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INTRODUCTION

Before any novel compound is introduced into agriculture it has to undergo
rigorous examination in terms of its overall safery in the environment. It is under
the broad umbrella of environmental safety that the fate of the chemical in =oil is
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EMVIRONMENTAL FATE OF PESTICIRDES

examined in order to satisly both the agrochemical company and government
regulatory authorities worldwide that the product will not lead to unaceeptable
side effects.

Any approach 1o soil studies should be viewed in the context of the intended
use pattern of the chemical. In this way, approprate studies can be carried out in
order to address specific needs where necessary. This approach, however, does
not always meet the ‘caich-zll' policies of regulatory requirements. Qpinions
differ between particular government authorities [rom which has arisen
increasing guideline specificity and divergence between them. This, in turn, has
led to the imposition of different criteria by which pesticide behaviour is both
investigated and, perhaps more significantly, interpreted,

In recent years certain pesticide regulatory requitements (for example, those
involving toxicological data) have remained largely uncharged; in contrast, there
has been a significant increase in requirements for information on the behaviour
of pesticides in the soil environment. Two key issues have influenced this demand:
(1) the potential for contamination of drinking water highlighted by the detection
of certain compounds at low coneentrations in ground water and (2) the search
for less recalcitrance linked to an increasingly held view that persistence is an
undesirable property. In both instaneces it is not necessarily the toxicological
significance of the residue that s at issue but rather the presence of the compound
per se at any concgntration.

Methodologies for the study of pesticides in soil have developed steadily over
the past 20 years or so, but how effective they are in addressing current issues is
debatable. From a scientific standpoint, experiments should be designed to
attempt to elucidate particular mechanisms of behaviour in soil, whether it be
degradative route, adsorption or mobility, information which can be used to
formulate a reasoned understanding of the behaviour of the compound in the
context of environmental acceptability. Inevitably, laboratory studies provide a
substantial amount of this information, but there are increasing dernands to
evaluate pesticides in soil both in more sophisticated laboratory systems and
under actual use conditions in the ficld. It is casy to lose sight of the diflference
between laboratory and field evaluations. Laboratory studies are essential in
order to provide reproducible procedures for comparative puiposes. They allow
manipulation of the systems in order io provide a measure of control over a
particular parameter whether it be, for example, soil moisture, airflow rate or
temperature. In degradation studies, laboratory data are generated principally in
order to determine routes of metabolism. Conversely, field studies evaluate the
net effects of all the environraental, biotic and edaphic influences on the rate of
transformation and the consequent metabolites produced.

Soil is such a highly variable matrix and such is the complexity of its chemistry
and biology that no amount of increased sophistication in laboratory assays can
ever hope to reproduce the interactions of the pesticide, soil and climate in the
field. There is, therefore, a need to return to first principles and take a closer look
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at the properties ol the pesticide molecule iteelf and then 1o examine the influences
that will affect its behaviour in the field.

MECHANISMS GOVERNING THE FATE OF PESTICIDES IN SOIL

The principal factors governing the fate of a chemical, be it xenobiotic or natural,
in the field are given in Figure 1. The chemical structure defines the intrinsic
properties of the compound, the soil defines the properties of the medium
containing it and the climate defines the temperature, water and air Mluxes. Fate is
determined by the complex interactions of all three. Many reviews have been
written discussing these factors (Jury et al, 1987a, b; Leonard and Knisel, 1988)
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Figure 1 Factors governing the fate of pesticides in soil
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and the key processes by which the fate of the chemical is defined are generally
recognized to be adsorption of the chemical by the soil, volatilization of the
chemical from the soil and its rate of degradation by biotic and abiotic
mechanisms. These are summarized briefly below.

Adsorption

Adsorption of neutral molecules by soil is most effectively correlated with organic
matter or organic carbon content of the soil. Adsorption per unit of organic
carbon (K,,), is relatively constant within a two- to threefold range for a
particular compound in surface soils. A variety of relationships has been
developed between K, and various physicochemical parameters, the most useful
being with the octanol-water partition coefficient (K,.). A number of log-log
relationships has been defined with a range of slopes and intercepts depending on
the experimental method for determining adsorption, the compounds used and
the expression of the adsorption data as linear or Freundlich isotherms. All these
relationships produce the same answer at log K, = 3, where K _is about 500 and
K, the soil-water partition coefficient, is about 5 for a soil with 19/ organic
carbon (1.75% organic matter). These values are included in several currenmt
regulatory puidelines either as triggers for further work or as indicators of
preferred compound characteristics. Sinee the range of organic carbon in surface
soils is from about 0.1% to 507, that of K, for such a compound in the field will be
from about 0.5 to 500, a fact long recopnized on herbicide labels, many of which
require increased rates at organic contents up to 109, and limit use to the 1-10%
range. At the low end of the range herbicide adsorption is low and depth
protection of the crop may fail, whereas at the top of the range adsorption is too
strong for useful biological activity.

Adsorption of neutral molecules is little affected by soil pH but this is not true
for weak acids and bases where the ionized and unionized forms behave
differently. By analogy with mono-cations such as ammonium and potassium,
the K, for an organic cation will be at least 100, equivalent to a neutral molecule
withlog K., ol about 6. Such strong adsorption of the cation is effective at soil pH
up to 2-3 units above the dissociation constant (pK,) of the base. Above this pH
level adsorption depends on the K,,, of the unionized form. K, of di-cations is
about 10000 as observed for inorganic and organic di-cations such as calcium and
paraquat. Tonization of organic acids lowers log K., by 3-4 units. This alone
produces a large decrease in adsorption at pH 2-3 units above the pK, of the acid
(Nicholls and Evans, 1985). A weak acid with pK, 4 and log K, of 3 will therefore
have a K, of about 5 in a soil with 194 carbon at pH 5 but less than 0.5 at pH 7.

Mechanisms other than cation-exchange or partition-like adsorption have
been proposed but not really substantiated, with the exception of the correlation
of the adsorption of glyphosate with that of phosphate (Hangs, 1976). The use of
compounds such as the highly ective sulphonylureas at very low application rates
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(grams rather than kilograms per hectare) may require some re-evaluation of
ideas conceived for the higher rates of use.

Adsorption of aged tesidues appears to increase with time, leading to concepts
of available and unavailable compartments (Dully et al., 1987). The nature of the
unavailable compartment is not understood, but in leaching terms it can only
mean that less occurs than the initial Ky would indicate.

Volatilization

Vapour losses of chemicals from soils depend on the air-soil distribution (K,,),
the location of the chemical in the soil and the climatic factors. Thess factors all
interact but the general features are as follows.

Volatilization from water is conveniently estimated by the Henry's Law
constant (K,.). In the soil-~water—air system, adsorption of the pesticide by soil
from the water phase lpwers its concentration in the water and hence its
concentration in air. The distribution of the chemical between air and wet soil is
given by the air/water distribution divided by the soil/water distribution. The
air-soil distribution is thus a function of water solubility, vapour pressure and
soil adsorption, which can be approximately described as a function of boiling
point and K,, (Briges, 1981). Vapour loss depends on the air—soil ratio, the
distribution of the compound in the soil and the climatic conditions. A chemical
initially below the soil surface can move to the surface under drying conditions
and higher concentrations at the surface can lead to sipnificant vapour loss
(Spencer et al., 1938).

Movement to the surface will depend on the soil organic matter, the K, of the
compound and the water movement, so that although the physical properties can
be used to describe the potential for vapour loss relatively easily (and simple
laboratory experiments demonstrate it) actual Josses in the ficld can be highly
variable,

Degradation

In contrast to adsorption and vapour loss, degradation is generaily a combin-
ation of both abiotic and biotic procssses. The distribution and activity of soil
miero-organisms will differ in laboratory and field studies and thus affect the
degradation rate and possibly even the route of pesticide transformation. Under
field conditions, pesticide degradation rates will vary with the influence of soil
and climate as shown in Figure 1. Under constant environmental conditions in
the laboratory, rates for a given chemical are likely to cover a two- to threefold
range for a variety of surface agricultural soils with varying mineralogy, carbon
content and pH.

The chemistry of the compound may give rise to a wider range of degradation
rates under certain conditions. For example, the longer persistence of
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carbendazim at low pH is probably due to the strong adsorption of the weakly
basic cation; the greater stability of sulphonyl ureas at high pH is due to the
sulphonyl urea anion being much more hydrolytically stable than the unionized
form.

Temperature affects microbial activity, resulting in an increase in degradation
rate of about 2.5-3 for each 10°C rise in temperature. Rales also increase with
increased availability of moisture [rom wilting point to field capacity. In the field,
temperature and moisture content are constantly changing, This results in fluxes
in microbial and chemical reaetivity of the soil. Simulation models based on
laboratory dissipation rates at various temperatures and moisture contents
(Walker, 1987) indicate that under Northern Evropean conditions a chemical
with a half-life of 30 days in the laboratory at 20°C will have a half-life under
outdoor conditions of 1-2 months in the summer and 4-6 months in the winter.
In practice, less persistence is often observed in the field. Seasonal variability in
other climates would depend on rainfall and temperature.

Fate

It is the combination of events whether climatic, soil-derived or the inherent
properties of the chemical itsell that determines what will happen to that
compound. The eomplexities of the interactions arc indicated in Figure 2. Thus,
for example, a centimetre of rain may have the following effects: (1) contribute to
leaching only if it falls on an already wet soil at low temperature, (2) lead to a pulse
of vapour loss from an otherwise dry soil, (3) result in a surge ol microbial activity
followed by an enbanced rate of degradation caused by the provision of moisture
in the rhizosphere in a situation of Jow water availability.

Similarly, the [ate of a chemical will be substantially influenced by events: (1) a
compound applied to dry soil with no rainfall will not leach, irrespective of its
relative persistence, (2) a short-lived compound applied under cool, wet
conditions may leach to lower soil horizons where microbial activity is reduced
and thereby its persistence increased, (3) a relatively non-mobile parent
compound may rapidly hydrolyze in wet conditions to a more mobile metabolite
which, in turn, is rapidly degraded during its path down the soil profile.

Itis, of course, not possible to simulate the complex interactions taking place in
any one study or even in a series ol studies; however, computer models are now
being increasingly used to predict a measure of the likely fate of a compound
under defined conditions. Predictions are generally based upon a combination of
simple physical and chemical characteristics of the molecule such as vapour
pressure, K, t}, and mor¢ complex inputs which are required to assess
accurately soil wetting and drying and water flow. The physical and chemical
properties of the molecule are therefore an essential first indication of the likely
dissipation ol the molecule in soil. When these components are combined with a
preliminary half-life in soil they allow a better assessment of the likely fate of the
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Figure 2 Interactions influencing the fate of the pesticide

compound and potential products arising from its transformation. Some
examples of such predictions are given below.

In Figure 3 vapour pressure (or boiling point) is plotted againt log K,.. Taking
an air/wet soil distribution of 10~ % as an indicator of potential vapour loss, log
K, = 3as the upper limit for significant potential leaching and log K, = 1 as the
upper limit for potentially easily leached compounds, a rapid assessment of
polential behaviour is obtained. The application of this technique to a number of
compounds and compound classes is shown in Figure 4. Figure 5 illustrates how
log K, (or K, lor cations) and soil half-life under standard conditions of
temperature (20-25°C) and low moisture tension are related to current
regulatory requirements.

For the present discussions we have taken four hypothetical structures
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containing familiar structural fragments whose properties and metabolic path-
ways can be reasonably predicted as indicated in Figure 6. Areas of uncertainty
ot ¢oncern ¢an be identified [rom the predictions and key experiments designed
to elucidate the fate of the chemical. Such an approach is likely to provide more
significant information than that obtained using the usual checklist of simple
protocols which may have no relevance in certain areas of chemistry.

HYPOTHETICAL STRUCTURES AND BEHAVIOUR IN SOIL

@”

Physicochemical properties based on molecular structure:

Log K, 57
Vapour pressure 4 % 10”*mmHg
Boiling point 450°C
Water solubility 1mgl™!?
K. 1x1072
- 2x10°%
Soil K, (2% organic matter) 100

Predicted behaviour in soil

Adsorption and mobility

The compound is highly lipophilic and insoluble in water, leading to strong
adsorption to soil as indicated by the high K, value. The compound is therefore
not expected to leach, The high lipophilicity of the compound indicates that
although it may be taken up from soil by plant roots it will not be translocated to
the leaves as the parent molecule. Mobility is, however, likely in the vapour phase
due to the high predicted vapour pressure. Combined with low water solubility
and high lipophilicity, vapour loss from the soil surface may be expected
Consequently, the compound may exhibit significant vapour transport to crop
vegetation above ground if applied to the soil surface under warm conditions and
moist surface soil. If incorporated below the surface, the high K, indicates little
redistribution towards the surface during water evaporation.

FATE OF PESTICIDES IN SOIL m
Persistence

The parent compound, acting as an substrate for oxidation, will be degraded
under aerobic conditions. A ‘predicted’ hall-life may be 30-60 days in warm,
moist soil. Conversely, under anaerobic conditions, the compound will be more
recalcitrant. No hydrolytic reactions in the normal soil pH range are possible and
the usual hydrolysis studies would be of little value in this case. Most regulatory
agencies, however, would require them.

Metabolic route

Ring hydroxylations Lo phenols would result in the formation of bound residues
as well as further metabolism to CO,. Benzylic hydroxylation would Jead to
phenol and biphenylcarboxylic acid, both of which could be readily further
metabolized to bound residues and CO, (Scheme 1),

©/°
S

ring hydrozylation banzylic hydroxylation

OH
OO0
bound residues + GOz

Fate in soil—proposed studies based on physicochemical indications

Synopsis

In terms of degradation in soil, recaleitrance may be of concern at low
temperatures and under llooded soil conditions. Recalcitrance may give rise to
vapour loss from the soil surface. Leaching is unlikely to occur to any degree,
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Because the molecule will cleave at the ether bridge two radiolabelled samples
would be required for experimental work: one **C-labelled in the phenoxy ring
ring and the other in diphenyl moiety.

Proposed studies

Degradation. Degradation in two soils: (1) low organic matter sandy soil; (2) high
organic matter loamy soil. Two conditions should be used:

(a) Conditions: Temp. 20°C

Moisture: 40%, moisture-holding capacity (MHC)

Aerobic incubation under enclosed conditions to trap volatile metabolites.
(b) Conditions: Temp, 20°C

Moisture: Flooded soil

Incubation under enclosed conditions to trap volatile metabolites.

Il rapid degradation 1akes place as predicted then a hall-life of less than 90 days
would be expected with substantial mineralization to **CO,. A further study at
Jow temperature may be justified if the product were to be used for autumn
applications in northern regions. Results from flooded soils giving reduced
partial pressure of oxygen (flooding maintained from 1 day after treatment) will
confirm stability of the molecule with probably little '“CO, evolution.

Leaching. Mobility should be studied in the same soils and at the same
temperature as above using compound applied ‘aged’ and ‘unaged’ to soil
columns. Using fresh soils, degradation will take place during the study. Low
mobility of metabolites is expected if hydroxylation takes place leading to
mineralization to *CQ,; otherwise some mobility of the biphenyl acid may
occut in the sandy soil. Collection of leachates will determine this and indicate the
need for further outdoor investigations such as lysimeter studies.

Adsorption/desorption. K, values can be predicted from log P and will not add
anything that cannot be shown from leaching studies.

Volatility. Due to possible vapour losses from soil, volatilization of '*C-labelled
compound (one position only) should be carried out in one soil at high and low
temperature.

Field studies. Inevitably, some licld evaluation of pesticide dissipation 1s
required. Problem areas such as cold, wet conditions should be included in the
choice of sites if the normal use pattern and persistence studies indicate that the
compound would be present under such conditions.
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Compound 1
COOMa

OC(=0)NHMe

Physicochemical properties based on molecular structure:

Log Ko 1.5

Vapour pressure 5% 107*mmHg
Boiling point 3%0°C

Water solubility 3gi™!

K. 9% 1077

K. 1x107¢

Soil K, 10

Predicted behaviour in soil

Adsorprion and mobility

The compound is unlikely to be adsorbed to soil to any great extent. The K, value
and log K. indicate a potentially mobile compound, although leaching of this
compound would be attenuated in warm soil conditions by rapid degradation via
biologieal hydrolysis of the ester moiety. The resulting acid (pK, 3.9), however,
would also be mobile (log K, 1.2} at all soil pH values. Both the acid and the ester
have the potential to be taken up by plant roots but further breakdown would
limit this. In colder weather, ester hydrolysis would be reduced giving rise to
possible movement of the parent or acid to lower soil horizons or groundwater.
Non-biological hydrolysis of the carbamate group would be faster than the ester.
The high water solubility will limit vapour loss from the soil despite the
potentially high volatility of the parent.

Persistence

Persﬁstcnue ‘is _goverped by the rate of hydrolysis, particularly of the ester. Low
persns(eno? is likely in warm, moist soils with a predicted *half-life’ of 14 days. In
cold conditions longer persistence is likely.

Metabolic route

?‘.s\cr hygrolysis \_vill probably be the major route in biologically active soils but
in subsoils non-biological hydrolysis of the carbamate group would be faster at
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higher soil pH. The phenol would be readily degraded and form bound residues.
Hydrolysis of both functional groups leads to 4-hydroxybenzoic acid, a readily
degraded natural product (Scheme 2).

COOMa

/©\

£OOMs OC(=0)INHMa
an

coon OC(==0)NHMe

N
:

bound residuss + COp

Fate in soil—propased studies based on physicochemical indications

Synopsis

If applied in winter then mobility of the parent ester and more particularly the
carboxylic acid would be of concern. A radiolabelled molecule (*“C-ring) label
would be required.

Proposed studies

Degradation in one soil (loamy sand) at high and low temperature would enable
determination of the metabolic route. *Aged’ leaching studies in a low organic
matter sand and a heavy soil will give the relative mobility of the parent and
carboxylic acid. Lysimeter studies using autumn-applied radiolabelled chemical
in two soil types under outdoor conditions would provide the best indicator of
the likely problems with groundwater contamination. Utilizing appropriate
crops in replicate lysimeters may assist in determining the degree of plant uptake.
Adsorption studies would not be feasible due to rapid ester hydrolysis.
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For possible glasshouse use, a laboratory volatility study using a low soil
moisture and high and low temperature would demonstrate the potential for
vapour loss from soil of the parent compound under unfavourable biodegrad-
ation conditions. Soil dissipation studies in the Feld (winter and summer
applications) will determine rates of compound loss under normal use conditions.

Compound I1I

SO,NHC(=0)Ms

.
Physicochemical properties based on molecular structure:

Log K, 26 -
Vapour pressure « 107" mmHg
Boiling point 650°C

Water solubility (20mg!~ ! pH4, 2000mgl "' pH 7)
Ke 10-*

K., 10-#

Soil K, Range I (pH 7) —3 (pH 5)

pK. 45

Predicted behaviour in soil

Adsorption and mobility

The compound is strongly influenced by pH, behaving as a weak acid. At low pH
where the molecule is largely undissociated there is increased lipophilicity and
decreased water solubility, Mobility is likely to be lass than at higher pH where
increased dissociation will lead to lowered lipophilicity and a lower soil
adsorption coeflicient (K,). In the ionized form the molecuie has the potential to
mave by mass flow to ground water.

Persistence and metabolic route

Hydrolysis of the acetyl sulphonamide to the slightly more lipophilic sul-
phonamide (log K. 2.9) would be much slower for the anion than for the
undissociated molecule and therefore would be slower at high pH. Oxidation of
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the thio ether to form the sulphoxide should occur readily, although hindered
sulphoxides would be only slowly [urther oxidized to the sulphgnes. Because log
K. is now about 0.5 for the acetylsulphonamide sulphoxide and thF sul-
phonamide sulphoxide, both will be highly mobile whatever the soil pH
(Schemme 3).

SO,NHE(==01Me

AN

SO5NH C{==0)ve

50,NH /

Cl

Fate in soil—proposed studies based on physicochemical indications

Synopsis

The compound and its metabolites present a problem in terms of persistenc_e _and
mobility and possible contamination of following crops. In_ summer conditions
(warm climates) where the rate of soil/plant evapotransplratw_n balgnc‘:es the
downward flow of water the chemical is likely to be more rapidly dlssnpalad‘.
Ground water contamination is clearly a risk in alkaline soils and at lower soil
depths little degradation will occur.

Proposed studies

Degradation. Laboratory degradation studies should be targfated at soils with
contrasting pH. Using "*C-ring labelled compounds, metabolic profiles may be
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determined in one ot two soils, light acid soil and heavy clay loam for example,
while degradation rates may be examined in additjonal soil types. Rotational
crop studies would be required in different soils to assess the potential for uptake
of soil residues by plants.

Mobility. In view of the predicted mobility problems, lysimeter studies would
provide the most appropriate mechanism for examini ¢ degradation and

mobility in soils of contrasting pH. Using '*C-material, the distribution of the
compound and any degradation products can be examined at selected titme
intervals both in the soil and in the leachates. As the compound has a low vapour
pressure 0o losses from the soil surface would be expected and mineralization to
4C0Q, would probably occur.

Adsorprion. Laboratory studies would give results dependent upon pH. Low K,
values would be expecied and the information gained would be of little value in
compatison to measured soil mobility.

Field studies. Tt is likely that dissipation studies in a range of soils and climatic
conditions would be needed in order to cover the patterns of major crop use.

Compotnd IV

Physicochemical properties based on molecular structure:

Log K., -2

Water solubility S0gl—?

Vapour pressure Negligible

Ko 10710

K. 10710

Soil K, 100-10000
pHO9pH 7

PK, (imidazole ring) 60

Predicted behaviour in soil

The principal feature of the compound is strong adsorption to soil. In all soil
types the compound is likely to be strongly bound, with K, ranging from ca. 100
in highly alkaline soils to greater than 10 000 in neutral and acid soils, Negligible
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degradation is likely to occur and no leaching is predicted despite the bigh water
solubility of the salt. Biological activity in soil would be undetectable.

Proposed studies

Laboratory studics should be designed to examine soils with low cation exchange
capacity and to determinc degradation of the radiolabelled compound in both
aerobic and flooded soils. '*C-Labelling the imidazole ring should allow the
detection of any CO, as mineralized '*C atising [rom ring opening. Soil
adsorption studics should be carried out to determine relative K, values in light—
heavy soils. Results will confirm predicted binding and should obviate the need
for laboratory leaching studies.

Rehaviour of the chemical in the field will be of principal concern and **C-
radiolabelled ‘small plot’ treatments may be an appropriate means of determin-
ing dissipation and availability of the ‘bound’ material to relevant crops in situ.

THE REGULATORY INFLUENCE

Highly standardized procedures are frequently required in studies for regulatory
authorities where particular properties of a pesticide are Lo be evaluated as, for
example, in the OECD guidelines (OECD, 1981). While such protocols are
aceepted for determining, for example, solubility in water, vapour pressure and so
on, they are not applicable in the same way to the study of biological matrices such
as soil or sediment/water. There is, however, an increasing tendency towards
‘checklist’ criteria even in the area of metabolism studies. This can be ilustrated
by the comment in EPA Fact Sheet Number 2, 30 March 1984, on simazine,
which reads ‘The available data are insulficient to fully assess the environmental
fate of simazine’, and indicates among other data requircments a need for acrobic
soil metabolism and leaching and adsorption studies, subjects on which there are
hundreds of papers in the scientific literature (EPA, 1988).

Requirements differ [rom one authority to another, and these differences can be

Table 1 US requir for soil bolism studies

Soils Usually two contrasting soils typically of the area of use

Moisture 75% of field capacity at 0.33 bar

Temperature One temperature between 18 and 30°C

Aeration Aerobic and anaerobic (usually after 30 days acrobic incubation
or onc half-life)

Incubation One year or until patterns of decline are established for the
parent compound and its major metabolites

Analysis Require identification of residues down to 0.01 ugg ™"

Additional state

requirements Arizona—pH range limited to 6.5-8.5—organic carbon = 2.63;
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Supply of stendard soil;
selection of 3 soils fresh from the field

Metaboliam with standard
soil or a gzoil of own
choice (decomposition
product, volarile
eotponents, CO3, bound l
residuas) .

DT 90 value ——————r—en .-
€100 days likely: ne

yes

Decomposition teste Decompogition tests

in the laboratory in the laberat
with 3 soils with 1 gail i

DT 50 valus
<30 days?

P

DY 90 value
<100 dayas?

no

po-em———-d

v
Open air tests onm & Opan air tests on 6
different sites diffarent siteg

{different goil and (diffarent soil and
weather, conditions) weathai' conditions)

t
no Accumbilation
1likaly?

v A\
Approval application: yes

Examinati{ons on the reaidus
of the 8.1, after several
applications

Figure 7 Scheme for determining the degradation of pl i i i
plant protection products in soil
(adapred from BBA Guideline, Part IV, 4-1) P '
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shown by examples. The ‘fate in soil' requirements for the USA Environmental
Protection Agency (EPA) and the West German Biologische Bundesanstalt (BBA)
are shown in Table | and Figure 7, respectively (EPA, 1982, BBA, 1986). Both
schemes are guided by ‘hall-life’ or ‘disappearance times', although BBA criteria
are much more specific where the assumption is made that any compound with 2
DTy, of =30 days and a DTy, of > 100 days is a persistent molecule triggering
extensive field evaluation. Protocols for laboratory studies are also specific and
vary [rom country to country; for ¢xample, with reference 1o incubation
conditions such as soil moisture content and temperature. In laboratory
degradation studies, the principal aim is to examine routes of metabolism. The
justification for a lower temperature should be on the need to determine
intermediates in a breakdown pathway which may otherwise be transient at
higher temperatures, Pesticide behaviour influenced by climate can be evaluated
in outdoor studies. The temperature range for EPA soil studies is 18°-30° C while
BBA prefer 20°C. However, lower temperature inveéstigations are additionally
required by West Germany (10°C) while in Canada, by comparison, the
recommendation is between 4° and 8 °C. Tt is academic as to whether a 2 °C shift
in temperature will make a significant difference to the outcome of a soil-
degradation study, but this is, nonetheless, an example of the disparity in
approach.

Both EPA and BBA place strong emphasis on column leaching studies to
demonstrate mobility in soil. Both guidelines require evidence of parent
compound mobility and the study of the mobility of parent and degradation
products following pre-incubation or ‘ageing’ in soil. The use of a low organic
matter content sand is required to demonstrate movement in a low sorptive
capacity soil. The BBA, however, require leaching comparisons in three standard
soils Speyer 2.1, 2.2 and 2.3 (BBA, 1984). As these will have been supplied air
dried, sieved and stored for any length of time, negligible microbial activity may
be expected. Speyer soil 2.1 is additionally required for use in ‘aged’ leaching
studies, where the principal aim is to examine the mobility of both parent
compound and transformation products. The variability in these soils (up to
threefold in organic matter content 2nd a pH range from 3.5 1o 7.5) must create
large variations in the results of leaching tests particularly for weak acids. For
example, weak acids with pK, in the range 4-6, such as compound I1L, would not
be leached at pH 5.5 but would be at pH 7.5. Hence the system can effectively
manipulate the outcome of the study.

1t is therefore debatable whether or not such studies are really suitable for the
investigation of compound mobility. Wherever possible, the same soil types
should be used in both laboratory and outdoor investigations in order to
compare behaviour between experimental systems. Batch equilibrium studies are
recommended for the determination of adsorption/desorption of compounds and
the method is a commonly used technigue, relying on the stability of the molecule
duting the equilibration period. The method is, however, unsuitable for readily
hydrolysed compounds. Furthermore, aseptic technigues are required to limit

FATE OF PESTICIDES IN 50IL 121

degradation of compounds liable to rapid microbially mediated transformations.

Space does not permit discussion of other aspects of soil regulatory require-
ments, such as anaerobic soil studies and sediment/water systems. The re-
commendation of particular methodologies, however, requires further develop-
ment and investigation within the scientific community.

SUMMARY AND CONCLUSIONS

There can be no absolute eertainty of the way in which a particular pesticide will
behave in soil but uncertainty is reduced by the execution of a sulliciently
comprehensive series of investigations to determine patterns of dissipation,
routes of metabolism and the magaitude of terminal residues. As we have
attempted to demonstrate, many of the potential difficulties in assessing the
behaviour of a compound in soil can be identified from the properties of the
molecule itsell. It is, however, not suggested that predicted behaviour based on
physicochemical data should replace appropriate experiments but rather that
they should enable research to be directed towards the highlighted problem
areas. In theory, the physiochemical properties of a chemical should enable the
selection of least problematic compounds well in advance of their development as
marketable agrochemicals, but, as with many compounds, a high degres of
elﬁcgcy may be accompanied by a particular ‘negative’ property such as
persistence in soil.

Whatever the features of & particular compound, in order to achieve
registration, regulatory guidelines for evaluating the pesticide in soil will
generally be followed, although satisfaction of a regulatory guideline requirement
may not address in the most cfiective way those issues which require investi-
gation. The problem is one of the philosophy behind the regulations combined
wi!h the interpretation of data provided. It is here that dilferences of opinion
guide the decision-making process and what may be desmed acceptable by one
authority may be unaceeptable to another.

If one of the four examplc compounds cited in this chapter were to be
submitted for registration, how would it be viewed in the light of its fate in soil?
Compound IV was predicted to be strongly adsorbed to soil, to be slowly
degraded and not to leach. It would not, therefore, be a ground water contami-
nant. Even if studies showed that the compound had no biological activity in soil
and was not translocated through uptake from plant roots, the fact that it was
present as an ipaclivc maoiety would still be considered as highly undesirable by
some registration authorities. Any amount of further investigation would pot
detract from the fact that the molecule persisted, albeit strongly bound to soil
organo/¢lay complexes. Persistence, however, should only be an issue of major
concern when accompanied by long-term biological effects. It is unlikely that, for
example, organochlorine compounds would be registered for widespread use in
the current light of our increased awareness of environmental safety.

There is also a distinct tendency lor regulators to focus on specific trends. In the
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1960s it was insecticide persistence; in the 1970s it was carry-over of plant growth
regulators; in the 1980s it was ground water pollution by herbicides. We predict
that volatilization will be the next major issue to confront the agrochemical
industry-~a subject that is not well understood and little researched (Travis and
Hattemer-Frey, 1988). Whereas the potential for Joss of the pesticide from soil
and transport in the vapour phase may be recognized from the physicochemical
properties of the molecule, current methods of determining the fate of agrochem-
icals in soil may not be adequate to allow extrapolation to particular use
situations. Perhaps it is now time to develop appropriate and realistic method-
ologies to examine the phenomenon before inflexible protocols become part of
the repulatory procass.
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'INTRODUCTION

Pesticides afford remarkable benefits to mankind not onl i i

yields am:l protecting forests but also by controlling arthrogo: }\',;:g:: Zlfnsge;:\’lg
huma_n disease. It is well known, however, that residues of persistent pesticides,
especx_ally ll‘mse ol organochlorine insecticides, are found in terrestrial anci
aquatic environments, including their constitutive organisms (Edwards, 1976;
Murty, 1986). Since these chemicals are highly lipid soluble, lengthy expo;ure to,
them results in their high lation in organi and hence they may
produce‘ adverse effects on ecosystems. These phenomena are clearly demon-
strated in the hydrosphere rather than in the atmosphere and the lithosphere
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