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Availability/BioavailabilityAvailability/Bioavailability

Availability/bioavailability is the Availability/bioavailability is the 
integration of various processes in integration of various processes in 
soil and controls:soil and controls:
–– transport to water and airtransport to water and air
–– exposure to and uptake by target and exposure to and uptake by target and 

nontargetnontarget organismsorganisms
–– degradationdegradation

SorptionSorption--desorptiondesorption is arguably the is arguably the 
most important process; it directly or most important process; it directly or 
indirectly controls all other processesindirectly controls all other processes
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Herbicide

Volatilization

Degradation

Plant uptake

Contamination
(runoff)

Leaching

Source: SWAC  homepag, U of M

Characterization of AvailabilityCharacterization of Availability

Indirect methodsIndirect methods
Direct methodsDirect methods
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Characterization of Availability Characterization of Availability ––
Indirect MethodsIndirect Methods

Aqueous extractableAqueous extractable
Organic solvent extractable Organic solvent extractable 
(supercritical fluids for pesticides in (supercritical fluids for pesticides in 
soil water at typical field moisture soil water at typical field moisture 
levels)levels)
Isotopic exchange techniqueIsotopic exchange technique

Characterization of Bioavailability Characterization of Bioavailability ––
Indirect MethodsIndirect Methods

Aqueous extractableAqueous extractable
Solvent extractableSolvent extractable
SFC method SFC method –– pesticide in soil water pesticide in soil water 
at typical field moisture levelsat typical field moisture levels
Isotopic exchange techniqueIsotopic exchange technique
Batch equilibration method; Batch equilibration method; KKdd; ; KKococ; ; 
KKff , 1/n, 1/n
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Potential Problems/CriticismsPotential Problems/Criticisms

Little data to support solvent Little data to support solvent 
extractable = extractable = bioavailabiltybioavailabilty
Slurry method doesn’t represent Slurry method doesn’t represent 
realityreality
DesorptionDesorption hysteresishysteresis
KKococ -- Sorption on mineral surfaces?Sorption on mineral surfaces?
Changes in availability with timeChanges in availability with time

Direct MethodsDirect Methods

Measured uptake by plants, Measured uptake by plants, 
earthworms, microorganismsearthworms, microorganisms
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Direct MethodsDirect Methods

Measured uptake by plants, Measured uptake by plants, 
earthworms, microorganismsearthworms, microorganisms
Degradation by specific pesticideDegradation by specific pesticide--
degrading microorganismsdegrading microorganisms

Potential Problems/CriticismsPotential Problems/Criticisms

Direct characterization of pesticide Direct characterization of pesticide 
bioavailability in soil using plants or bioavailability in soil using plants or 
microorganisms can be expensive microorganisms can be expensive 
and timeand time--consuming consuming 
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Potential Problems/CriticismsPotential Problems/Criticisms

Direct characterization of pesticide Direct characterization of pesticide 
bioavailability in soil using plants or bioavailability in soil using plants or 
microorganisms can be expensive microorganisms can be expensive 
and timeand time--consumingconsuming
It requires identifying a plant or It requires identifying a plant or 
microorganism that can rapidly take microorganism that can rapidly take 
up and/or degrade the pesticide up and/or degrade the pesticide 

ObjectivesObjectives

Characterize solvent extractability of Characterize solvent extractability of 
aged aged triazinetriazine residuesresidues
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ObjectivesObjectives

Characterize solvent extractability of Characterize solvent extractability of 
aged aged triazinetriazine residuesresidues
Determine mineralization of aged Determine mineralization of aged 
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degrading organismdegrading organism

ObjectivesObjectives

Characterize solvent extractability of Characterize solvent extractability of 
aged aged triazinetriazine residuesresidues
Determine mineralization of aged Determine mineralization of aged 
triazinetriazine residues by a residues by a triazinetriazine--
degrading organismdegrading organism
Correlate bioavailability Correlate bioavailability 
(mineralization) of aged (mineralization) of aged triazinetriazine
residues to solvent extractionresidues to solvent extraction
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ChemicalsChemicals

ULUL--ringring--1414CC--atrazine (>98% pure),  atrazine (>98% pure),  
unlabeled unlabeled atrazineatrazine (>99% pure)(>99% pure)
ULUL--ringring--1414CC--simazine (>98% pure),  simazine (>98% pure),  
unlabeled unlabeled simazinesimazine (>99% pure)(>99% pure)

5.55.574741.41.4
8.08.015152.62.6HWHW
5.55.540401.31.3
5.65.622221.01.0BRBR
6.36.319192.32.3
6.36.3441.01.0USUSSimazineSimazine
6.76.735354.14.1
5.85.8330.50.5USUSAtrazineAtrazine
pHpH%clay%clay%OC%OCOrig.Orig.ExptExpt..

Soil PropertiesSoil Properties
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MethodsMethods

Soil Treatment and Incubation Soil Treatment and Incubation 
–– AirAir--dry soils (10 g) treated with dry soils (10 g) treated with 1414CC--

triazine solution placed into centrifuge triazine solution placed into centrifuge 
bottles bottles 

–– Soil moisture content adjusted to Soil moisture content adjusted to --33 33 
kPakPa. . 

–– Vial containing 5 Vial containing 5 mLmL 1 N 1 N NaOHNaOH was was 
placed in bottles.placed in bottles.

–– Soils were incubated at 25 °C for up to Soils were incubated at 25 °C for up to 
8 weeks.8 weeks.
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At each sampling timeAt each sampling time

Soil

unextracted Aq. extracted Solv. extracted

Soil

unextracted Aq. extracted Solv. extracted

Inocc/
incubate

extract

14CO2

14C

combust
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Inoculation/IncubationInoculation/Incubation

TriazineTriazine--degrading organism: degrading organism: 
PseudomonasPseudomonas sp. strain ADPsp. strain ADP
InoculumInoculum density = 1 x 10density = 1 x 1088 ADP cells ADP cells 
gg--11 soilsoil
Soil moisture = Soil moisture = --33kPa33kPa
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Inoculation/IncubationInoculation/Incubation

TriazineTriazine--degrading organism: degrading organism: 
PseudomonasPseudomonas sp. strain ADPsp. strain ADP
InoculumInoculum density = 1 x 10density = 1 x 1088 ADP cells ADP cells 
gg--11 soilsoil
Soil moisture = Soil moisture = --33kPa33kPa
Incubated up to 20 d at 25 Incubated up to 20 d at 25 ooCC..
1414COCO22 evolution monitoredevolution monitored

RESULTSRESULTS
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1414CC--atrazine residue distributionatrazine residue distribution
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Extractable vs. Extractable vs. MineralizableMineralizable
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Extractable vs. Extractable vs. MineralizableMineralizable
(water(water--, methanol, methanol--extractable removed)extractable removed)
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SimazineSimazine residues distribution before and after inoculation residues distribution before and after inoculation 
with with PseudomonasPseudomonas sp. strain ADP in aged soils.sp. strain ADP in aged soils.
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Summary/FutureSummary/Future

After 40 years of research, there is After 40 years of research, there is 
still no universal method to still no universal method to 
characterize bioavailabilitycharacterize bioavailability
The topic is wide open and we need The topic is wide open and we need 
to look for innovative methodsto look for innovative methods
Sequential solvent extraction Sequential solvent extraction 
correlated to bioavailability is a startcorrelated to bioavailability is a start
Possibilities Possibilities –– biosensors???biosensors???


