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* methods and routes of breakdown (photo, chemical, biol.)
o Kkinetics
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 Interaction with sorption




Definition of soils

highly heterogenous with diverse sorption sites
transfer to Immobile solid phase

strength of binding; from weak Van der Waals

(4-8 KJ mol+), H-bonding (2-40 KJ mol+?),
chemisorption (60-80 KJ mol?), to irreversible
covalent bonds

Kinetics of sorption; biphasic rapid then slow
solls and the wider environment




FATE OF ORGANIC CHEMICALS
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Complex origin of solls
solid/liquid/gas

living parts
climatic/weather/cultivation
remains of rocks

remains of living organisms
organic matter; various states




Particle size

surface area and hydraulics, key to
pesticide behaviour

texture: combination of sand, silt, clay

organic matter (litter - humus »
carbon)

clays and OM possess negative
charges
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Montmorillonite
(expanding clay)

cf kaolinite

Hydrated pesticide 2,4-D, adsorbed on
Montmarillonite surface via Ca* cation.
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IMPORTANCE OF PARTICLE SIZE

REPRESENTATIVE CATION EXCHANGE
CAPACITIES OF COMMON MATERIALS IN
SOILS (pH 7.0)

Exchanger (Saoil Cation Exchanges Capacily

Fhase) (CEC)
Cmols kgt

Drganic matter 100 - 300
Vermiculite 100 - 150
Allophane 100 - 150
=meaectite GO - 100
[ montmorillonite)

—hlonte 20 =40
Iite 20 =410
aolonite 2 -6
Hwdrous oxides 2 -8




Diffusion
Kwa or mass

Target/
: plant

\4




Equilibrium?

Equilibrium not usually reached
soil environment changes
soil water normally present

binding of OM to clays
iImportant parameters K, and K.

Henry's constant

partial pressure in air, ¢ water molar
concentration Henry’s law constant (low
conc only)




K4 ratio of concentration of sorbed to solution
(at equilibrium)

For polar, ionized and ionizable substances will
depend on pH

For non-ionizable organic compounds, sorption
mainly by solil organic matter (approx. 1.72 x
“organic carbon”)

K,. sorption only on organic carbon part of soil
(Kqm OC)
Koo = Ky/%O0C




adsorption, the retention of solutes by the surfaces,
and absorption the retention within the solid matrix

To recap; sorption regulates pesticide mobility and
nioavailability

Key sorbate is OM or OC (for non-ionics)

Partition- K. linked to K, (oil-water partition
coefficient)

Kq = 0.045 K,,°>%. %OM
Kow Measured as octanol-water partition coefficient

Kinetics of sorption; 2 above processes have different
rates and profiles, usually rapid followed by slow




Influence of pH on
the cation exchange
capacity of smectite

and humus.

Below pH 6.0 the
charge for the clay
mineral is relatively
constant {permanent).

A small amount of the
charge on the clay and
all charges on humus

are pH dependent.
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PESTICIDE TYPES AND IONIZATION

neutral, acidic and basic molecules
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pK  Sol.
Simazine Cl, NHEt, NHEt, 1.65 5

Atrazine Cl, NHEt, NHi-Pr 1.68 70
Prometryne  CI, NHIiPr, NHIPr 4.05 48
Prometon OMe, NHIPr, NHiPr 4.28 750










MEASUREMENT OF SORPTION (DISTRIBUTION
COEFFICIENTS)

Normally measured by shaking water solution
of pesticide with the soll (“slurry batch method”)

Exposes sorption sites to pesticide, time
allowed for equilibrium, temperature constant

Variation of sorption with pesticide
concentration- example of isotherm:

metolachlor

Wang et al. 1999
Pestic Sci




Q= KfC%
Where Q Is amount sorbed (mmol or ng/qg)

C concentration in solution at equilibrium (nmol/l)

K¢ Freundlich distribution constant (represents
sorption capacity of sorbent)

1/n dimensionless constant, energy distribution of
sorption sites

n=1 for linear relationship and Kd, sites of similar
affinity, 1/n>1 strong solvent sorption (convex curve,
Giles S-type), 1/n<1 low competition solvent-solute
(concave curve L-type)




LOSS MECHANISMS OF ORGANIC
PESTICIDES

Physical movement

— leaching, dispersion, volatilization, runoff, wind blow, bound
residues, harvesting

Degradation or breakdown
— abiotic: hydrolysis, oxidation, photolysis, activated photolysis

— biotic: degradation, conjugation, mineralization, extracellular
enzymes, incorporation

Organisms: microbial, plants, animals

Degradation products or metabolites; may be
activated or inactivated

Only biodegradation can mineralize (remediate)
Microbes: use as nutrient (C, N, P etc)




LOSS RATES

Theoretically, loss rate depends on pesticide

concentration (assuming bimolecular reaction with envir.
component)

True for all loss mechanisms

Degradation: transformation to simpler molecule,
ultimately reaching non-organic (mineralization)

e.g. A B C mineralization
K, rate gunstar., typicaiy K;< k,, etc.
loss of A:

disappearance B =k A][Env] [A]small, [Env] large and d[Env] zero
half life )
tv or D150 C=Coe'
INC =InCo- kt C=concatt=t,Co=concatt=0
IN(C - Co) =- kt




DEGRADATION RATES

Initial fast, then slow rates
Available and unavailable pesticide fractions

Multi-compartment model (in solution, sorbed-
avallable, sorbed-unavailable, bound)

Compare “disappearance” and mineralization (CO, )
Use of radiolabelled tracers

“Catabolic” energy source, or “co-metabolic”

Catabolic metabolism; lag phase of microbial
adaptation, then rapid degradation

Degrading microbial populations, consortia




Soll microbial rates of degradation




FACTORS AFFECTING BIODEGRADATION




DEGRADATION
PATHWAYS IN
SOIL

Example: aldicarb
an oxime
carbamate
nematicide

both chemical and bio-
logical degradation In
same molecule




EXAMPLE OF ALDICARB

Main pathways: hydrolysis and oxidation
Hydrolysis pH dependant typically abiotic
Oxidation can be biotic

Both reactions concurrent leading to complex

effects

TTO total toxic residues (aldicarb + oxidation
products) both metabolites have lower K, than
parent

Hydrolysis detoxifies residues
Disappearance half life short (~7 days)




RATE OF DEGRADATION OF ALDICARB

(after Hadjilouca and Wilkins, 2002, Proc BCPC)

—e— Aldicarb

—o0— Aldicarb sulphoxide

—— Aldicarb sulphone
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ALDICARB DEGRADATION

* High toxicity Mammalian rat LD50

° pH 7.7-8.2
e Clay 50.8- 64.6%
e Oxidation main metabolism

e Two stage loss; the corresponding half-lives
were 4.0 £ 0.45 (99% aldicarb) and 268 + 54.5

days
* Aldicarb sulphoxide most mobile of toxic
residues






