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OVERVI EW

GENERAL | NFORNVATI ON

Pur pose and Descri ption of Guidelines
The purpose of these guidelines is to:

1) outline the registration requirenments for studies
denonstrating environnental chem stry and fate;

2) suggest net hods and approaches for generating and
reporting the required data,;

3) facilitate the prediction of exposure of man and non-
target organisns to the active ingredient(s) of a pest
control product and its environnental transfornmation
product (s).

To achieve this objective, it is necessary:

1) to identify active ingredients and transformation
products, pathways and rate determ ning factors of the
transformati on process;

2) to assess environnental persistence and nmobility of the
active ingredient and its major transformation
products;

3) to predict the persistence and transport patterns, with
respect to specific uses.

REG STRANTS ARE REQUI RED TO PROVI DE DATA THAT W LL PERM T
THESE REQUI REMENTS TO BE SATI SFI ED.

The gui del i nes have been prepared taking into consideration

t hose of the Environnmental Protection Agency (EPA)(1), the
United Nations Food and Agriculture Organization (FAO (2) and
t he Organi zati on of Econonm ¢ Cooperation and Devel opnent
(CECD)(3). Additional requirenents are included relating to
Canadi an geography and climate. FIELD STUDI ES OF DI SSI PATI ON
AND ACCUMULATI ON CARRI ED OUT | N CANADA RELATI VE TO DESI RED
CANADI AN USE PATTERNS ARE MANDATORY.

Because of the many vari ables involved for each pesticide,
e.g., manufacture, nethod of application, potential
distribution, chem stry, and toxicity, set protocols are not
devel oped, particularly in the case of field trials. These
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guidelines are nmeant to be flexible, yet indicate clearly the
types of tests necessary for eval uation.

Om ssion of any "required" study nmust be justified on
scientific grounds. Where the decision is nade (on a case-
by-case basis) to not conduct a | aboratory study with a major
transformati on product, the applicant for registration must
provide the rationale for not conducting the study.

The protocols presented here are recommended as a standard
approach to specific tests. Tests conducted according to
ot her scientifically supportable protocols are al so
acceptable. References included provide a basis for the
devel opment of other protocols, and are referenced to
specific tests. References apply to an entire area or
section of study in nost cases, and not to an individual
item They are for guidance and are not a restricted |ist.

Use patterns are divided into two general categories --
“terrestrial” and "aquatic" with a separate section on
"special situations”. Data requirenents are based on

i ntended use pattern (See Section 6.1D)

As part of the requirenent to denonstrate the environnmental
safety of a pesticide, the basic charge on an applicant is to
denonstrate the extent to which an active ingredient or a
maj or transformation product nay:

a) persist in the areas of application, or

b) m grate out of the areas (or the soil |ayers) of
application, under the range of environnental
conditions (moisture, tenperature, pH, soil type,
climate) likely to be encountered in the intended
regi ons of use in Canada.

Applicants for registration should present their conclusions
in the summary (Section 6.1) of the data subm ssion.
Concl usi ons shoul d be supported by discussion based on the
evidence in the data subm ssion. |In particular, the findings
in field studies (e.g., studies in small plots or ponds) nust
be adequately explained and supported by the results of the

| aboratory studies. Provided that such explanation and
support are available, the field studies will normally
constitute the section of the environmental fate data

subm ssion that carries the greatest weight in the regulatory
deci sions. The | aboratory studies of physicochem cal
properties and sinul ated environnmental behaviour of a
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pesticide serve to refine the design of the field studies as
well as to permt the interpretation or explanation of the
findings fromthe field. Deviations fromexpected results in
the field studies should be expl ai ned.

Results of environnental chem stry and fate studies will be
eval uated by Environment Canada and the Departnent of
Fi sheri es and Oceans and the evaluations will be relayed to

Agriculture for use in risk managenent decisions. By
foll ow ng these guidelines, data provided should be
sufficient to allow evaluation. The need for additional data
will depend on the quality of data provided, properties of
the pesticide and intended use pattern. Evaluation wl|l

foll ow the phil osophy stated by OECD in discussing this
aspect: " SCIENTI FI C JUDGVENT RATHER THAN RI G D CRI TERI A
SHOULD BE EXERCI SED I N ACCEPTI NG OR REJECTI NG [ CERTAI N] TEST
RESULTS".

Experi nmental Design

The followi ng qualifications of experinmental design apply to
the different studies discussed in the guidelines. In
general, reference can be made to EPA Guidelines (1) for

gui dance in experinental design: the coments included here
are intended to stress inportant points and to provide
addi ti onal guidance in problem areas.

a) In all studies, the OECD Principles of Good Laboratory
Practice should be applied (3).

b) Test substances will consist of the analytical grade of
t he active ingredient for radioisotopic studies,
technical or analytical grade of the active ingredient
for other |aboratory studies, and the formnul ated
product for nost field studies.

c) Al t hough radi oi sotopic anal ytical nmethods are preferred
when the material balance of the parent conpound and
transformati on products is desired, other appropriate
anal ytical nethods for detecting conmpounds are
acceptable in many cases.

d) Untreated controls should be included in each
experiment, where necessary; i.e., untreated controls
are not always needed in studies involving
radi oi sotopic material.
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Unl ess otherwi se noted, all pesticide treatnents should
be done at |east in duplicate.

Ei t her 20NC or 25NC shoul d be chosen as a standard test
tenperature in | aboratory studies (except where

ot herwi se noted). The consistent use of a single
standard tenperature will allow cal cul ati ons of
parameters such as distribution ratios [see Section
6.2 A 1(c)].

Field studies of dissipation and accunul ati on nust be
conducted in Canada. Types of soil selected for field
studi es should be representative of intended najor use
sites in Canada. Simlar soil types should be used in
| aboratory tests, although | aboratory studies may be
conduct ed out si de Canada.

Reporting

a)

b)

Experinental: Reports should contain descriptions of
ALL experinental design paranmeters. The foll ow ng
check list and the "Reports" section included with each
study protocol contain information concerning details
to be considered for inclusion in reports. Because the
necessity for certain details will depend on the

i ntended use and particul ar properties of a pesticide,
these lists should be considered as gui delines rather
than rigid or exhaustive criteria. Justification for

om ssion of any listed detail should be provided.

Results: Control values as well as values for test
materi al and major transformation products should be
included in reports. Uncorrected data nust be
submtted. If corrections are made to presented dat a,
(e.g., for extraction efficiency), these should be
clearly stated. \here appropriate, nunerical results
shoul d be presented in terns of rate constants, half-
lives (for first-order reactions) or DTg's (tinme for
50% decr ease) and graphical or tabul ar displ ays.
Sanpl e cal cul ati ons shoul d be included where

appropri ate.

The inclusion of data obtained using reference
material (s) [i.e., well-studied pesticides, or
substances such as those suggested in reference (3)] is
strongly recommended because they can provide an

i ndication of the reproducibility and sensitivity of
the test systemas well as aid interpretation of the
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probabl e environnmental behaviour of the test material.
Dat a whi ch has been devel oped for purposes other than
Canadi an regi stration and which provides additional,

rel evant evidence of environnental chem stry and fate
(e.g., sensitized photodegradation in natural water
sanples, field studies carried out in other countries)
shoul d be submtted for evaluation. Certain

physi cochem cal properties of pesticides required under
Part 2, Product Chem stry may be necessary for

eval uation of environnental chem stry and fate studies
(e.g., UV-VIS absorption spectra, dissociation
constants) and applicants shoul d ensure such properties
are subm tted.

1982. Pesti ci de Assessnent Gui del i nes. Subdi vi sion D

Product Chem stry. EPA-540/9-82-018, and Subdivision N Cheni stry:
Envi ronmental Fate. EPA-540/9-82-021.

2) FAQ
Criteria for

1981. Second Expert Consultation on Environnental
Regi stration of Pesticides. Food and Agriculture

Organi zation of the United Nations. Rone.

3) OECD
Chem cal s.

Chem cal Group. 1981. OECD Guidelines for Testing of
Expert Group on Physical Chem stry.
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D. DATA REQUI REMENTS FOR ENVI RONMENTAL FATE*

Pr oposed Use Pattern

Speci al
St udy Terrestri al Aquatic Situations

LABORATORY STUDI ES

A. Physi cochem cal properties
1. Vapour pressure and
vol atilization + + +
2. Hydrolysis + + +
3. Phot odegradation - Soil +
- Water + +
- Air +
4. Solubility in water + + +
5. COctanol/water partition
co-efficient + + +
B. Mobility
1. Adsorption - desorption + +
2. Leaching + +
C. Bi ot ransf ormati on
1. Soil ] Aerobic +
] Anaerobic +
2. Aquatic ] Aerobic + + +
] Anaerobi€ + +
Fl ELD STUDI ES
Di ssi pati on and Accunul ati on
1. Terrestrial
Smal | pl ot/ Large-scal e** + +
2. Aquatic
Smal | / Lar ge-scal e*** + + +
* Onmi ssion of any "required" study nmust be justified on
scientific grounds.
** Either small plot or large-scale field trials nust be carried

out in Canada. Refer to page 39 for clarification.

* ok Refer to page 49 for nore details.
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LABORATORY STUDI ES

In all |aboratory studies, all pesticide treatnments should be
done in at |east duplicate (unless otherw se noted).

PHYSI COCHEM CAL PROPERTI ES AND PROCESSES OF
PARENT COMPOUND AND MAJOR TRANSFORNMATI ON PRODUCT( S)

Accurate values for the | aboratory studies on the

physi cochem cal properties of a conpound are essential for
predi ction of environnmental behaviour. All mjor
transformati on products (products present at a |evel of
greater than 10% of the initial concentration of pesticide at
any time during the study) nust be identified. The

physi cochem cal properties and rates of transformati on of
maj or transformati on products should al so be determ ned,
however, these matters nmay be decided on a case-by-case

basi s.

Vapour Pressure and Vol atilization

The purpose of these studies is to determne the |ikelihood
of pesticide dissipation by volatilization. The vapour
pressure of a substance is the saturation pressure of the
vapour above the solid or |iquid phase of the substance at
t hernodynam ¢ equilibrium Vapour pressure is a key

i ndi cat or of the potential of a conpound to volatilize.

Vol atil e pesticides may becone widely distributed in the
environment and are al so of particular concern in confined
areas.

a) There is no single procedure for measuring vapour
pressure that is applicable to the entire range of
potential vapour pressure values. The appropriate
met hod for determ ning vapour pressure can be chosen
fromfive recommended net hods and will depend on an
estimate of the range in which the vapour pressure of
the pesticide in question lies (3,6):

1) Gas saturation nethod
(recommended range: <1 Pa)

i) Vapour pressure bal ance (recomended range: 103 to
1 Pa)

iii) Static nmethod
(recommended range: 10 to 10° Pa)
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iv) | soteniscope
(recommended range: 102 to 10° Pa)

v) Dynam c net hod
(recomended range: 10% to 10° Pa)

vapour pressure determ nations of npbst pesticides, the

gas saturation nmethod is recommended for the follow ng
reasons:

b)

t he range of vapour pressures that can be accurately
determ ned by this nethod woul d enconpass the vapour
pressures of nobst pesticides

provi ded that the chem cal conmponent of interest is
present as a discrete phase, the test material need not
be pure as long as the detection nethod is specific for
the test conmpound. Inpurities in the test conpound

wi || produce erroneous results in the static,

i soteni scope, and vapour pressure bal ance net hods.

Vapour pressure should be determ ned at 20NC or 25NC
(the chosen tenperature should be used in al

| aboratory studi es, except where otherwi se noted). In
general, extrapolation of vapour pressure beyond the
tenperature enployed in a particular test should be
avoided. In the dynam c nethod, however, vapour
pressure is calculated by determ ning the boiling point
of a sanple as a function of reduced pressure. This
determ nation will normally be done at tenperatures
consi derably above anbient, and may require

extrapol ation to 20NC or 25NC. The vapour pressure

bal ance nmet hod and ot her nmet hods based on the effusion
cell, also involve elevated tenperatures and w l
require extrapolation fromthe experinental conditions.
I n any case, data nmust not be extrapolated if a change
of state occurs between the tenperature of interest and
the tenperature at which the vapour pressure is

measur ed.

When | ow distribution ratios (1) or high Henry's
Constant ( 5 x 107 atmn? nol -!) indicate that a
conpound may be volatile, a | aboratory study should be
conducted to deternm ne the potential contribution of
volatilization to the dissipation of the pesticide in
the field. Observations of volatilization nmade during
bi otransformati on or photodegradati on studies
(conducted in flow through systens) may satisfy
requirenents for volatilization studies. \Where
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vol atilization is going to be a maj or explanation of
pesticide dissipation in the field, then specific

| aboratory data denonstrating volatilization (1, 2, 4,
5, 6) should be submtted. A highly volatile conmpound
that also is noderately to highly toxic will require
further testing in a confined area such as a
greenhouse, particularly if significant inhalation
exposure to workers would be |iable to occur according
to proposed use.

The follow ng information should be included in reports:

i)

Vapour Pressure

1. Anal ytical or technical purity of active ingredient.

2. Tenperature of determ nation.

3. Nurmber of replicates.

4. Equilibration tine.

5. Full| description of test nmethods and sanpling and
anal ysi s procedure.

6. Specific description and interpretation of test
results. Vapour pressure should be reported in pascals
(1 mHg = 1 Torr = 133.32 Pa).

Vol atilization

1. Soil textural class, particle size distribution,
organi c carbon content and noisture content.

2. Analytical or technical purity of active ingredient.

3. Mass (mmterials) balance at end of study.

4. Amount of pesticide added and anount and identity of
sol vent .

5. Soil application technique.

6. Tenperature of determ nation.

7. Relative humdity.

8. Soil collection date, geographical |ocation of
collection site, length and conditions of soil storage
and soil handling and preparation.

9. Weight, volune or area, treated and sanpl ed.

10. Nunber of replicates.

11. Duration of experinment.

12. Observed pH of test solution.

13. Full description of test nethods and sanpling and
anal ysi s procedures.

14. Specific description and interpretation of test

results.
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Hydr ol ysi s

The purpose of this study is to determ ne the rate of
pestici de degradati on by hydrolytic reactions and to
determne the identity of major transformati on products; the
rates of hydrolysis of major transformation products shoul d
al so be determ ned, however, this may be deci ded on a case-
by-case basis. In principle, a dilute solution of chem cal
is maintained at a constant pH and tenperature while changes
in concentration of parent chem cal and major transformation
products are followed over tine. It should be noted that,
besi des hydrol ysis, other possible reaction mechanisns of a
conmpound in water, such as elimnation and isonerization, are
covered in this study. The information gained from

hydrol ysis studies is useful in estimting persistence of
pesticide residues in the environnent.

a) ldentification of major hydrolysis products nmust be
done using radi ol abel ed pesticide. Materials present
at concentrations greater than 10% of the initial
pesticide concentration at any time during the study
shoul d be identified. The rates of hydrolysis of the
parent conpound and maj or hydrolysis products can be
det erm ned usi ng any suitable analytical technique.

b) Rat es of hydrolysis should be determ ned at one
pesticide concentration in distilled, buffered water,
usi ng seal ed containers. Hydrolysis should be exam ned
at three pH values (acidic, neutral, basic). Test
t enperature should be 20NC or 25NC (dependi ng on which
tenperature is chosen as standard for | aboratory
studies). Tenperature extrapol ations are acceptable.

Li ght should be excluded fromtest systens to prevent
phot ot r ansf or mati ons.

c) The experinment nust be conducted under sterile
conditions. Sanples should be taken and exam ned for
contam nants at appropriate intervals to ensure that
sterility is maintained for the duration of the test
peri od.

d) Sol utions should be | argely aqueous, keeping the
cosolvent, if used, under 1% (V/V) of the final
concentration.

e) The buffer concentration should be relatively | ow
(around 0.01 N) and the results of the hydrolysis study
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shoul d be evaluated with the possible effects of buffer
catal ysis being consi der ed.

f) Sanpl es for analysis should be taken at a m ni num of
5 time intervals starting at zero tinme to provide at
| east 6 neasurenents to determ ne the rate constants.
At | east one observation should be nade after half
di sappearance of the parent conpound or, if the parent
conmpound is slow to hydrolyze, the final observation
can be taken at 30 days frominitiation of the test.

Reports

The followi ng information should be included in reports:

Anal ytical purity of active ingredient.

Mass (material s) bal ance at end of study.

Site of radiol abel.

Amount of pesticide added, and anount and identity of
sol vent .

Buf fer conposition and concentration, pH and possible
buffer catal ysis effects.

6. Tenperature of determ nation.

7. Volunes treated and sanpl ed.

8 Nunber of replicates.

9. Duration of experinent.

10. Results of sterility checks.

11

12

PwNE

o

Ful | description of sanpling and anal ysis procedures.
Specific description and interpretation of test
results.

REFERENCES

1) Chapman, R A, and CM Cole. 1982. Cbservations on the
i nfluence of water and soil pH on the persistence of insecticides.
J. Environ. Sci. Health, Bl17: 487-504.

2) Faust, S.D., and H M Gomaa. 1972. Chem cal hydrolysis of
sone organi c phosphorus and carbamate pesticides in aquatic
environnents. Environnmental Letters 3: 171-201.

Ot her details on experinmental procedure and pertinent
references can be found in:

EPA. 1982. Pesticide Assessnent Guideli nes.
Subdi vi sion N. Chemi stry: Environnental Fate
EPA - 540/ 9-82-021
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Phot odegr adat i on

Phot odegradation studies are required to permt the
assessnment of the significance of this node of dissipation of
a pesticide or its major transformation products.

| dentification of maj or photodegradati on products nust be

done with radiol abel ed pesticide. The rates of degradation
of the pesticide can be determ ned using any suitable

anal ytical technique; the rates of degradation of major
transformati on products should al so be determ ned on a
case- by-case basis.

Studi es using natural sunlight are acceptable, provided that
the paraneters are well defined and docunmented. |If

artificial light sources are enployed in these studies, al

i ght of wavel engths | ess than those in sunlight reaching the
earth's surface (i.e., less than 290 nm should be excl uded
by the use of selective filters or |ight sources which do not
enmt these wavel engths (1).

Soi |

a) Soi | phot odegradati on studies are required if the node
of pesticide application indicates that application
will result in deposition and residence at the soi
surface. Thus, studies would not be required for soi
i ncor por ated conpounds.

b) One or nore concentrations should be tested on one
representative soil used in the soil biotransformation
study. One test concentration is sufficient, but sone
studies routinely involve a range of concentrations.

c) Experimental controls shall consist of soil sanples
treated with the test pesticide at the sane
concentration(s) as the test sanples. Controls shoul d
be held in darkness, but otherw se under the sane
conditions as treated sanples (e.g., sanme apparatus,
sanme tenperature).

d) Sanpl es for analysis should be taken at a m ni num of
4 time intervals starting at zero tine to provide at
| east 5 neasurenents over a period of up to 30 days.
One observation after one half of the test substance
has degraded is sufficient. Therefore, the full 30-day
test period may not be necessary. A photoproduct
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present at any tine during the study at 10% or nore of
the initial concentration nmust be identified.

e) The use of flow through test systenms (2), is
recommended as a neans of quantifying the formation of
vol ati |l e phot oproducts.

f) Soil used in photodegradation studies need not be
sterilized. |If soil is sterilized, do not do so by
steam or heat (which could change the chem cal nature
of the soil conponents).

Reports
The follow ng information should be included in reports:

1. Soil textural class, particle size distribution, %
organi c carbon and soil npisture content.

2. Analytical or technical purity of active ingredient.
3. Mass (mmterials) balance at end of study.
4. Site of radiolabel.
5. Ampount of pesticide added, pesticide application
met hod, and anount and identity of solvent.
6. Tenperature of determ nation.
7. Details of incident light: duration, wavel ength

distribution, intensity and identity of source when
artificial light is used, or, when sunlight is used,
hours and intensity of sunshine, details of test

| ocati on and study date.

8. Soil collection date, geographical |ocation of
collection site, length and conditions of soil storage
and soil handling and preparation.

9. Weight or area; treated and sanpl ed.

10. Nunber of replicates.

11. Duration of experinment.

12. Full description of test nethods, sanpling and anal ysis
procedures.

13. Specific description and interpretation of test
results.
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gui delines for investigations of photochem cal fate of pesticides in
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anal ysis of basagran. J. Agric. Food Chem 23: 410-415.

i) Wt er

a) Phot odegradati on studies in water are required for al
conpounds to deternine the products and rates of
degradati on caused by this activity. The ultraviolet-
visible (UV-VIS) absorption spectrum of a pesticide
(1,5) can provide an indication of the wavel engths of
light (in the range of 290 to 800 nm) at which
phot odegradati on may occur. The UV-VIS absorption
spectrum shoul d be subm tted wi th photodegradation
studies in water (this is also required under Part 2,

Product Chem stry). Since solvents may alter |ight
absorption by a nolecule, the UV-VIS absorption spectra
wi Il be nost useful when measured in distilled water,

or using a m nimum of photochemcally inert cosolvent.

b) One or nore concentrations should be tested using
sterile, distilled water buffered to a pH which
m nim zes hydrolysis. The study should be conducted at
ei ther 20NC or 25NC, dependi ng on which of these
t enperatures was chosen as standard for other
| aboratory studies. Wth conpounds of |ow solubility,
a photochem cally inert organic cosolvent (eg.
spectrograde acetonitrile) nmay be used at a
concentration not greater than 1% (V/V), if necessary.

c) Experimental controls should consist of sterile,
distilled water, buffered to the sanme pH, and treated
at the same concentration of pesticide, as the test
sanples. Controls should be held in darkness, but
ot herwi se under the same conditions as treated sanpl es,
(e.g., sane apparatus, sane tenperature).
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Sanmpl es of control and test solutions should be

exam ned for contam nants at appropriate intervals to
ensure that sterility is maintained for the duration of
the test period.

Sanpl es for analysis should be taken at a m ni nrum of

4 time intervals starting at zero tinme to provide at

| east 5 nmeasurenments over a period of up to 30 days.
One observation after one-half of the test substance
has degraded is sufficient. Therefore, the full 30-day
test period may not be required. A photoproduct
present at anytime during the study at 10% or nore of
the initial concentration nmust be identified.

The use of flow through test systens is recomended as
a neans of quantifying the formation of volatile
phot opr oduct s.

The follow ng information should be included in reports:

W

No o

10.
11.
12.
13.

14.

Anal ytical or technical purity of active ingredient.
Mass (materials) balance at end of study.

Site of radiol abel.

Amount of pesticide added, and anount and identity of
sol vent .

Buf fer conposition and concentrati on.

Tenperature of determ nation.

Details of incident |light: duration, wavel ength
distribution, intensity and identity of source when
artificial light is used, or, when sunlight is used,
hours and intensity of sunshine, details of test

| ocati on and study dates.

Vol unes treated and sanpl ed.

Nurmber of replicates.

Dur ati on of experinment.

Cbserved pH of test solution.

Results of sterility checks.

Ful |l description of test nethods, sanpling and anal ysis
procedures.

Specific description and interpretation of test
results.
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Ot her details on experinmental procedure and pertinent
references can be found in:

EPA. 1982. Pesticide Assessnent GCuidelines.
Subdivision N. Chem stry: Environnmental Fate
EPA - 540/9-82-021

iii) Ar

a) A phot odegradati on study in the vapour phase to
determ ne products and rates of degradation of highly
vol atil e pesticides and major transformation products
is required on a case-by-case basis.

b) One concentration at 30+ 2NC shall be tested.

c) Experimental controls should consist of air sanples
treated with the test pesticide at the sane
concentration as the test sanples. Controls should be
held in darkness, but otherw se under the sane
conditions as treated sanples (e.g., same apparatus,
sane tenperature).
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d) Sanmpl es for analysis should be taken at a m ni num of 4
time intervals starting at zero time to provide at
| east 5 nmeasurenents over a period of up to 30 days.
One observation after one-half of the test substance
has degraded is sufficient. Therefore, the full 30-day
test period may not be required. A photoproduct
present at any tinme during the study at 10% or nore of
the initial concentration nust be identified.

Reports

The follow ng information should be included in reports:

1. Analytical or technical purity of active ingredient.

2. Mass (materials) balance at end of study.

3. Site of radiol abel.

4. Amount of pesticide added, and amount and identity of
sol vent .

5. Tenperature of determ nation.

6. Details of incident light: duration, wavel ength
distribution, intensity and identity of source when
artificial light is used, or, when sunlight is used,
hours and intensity of sunshine, details of test
| ocati on and study dates.

7. Volunme treated and sanpl ed.

8. Nunber of replicates.

9. Duration of experinment.

10. Full description of test nethod, sanpling and nethod

anal ysi s procedure.
11. Specific description and interpretation of test
results.

REFERENCES

1) Crosby, D.G, and K W Milanen. 1974. Vapour-phase
phot odeconposition of aldrin and dieldrin. Arch. Environ. Contam
Toxicol. 2: 62-74.

2) Whodrow, J.E., D.G Crosbhy, T. Mast, K W Milanen, and
J.N. Seiber. 1978. Rates of transformation of trifluralin and
par at hi on vapours in air. J. Agric. Food Chem 26: 1312-1316.

3) Wbodrow, J.E., D.G Crosby, and J.N. Seiber. 1983.
Vapour - phase phot ochem stry of pesticides. Res. Rev. 85: 111-125.
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Solubility in Water

The solubility of a pesticide in water is its equilibrium
concentration in a saturated solution at a stated
tenperature. This property is useful in predicting pesticide
partitioning, nmobility and fate in the environnment.

a)

b)

Conmpounds shoul d be as pure as possible since certain
inmpurities (ie. solvents in technical formulations) can
significantly affect the solubility of the pesticide.

The solubility of the pesticide should be determnm ned at
one specified tenperature of either 20NC or 25NC
(dependi ng on the tenperature chosen as standard for

ot her | aboratory studies). Solubility values should
not be extrapolated from other tenperatures (3).
Tenperature nust be controlled for the duration of the
test.

The colum elution nmethod for determ ning solubility
may be used for conmpounds with solubility below 102 g
L-* (8). The flask nethod should be used for conpounds
with solubilities above 102 g L'(8). The follow ng
comments pertain to the flask nethod for determ ning
sol ubility:

i) Centrifugation is commonly used to
separate excess solute fromthe saturated
solution. Adequate centrifugal force
(e.g., 3 hrs at 17,000-20,000 RPM 35, 000
X g) is required to achieve this. Care
must be taken in withdraw ng sanples from
the centrifuge tubes as sone pesticidal
material may float on the surface of the
supernatant. Teflon or other plastic
mat eri al s should not be in contact with
t he pesticidal conpounds at any stage of
the determ nation. Stainless steel and
Pyrex gl ass are preferred.

ii) Equilibration tinme. Sanples should be
taken periodically until two successive
sanpl es give the sane value (within
experinmental error). The time interval
bet ween sanpling will be conpound
dependent and will also depend on the
amount of solute excess in the system the
tenperature and the node of equilibration
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(eg. the intensity of shaking or
tunbl i ng).

iii) Sanple preparation. Wen pesticide
solubility is above approximtely 0.1 ug
mL-!, sanple preparation is straight
forward - dispense the solute into a gl ass
container (foil-lined screw cap) and add
an appropriate amount of distilled water.
At | ower solubilities only very small
anounts of test substance are involved and
this sometinmes retards the rate at which
solubility equilibriumis reached. 1In
t hese special situations, the solute is
di ssolved in a small volume of organic
sol vent (eg. acetone, hexane) and pl ated
onto the glass surfaces of the

equi l i bration vessel. The excess sol vent
is slowy evaporated off while rotating
the gl ass vessel. Care nust be taken to

renove all the organic solvent before
adding the distilled water.

d) Pesticide solubility in water may be a function of pH
if the conmpound ionizes in aqueous solution. In such
cases, it may be necessary to determ ne solubility at
nore than one pH

Reports

The follow ng information should be included in reports:

1. Anal ytical purity of active ingredient.

2. Tenperature of determ nation.

3. Nurmber of replicates.

4. Equilibration tines and conditions of centrifugation.

5. Cbserved pH of test solution.

6. Ful |l description of test method sanpling and anal ysis
procedur e.

7. Specific description and interpretation of test

results. Water solubility should be expressed in:
ug nmL-! or ug L' and in noles L%
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5. Cct anol / Water Partitioning Coefficient (K,)

The octanol /water partitioning coefficient is the ratio of
the concentration of a pesticide in n-octanol to that in
water at equilibriumin dilute solution. The K,, of a
pesticide indicates the |ikelihood of pesticide transfer from
environnmental nedia to organisns and the potential to
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bi oaccunul ate. Radi ol abel | ed conpounds can be used for K,
determ nations. It is preferable, however, to use non-
radi ol abel | ed conmpounds because of problenms with inpurities
and transformation products.

a)

b)

d)

Reagent purity. Both solute and solvents should be of
t he hi ghest obtainable purity. Deionized water should
be distilled over KMhO, to renpve organic inpurities
before use. Pesticide grade n-octanol is acceptable;
however, reagent grade n-octanol nust be further
purified, preferably by extracting once with 0.1 N
NaOH, twice with distilled water and then distilling
the extracted octanol.

| f radiol abel ed pesticide is used for K, studies, sonme
addi ti onal means of verifying the identity of the
tagged material in solution nust be presented (e.g.,
GLC or HPLC analysis). The presence of the isotope
"tag" does not constitute verification of the presence
of the pesticide, as it could just as well be on a
remai ni ng hydrolytic fragment. Stability data fromthe
hydrol ysis study nay be submtted to satisfy this
requirenment.

Sanpl e preparation. The purified reagents (n-octanol,
wat er) should be nmutually saturated. This is nost
easily acconplished in a 2 L separatory funnel which
can then serve as a storage reservoir for both
solvents. Equilibrate sanples in 60 nL separatory
funnels so that the water phases can be wi thdrawn after
each equilibration. Relative volunmes of the two
solvents are theoretically not inportant, but if
partitioning into the water phase is favoured (low K,,),
the volunme ratio becones inportant in practice,
especially if using GLC analysis(1l). If the K,, is
expected to be low, then the volunme of octanol relative
to that of water should be increased.

Phase partitioning. Sanples in the 60 nl separatory
funnel s should be shaken carefully to avoid the
formati on of enmul sions, and then allowed to stand for
several hours before the water phase is w thdrawn.
Three extractions in triplicate would nornmally be
sufficient to produce a reliable K,, value. However, if
substantial differences are obtained between the K,,

val ues cal culated fromthe second and third
extractions, which can be caused by inpurities, the
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extraction process nust be continued until sequenti al
Kow Val ues are the same (within experinmental error).

Centrifugation. Centrifugation tines for the water
phase of AT LEAST one-half hour at sufficient g-forces
(e.g., 34,000 x g) are recommended to assure conplete
separation of the two phases. Stainless stee
centrifuge tubes should be used. Extreme care should
be taken to avoid small droplets of octanol around the
air-water interface when pipeting the water sanple for
anal ysi s.

For accurate K,, neasurenents, the solute concentration
shoul d not be allowed to approach its solubility limt
in either phase. Initial solute concentrations of
2000 ug nL-! or less in the octanol phase have proven
sati sfactory.

By convention K,, = [solute] octanol
[ sol ute] water

and, therefore, the K, i s independent of the relative
vol unes of the two phases. It is inportant to anal yse
the solute concentration in both phases rather than
cal cul ate the concentration in one phase by difference
froman initial concentration. Since it is only
practical to analyse the solute concentration in the
oct anol phase after the last extraction, K,

cal cul ati ons should be nmade using this final solute
concentration in octanol and then back cal cul ating for
the earlier extractions.

Al t hough the K,, determ nation is not greatly affected
by tenperature, it is recomended that tenperature be
controlled to + INC. Test tenperature should be either
20NC or 25NC dependi ng on which of these tenperatures
was chosen as the standard for |aboratory studies.

A reverse-phase HPLC net hod has been devel oped for
estimating K,, values fromretention tinmes (9, 12).
While this nmethod has the advantage of being rapid and
repeatable, its accuracy is highly dependent on the
error associated with the direct determ nation of the
reference K,, values. Because of this limtation, the
rever se-phase HPLC nethod is not reconmended for
obtaining primary K,, values. However, when analytica
probl ens are encountered (eg. with extraction
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techni ques), this method could be used for estinmating
the K,

) Di rect generator colum methods for producing prinmary
K,w val ues have been described (13, 14), but have not, as
yet, beconme wi dely used.

k) A di scussion of special procedures for determ ning the
K,w Of pesticides that ionize or exhibit other
associ ati on/ di ssoci ati on behavi our in solution can be
found in reference (5).

Reports

The follow ng information should be included in reports:

1. Anal ytical purity of active ingredient.
2. Tenperature of determ nation.
3. Nurmber of replicates.
4. Conditions of centrifugation, and equilibration tine.
5. Ful | description of test nmethods, sanpling and anal ysis
procedures.
6. Specific description and interpretation of test
results.
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B. MOBI LI TY

Mobility studies provide information concerning the ability
of terrestrial-use pesticides and their major transformation
products to nove through soils and their potential to
contam nate aquatic environments by | eaching to groundwater
movenent in surface runoff or with eroding soil. This
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information is necessary in designing terrestrial field
studies (i.e., selecting depth of soil core sanples) and in
determ ning the need for aquatic field studies with
terrestrial -use pesticides. The adsorption/desorption
properties of aquatic-use pesticides and their major
transformati on products will be considered in the design of
aquatic field studies.

Mobility of pesticides intended for either terrestrial or
aquatic use should be assessed by adsorption/desorption
tests. The protocol for adsorption/desorption neasurenments
presented in B.1 stresses major points that should not be
overl ooked in the generation of this type of data.

In addition, the |eaching potential of pesticides (and their
maj or transformati on products) intended for terrestrial use
shoul d be assessed by ONE of the |eaching test nethods
outlined in B.2. For pesticides intended for donestic

out door, greenhouse, or aquatic use, testing of nmobility by
met hods in B.2 is not necessary.

Adsor ption/ Desor pti on Measurenents
a) Adsorbents

1) Type. Adsorption/desorption data
shoul d be obtained using at | east two
and preferably three or nore soils,
REPRESENTATI VE of the major areas of
proposed use in Canada. Non-Canadi an
soils nmust be shown to be
representative of the soils of the
maj or areas of proposed use in Canada
Wi th respect to particle size
di stribution (% sand, %silt, %clay),
% organi ¢ carbon, pH, cation exchange
capacity and clay fraction m neral ogy.
It is suggested that the soils chosen
for these studies be the same as those
used in the biotransformation studies.
Three typical soil types could include
a sandy soil, a |loamor sandy |oam and
a clay or clay loam A nuck (organic)
soi|l should be included if intended use
warrants this. |[If a pesticide is
i ntended for aquatic use, data for one
representative aquatic sedi nent should
be obt ai ned.
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Preparation. Soil should be maintained
at natural nmoisture levels. To produce
a reasonably honobgeneous substrate,
soils are sieved through a screen of <
4 mm mesh. Drying of soil should be
avoi ded if possible, but may be
necessary for sieving. |If this is the
case, soils may be partially air-dried
to a workable noisture content.

b) Generation of isothermdata (batch nmethod).

)

At | east four concentrations of
pesticide solution (made up by adding
anal ytically pure pesticide to a
solution of 0.01 N CaCl,) should be
added to the various soil types and
shaken or tunbled in darkness for a
specific period (12-18 hour period is
usually sufficient) to reach

equi librium Each treatnent shoul d be
carried out in triplicate. After

equi libration the soil-pesticide slurry
shoul d be centrifuged in stainless
steel tubes at sufficient g-forces and
for sufficient tinmes, to allow
separation (longer centrifugation tines
may be necessary if very fine, well-

di spersed clays are present).

Desor ption studi es should be conducted
in seal able centrifuge tubes (e.g.
Corex glass with foil-lined screw caps)
so that both equilibration and
centrifugation can be conducted in the
sanme vessel. After the above-described
adsorption step, a specific volune of
supernatant is renoved for analysis,
and is replaced by the sanme vol unme of
0.01 N CaCl, solution to initiate the
first desorption step. The sanple is
shaken and centrifuged to conplete the
first cycle. At least two further
desorption cycles should be conpleted
to generate the desorption isotherm
Only one initial starting concentration
shoul d be necessary for the desorption
st udy.
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It is not acceptable to present "single-point desorption”
data, where single desorption cycles are perfornmed on
several different adsorption systenms (at different

equi li brium concentrations) and the resulting points
joined to forman "isothern. Slopes of "isotherns"”
formed with this approach are greater than the respective
adsorption isothernms, which in reality is an

i npossibility. A proper desorption isotherm can have
ONLY ONE adsorption point as its point of initiation.

Hysteresis, or irreversibility effects in desorption
studies are, in part, a result of the nmethods used. The
"consecutive desorption" nethod outlined above often
exhibits nore hysteresis than does the "dilution" nethod
in which several identical adsorption systens are dil uted
to different extents. Wth the dilution method, it is

I nportant to use the sane adsorbent weight and the sane
initial pesticide concentration in all sanples.

Cal cul ation of adsorption/desorption paraneters. Most
pesticide adsorption by soil slurries follows the
enpirical Freundlich Equation:

S=KOC
where: S = anmount adsorbed/unit wei ght adsorbent
C = equilibriumsolution concentration

of the adsorbate

K, N const ants

The "constant” K has |ong been enployed as a neasure of
rel ative adsorption, but unfortunately, it really is NOT
a constant, and actually has a conplex set of units. |If
S is expressed in ug gt soil, and Cin ug m.! solution
the units of K are ug*N g! nLN. Since pesticide
adsorption varies over several orders of magnitude, K
acquires many different units, WH CH ARE NOT COVPARABLE
AND NOT ABLE TO BE DI RECTLY CONVERTED

Consequently, there is only one universal way to report
adsorption data, and the Freundlich Equation is rewitten
as:

S = Ky 2ZV
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where: S = noles g! adsorbent (oven-dry basis)
Z = nmole fraction of pesticide in solution
(for dilute solutions, noles pesticide/
nol es wat er)
Kwve, N = regression constants

Most adsorption data falls in the nmole fraction range 10
6 to 10°°. Adsorption data usually yield a curved

i sotherm and, for statistical conparisons, nust be

|l i neari zed by taking | ogarithns.

N log Z + | og Ky

slope; log Ky is the intercept
at log Z = 0 (pure pesticide

i n solution)

i.e. log S
N

I nstead of evaluating relative adsorption at log C = 0,
where K was derived, a vertical transect is taken at an
appropriate log Z value within the data range of the
isotherm For exanple, if the transect is taken at a
nol e fraction of 107, then log Z = -7.0 and log S.; = N(-
7.0) + log Ky, or, nore generally: log Sy = N(Y) + |og
Kwe when log Z =Y.

From regression analysis both N and log Ky will have
numeri cal values, and therefore log Sy acquires a certain
value. The antilog, or Sy, value, is then used in the
anal ogous fashion to the forner "K', except that it now
has units of nole g! and can be used for conparisons

bet ween pesticides. Sy, values can be determ ned at any
conveni ent point WTHIN the data range. Relative
adsorption is dependent upon the point of conparison for
non-1|inear adsorption isotherms wth unequal values of N.

Actual isothermdata may still be reported in ug g'! and
ug mL-t if desired, but nust also be shown in nmole g},
and nole fraction. All soil weights nmust be reported on
an oven-dried (105°C) basis. Relative adsorption val ues
must be reported using the S, designation. For further
di scussi on see references 1, 2, 4.

Sanple solid/liquid ratios from1/1 to 1/200 are
acceptable. For maximum precision it is inmportant to
adj ust adsorbent concentration so that 20 to 80% of the
solute will be adsorbed. For highly adsorbent soils use
a lower solid/liquid ratio.
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Be aware of pesticide deconposition or volatilization.
Both of these factors can result in anomal ously high
adsorption values. Sonme know edge of the hydrolytic
stability of the pesticide in water should be obtai ned
bef ore generating adsorption/desorption data. This
information is particularly inportant in desorption
studi es which may require several days to conplete.
USUALLY, pesticide stability is not less in a soil slurry
than it is in distilled water over the short duration of
an adsorption study.

I f radiol abel ed pesticide is used for adsorption studies,
sonme additional nmeans of verifying the identity of the
tagged material in solution nust be presented (e.g., GLC
or HPLC analysis). The presence of the isotope "tag"
does not constitute verification of the presence of the
pesticide, as it could just as well be on a remaining
hydrolytic fragnment. Stability data from other soil and
water tests may be submtted to satisfy this requirenent.

There has been a trend in the literature to assune that

t he adsorption process is linear with respect to solution
concentration, and thereby to sinplify the Freundlich
Equati on to:

S = KC, where N=1

The |inear equation may be a valid nodel at |ow, but
environmental ly realistic, pesticide concentrations.

Fl ow net hods for determ ni ng adsorption/desorption
paraneters in soil-water systens have been described (6),
however, these are nore conplicated than the batch

met hods.

The follow ng information should be included in reports:

1.

SO WN

Soil textural class, particle size distribution, %
organi ¢ carbon, cation exchange capacity and soi
noi sture content.

Anal ytical purity of active ingredient.

Mass (materials) balance at end of study.

Site of radiol abel.

Tenperature of determ nation.

Soil collection date, geographical |ocation of
collection site, lengths and conditions of soi
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storage and soil handling and preparation.

7. Li quid/solid ratio.
8. Nunmber of replicates.
9. Durati on of experinment.
10. Conditions of centrifugation.
11. Observed pH of initial soil-water slurries.
12. Ful | description of test methods, sanpling and
anal ysi s procedures.
13. Specific description and interpretation of test
results.
REFERENCES
1) Bowran, B.T. 1981. Anomalies in the |og Freundlich equation

resulting in deviations in adsorption K values of pesticides and
ot her organi c conmpounds when the system of units is changed. J.
Environ. Sci. Health Bl16: 113-123.

2) Bowran, B.T. 1982. Conversion of Freundlich adsorption K
values to the nole fraction format and the use of S, values to
express relative adsorption of pesticides. Soil Sci. Soc. Aner. J.
46: 740-743.

3) Bowran, B.T., and WW Sans. 1982a. |Influence of methods of
pesticide application on subsequent desorption fromsoils. J. Agric.
Food Chem 30: 147-150.

4) Bowman, B.T., and WW Sans. 1982b. Adsorption, desorption,
soil mobility, aqueous persistence and octanol-water partitioning
coefficients of terbufos, terbufos sulfoxide and terbufos sulfone.
J. Environ. Sci. Health Bl7: 447-462.

5) Peck, D.E., D.L. Corwin, and WJ. Farner. 1980. Adsorption-
desorption of diuron by freshwater sedinments. J. Environ. Qual. 9:
101- 106.

6) Rao, P.S.C., and J.M Davidson. 1980. Estimtion of
pesticide retention and transformati on paranmeters required in
nonpoi nt source pollution nmodels. p. 23-67 in Environnmental | npact
on Nonpoi nt Source Pollution. Overcash, MR and J.M Davidson [ed].
Ann Arbor Sci. Publishers.
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Leachi ng

Pestici dal conmpounds of water solubility less than 0.5 ug niL-
Lare relatively imobile in mneral soils (2) and those
conpounds of water solubility | ess than 50 ug nL! are
relatively immobile in organic or nmuck soils (soils having
organi c carbon contents 179 . Consequently, it should not
be necessary to determne their nobilities in the above
stated situations UNLESS adsorption/desorption data suggest
unusual ly | ow adsorption in conparison to water solubility.

The | eaching potential of a pesticide and its nmjor
transformati on products should be assessed by ONE of the
foll owi ng procedures. Each approach has strengths and
weaknesses and the applicability of any one of these nethods
wi |l depend on the particular situation.

As an alternative to individual investigations of |eaching
potential for each major transformation product, soil colums
may be treated with "aged" soils or extracts of such soils
and, simlarly, soil thin-layer plates with extracts of such
soils (4). Aged soils should be generated by incubating the
parent chem cal in soil for 30 days or one half life,

whi chever is shorter. The type of soil and conditions of

i ncubation should be the sanme as used in soi

bi ot ransformti on studi es.

a) Soil thin-layer chromatography. The particul ar
pestici des under exam nation are chromatographed on thin
| ayer plates using the sanme representative, and
characterized soils for adsorbents as were used in the
adsor pti on/ desorption studies. The nmethod provides a
rapid, quantitative neans of assessing relative nmobility
using R val ues.

It is reconmmended that coarse-textured soils be dry-
sieved to <500 min order to produce a uniform surface
on the plate. The use of soils with larger particles may
result in an underestinmation of the nmobility of the
pesti ci de.

Two possi bl e maj or di sadvant ages:

i) Soil TLC provides the quickest and best
results when radiol abel ed conpounds are
used since these can be easily
vi sual i zed by autoradi ograns. However,
I f non-radiol abeled material is used
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this method i s somewhat awkward since
the soil layer on the TLC pl ate nust be
sectioned and each segnment nust be
carefully scraped off, extracted and
anal ysed by other neans (e.g., G.C,
HPLC) .

ii) Soil texture conpatibility. Soil TLC
does not appear to be anenable to
mobility studies with organic soils
because of the water-repellent
characteristics of these soils when air
dry and because of possible problens
with the binding of these soils to TLC
pl ates. The use of organic soils for
soil TLC studies should only be
consi dered when the conpound in
question is very soluble (>50 ug nL"?).

Soil colum leaching. It is suggested that pesticides be
el uted through a 30 cm soil colum using a vol ume of
distilled water equal to 20 inches (50.8 cm tinmes the
cross sectional area of the colum. The distributions of
pesticide and major transformati on products are

determ ned by analysis of eluate fractions and 6 cm
segnents of the eluted soil col um.

The soil column technique is practical only for mediumto
coarse-textured soils which retain a reasonabl e degree of
pernmeability during the | eaching process. The soil plug
technique (3,7) circunvents many of the perneability
probl ens experienced with |onger soil colums when using
finer-textured soils. Soils used in colum or plug

| eachi ng studies should be the sane as those used in
adsorpti on/ desorption studies.

Soi |l thick-layer chromatography conmbi ned with bi oassay
(1,5). This method may be useful for prelimnary
screeni ng but should not be subnmitted as the sole

| eachi ng study for registration purposes.

SPECI AL NOTES:

1)

|t

is inmportant to do a mass (material) balance in the soi

colum and soil plug |leaching studies. |If not accounted for,

volatility and degradation | osses can produce significant

errors in reporting the nobility of certain conpounds.
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2) Al'l soil concentrations and soil weights nust be based on
oven-dry val ues (105°C).

3) Tests should be done at the highest proposed field
application rate. Alternatively, a higher application rate
may be used in order to cover a wi de range of uses not
envi saged at the tinme of original subm ssion for
regi stration.

Reports
The follow ng information should be included in reports:
1. Soil textural class or bulk density, particle size

di stribution, % organic carbon, cation exchange
capacity and soil npisture content.

2. Anal ytical purity of active ingredient.

3. Mass (materials) balance at end of study.

4. Site of radiol abel.

5. Amount of pesticide added, amount and identity of
sol vent application nethod.

6. Tenperature of determ nation.

7. Soil collection date, geographical |ocation of
collection site, length and conditions of soil
storage and soil handling and preparation.

8. Wei ght vol ume and area treated. Volune of eluate
fractions.

9. Nurmber of replicates.

10. Durati on of experinent, equilibration tine.
11. Observed soil pH
12. Ful | description of test methods, sanpling and
anal ysis procedure (include description of nethods
used to generate aged soil).
13. Specific description and interpretation of test
results.
14. For soil colum (or plug) studies, the bulk density
of the soil in the colum (or plug).
REFERENCES
1) Angemar, Y., M Rebhun, and M Horowitz. 1984. Adsorption,
phytotoxicity, and | eaching of bromacil in sone Israeli soils. J.

Environ. Qual. 13: 321-326.

2) Armstrong, G T., R H Brink, A Leifer, and J. Dragun. 1980.
Support docunent, test data devel opnent standards, physical/chem cal
and persistence characteristics: density/relative density, nelting
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t enper atures, vapour pressure, octanol/water partition coefficient,
soil thin layer chromatography. Proposed Rule, Section 4. Toxic
Subst ances Control Act. U S. Environnmental Protection Agency.

EPA- 560/ 11-80-027. Washington, D.C. PB 81-141616.

3) Bowman, B.T., and WW Sans. 1982. Adsorption, desorption
soil mobility, aqueous persistence and octanol-water partitioning

coefficients of terbufos, terbufos sul foxide and terbufos sul fone.
J. Environ. Sci. Health B17: 447-462.

4) EPA. 1982. Pesticide Assessment Guidelines. Subdivision N
Chem stry: Environnental Fate. EPA - 540/9-82-021

5) Gerber, H R, P. Ziegler, and P. Dubach. 1970. Leachi ng as
a tool in the evaluation of herbicides. p. 118-125 in Proc. 10th
British Weed Control Conf. Vol. |I. ARC Weed Research Organi zation.
Oxf or d.

6) Helling, C.S. 1971. Pesticide nobility in soils. |
Paraneters of thin-layer chromatography. Soil Sci. Amer. Proc. 35:
732-737. 11. Applications of soil thin-layer chromatography. |[bid.
35: 737-743. 111. Influence of soil properties. |Ibid. 35: 743-748.
7) Sharom MS., JRW Mles, CR Harris, and F.L. MEwen.

1980. Behaviour of 12 insecticides in soil and aqueous suspensions
of soil and sedinment. Water Res. 14: 1095-1100.

C. Bl OTRANSFORIVATI ON

The primary objective of biotransformation studies is to
determ ne the nature and rates of formation of major
pesticide transformati on products in natural soil, sedinent
or water sanples. These studies also permt determ nation of
the m crobial contribution to overall transformation
processes. Controlled | aboratory studies on transformation
and persistence can be used in conjunction with

physi cochem cal data and nobility studies to indicate
probable fate in the environnent, and aid in the design of
field studies on dissipation and accunul ation to substantiate
such predictions.

1. Soi | (Laboratory) - Degradation Pathways and Persi stence.

a) Radi oi sotopic techniques nust be used to identify the
maj or transformati on products. Suitable non-
radi oi sotopi c techniques may be used to deternm ne rates
of degradation (1). Major transformation products are
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those that are present at nore than 10% of the initial
pestici de concentration.

It is inportant to specify whether | aboratory persistence
and degradation studies are done in "closed" or "open"
systens. \While conditions, eg. noisture, my be

mai nt ai ned better in a closed system volatilization of

the pesticide will be reduced. In an open system while
vol atilization can occur, noisture is difficult to

mai ntain - nost pesticides will be nore persistent in dry
soil. Thus, any attenpt to interpret |aboratory

persi stence data in terns of what will happen under

natural conditions should be done cautiously. Flow
t hrough systens or systens which permit the collection of
vol atil e pesticide residues are recomended.

Rat es of degradation of the parent conpound and maj or
transformati on products should be determ ned under
aerobic (both sterile and non-sterile) soil conditions at
constant tenperatures in darkness and at a constant

noi sture content. RATE OF TRANSFORMATI ON MUST BE

DETERM NED AT TWO SPECI FI ED TEMPERATURES: one in the

| ower tenperature range of 3 - 8°C and one in a higher

t enperature range of 20° - 30°C

It is recommended that soils used in biotransformation
studies be freshly collected fromthe field and sieved
wet through a screen of < 4mm nesh. |If the soil is too
wet to sieve, partial air-drying to a workable noisture
content may be necessary.

Non-sterile soils nmust be known to be mcrobially active
and sterile soils nmust be known to be mcrobially

i nactive for the duration of biotransformation studies.
This requirement could be satisfied by standard m crobi al
pl ate counts (6).

One soil type, preferably a mneral soil, should be
tested. |If the use covers a crop that is grown in
various soil types with wi de geographic distribution,
then nore than one soil type should be included in

bi ot ransformati on experinments. Further effects of
varyi ng environnental conditions on persistence can be
determ ned by testing at two soil npistures
(realistically high and | ow noisture contents). This
information would aid in interpreting field results.



9)

h)

Reports

- 40-

The pesticide is applied at one or two dosage rates. One
concentration tested should be the maxi mum proposed field
rate. If two rates are used, a 10-fold difference in
concentration is the standard separation. Care nust be
taken in the nmethod of introducing pesticide to soil,
i.e., if pesticide is added with organic solvent, and the
solvent is not conpletely renoved, mcrobial activity may
be affected. Soils should be treated when noi st.

Suggested sanpling tinmes are at pretreatnent, 0, 1, 3, 7,
and 10 days, 2, 3, 4, 6, 8, and 10 weeks, 3, 4, 6, 9, and
12 nmonths. Frequent initial sanpling is necessary to
determ ne the degradation pattern of conpounds with rapid
transformati on. However, frequent initial sanpling
intervals will not be required when consideration of the
structural properties of the pesticide nolecule predicts
that the conmpound will be persistent. The experinment can
be term nated when the degradati on pattern has been
established or after one year.

Anaer obi c biotransformati on. Rates of degradation of the
parent conmpound and major transformation products should
be determ ned under anaerobic soil conditions when the
pesticide is for use on flooded or poorly drained areas,
or when assessnent of physicochem cal properties,
nobility and degradation in soil indicate potenti al

m gration to subsoil. Anaerobic biotransfornmation
studi es are not required when anaerobic sedi nent/water
studies are done. Soil from one-nonth sanples of the
aerobic soil biotransformation test can be waterl ogged
and/ or purged with inert gases to create anaerobic
conditions. In this way, the aerobic and anaerobic tests
can run concurrently. Alternatively, anaerobic
conditions can be inposed imediately after introduction
of the pesticide to previously untreated soil (4).
Sampl es should be taken at one and two nonths after the

i nposi tion of anoxic conditions.

The follow ng information should be included in reports:

1.

Soil textural class, particle size distribution, %
organi ¢ carbon, cation exchange capacity, soil

noi sture content and soil nmoisture content at field
capacity.

Anal ytical purity of active ingredient.
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3. Mass (material s) balance at end of study.

4. Site of radiol abel.

5. Amount of pesticide added, application nmethod and
anount and identity of solvent.

6. Tenperature of determ nation.

7. Soil collection date, geographical |ocation of
collection site, length and conditions of soil
storage and soil handling and preparation.

8. Wei ght treated and sanpl ed.

9. Nunmber of replicates.

10. Dur ati on of experinent.
11. Observed soil pH
12. Results of mcrobial activity determ nations.
13. Pesticide use history at collection site.
14. Ful | description of test methods, sanpling and
anal ysi s procedure.
13. Specific description and interpretation of test
results.
REFERENCES
1) Chapman, R A, CM Tu, CR Harris, and C. Cole. 1981.
Persi stence of five pyrethroid insecticides in sterile and natural,
m neral and organic soil. Bull. Environ. Contam Toxicol. 26: 513-
519.
2) Chapman, R A, CM Tu, CR Harris, and Carol R Harris.

1982. Biochem cal and chem cal transformations of phorate, phorate
sul f oxi de, and phorate sulfone in natural and sterile m neral and

organic soil. J. Econ. Entonol. 75: 112-117.

3) EPA. 1982. Pesticide Assessment CGuidelines. Subdivision N
Chem stry: Environnental Fate. EPA - 540/9-82-021

4) Jordan, E.G and Donald D. Kauffman. 1986. Degradation of
cis- and trans-pernethrin in flooded soil. J. Agric. Food Chem 34:
880- 884.

5) Laskowski, D.A., R L. Swann, P.J. MCall, and H D. Bidl ack.

1983. Soil degradation studies. Res. Rev. 85: 139-147.

6) Mles, JRW, CM Tu, and C R Harris. 1981. A l|laboratory
study of the persistence of carbofuran and its 3-hydroxy- and 3 keto-
metabolites in sterile and natural mneral and organic soils. J.
Environ. Sci. Health B16: 409-417.
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Aquatic (Laboratory) - Anaerobic and Aerobic

Laboratory studi es of aquatic biotransformation will be
required for nost pesticides that are intended for field use.

a)

b)

Radi oi sot opi ¢ nmet hods nust be used to identify the major
products of transformation. Suitable non-radioisotopic

techni ques may be used to deternine rates of degradation.
Maj or transformati on products are those that are present
at more than 10% of the initial pesticide concentration.

Rat es of degradation of the parent conpound and nmj or
transformati on products should be determ ned under

anaer obi c and aerobic conditions at constant tenperature.
TWO TEMPERATURES ( SPECI FI ED) SHOULD BE TESTED: one in the
| ower tenperature range of 3° - 8°C and one in a higher
tenperature range of 20° - 30°C. There is no need to

det erm ne degradati on products at the | ower tenperature,
but a know edge of the rate of degradation at this |ower
tenmperature woul d be useful. Aerobic incubations should
be carried out under a standard lighting regine, e.g., 16
hrs light, 8 hrs dark, using fluorescent |ights of the

type recommended for plant cultivation. |If the pesticide
i s photol abil e, however, an additional aerobic incubation
shoul d be carried out in the dark, e.g., in foil-wapped

flasks. Light intensity, wavelength distribution and
exposure tinme should be neasured when aerobic incubations
are not held in the dark. Anaerobic incubations should
be held in the dark.

Aer obi ¢ degradati on should be determ ned in unfiltered
natural water held under static conditions (10), or
aerated by shaking (7) or bubbling with air (3). Were
physi cochem cal properties of the pesticide (e.qg.,
adsorption/ desorpti on paraneters) suggest that sedi nent
wll be a major sink for the pesticide, degradation
shoul d be studied in sedinment/water systens (1, 2,6, 11)
rather than in unfiltered water. Aerobic conditions can
be maintained in sedi nent/water systens by the use of
open containers, or by shaking or bubbling with air.

Wat er and sedi nment should be freshly obtained froma
representative use site.

Anaer obi c i ncubations in sedinent/water systens should be
carried out concurrently with aerobic incubations.
Reduci ng conditions should first be established by
hol di ng sanpl es under, or bubbling with, nitrogen.
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Suggest ed sanpling times include pretreatnent, 0, 1, 3,

7, 10 days, 2, 3, 4, 6 weeks, 2, 3, 4, 6, 9, 12 nonths.
Less frequent initial sanpling may be perm ssi bl e when
consi deration of the structural properties of the
pesticide nol ecule predicts that the conpound will be
persistent. The study should continue until the patterns
of degradation of the parent conmpound and its nmajor
transformati on products are established, or for one year.

Sterile treated water or sedi nent/water sanples,

mai nt ai ned under the sane conditions as non-sterile

sanpl es, should serve as experinental controls. Standard
pl ate counts should be perfornmed to ensure that sterility
I's maintained for the test period.

Pesticide should be applied at one or two dosage rates.
If two rates are used, a 10-fold difference in
concentration is the standard separation. One pesticide
concentration tested should be the maxi mum | abel -
recommended rate or a concentration expected to occur in
wat er runoff or as a result of spray drift (generally,

< 1 ug nL'Y). The pesticide should be added to the water
phase as a filter-sterilized aqueous solution (7) or, if
this is not feasible owing to solubility limts, in a

m ni nrum vol une of water m scible solvent, e.g., acetone
or ethanol. The use of solvents may affect
transformati on through sel ection of types of

m croorgani sns and effects on growth rates (9).

The followi ng informati on should be included in reports:

1.

wn

Sedi nent textural class, particle size

di stribution, % organic carbon.

M crobi al bi omass.

Anal ytical or technical purity of active

i ngredi ent .

Mass (materials) bal ance at end of study.

Site of radiol abel.

Amount of pesticide used, and anpunt and identity
of sol vent.

Tenperatures of determ nation

Dat e of sedi ment and water collection, geographical
| ocation of collection site, handling and
preparation (including sterilization method).

Li quid/solid ratio.
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10. Wei ghts and vol unes treated and sanpl ed.

11. Nunmber of replicates.

12. Dur ati on of experinment.

13. Observed pH

14. Results of mcrobial activity determ nations.

15. Di ssol ved oxygen (water) and redox potenti al
(sedi ment) in anaerobic studies.

16. Suspended particul ates.

17. Ful | description of test methods and sanpling and
anal ysi s procedure.

18. Specific description and interpretation of test
results.

19. Details of light intensity, wavel ength distribution

and exposure tinme should be reported, where
appropriate (i.e., for aerobic incubations not held

in the dark).
REFERENCES
1) Bourquin, AW, MA Hood, and R L. Garnas. 1977. An
artificial mcrobial ecosystemfor determning effects and fate of
toxicants in salt-marsh environnent. Develop. Indust. Mcrobiol. 18:
185-191.
2) Johnson, B.T., and W Lulves. 1975. Biodegradation of di-n-

but yl pht hal at e and di - 2-et hyl hexyl phthal ate in freshwater hydrosoil.
J. Fish. Res. Bd. Can. 32: 333-339.

3) Krzem nski, S.F., C K Brackett, and J.D. Fisher. 1975. Fate
of m crobicidal 3-isothiazolone conpounds in the environment. Modes
and rates of dissipation. J. Agric. Food Chem 23: 1060-1068.

4) Liu, D., WMJ. Strachan, K Thonson, and K. Kwasni ewska.
1981. Determ nation of the biodegradability of organic conmpounds.
Environ. Sci. Technol. 15: 788-793.

5) M yazaki, S., H C. Sikka, and R S. Lynch. 1975. Metabolism
of dichl obenil by nmicroorganisns in the aquatic environment.
J. Agric. Food Chem 23: 365-368.

6) Muir, D.C.G, and A. L. Yarechewski. 1982. Degradation of
terbutryn in sedinments and water under various redox conditions. J.
Environ. Sci. Health B17: 363-380.

7) Paris, D.F., WC. Steen, G L. Baughman, and J.T. Barnett.
1981. Second-order nmodel to predict mnicrobial degradation of organic
conpounds in natural waters. Appl. Environ. Mcrobiol. 41: 603-609.
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EPA - 540/ 9-82-021

FI ELD STUDI ES

Field studies are needed to denonstrate fate in the Canadi an
envi ronnment and to substantiate the physicochenical, nobility
and biotransformation data from | aboratory studies. Qutdoor
field studies are carried out under representative soil or
aquatic conditions. It is mandatory that sone field

di ssi pati on/accurnul ati on studi es be carried out under
Canadi an conditions to support final Canadian registration.

Definition of terns used:

1)

2)

3)

4)

Types of soil - the main differentiation is organic (muck)
and mneral soil. Mneral soils may be further
differentiated according to soil textural class (e.g., clay,
silty clay |l oam | oany sand, sand, etc.).

Plot - a single experinmental unit, e.g., a control plot, a
treated plot.

Replicate plot - one of two or nore plots treated in an
i dentical manner at one site.

Site - exact geographical location of a study.
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Regi on - one of British Colunbia, Prairies, Central Canada
(Ontariol/ Quebec), Maritines.

Area - a subset of a region characterized by simlar climtic
conditions or crops, e.g., the southern Ontario cornbelt is
an area within the region of Central Canada (Ontari o/ Quebec).

Maj or tranformation products - degradation

products/ metabolites of the parent conpound that are observed
at any time in the |aboratory studies (see section 6.2.C) at
a level greater than 10 percent of the initial concentration
of the parent conpound.

| deal application and planting techniques - the use of

speci ally adapted application machinery to accurately apply
pesticide in small plot field trials in a manner

approxi mating field nethods.

DI SSI PATI ON AND ACCUMULATI ON - TERRESTRI AL

Terrestrial studies with pesticides under use conditions are
necessary to substantiate | aboratory findings, particularly
with respect to dissipation/accunul ation, |eachability and
potential carryover of residues.

Field studies to determ ne the behaviour of pesticides in
soil can be perfornmed in a variety of study systens, both
smal | -scal e and | arge-scal e.

SMALL PLOT AND/ OR LARGE- SCALE FI ELD STUDI ES MUST ADEQUATELY
DEMONSTRATE THE BEHAVI OQUR AND FATE OF THE TEST MATERI AL I N
SO L UNDER CANADI AN CONDI Tl ONS.

1. The decision concerning the plot size in field studies
rests with the applicant for pesticide registration.

2. The use of small plots in field studies is strongly
recommended, but the use of small plots is not mandatory.

3. If the applicant for pesticide registration decides to
conduct | arge-scale field studies and the generated
pestici de dissipation data are not interpretable, then
additional studies using small plots may be requested.
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St udy Systens

1.

1.

1

2.

Small Pl ots

Smal | plots (2,6,7,8,12,13) are treated using ideal
application techniques and, thus, mnimze the difficulty
i n obtaining satisfactory pesticide dissipation curves.
Smal | plots nmay range in size frommcroplots, typically
100 cn? - 2500 cn? (7,8,13) to 2-6 nt.

Mcroplots - Mcroplots are anenable to the use of
radi ol abel ed conmpounds, which may be necessary for
pesticides that are applied at very |ow application
rates. Mcroplots are nost suitable for use with
relatively immobile pesticides because of problens
associ ated with renoving deeper soil |ayers.

Smal |l Plot Studies - \Wen pesticide dispersion is uneven
due to crop interference, dissipation curves nmay be
difficult to generate or interpret. In such cases, the
use of bare small plots (i.e., up to 2 x 2-6 n? not sown
to intended crops) may be considered. Hand-weeding is
the preferred nethod of maintaining plots plant-free.
The bare plot study systemis recogni zed by Environnent
Canada as an artificial systemthat is, nevertheless,
useful to denonstrate an interpretable pesticide

di ssipation curve. It is recognized that bare soil plots
have drawbacks, e.g., soil tenperature and noisture

regi mes may not represent normal use conditions, and the
contribution of plant uptake/retention to environnental
fate will not be accounted for. Nevertheless, the
factors involved in cropped plots are conpl ex and

vari able, and their effects may be difficult to quantify
and interpret. For these reasons, it is recomended that
data fromfield studies using bare small plots be
submtted. However, data fromfield studies using
cropped plots will be acceptable, if these data are

i nterpretable and di ssipation curves can clearly be
denonstr at ed.

Large Scal e Studies

Large-scal e studies (1,9, 10) are conducted using nornal
agricultural practices (e.g., cultivation prior to

pl anting, etc.) and equipnment. The area of treated plots
is typically 8 rows by 25 m but nmay range to an entire
field of several hectares, depending on the design of the
experiment and the use for which the product is intended.
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In large-scale field studies, the primary goal is to
establish the dissipation of the pesticide and its major
transformati on products in soil. However, crop-residue
data may, if environmental fate studies are not

di srupted, be collected during these studies and used to
meet requirenents of part 5, Trade Menorandum T-1-237 for
regi stration.

2. Experi nental Design for Field Studies

2.1 Field Site Selection

Wthin each region in which a pesticide is intended for
use, field study sites should be selected to take into
account crop distribution and the associ ated range in
soil texture (i.e., the finest versus the coarsest soils)
and climate [i.e., |l ow versus high precipitation and cool
versus warm (soil) tenperature].

The suggested nunmber of mineral soil field-study sites,
for a major crop grown across Canada, is outlined in
Table 1. While the theoretical regional distribution of
study sites (presented in Table 1) is designed to
enconpass the variation in soil and climatic conditions
within each region, it may be nodified by substitution**
or addition in light of the target crop distribution or
on the basis of well-substantiated scientific evidence
concerning the environnental behaviour and fate of a
particul ar pesticide. Applicants, however, are advised
to seriously consider the guidance offered in Table 1,
being m ndful of their responsibility to denonstrate the
fate of their pesticides in the Canadi an environnent.

Table 1

Suggest ed Regi onal Distribution for
Nunmber of Mneral* Soil Sites for Field Studies

Regi on Canadi an  Appropriate American Tot a
B. C 1 1 2
Prairies 3 1 4
Central Canada (Ont., Que.) 2 2 4
Maritimes 1 1 2
* where a crop is grown on both mneral and organic soils, an

addi ti onal Canadian site nust be |located in an organic soil.
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e.g., a registrant may request an exenption fromdoing a
study upon provision of a rationale that an Ontario study
shoul d substitute for a Maritine study on the basis of

simlar conditions of soil, climte and water table, etc.

Canadi an field studies are mandatory. However, the
results of studies conducted at appropriate sites in
northern states, under simlar climtic conditions and
with major types of soil as found in proposed use

regi ons of Canada, may be submtted in lieu of sonme
Canadi an studies in accordance with the follow ng (see
al so Table 1);

- one Anerican site may be substituted for one of
the two suggested for B.C.

- one Anerican site may be substituted for one of
the four suggested for the Prairies;

- two American sites nay be substituted for two of
the four suggested for Central Canada;

- one Anerican site nmay be substituted for one of
the two suggested for the Maritines.

For the region of Central Canada, in cases where a crop
is grown only in southern Ontario, there should be a
total of two study sites (one or nore appropriate
American sites plus at |east one in southern Ontario).

Realistic situations are represented by the exanples in
Tabl e 2.
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Table 2
Nunmber of Sites
Appropri ate
Use Regi on Canadi an Ameri can Tot al
Maj or use in Prairies 3 1 4
several regions Central Canada
e.g., cereals (Ontari o) 1 1 2
Maritinmes 1 0 1
Use in 1 Region, Central Canada
e.g., field (Ontari o) 1 1 2
t omat oes
Orchard B. C. 1 1 2
pesti ci de Central Canada
(Ontari o) 1 1 2
Maritimes 1 0 1
| f the data generated by soil field studies do not
adequately denonstrate the environnental fate of a
pesticide under potential use conditions, then
addi tional studies will be requested.
2. Nunber of Plots per Site

Replicate Plots - Two or
treated at each site.

Control Plots - Untreated control plots should al ways
be included. Control plot sanples are a source of
uncontam nated soil for residue storage stability and
recovery determnations in the |aboratory and may not
require as frequent sanpling as treated plots (i.e.,
three tinmes at maxi mum over a sanpling season).

Buf fer Zones - Plots are to be separated by buffer
zones to prevent cross-contam nation through drift
during treatnent.

Pestici de Application

Replicate plots should be treated at the maxi mum
recommended application rate using the comrerci al
formul ati on and foll owing the proposed tines of
application for both single or nmultiple applications,

nore replicate plots are to be
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as appropriate. The nmethod of pesticide application
shoul d follow, as closely as possible, normal
commerci al use application procedures.

Sanpl i ng Requi renents

At each sanpling time, care nmust be taken to obtain
soil sanples for residue analysis that are

representative of the replicate plots; accurate and
consi stent sanpling is vital for meaningful results.

a) Sanpl i ng Patterns

i) Arandom or systematic soil sanpling pattern (11)
may be foll owed, depending on the type of
pesticide application. For exanple, the soil my
be sanpled in-row only (seed furrow or band
treatment) or by a random pattern which covers the
entire treatnment area (broadcast application).
Great difficulty may be encountered in obtaining
interpretable results using an in-row sanpling
pattern; it is recomended that extrene care be
taken in the application and sanpling procedures.

i) Qutside rows of treated areas should be excl uded
fromsanpling in order to avoid variability
resulting from possi bl e undercoverage or drift; in
t he case of confined plots, edge effects may
contribute to this variability.

iii) Soil core holes should be marked after sanpling.
I v) Plugging holes may be useful in preventing the

novenment of treated soil to greater depths and
subsequent anonal ous results.

b) Depth of Soil Sanmpling

i) In order to fully denonstrate the fate of the
pesticide under study, soil should be collected
froma depth sufficient to enconpass the verti cal
di stribution of the pesticide and its major
transformati on products at each sanpling tine.
Data from | aboratory studies (physicochem cal
properties, nobility and transformation) can be
used in conjunction with water recharge esti nmates,
(e.g., average rainfall data, expected irrigation)
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and soil perneability properties to establish
appropriate core depths.

ii) Soil cores should be divided into (at |east) an
upper and | ower section in order to determ ne the
extent of |eaching of the pesticide or its mjor
transformati on products. The | owest section of
t he sanpl ed cores should not contain amunts of
the active ingredient or major transformation
products. Soil should be collected from depths
adequate to ensure that this can be denonstrat ed.

iii) I'n the absence of rainfall or irrigation, initial
or zero-tinme sanples need be taken to only just
past the depth of incorporation.

iv) At later sanpling times, a sanpling depth of 15 cm
shoul d be sufficient for conpounds of | ow
mobi lity.

v) When conpounds of higher nobility are being
studied, or with soil-incorporated conmpounds,
deeper cores nmay be necessary, especially as the
season progresses or if the season is wet.

c) Tinmes of Soil Sanpling

i) Soil sanpling should be carried out prior to
treatment, immediately after treatnment (zero-tine)
and at increasing intervals (daily, weekly,
nmont hly) between sanpling tines depending on prior
estimates of pesticide dissipation.

ii) The dissipation of a product used in nmultiple
appl i cati ons over a season should be studied
t hrough a full cycle of applications (4).

iii) Residue data should be obtained until: (1) 90% of
the pesticide and /or its major transformation
products have di sappeared fromthe soil profile or
(2) the pattern of dissipation has been clearly
established. It is necessary to determ ne nore
than the 50% decline time (DTg) fromthe initial
application because the dissipation rate constant
often decreases with time (i.e., the half-life is
not constant as in first-order kinetics).
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An overall plot sanple should be taken at the end
of the grow ng season to determ ne residue
carryover to the next season (sanpling in
subsequent years may be necessary). Long-term
studies are required if dissipation is slowto
occur.

Nunber and Pool i ng of Sanpl es

The nunber and dianmeter (typically 3 to 12 cm of
soil cores to be taken should be based on the size
of the plot, the type of soil and the anmount of
soil required for analysis.

Correspondi ng depths of soil cores froma single
pl ot can be pool ed and m xed thoroughly to give
one representative conposite sanple from which an
aliquot, (e.g., 300 g) can then be taken for

anal ysi s.

Duplicate sets of cores should be taken at zero-
time fromeach treated plot and anal ysed
separately to firmy establish the initial residue
val ue. The ampunt of pesticide in all subsequent
soil sanples will be evaluated in conparison to
the zero-time val ue.

Sampl es fromreplicate plots should not be pooled
t oget her.

An adequat e nunber of cores per plot should be
collected at each sanpling tine to ensure that the
sanple is representative of the plot. For

exanpl e, a conposite sanple froma 2m x 1m snal
pl ot may consist of 10 to 15 soil cores (3 cmin
di anmeter) per sanpling tinme over a period of one
year. For field studies of |onger duration, small
pl ots of |arger area should be used to accommpdate
the collection of a greater total nunber of cores
that results fromthe increase in nunber of
sanpling times. Owing to the increase in plot
size, the nunber of cores collected per sanpling
time should be increased (e.g., if the plot

di mensi ons are doubl ed, then the nunber of cores
coll ected per sanpling tinme should be increased by
509 .
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vi) In large plots, soil cores of greater dianeter are
usual , but 20 or nore cores should be coll ected;
the variation present within large plots is
greater than that in small plots because of |ess
uni f orm pesticide application and greater natural
variation in the soil

vii) If, within a plot, there are areas of different
types of soil, soil organic matter content, etc.,
or knol |l s/ depressions, then representative cores
from such areas should be pool ed and anal ysed
separately fromother sanples (i.e., all sanples
not pool ed together).

e) Handl i ng of Sanpl es

Both soil and crop sanples should be frozen if
t hey cannot be extracted immediately. To check
stability of pesticide residues during storage,
untreated soil sanples should be fortified with
anal ytical standards (for parent chem cal and
maj or transformati on products), stored and then
extracted and anal ysed in the same nmanner as
sanples fromtreated field plots (5).

Speci al Probl ens

a)

Low Application Rates:

Pesticides intended for use at very | ow application
rates may present difficulties with respect to
detection in soil soon after application. The
preferred nmethod for solving such problens is to | ower
detection limts by devel oping nore sensitive

anal ytical techniques. |If this cannot be acconpli shed,
field studies (small plot or |arge-scale) may be
conducted at an el evated application rate of
approximately 2-3 times the highest recommended rate.

I n support of studies at el evated application rates, a
bi oassay procedure and/or m croplot dissipation study
usi ng radiol abell ed pesticide my be acceptable on a
case-by-case basis. Field studies using radiol abell ed
techni cal pesticide nmay be subnmitted as the sole field
di ssi pation studies provided that they are supported by
data from conparative (laboratory or field) studies
conducted with technical and fornmul ated pestici de.

Such conparative studies would assess the sinmlarity
bet ween the two test substances with respect to
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pesticide dissipation (transformation and | eaching) in
soil .

When field studies are conducted with formnul at ed
product that contains radiol abell ed pesticide,
appropriate precautions nust be taken to ensure that
the radi ol abel |l ed pesticide behaves in exactly the sane
manner as non-1| abel |l ed pesticide in the formnul ated
product (i.e. sinply "spiking" fornulated product with
radi ol abel |l ed pesticide my |ead to unrepresentative
and unacceptable results). It would be preferable to
formulate (via | ab scale process) with radiol abel | ed
chem cal

Large Scale O chard Studies

Smal | pl ot studies are recomended in orchard sites.
However, if large scale studies are conducted, then the
area to be treated should be | arge enough to all ow the
use of comrercial application. Wthin this treated
area, replicate plots should be established and shoul d
include five or more uniformy sized trees. Soi
sanpl es should be taken fromtwo distinct areas within
a replicate plot: (i) the dripline areas (in-row) and
(ii) between rows. Sanples should not be pool ed

bet ween these two areas, but sanples taken fromwthin
each of these areas may be pooled. In general, 10-15
soil cores/conposite/sanpling date shoul d be
sufficient. Pesticide residues in surface organic

| ayers (thatch and/or plant litter) should be

determ ned at appropriate intervals. Sanples of the
surface organic |layer should not be m xed with sanples
of underlying soil. To obtain an adequate sanple of
the surface organic |layer, it may be necessary to
sanpl e an area greater than that which would be sanpl ed
with a typical soil core sanpler.

1. The follow ng information should be considered for inclusion
in reports:

a)

b)

Soil textural class, particle size distribution and %
organi c carbon for each depth of soil to be sanpl ed.

Pl ant species, variety, spacing and row spacing,
devel opnental stage (at sanpling tines), planting and
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harvest dates, soil tillage, cultivation and
fertilization, where applicable.

A general description of the fornulation (e.g., type,
carrier, adjuvants).

Formul ati on | ot nunber and concentration of active
i ngredi ent .

A mass bal ance. For field studies conducted with non-
| abel led material, this can be satisfied by a direct
conpari son of the extractable anounts of parent

chem cal and major transformation products in the soi
profile at each sanpling tinme with the anount of
pesticide initially applied. Calculation of residue
concentrations on the basis of equival ent amounts of
parent chem cal per unit area of soil (e.g., kg ha -1)
enables this direct conparison. For field studies
conducted with radiol abell ed nmaterial, the mass bal ance
woul d i nclude anpunts of non-extractable or "bound"
pesticide residues in the soil profile.

Site of radiolabel on the nolecule, where applicable.

Application nmethod, equi pnment type, application date
and time of day applied. Quantity and identity of

di luent and additives. Spray volune per unit area and
application rate. Wather conditions during
application, including cloud cover, w nd, tenperature
and relative humdity.

CGeographi cal | ocation of test sites.
Conditions and |l ength of sanple storage.

Nurmber of replicate plots. Duration of experinment.

Cbserved soil pH for each depth sanpl ed.

Pesticide use history at site. Topography of site.
Layout of plots. Tenperature, precipitation, and pl ot
irrigation data for the duration of the sanpling
season. Applicants for registration should note that
wher e phot odegradation is a major route of pesticide

di ssi pation, the hours and intensity of sunlight shoul d
be docunent ed.
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m) Approxi mate depth and fluctuations in the water table
(when pesticide residues are mobile and water tables
shall ow). The presence of a high water table ( 5
metres) may influence pesticide environnental behaviour
and dissipation at the study site. |f such water table
data are not available fromlocal surveys or sources,
then they should be collected at the study site, if the
study conditions of high water table and nobile
pestici de occur together.

n) Sanpl e noisture content and bul k density.

0) Storage stability of residues.
p) Ful | description of sanpling and anal ysis procedure.

d) Specific description and interpretation of test
resul ts.

2. Addi tional information that may aid interpretation, such as
soil porosity, soil moisture content at field capacity and at
permanent wi lting point, other weather conditions, historical
weat her data for the geographical area, soil taxonomc
classification, soil series description, and general
condition of the plots during the study, etc., could also be
i ncl uded.

3. Soil field sanple residue data should be reported uncorrected

for storage stability | osses.

4. A conparison of the soil and climatic conditions between any
Anerican study sites and proposed Canadi an use area(s) should
be included in reports.
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Ot her details on experinental procedure and pertinent references can
be found in:

EPA 1982. Pestici de Assessnent Gui delines. Subdi vi si on
N. Chem stry: Environnental Fate EPA-540/9-82-021

B. DI SSI PATI ON_ AND ACCUMULATI ON - AQUATI C

A conmbi nation of |aboratory and field studies is required for
t horough assessnent of fate and effects of pesticides in
natural waters (2). Rates of dissipation and |evels and
types of transformation products in field studies may differ
fromthose in | aboratory studies. The aquatic field study is
intended to confirmresults of, and validate predictions
from |aboratory studies and to indicate pesticide

di stribution in aquatic/sedi mnent conpartnents.

Aquatic field studies will be required to clarify the fate of
all pesticides applied directly to water. Aquatic field
studies will normally be required for pesticides intended for
| arge-scale forestry or agricultural use. In cases where

field studies on pesticide dissipation in aquatic systens are
not included in the subm ssion, the applicant should provide
a rationale for not conducting the studies. For exanple,
mtigating factors to be considered in the rationale for not
conducting aquatic field studies include:

1) | ow persistence

2) | ow nobility

3) | ow potential to bioaccumul ate

4) | ow acute toxicity to aquatic organi snms

5) a proposed use pattern with limted potential for
envi ronnental inmpact (e.g., speciality crops)

1. St udy Syst ens

1.1 Small-scale aquatic field studies will normally be
required. Natural or artificial small ponds or
encl osures, 1-5 nf¥, <1 min depth with < 50 n? surface
area and with little or no inflow or outflow, are
suitable for small-scale aquatic studies (4, 7, 8, 12).
For small-scale field studies, only one Canadi an
| ocation may be required if additional aquatic field
di ssi pation studies from outside of Canada, but
representative of Canadi an conditions, are submtted
for review |If the small-scale studies conducted in
Canada are not satisfactory either because they do not
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denonstrate the dissipation/accumul ation of the
pesticide, or because their results differ
significantly fromthose of the non-Canadi an studi es,

it may be necessary to conduct further studies in
Canada. |If no aquatic field studies from outside of
Canada are subm tted, Canadi an studies nust be
conducted at a mnimumof two |ocations. The |ocations
sel ected shoul d represent the extrenes of aquatic and
climatic conditions found in the regions of proposed
maj or uses.

(2) Large-scale aquatic field studies. Although
smal | -scal e aquatic field studies are recomended,
| arge-scal e Canadi an studies [including studies
in limocorrals (10), ponds, streans, etc.] nay be
substituted for them

For pesticides intended for aquatic use and for
pesticides with a high potential to inpact
(directly or indirectly) non-target aquatic

organi sns, |arge-scale aquatic field studies wll
be required so that the pesticide can be assessed
under conditions of actual use. These studies my
be conbi ned with biological inpact studies.
Large-scal e studi es nust be conducted in region(s)
of proposed mmj or use.

(3) Monitoring of pesticide residue levels in waters
near treated areas (6,13) may be requested in
addition to small- or large-scale aquatic studies
to confirmthat the stipul ated operational use
conditions do not |lead to aquatic contam nation
t hrough drift, runoff, erosion or leaching. In
nost cases, nonitoring trials will be restricted
to anal ysis of pesticide residues. Analytical
sensitivity should be bel ow expected effect |evels
for biological systens. In unusual circunstances
where no-effect-1levels bel ow anal ytica
sensitivity have been determ ned, biol ogical
i ndi cators may be necessary. Monitoring trials
will normally be done under tenporary
regi stration.

Experi nental Desi an

Conpartnents of aquatic environnments (e.g., water, sedinent,
bi ota) that are critical to the fate of a particular
pestici de nmust be sanpled thoroughly, (e.g., sedinment and
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suspended solids are inportant conpartnments for substances
with water solubility less than 1 ug/nL-'). Prediction of
conpartments likely to be critical requires a know edge of

t he physicocheni cal properties, adsorption/desorption
behavi our and transformati on rates and products of the
pesticide. Prediction can be facilitated by the use of

mul ti conpartment aquatic fate nodels such as EXAMS (1) and
NRCC (9). These nodels can be used to predict fate and may
be useful in designing field studies but, at present, cannot
replace field studies.

(a) Aquatic study systens should sinulate water chem stry
and sedi nent characteristics likely to be encountered
under proposed Canadi an use conditions. For products
used in water or on ditchbanks, the reconmended nethod
of application should be foll owed, and the product
shoul d be applied at the maxi num proposed rate and
nunmber of applications. For other products,
application should follow a "worst-case" scenari o,
e.g., inadvertent direct spray by aircraft or spray
drift from adjacent field applications. Direct
addition of the product to water is recommended in
these cases. In those cases where the proposed | abel
recommends nul ti application, the experinental design
shoul d i nclude pesticide applications in accordance
with the | abel instructions.

(b) The formul ated (end-use) product should nornmally be
used. Use of radiol abel ed pesticide in small-scale
studi es may be considered as a neans of estimating a
mass bal ance.

(c) Aquatic dissipation field studies should be perfornmed
at least in duplicate. Sanmpling of control and treated
sites prior to pesticide application is necessary to
establish that simlarity exists between these sites.
Untreated controls should be sanpl ed throughout studies
to provide background data on water and sedi ment
characteristics. The use of enclosures in ponds or
shal l ow | akes facilitates replication.

(d) Pesticides should be applied at the tinme of year
recommended for use. Sanpling should be carried out
prior to treatnent, immediately after treatment and at
increasing intervals between sanplings (daily, weekly,
nmont hl y) depending on estimates of field dissipation
from | aboratory data.
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Sampl es from a single pond or enclosure can be pool ed
to yield a single representative sanple per replicate
for each sampling tine. To enconpass possible
concentration gradients, the collection of surface (0-
5 cm, and subsurface ( 20 cm) water sanples is
recommended. Sanpl er design should be such that
contam nation froma surface slick is mnimzed, (e.g.
with an inlet that can be opened under water). Water
fromthe different depths should be anal ysed
separately.

Sedi ment sanpl es shoul d consist of only the upper 5 cm
or |l ess. Deeper sanples can result in decreased
pesticide residue concentrations as a result of
dilution. Devices which cause m nimal disturbance to
t he sedi nent such as corers (5) are recomended.
Alternatively, containers filled with sedi mnent can be
pl aced on the pond bottom before treatnment and renoved
at intervals (7). The sedinment sanple should be

drai ned of excess water, taking care to avoid | oss of
flocculent material at the sedinent-water interface.

| f possible, the extraction of residues from water
sanpl es should be initiated imediately by the addition
of a suitable solvent, when | aboratory studies indicate
rapid transformati on of pesticide residues in natural
waters. Otherw se, sanples should be refrigerated

i medi ately and extracted as soon as possi bl e.

Sedi ment sanpl es should be frozen imediately. To
check stability of pesticides during storage, water and
sedi ment sanples fromuntreated areas nust be fortified
wi th anal ytical standards, stored and anal ysed in the
same manner as sanples fromtreated areas.

I f plastic, especially polyethylene, is used to |ine
artificial ponds or enclosures, sorption/desorption of
the product to/fromplastic liners should be nonitored
(4, 11).

Studi es may be conbined with environnmental toxicology
studi es on bioaccunul ati on and transformation in fish,
non-target invertebrates and aquatic macrophytes.



- 63_
Reports

The follow ng information should be considered for inclusion in
reports:

1. Sedinment characteristics (textural class, particle
size, distribution and % organi c carbon).

2. Dissolved oxygen, pH, suspended solids, turbidity and
tenperature of water.

3. Redox potential, tenperature, and pH of sedi nent.

4. Plant species, variety and bi onmass, where appropriate.

5. Geographical |ocation and description of test site.

6. Weight, volune or area treated and sanpl ed. Nunber of
replicates.

7. Application nethod, equipnment used, application date

and tinme, quantity of diluent, spray volune per unit
area, application rate and weat her conditions during
application (cloud, wind, relative humdity and air
t enperature).

8. Description of fornulation used, (e.g., type,
carriers), lot nunber and concentration of active
i ngredient.

9. Dates of sanple collections and full description of
sanpling and anal ysi s procedures.

10. Any correction(s) in the reported pesticide residue
data should be clearly stated and supported with sanple
cal cul ati ons.

11. Conditions and | ength of sanple storage and storage
stability data.

12. Precipitation, hours of sunlight and water flow rates
during the study period.

13. A mmss bal ance or rough estimte of nmass bal ance where
accuracy is not feasible.

14. Specific description and interpretation of test
results.
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SPECI AL _SI TUATI ONS RELATED TO | NTENDED USE PATTERN

These situations have additional or extenuating requirenments
as they do not fit neatly into broad categories of
"terrestrial" and "aquatic", or conversely, are nore specific
and thus require separate consideration.

Forestry

Forestry use of a pesticide is both terrestrial and aquatic
(1,2,3). Therefore, the |aboratory investigations should
consi st of those required for terrestrial use, while field
studi es woul d cover aquatic as well as terrestrial |ocations.

Field studies of dissipation and accunulation will include
residue data fromthe following strata: foliage, |eaf
litter, soil under litter, exposed soil, standing and novi ng

wat er and sedi nent, fish and other non-target organisns. One
site with replicated treatnment is sufficient if the use
pattern does not involve wi dely varying forest environnments.
Ot herwi se, at least two different sites nust be tested. Some
field persistence tests, terrestrial and aquatic, nust be
done under Canadi an conditions, for registration in Canada
for forestry use.

Tank M xes

When two or nore pesticides are to be applied together,

di ssi pati on and persistence are not normally influenced by
the conbination. Information on the individual conmponents
wi Il be provided through the studi es suggested in the
guidelines. A laboratory or field persistence test nay be
required on a case-by-case basis.

Gr eenhouse

Greenhouse use involves a limted or restricted physical
area. Tests on volatility and phot odegradation in air have
been mentioned (6.2 A 1, 3 (iii)). If adsorption/desorption
studi es are avail able, leaching studies will not be required.
Field trials may consist of confined area tests or small plot
studies; ie. large-scale field trials are not necessary as

t hey are not applicable to intended use.

Domesti c | ndoor/ Qut door
Because use pattern involves a limted area and quantity,

| aboratory studies may be sufficient to determ ne
environnental fate. |f adsorption/desorption data are



-66-

avail abl e, |l eaching studies will not be necessary. Small-
scale field trials may be required on a case-by-case basis
dependi ng on the extent of intended use. Large-scale field
trials of dissipation and accunul ati on are i nappropri ate.

5. M scel | aneous

Most i ndividual use patterns will fall into the terrestrial,
aquatic, or special situation categories described. A case-
by-case exam nation of unusual or new use patterns wll
determ ne the extent and type of study desired to assess
environnental fate. Oher related information nmay be
required for a particular pesticide in addition to the
studies outlined in the guidelines.
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6.4 STORAGE, DI SPOSAL, AND DECONTAM NATI ON

A LABEL AND PACKAG NG | NFORMATI ON

1. Storage |life and stability under typical storage
condi ti ons:

i) occurrence of deterioration or changes in
pesti ci de;

ii) corrosion test of containers; and
iii) rinsability of container.

2. Proper disposal of excess material (1): unused
pestici des and rinsates.
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3. Di sposal of enpty containers (2).
4. Decont am nati on of personal or in-transit spills.

5. Safe re-entry period assessnent eg. from photolysis in
vapour phase (3).
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6.5 ASSESSMENT OF ENVI RONVENTAL FATE DATA

In order to register a pesticide, the fate of that pesticide
when it enters biotic systens nust be known. The purpose of
environnental fate data is to determne if contamnation is

liable to occur and, if so, to what degree. The studies

suggested in the guidelines will supply enough information to
assess the inpact that the intended use of a pesticide wll
have on the environment. This will be evaluated in

conjunction with toxicological data to determ ne the safety
or potential hazard of a conpound. Analysis of the risks and
benefits of a pesticide with particular enphasis on the

di stribution and extent of use, will lead to the decision to
register the pesticide. This decision is the responsibility
of the Pesticides Directorate, Agriculture Canada.
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