Compounds in the Environment Staci Simonich 27
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Rovnovaha organicka faze — voda

4 r o

Distribuce latky mezi s vodou nemisitelnou organickou fazi a
vodou urcuje environmentalni rozdéleni mezi vodou a pfirodni
organicke faze.

Tento rozdélovaci proces je urcovan relativni fugacitou latky
v kazdé fazi a rovhovaha miiZe byt popsana bezrozmérnou
rovnovaznou konstantou:

Kopw = Cop / Cy

Rozdélovaci konstanta latky mezi Koncentrace latky Koncentrace

organickou fazi a vodou v organické fazi latky ve vodé

Research Centre for Toxic Compounds in the Environment
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Octanol-Water Partition Coefficient

lOg Kow = lOg P = log [Coctanol / Cwater]

Octanol is used as a surrogate for the organic phases in the

environment (biota, sediment, soil, aerosols)

Only weakly temperature dependent (log K__ changes less

than 0.01 units per °C)

Inversely proportional to water solubility

Staci Simonich
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Rozdélovaci koeficient n-oktanol-voda (Kgy,)

Jeden z klicovych parametra o e ? .
pro modely toxicity, e HRERE 0T
bioakumulace a sorpce A o ;&ﬁ! s
na Castice pudy Ci i P
sediment.

Oktanol byl vybran jako el Gt
modelové rozpoustédlo W t(ctdv_>t
reprezentujici lipidy - Lo - ot

L]
v organismech nebo
. , , Figure 7.1 Equ.iorium parttioning of a compounc between an immiscible organic liqguid
Organlcky uhllk and water. (@) Mutually saturatec organic and aguecus phases. (b) System after soiute is

added.

v pudach.
Kow je definovan:

Kow = Co / Cy

Research Centre for Toxic Compounds in the Environment
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Rozdélovaci koeficient n-oktanol-voda (Kgy,)

1102 10 105 108 10
W L4 r T 4 Z 4
Rozsah hodnot rozdélovaciho ralogenated
. Cy-and C; CHyCly CClp=CCly
koeficientu K, pro compounds —
. o e wWew/r \Ve4
nejdilezité;si tfidy sbyated ® o
benzenes BT m—
[) r o
organickych polutanti cn .
” ClyAyCl
hiorinated @ kol
L-->2ones I
polychlor nated £l Hagd
biphenyls C'C Oal
(PCBs) essssssemmm ! C! Cl
2 9
Cno- Con~
8\ @IC:{O)W
phthalate § e———
esters
polycyclic O@e
aromatic 00
hydrocarbons —
(PAHs)
aliphatic Cstiz CgMig CigH3g
hydrocarbons ST
1102 10° 10° 108 109
Kow- OCtanol - water partition constant
{mol Lo' mol™" L)
Figure 7.3 Ranges in octanol-water partition constants (K,,) for some important classes of
organic compounds
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Rozdélovaci koeficient n-oktanol-voda (Kgy,)

Kow — mira hydrofobicity, hydrofobni slouceniny maji tendenci
pfechazet z vodni faze a koncentrovat se v lipofilnéjsi fazi
jako je biota, suspendované Castice nebo sedimenty.

Oktanol nema pfesné stejné vlastnosti jako lipidy v organismech
nebo organicky uhlik v sedimentech, hodnoty K., jsou vsak
pouZzitelné v fadé korelaci.

Stanoveni Ky

Y% protfepani latky mezi n-oktanol a vodu (tfepaci lahve, kolonova metoda,
metoda pomalého michani..), stanoveni HPLC, TLC

Y% predikéni metody (méfenim kapacitnich faktort na RP-HPLC na koloné
C-18, odhadem z plochy povrchu, vypoctem za pouZiti fragmentacnich
konstant..).

Research Centre for Toxic Compounds in the Environment
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Rozdélovaci koeficient n-oktanol-voda (Kgy,)

Kow = (X) octanol /(X) water

Hexachlorobenzene Acetone
Log Koy =5.73 Log Koy = -0.24
o.. L ™ o.z:... . ] ®
o, %, esee o ssel| Octanol e . * |Octanol
o 2 e% o°® %%, ¢
. . - ¢ * . g4 o
« ¢ o | Water o e e, | Water
L ] [} L] L] L ]
Bioconcentration factor Soil sorption
L ]
[ ]
[ ]
° X
—> Kow

—> 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
the

dqueous phase at steady-state. It can be measured, for example, by the shake-flask procedure. K, is often used for the estimation
of bioconcentration, sorption and toxicity.
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Rozdélovaci koeficient n-oktanol-voda (Kgy,)

100
[_——— F12 (CCLF,)

i 101
Henry s Law
—————————— eothyl bromide
Constant 1 .0 f~——————————— carbon tetrachloride
(d'menSionIeSS) I trichloroethylene
10'F o 3 movement by

diffusion in air

1 0-2 -~ tetrachlorobiphenyl

TCDD
= trifluralin

DDT
nitr

i

1078 gm‘t"l::/;};/" %ﬁusion both ////
‘;‘:l‘;:"':“mﬂ / / in air and water /
i

10°°
c’;bovgran
107 )
10.5 - simazine movement by
diffusion only
24 in water phase
10°°F

= o prochloraz
1 o' O hexazinone

FIGURE 3. Pathways of movement of xenobiotics to plants through soil as determined
by Henry's law constants.
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Rozdélovaci koeficient n-oktanol-voda (Kgy,)

=

T
| ] 1 | I
Carbamates “ 1
i Organochlorines ! \ G R T R !
Insecticides { ;0 uhates |
Pyrethroids 1 | LI 5 S B e S e

1 I

Aryloxyphenoxypropanoic acids* ! | 7777777 |

Dinitroanilines I YLz’

Diphenylethers | VIITIITRELTIIIIIIIIIIEIIL

Phenoxyacetic acids* 1 77773 | !

|
|
Herbicides Sulfonylureas* ! AT |
Thiocarbamates ! | 1IIITLEIIIIIIIIIN
|
|

1
|
Triazines YT |
Ureas | ! ,
I |
Acylanilines | 1 1 |
Benzimidazoles* —/—// |
Carboxanilides ' | !
1 Dicarboximid 1
Fungicides ) Dicerboxinides ! C —
pholines I H C——
Pyrimidines !  —

Sterol biosynthesis inhibitors [ ]

1
| AALEALALHARRRRRRAAAAY
[ AAAANRARNNNY !
| P
[\ | ! 1

ALTIITLLLLIRLRA LR AR AR RN R R RN :

VTR TRRRR TR R AR RRRRARRRRR RRRRRRARR AR
' AL REEER AR RRRRRRRANARANY

Chiorinated benzenes
Chiorinated solvents
Nitrophenols*

Industrial Phthalates
chemicals Polyaromatic hydrocarbons

Polychiorinated biphenyls
Polychlorinated dioxins/

|
|
l ]
benzofurans : | | X
2 4 6 8 10

1. Ranges of 1-octanol/water partition coefficients (as log K,,) for commonly occurring compounds in various classes of pesticides and
industrial pollutants. Asterisks indicate ionizable compounds, whose log K,,, values are plotted for the undissociated molecule.
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Rozdélovaci koeficient n-oktanol-voda (Kgy,)

Plot showing the environmental
distribution of chemicals. Those is group A exist
predominately in air, group B in water and groupC
in soil. Others are considered multple media
chemicals.

log Kaw
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http:/ /recetox.muni.cz




Measurement of K__ — Slow Stir Method

Magnetic
Sample Stir Bar
Port for
Octanol X h
Phase

Sample
Port for

S

& &

Shake-flask — artifacts due to
octanol droplets in water phase,
log Kow’s<4

Slow stir - log Kow’s < 8.2
accurate

Test compound equilibrated with
water and octanol — measured in
both phases

High purity standard needed

Stir until equilibrium is reached
(2 — 6 days)

Avoid turbulent mixing of two
phases!

Staci Simonich
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Experimental Estimation of K, — HPLC Method

%  Good correlation between Kow and
stationary phase (Cg or Cg)/mobile
phase partition constant

LOG Kolw

% logK, s=0-6
- % 6 structurally related reference
T R compounds with known K__s
Retention Time of
Capacity Factor ."'C y A/f_’// nonretained species
=1Ct~ i) / tio
Retention time
Of test chemical
lﬂg K iow —a- ]gg k; + b Staci Simonich
Research Centre for Toxic Compounds in the Environment 38
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Estimation of K __ — EPI Suite KOWWIN

Based on atom/fragment contribution method — the chemical
structure is divided into fragments (atoms or larger

functional groups) and coefficient values of each fragment or

group are summed together to give K__ estimate

Fragment Constant

log Kiow = S+ fi + Xn; - ¢; +0.23
kN i

Frequency

Correction Factor

%  Aliphatic, olefinic, and aromatic carbons increase log Kow
% Halogens increaselog K :I1>Br>Cl>F
% O,N,S, and P decrease log K__

Staci Simonich
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EPI Suite KOWWIN - f and c values

Table 7.4 Selected Atom/Fragment Coefficients, fi for log K., Estimation at 25°

(Egs. 7-15 and 7-16) * Table 7.5 Examples of Correction Factors, c;, for log K, Estimation at 25°C

(Egs. 7-15 and 7-16) ¢

Atom/Fragment Sk Atom/Fragment
Carbon Carbonyls Description (of Description ¢
~CH, 055 al-CHO -0.94
—CH 049  ar-CHO 028 : B ; s
_CHe 036 al-CO-al -1.56 Factors Involving Aromatic Ring Substituent Positions ®
>C< 027 ol-CO-al -1.27
=CH, 052 ar-CO-al 087 0-OH/-COOH 1.19 0-N< /two arom. N 1.28
=CH- or =C< 0.38 ar-CO-ar -0.20 3
c. 029 al-COO- (ester) © oes o——OH/-—COO-—(cst.er) 1.26 0—CH3/-CON< (amide) ' -0.74
ar-COO-— (ester) 071 0-N /-CON< (amide) 0.62 2 x 0 -CH;3/~CON< (amide) -1.13
Halogens al-CON< (amide) 052 8
alF 000 a-CON< (amide) 016 0-OR/arom. N 0.45 p-N /-OH -0.35
F 020 >N-COO-(carbamate) 0.13 = 1 = ) 3
2L 020 ire T 1: 0—-OR/two arom. N 0.90 0,m,p—NO,/~OH or —-N< 0.58
ol-Cl 049 a-COOH -0.69 & 0-N< /arom. N 0.64 p—OH/COO—(ester) 0.65
sl 064 a-COOH 0.2 ¢
al-Br 0.40 s . &
ar-Br 0.89  Nitrogen-Containing Groups " Miscellaneous Factors
-t b L et | More than one aliph. -COOH ~0.59 Symmetric triazine ring 0.89
. 507 R
al—l*NT;{ - :(I)‘S; | More than one aliph. -OH 0.41 Fused aliphatic ring
z z ar—] , ar -NH-, ar-N< . ' . o .
o e 26 aANO, 081 &-Amino acid -2.02 connection © -034
al-O-ar _047 a-NO, -0.18
ar-O-ar 029 sN=Near 0.35 §
al-OH ~141 8FC=N -0.92
ol-OH g9 sl B
ar-OH ~0.48
al-O—(P) —0.02  Sulfur-Containing Groups
ar-O-(P) 053 al-SH
ar-SH
Heteroatoms in Aromatic al;SS—a: '33(5]
Systems ar->-a :
Oxygen _0.04 al-SO-al 42‘??
Nitrogen in five-member ring ~ —0.53 ar-50-al -2 ]
Nitrogen in six-member ring -0.73 al'ggrai ’%gg « . .
5 . N ar—. al -p. ?
Nitrogen at fused ring location  0.00 g e | See also: “Atom/Fragment Contribution Method for
Sulfur 0.41 ﬂlzgsgﬂlf j “
ar- < . . . o o .
Pl ar-SOH 316 | Estimating Octanol-Water Partition Coefficients”

e vy | Meylan and Howard, J. Pharm. Sci. 1995, 84, 83-92

“ Data from Meylan and Howard (1995); total number of fragment constants derived: 130;

al = aliphatic ol = olefmic h ar= . . .
Staci Simonich
NERS/, . . .
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EPI Suite —= KOWWIN Output

CH

CH. CH,

Log Kow (estimated): 6.35
Ethanone, 1-(5,6,7,8-tetrahydro-3,5,5,6,8,8-hexamethyl-2-naphtha

Log Kow(version 1.66 estimate): 6.35

ILES : 0=C(c(c(cc(eclC(CC2C) (C)c)cz{c)c)c)icl)c

EM : Ethanone, l—(5,6,7,8—tetrahydro—3,5,5,6,8,8—hexamethyl—2—naphthalenyl
)_

L, FOR: C18 HZ26 01

—————— o e e e —— s e —p m — s
'YPE | NUM | LOGKOW FRAGMENT DESCRIPTION | COEFF | VALUE
—————— o e
rag | 7 | -CH3 [aliphatic carbon] | 0.5473 | 3.8311
rag | 1 | -CHZ- [aliphatic carbon] I 0.4911 | 0.4911
rag | 1 | ~CH [aliphatic carbon] [ 0.3614 | 0.3614
rag | 6 | Aromatic Carbon | 0.2940 | 1.7640
rag | 1 | ~-C{=0)- [carbonyl, one aromatic attach] |-0.8667 | -0.8667
rag | 2 | ~-tert Carbon [3 or more carbon attach] | 0.2676 | 0.5352
onst | | Equation Constant | f 0.2290
+ +

Research Centre for Toxic Compounds in the Environment Staci Simonich
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EPI Suite KOWWIN - Accuracy

K = o .
I bbbt ok N % 2464 compound training set
2 - b gln
8 ;., a ° °
7L Y% 10 222 compound validation set
.0
@5
© A
£
3 -
£ For more accurate predictions, input
g Corr. Coef. 'r) = 0.973
s e gl measured log K_ of structurally related
2= AbS. Mean Error=0.317 (S 199 —
=i compound (“ExpValAdj” button
r s s 1 T Y o) Experimental Value Adjusted method):

5 43210 123452%6717 8 910
Log P (experimental)

log Kiow = log Kiow(rel.compd) — X nx - fx + X0k - fx — 2nj-cj+ X nj - Cj
k k j j

fragments corrections
removed added removed added

Staci Simonich

ijVW. v

JERS/
S &

Research Centre for Toxic Compounds in the Environment

42

Yensist®

Dvwets B http:/ /recetox.muni.cz




EPI Suite KOWWIN - Ionization

The ionized form of a chemical has a much lower K__ than

the unionized form

In order to compare relative K ’s, the K__ of the unionized
form is measured or calculated (“corrected for ionization”):

Log Kow (corrected) = log Kow (at pH 7.4) + log (1 + 10(PKa-74))

& &

KOWWIN estimates log Kows for the unionized form

KOWWIN will generate the zwitterionic log Kow from non-
zwitterionic SMILES if the structure contains an amino
group and a carboxylic acid with connections to aliphatic C’s

— see “Zwitterions’’ menu bar

Staci Simonich
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Rozdélovaci koeficient n-oktanol — vzduch, K;,

Pro popis distribuce mezi vzduchem a vegetaci a vzduchem a
pudou.

Je definovan jako pomér koncentraci latky v n-oktanolu (C,) a
ovzdusi (C,):

Koa =Co / Cy

Pro vypocet K,, miZeme pouZit i hodnoty rozdélovaciho

koeficientu Ky, rozdélovaciho koeficientu vzduch-voda K, -

Kow / Kaw = (Co / Cy) / (Co / Cy) =Co / Cj =Koy

Research Centre for Toxic Compounds in the Environment
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Rozdélovaci koeficient n-oktanol — vzduch, K;,

Pienos latky pfes rozhrani oktanol — vzduch mutZe byt popsan
Whitmanovym dvou-odporovym koeficientem pfenosu hmoty
(MTC), ktery vyuziva koncepce dvou odpora — v hrani¢nich
vrstvach oktanolu a vzduchu.

Pifenos hmoty v této oblasti je pravdépodobné fizen molekularni
difuzi a vysledkem je pomalejsi difuze.

Celkovy koeficient pfenosu hmoty k muiZe byt odvozen z dil¢ich

M \

1/k=1/%k,+1/ (ko *Ko,)

Research Centre for Toxic Compounds in the Environment 45
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4 r °
Rozdélovaci koeficient n-oktanol — vzduch, K;,
o - ol C18 Adsorbent Trap Kémp and McLachlan (1997) investigated the
Stage partitioning of 16 PCBs between the air
. Ty 1 and octanol using a “fugacity meter”.
Air was passed through a column packed with
L % a glass wool coated with an octanol
H Generator Column
S x 10wy solution of PCBs of known concentration.
N |00 =F \ The PCBs in the air were allowed to come
Heater \\ gl bests cone into equilibrium with the PCBs in the
/ solution ~0.1 /L octanol. Upon leaving the column the
Cooling Coil Octanol Trap . . . .
1.5 m, 3.2mm PCBs in the air were trapped on a Florisil
it cartridge.
L 1234578
Apparatus used to measure the temperature dependence of K, for PCDD/Fs * u};_u
(Harner, Green et al. 2000). "r s 12374
12347
% Octanol saturated N, passed through grof e
generator column packed with coated glass g, o
beads 1 % 3
% Good temperature control | |
AT (1K)
%  Strong temperature dependence! lemperatur ronge of 050 G T verthe

Research Centre for Toxic Compounds in the Environment 46
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Organické kyseliny a baze

Cast chemickych latek (pfirodnich i syntetickych) vstupujicich
do prostiedi obsahuje kyselé a/nebo bazické funkéni
skupiny a ty ovliviiuji fadu jejich chemickych, fyzikalnich a
biologickych vlastnosti.

Vztah mezi speciaci latky (neutralni, aniontova, kationtova)
zavisi na hodnoté pH okolni faze.

Chemicka disociace ovliviiuje dalsi vlastnosti latek jako jsou
rozdélovaci a distribucni koeficienty, rozpustnost v rtiznych
mediich, adsorpce/desorpce, akumulace a degradabilita.

K ; & hovani

Research Centre for Toxic Compounds in the Environment
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Organické kyseliny a baze

Deprotonovana (aniontova) forma
kyselin ma jinou polaritu nez
nedisociovana forma, coz vede
ke sniZeni lipofility a zvySeni
rozpustnosti ve vodé (obr.).

Sorpce na pidu nebo sedimenty
stejné€ jako bioakumulace
téchto latek mohou byt
shiZeny ve srovhani s neutralni

formou.

Typické rozsahy konstant kyselosti ve
vodném prostiedi (pKa).

e

R- ?H—COOH

NH\

I; I I e I.I lV] r ] r 14

R- CH COOH

llpeu)

NH,

R-CH—C00® /
@NH
("zwitterion”)

0 2 4 6 8 10 12 14 16 18

carbon - hydrogen
bonds

arom alcohols ar-0H
(e.g, phenols)

sylfyr - hydrogen
bonds

itrogen - hydrogen
_0_0_5

nitrogen compounds
(eg gndlnesp)

B D14
in most cases —-C-H —
Ne.
D
oxygen - hydrogen
bonds
N >14
sat alcohols ZC-0H ——

carboxylic acids - COOH  m——

sat thiols: >C-sH e
arom thiols ar-SH  I7II1i0ee—

Ri @
sat. amine: S RZENH ——
R
\@
arom.amines ar>NH  eo—
(eg anilines)
heterocycl. arom \,& [
7

----------

..........

Figure 8.1 Typical ranges of aqueous acidity constants (expressed as pK,) for hydrogen

0 2 4 6 8 1012 14 16 18
pKa(=-10gKy)

bound to various positions in organic molecules

Research Centre for Toxic Compounds in the Environment
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Organické kyseliny a baze
K 1 1]  chovani

Organické kyseliny (HA) a baze (B) disociuji ve vodé podle
nasledujicich rovnovaznych reakci:

HA + H,0 < H,0" + A
B + H,O<"OH- + BH"

Reakce s vodou vede ke vzniku konjugovanych part (HA/A-
nebo BH"/B).

Vztah para kyseliny (HA, BH™) a jejich konjugovanych bazi (A
B) zavisi na sile kyselin.

o

Research Centre for Toxic Compounds in the Environment 49
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Organické kyseliny a baze

Cim je kyselina silnéjsi, tim ma vétsi tendenci ke ztraté protonu,
tim je konjugovana baze slabsi, tj. ma mensi tendenci
pfijmout proton.

Rovnovazné konstanty (K) jsou urCeny pomérem aktivit reaktantu:

K= {(a H3O+) * (a A" nebo B)} /{(a H3O+) * (a HA nebo BH+)}

K = {(a H;0%) * (a bazické formy (B)} /{(a H;0™) * (a kyselé
formy (A)}

Definice pK:

pK = -log K

K ; 1&] hovani

Research Centre for Toxic Compounds in the Environment
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Organické kyseliny a baze

Ve zfedénych roztocich miazZeme povazZovat koncentraci vody za
konstantni a jeji aktivity je brana jako jednotkova.

Na zakladé toho miZeme jednoduse vyjadfit konstantu kyselé
disociace:

K, = (a H")*(a B) / (a A)
pK, = pH + log (A / B)
Zaporné vzaty dekadicky logaritmus konstanty kyselé disociace,

ktery je roven pH pfi kterém jsou aktivity kyselé formy (A) a
bazické formy (B) v rovnovaze.

K ; 18] hovani

Research Centre for Toxic Compounds in the Environment
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Organické kyseliny a baze

K ; 18] hovani

Koncentrace organickych kyselin o _ CEUHA) 0
v disociované a v neutralni formé ‘
jsou si rovny pokud pH = pK.. [ g,
- f;lgc;:(;: of the correspond- ——> /— -
Za environmentalnich podminek, kdy J
3
se hodnoty pH normalné F,
pohybuji v rozmezi 5 az 8,
1 J

hodnoty pK, jsou mezi 3 —10.

Figure 8.9 Schematic representation of the solubility of an organic acid (HA) as a function
of pH.

Pokud ma organicka forma pK, mimo
tento rozsah je bud’to kompletné
disociovana (> 99%) pfi pKa < 3
nebo kompletné nedisociovana
(pKa > 10) pfi pH vodného
prostfedi.
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Organické kyseliny a baze

I; I I e I.I lV] r ] r 14

Polohové a stérické faktory ovliviiujici hodnoty pKa

para —nitrophenol

@) R-CHy-OH == R-CHy-0® pKa > 14 O\ @
S = O a1
Oron= Cr®  pKa=092 !
t O\ ) O\\@@ O\ @
o 0 g 0 H@o/N -C);o

meta —nitrophenol

| = o : 8.
Oz@NQ'O'" 0=@N\C>- PK, = 8.28

g
x
|
o
&
N
I
z
T
w
0
I
o
X
~
I
=
T
N
-
S
]
n
—
o
<

Ze
w
=
-
-]
P
"

1]
N
N
w

o s _@— ® {Qo«—- @Qo.-.ﬁg.}

k&

s +
OH and NH;". Figure 8.4 Influence of the position of a nitro substituent on the pK, of a phenolic hydrogen.

Figure 8.3 Effect of delocalization on the pK, of —
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Organické kyseliny a baze

I; l l ° l.l lV] r ] r 14

Polohové a stérické faktory ovliviiujici hodnoty pKa

substituted benzoic acids

(a) IO //O /0
HO-<:>-C = HO-<:>—C _— @o-<:>-c
"o R R COOH COOH COOH COOH COOH
PKat = 4.48 pKaz = 9.32 @ @ @ @ @
o
CH3 Ct : NO3
4 s s Ka: 419
. = @.c\ _ C pPRa: . 4.36 3.88 3.82 3.41
n OH o, O° 0@ 0°
“H ApK,: O +0.17 -0.21 -0.37 -0.78
pKar = 2.97 pKa2 = 13.40

substituted phenyl acetic acids

& @_@/CH;; @_ ‘\CHg
NH _ N
N “cHs CHpCOOH  CHpCOOH  CHpCOOH  CHoCOOH  CHoCOOH

CHy
pK, = 5.15 resonance with aromatic @ @

—_— /nng hindered Cl

CHyCH3 CHaCHg i . "

f%'l/ @N\\\\
NCHyCHy “CHy CHs pK,: 4.28 4.36 4.19 41N 3.85
Py < 6.16 ApKa: 0 +0.07  -0.09  -0.17  -0.43

Figure 8.5 Exampies of proximity effects on acidity constants: {a) hydrogen cending and
(b) steric interactions. . . . .
Figure 8.6 Effect of ring substituents on the pK, of benzoic acid and phenyi acetic acid.
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Persistence v prostredi

Persistence — schopnost latky zustat v prostfedi nezménéna po
dlouhou dobu.

Persistentni — organické latky, odolné viici riznym formam
rozkladu po dlouhou dobu;

Nedegradabilni — kovy, nerozloZitelné, zména oxidacniho stavu,
podstata se neméni.

Polocas Zivota — doba, za kterou je polovi¢ni mnozstvi latky
odstranéno z prostifedi.

Research Centre for Toxic Compounds in the Environment
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Persistence v prostredi

Z.avisi na:

G

emise nebo vytoky latky do prostfedi jsou odstrafiovany jen
pomalu, takZe mnozZstvi latky v prostfedi narasta na hladinu,
jeZ muZe zpusobovat problémy;

latka miiZe zistavat v prostifedi dlouhou dobu a miZe byt
béhem této doby transportovana na znacné vzdalenosti od
mista pavodniho vstupu — €asto do zranitelnéjSich regioni;

pomalé odstrafiovani z prostfedi znamena, Ze pokud jsou
emise nebo vytok redukovany nebo zastaveny koncentrace
v prostiedi ziistava po dlouhou dobu na vyssi hladiné nezZ je
pozad’ova hodnota nebo hladina bez efektu.

Research Centre for Toxic Compounds in the Environment
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Persistence a doba zZivota

Y% Persistence latky v jednotlivych sloZkach prostfedi je obvykle

vyjadfovana pomoci ,poloCasu Zivota* — doba, za kterou je

z prostfedi odstranéna polovina latky — po péti cyklech je

mnoZstvi velmi nizké — kolem 3 %b.

Disappearance of Chemical from Napfiklad pokud ma latka polocas
the Environment zivota ve vodach 6 dnii —za 1

100 meésic je zhruba z vody
B 80 L odstranéna; ma-li polocas 70 dnu,
§ 2 gl trva tento proces ca 1 rok.
£ Z
& Polocas slouZi pro srovnani latek
o i mezi sebou nebo srovnani

: O 1 2 3 4 5 8 s urCitym, zvolenym
Number of Half-lives Bapsed Standardem, napi‘ﬂdad

s urcitou pfirodni latkou.

Research Centre for Toxic Compounds in the Environment
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Persistence a doba zZivota

%  SkuteCna rychlost odstratiovani latky z prostfedi zavisi na
dostupnych odstrafiovacich procesech.

%  Tyto procesy, jeZ maji raznou dileZitost pro rizné slozky
prostfedi v riznych Castech planety, urCuji t€inny polocas

Zivota a persistenci latky:.

Amount of chemical transported to
remote regions in relation to atmospheric half-life
and distance traveled.

100
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Persistence a doba Zivota

Amount of chemical transported and deposited to a remote region 1000 km from the
point of discharge, based upon atmospheric half-life and Henry’s Law constant. Contours
shown in each figure represent the amount of material deposited, expressed on the basis of %
(identified above each contour line). Figures were generated using Log Kowequal to 5.0 (A)
and 6.5 (B).
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Typické odstrafiovaci procesy

%  biologicky rozklad - bakterialni degradace v ptidach nebo
sedimentech,

% chemicky - abioticky rozklad (hydrolyza v ptidach, vodach,
sedimentech, fotolyza v ovzdusi..,

Y% pfenos do riznych sloZek prostfedi - t€kani (vypafovani)z
vody do ovzdusi.

Ruzné procesy maji razny vyznam a razné prispivaji k celkové
persistenci latky v prostfedi.
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Typické odstranovaci procesy

Tyto procesy a jejich rychlosti zavisi na povaze prostfedi a na
vlastnostech latky:

% rychlost biologického a chemického rozkladu zavisi na T,
vlhkosti, pH prostfedi,

% biologicky rozklad zavisi také na poltu a typech bakterii a
dalSich pfitomnych mikroorganismech.
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PolocCasy Zivota pro riuzné slozky prostfedi

Emise, vytoky, uniky latek jsou razné pro kazdou slozku
prostiedi — nékteré latky jsou pfednostné emitovany do
ovzdusi, jiné do vody.

V kazdé sloZce prostifedi maji odstrafiovaci procesy razné
rychlosti v zavislosti na vlastnostech latky.

Vlastnosti latek (rozpustnost, t€kani, polarita..) urcCuji tendenci
k pohybu z jedné slozky do druhé¢ a ovliviiuji citlivost
k biologickému a chemickému rozkladu.
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PolocCasy Zivota pro ruzné slozky prostfedi

Hodnoceni persistence latky vyZaduje znalosti o:

S

fyzikalné-chemickych vlastnostech latky urcuji chemicky a
biologicky rozklad, napf. hydrolytickou stabilitu

vlastnostech latek, které ovliviiuji transfer a distribuci mezi
slozkami — tékavost, rozpustnost, sila vazby na puadni Castice

vlastnostech sloZek prostfedi (pH, salinita vody..)

intervalech mezi vstupy emisi nebo vytokii.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

63



PolocCasy Zivota pro ruzné slozky prostiedi

Example 1.1 Calculation of residence time

steady state amount in the atmosphere
flux (in or out)

T = residencetime =

1.3 X 10™kg

496 x 10" kgy™*
This is the average time that a molecule of water spends in the atmosphere.

= 0.0262 y =96 days.
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Mendé¢lejevova soustava

Skupina # | 1 2 3 4 5 6 7 8 9 |10 | 11 |12 | 13 |14 |15 | 16 | 17 | 18
Perioda
1 2
1 H He
’ 3 4 5 6 7 8 9 110
Li | Be B | C|N| O| F |Ne
3 11 | 12 13 | 14 | 15 | 16 | 17 | 18
Na | Mg Al | Si | P S | Cl | Ar
4 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36
K |Ca|Sc|[Ti |V [Cr|Mn|Fe |Co|[Ni|Cu|[Zn|Ga|Ge|As | Se | Br | Kr
5 37 | 38 [ 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
Rb| St | Y | Zt [Nb(Mo| Tc | Ru | Rh | Pd |Ag |[Cd | In | Sn [ Sb [ Te [ T | Xe
6 55 | 56 | * (72 |73 |74 (75|76 |77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs | Ba Hf | Ta | W | Re [Os | Ir | Pt | Au |Hg | Tl | Pb | Bi | Po | At [ Rn
- 87 | 88 | ** | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra Rf | Db | Sg [ Bh | Hs | Mt | Ds | Rg | Cn | Uut [Uuq|Uup |Uuh| Uus |Uuo
* Lanthanoidy 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71
La | Ce | Pr [Nd|Pm|Sm |Eu |Gd|Tb | Dy | Ho| Er | Tm | Yb | Lu
** Aktinoidy 89 (90 | 91 | 92 [ 93 | 94 | 95 | 96 | 97 | 98 | 99 [ 100 | 101 | 102 | 103
Ac [Th| Pa | U |[Np|[Pu |Am |[Cm | Bk | Cf | Es | Fm [ Md | No | Lr
;Q\IERSI’“’&,Q () Research Centre for Toxic Compounds in the Environment 65
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Srovnani organickych a anorganickych chemickych latek s
pohledu persistence, bioakumulace a toxicity

Kovy — prvky, jeZ maji tendenci pfedavat elektrony z vnéjsich
orbitt jinych prvkim za vzniku stabilnich elektronovych
konfiguraci (elektricka vodivost).

Kovy — prvky v periodické soustavé nalevo od linie B — At, jiné
vazby neZ u organickych latek.

Vzorce:

Anorganické: Organické:

Kov-M slouc¢eniny: CH Z,
Kovové ionty — Mn™ Z=X,0,A,P)

Kovové slouceniny - M A/ (A = anion)
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Srovnani organickych a anorganickych chemickych latek s

pohledu persistence, bioakumulace a toxicity

8 84

Kovy — pfevazné iontové sloucCeniny, vysoce polarni vazby, vyssi
koordinacni Cislo a vyS§i variabilita oxidacnich stavii nez u
OL.

Rozdily v chemickych vlastnostech AL a OL vedou k rozdilim
v jejich chovani v prostfedi pfedevsim pokud jde o

biodegradaci/persistenci a bioakumulaci/ bioobohacovani.

Kovy i fada OL mohou byt persistentni.

Ale: kovy — mohou v prostfedi ménit oxidacni stav, ale ne svou
podstatu - jsou nedegradabilni.
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Srovnani organickych a anorganickych chemickych latek
pohledu persistence, bioakumulace a toxicity

S

Nékteré OL — obtiZné rozlozZitelné (persistentni OL) — rychlost
jejich degradace (abiotické nebo biotické) vyjadfena
polocCasem Zivota muzZe byt nizka, ale miiZe po urcité dobé za
danych podminek vést k postupnému odbouravani latky.

Polocas Zivota nejde aplikovat u kovil — jsou persistentni, ale
nedegradabilni (vyjimka — radionuklidy).
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Hlavni druhy radioaktivniho rozpadu

Radioaktivita - pfirozena / uméla

Pravdépodobnostni charakter — nelze pfedem rozhodnout, které
atomové jadro se rozpadne a kdy

Vznika vzZdy ionizujici zafeni (jaderné) - nabité Castice ionizuji
pfimo, neutralni nepfimo

Pifeména gama

Y vyzafeni kvanta elektromagnetického zafeni

% jadro musi mit nadbytek energie (po emisi jiného zafeni,
interakci s jinou Castici, ...)

Y% vnitfni konverze zafeni

. foton zafeni y vyrazi elektron a sam zanika
. elektrony maji velkou energii, ionizuji = tzv. Augerovy elektrony
. pfi deionizaci vznika charakteristické rentgenové zafeni
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Hlavni druhy radioaktivniho rozpadu

Pfeména beta
% Vyzafeni nebo zachyt elektronu nebo pozitronu jadrem
% Izobaricka transformace

»  pfemeény neutronu a protonu
* n— p+ e + elektronové antineutrino — Z+1, N-1 = - pfeména
* p—n+e’ + elektronové neutrino — Z-1, N+1 = 8™ pfeména
* p+e — n+ elektronové neutrino — Z-1, N+1 = zachyt
elektronu

% Neutrina
> zména hmotnosti jadra je konstantni
> energie emitovanych 3 Castic neni konstantni (spojité
spektrum)
> kvyrovnani nepoméru se musi vyzafit i (anti)neutrino
% Pozitron obvykle ihned reaguje s elektronem — anihilace +

vznik y-zafeni

e Se,
N
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Hlavni druhy radioaktivniho rozpadu

Pifeména alfa

& & &

Spontanni emise alfa ¢astice - 4, He?* = jadro helia (2p+2n)
U jader s A > 150

Vysoka hmotnost a rychlost = silny zpétny raz — jadro samo
vyvolava ionizaci

Jaderné Stépeni — neutronové zafeni

Y

Rozpad tézkych jader ve dvé dcefiné (Stépné produkty) +
emise neutronua + E

Spontanni / vyvolané interakci s neutrony

Ruzné produkty s urcitou pravdépodobnosti — Casto opét
radionuklidy — rozpadové fady
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Zakon radioaktivni pfemény

Fyzikalni, biologicky a efektivni poloCas, radioaktivni rovnhovaha

Zakon zachovani hmoty

@

zakon zachovani hmotnosti a energie (protoze E = m * ¢?)

nesouhlasi-li hmotnosti vychozich jader a produktii, muselo
dojit k pfeméné m a E

@

Z3kon zachovani elektrického naboje, poctu nukleonti, hybnosti
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Zakon radioaktivni pfemény

Zakon radioaktivni pfemény

% Popisuje dynamiku pfemény

% Rychlost radioaktivniho rozpadu jednotlivého radionuklidu je
umérna celkovému poctu nepfeménénych jader pfitomnych v
daném okamZzZiku ve vzorku.

-dN/dt = N * )

dN = pocet rozpadlych jader za dt
dN/dt = rychlost rozpadu

A = rozpadova konstanta

N = N, = pavodni pocet jader

— * a-A ¥t
N,=N,*e

N, = pocet nerozpadlych jader v Case t
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Zakon radioaktivni pfemény

% Plati pro velké soubory jader
%  Nezavisla na druhu rozpadu a rychlosti

%  Aktivita [Bq = s7!] = celkovy pocet pfemén za jednu sekundu
v jednotkovém objemu

1Ci=3,7* 101 Bq
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Zakon radioaktivni pfemény

Fyzikalni polocas rozpadu T, = Cas potfebny k poklesu aktivity na
polovinu = pfeména

T,=In2 /A
Biologicky polocas T, = doba potfebna k vylouceni poloviny
cizorodé¢ latky z organismu = vylucCovani

T, =1In2 /A,

A, = pomérna rychlost vylucovani

Efektivni polocas T ; = doba potfebna k poklesu celkové aktivity
v organismu na polovinu - pfeména i vyluCovani

T,=1/TH+1/T,

A = efektivni rozpadova konstanta
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Zakon radioaktivni pfemény

Radioaktivni rovnovaha

% U rozpadovych fad

%, Zajednotku Casu se pfeméni stejny pocet jader materské
latky jako produktu

%  Polocas rozpadu latky je mnohem vyssi

% Techneciovy generator
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Rozpad nestabilniho a vybuzeného jadra

dN/dt =—-AN
p
Y— zafeni: NX* — NX + y; hv = Ee — Ey
o—rozpad: 212 .Bi > 28, T1 + a; 4,0
B-rozpad: WK — 9Ca + e B~

zachyt elektronu: K + e~ — “Ar; B4
WK — 0Ar + e+;
spontanni rozpad: 28U — 3 jadra (A 30—64) + x n
fission track datovani

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

77




23 [25 92 - Uranium
A

U-238 a Th-232 .21

Th* 90 - Thorium

Th®

o 89 - Actinium

Ra’® 88 - Radium

Rn%? 86 - Radon

T p Th**® 90 - Thorium
%

Ac*® a 89 - Actinium

Ra*® Ra™* 88 - Radium |

o 87 - Francium
Rn%%° 86 - Radon

Research Ce; Fig. 7.7 Uranium-238 (above) and thorium-232 (below) radioactive decay schemes to produce

radon-222 and radon-220, respectively. The product isotopes are gases and are themselves
radioactive, decaying further to stable products.




Vazby a velikosti

Vazby: mezni typy vazeb — kovalentni, iontova, kovova, Van der
Waalsova, vodikova — ve strukturach mineral se vé€tSinou
setkavame s jejich kombinacemi

Velikosti stavebnich ¢astic minerala

U neutralnich atom zavisi jejich polomér na atomovém Cisle, tedy
na pocCtu elektront v elektronovém obalu atomu.

U nabitych castic — iontl — zavisi v hlavni mife na jejich naboji.
Obecné plati, Ze €im vyssi je jejich kladny naboj, tim jsou
mensi — vyrazné pfitahovani kladnym nabojem protonti jadra;
¢im je vyssi zaporny naboj, tim jsou vétsi — vzajemné
odpuzovani stejnych naboji elektroni.
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