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EXECUTI VE SUMVARY

The purpose of this Discussion Docunent is to provide a sunmary of
t he data reviewed and outline regulatory considerations and options
for the preharvest application of gl yphosate herbicide in wheat,
barl ey, soybeans, peas, lentils, canola, forage crops (e.g.,
alfalfa), and fl ax.

At this tinme, aerial application is not being considered. However,
recogni zing that interested parties are likely to raise the
guestion of aerial use, Agriculture Canada has made a prelimnary
exam nation of this matter.

We wel come your views on the subject matter of this docunent.

Pl ease address your conments within 60 days of the issue date of
this docunent, to the Provincial Spokesperson, as directed in the
| ntroduction section of the Di scussion Docunment.

G yphosate, a non-selective herbicide, is the active ingredient in
t he comrerci al herbicide products RoundupR and VisionR and (in
combination with 2,4-D) RustlerR A variety of home and garden
her bi ci de products containing gl yphosate are al so regi stered.

Preharvest application of glyphosate has been registered since the
early 1980s in many other countries on a variety of food crops.

| nt er nati onal Maxi mum Residue Limts (MRLS) in these crops have
been adopted by the Codex Alinmentarius Conm ssion.

Agricul ture Canada, with the assistance of advisors from Health and
Wel f are Canada, Environnment Canada, the Canadi an Grain Comm ssion,
and the Departnment of Fisheries and Oceans, has conpleted an
assessnment of the data submtted by the registrant in support of

t he preharvest use of gl yphosate.

Adronom ¢ _and Econoni c Benefits

The preharvest use of gl yphosate would provide an alternative
application timng for the control of perennial weeds and, in some
areas, could help reduce the use of cultivation as a neans of weed
control. Therefore, preharvest gl yphosate application may be a

val uabl e tool with respect to soil conservati on.

The preharvest application of glyphosate is also potentially useful
as a harvest managenent tool (desiccant). This treatment may speed
up crop and weed drydown, thereby allowi ng for an earlier and/or



easi er harvest. This, in turn, may result in a reduction of the
risk of crop loss and downgradi ng caused by adverse weat her and
harvesting conditions. The registrant has not conclusively
denonstrated the effectiveness of preharvest gl yphosate use in
produci ng the harvest aid effects described in the proposed | abel
t ext.

A consultant's study conducted for the registrant concluded that
the principal econom c benefit of preharvest application would be
enhanced crop yield. This enhancenent in crop yield would occur
because of the reduction in conpetitive perennial weeds in areas
where the use of currently registered herbicide treatnents is not
practical. No attenpt was nmade to quantify any harvest namnagenent
benefits.

Heal t h Aspects

Heal th and Wel fare Canada has reviewed the gl yphosate toxicol ogy
data base, which is considered to be conplete. The acute toxicity
of glyphosate is very low. The submtted studies contain no

evi dence that glyphosate causes nutations, birth defects or cancer.

The potential for worker exposure should not change as a result of
the registration of preharvest glyphosate application, because this
application is only a change in timng. The anount of glyphosate
per hectare that would be applied is |less than or equal to the
amount applied for currently registered uses.

Resi dues

Maxi mum residue limts (MRLs), are being proposed for inclusion in
t he Food and Drugs Reqgul ations to cover any possible glyphosate
residues remaining in harvested crops and other agricul tural
commodities. Residues such as those represented by these MRLs are
not considered to pose a health hazard to consuners.

Due to the dilution of treated grain by untreated grain in the
channel s of trade, and to the partitioning effects of processing,
any gl yphosate residues found in commercial flour or beer are
likely to be | ower than those found in treated wheat or barley.
For exanpl e, The Canadi an Grain Comm ssion assessnent concl udes
that, inreality, it is likely that residues in comercial beer
woul d be, for all practical purposes, non-detectable.



Mar keti ng Consi der ati ons

The Canadi an Grain Comm ssion (CGC) has assessed the proposed uses
with respect to any risks they m ght present for export trade in
grain, oilseed (e.g., canola) or pulse (e.g., lentil) crops. The
CGC does not object to ground only preharvest application of

gl yphosate to these crops. Due to the uncertainties inherent in
predicting the extent of use, |levels and frequencies of residues in
commerci al shipments, and buyer acceptance of these residues, the
CGC woul d prefer to see a period of tenporary registration to allow
for evaluation of any actual inpacts of the registration on trade.

The Canadi an Grain Conm ssion is opposed to the registration of
aerial application of glyphosate in any crop before the actual
i npacts of the ground only applications have been eval uat ed.

Envi ronnment al Aspects

G yphosate is not expected to pose a hazard to birds, mammls, soi
or aquatic mcroorgani sns, earthworns or bees. dyphosate itself

is not toxic to fish or aquatic invertebrates; the surfactant used
in the RoundupR formulation is nore so. However, the preharvest use
of Roundup®R by ground application should not result in significant
effects on fish or fish habitat provided a 15-m buffer zone is
observed.

G yphosate is not nobile in soil and it is not taken up by plant
roots. Wile field dissipation studies have been carried out in
forest soils, there are no Canadian field data avail able on

di ssipation fromsoil in agricultural areas. The registrant has
now initiated the requested studies.

Because gl yphosate is a non-selective herbicide, there is concern
about the potential inpact of overspray or drift on non-target
vegetation and on wildlife habitats.

Aerial application my be convenient and avoids yield | osses from
tractor wheel damage caused by use of ground application equi pnent
in mature crops, but there is the possibility of an increase in
drift. The possibility of greater drift increases the potenti al
ri sk of inpact on non-target vegetation and wildlife habitats.

Label Directions/Linmtations

The proposed | abel for the preharvest use of gl yphosate includes
statenments on: (1) correct timng of application; (2) avoiding
contam nation of water bodies; (3) keeping a 15-m buffer zone



around non-target areas; and (4) avoiding drift or overspray to
non-target vegetation and wildlife habitats. The | abel also
contains a statenent prohibiting application by aircraft.

Requl at ory Consi der ati ons

Agriculture Canada has already granted a tenporary registration for
t he preharvest use of glyphosate by ground application on fl ax
only. Agriculture Canada has three regul atory options avail abl e
for the preharvest use of glyphosate: (1) to grant registration;

(2) to grant tenporary registration; or (3) not to register. It is
possi ble to nake different regulatory decisions for the various
proposed uses.

Responses to this Discussion Docunent and commitments to provide
addi tional information that may be requested will be taken into
consideration in maki ng the necessary regul atory deci sion regarding
preharvest ground application of glyphosate. Registration of
preharvest gl yphosate by aerial application is not currently under
consi derati on.
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1. | NTRODUCTI ON

The purpose of this docunment is to provide a sunmmary of the
data reviewed and to outline regulatory considerations and
options for the preharvest application of glyphosate herbicide
in wheat, barley, soybeans, peas, lentils, canola, forage crops
(e.g., alfalfa), and fl ax.

Aerial application of preharvest glyphosate is not under
consideration at this tinme. However, recognizing that
interested parties (such as farm organi zations and aeri al
applicators) are likely to raise the question of aerial use,
Agricul ture Canada has taken this opportunity for a prelimnary
exam nation of this matter.

We wel come your views on the subject matter of this docunent.

Pl ease address your comments within 60 days of the issue date
of this docunent, to:

NAVME AND ADDRESS OF PROVI NCI AL SPOKESPERSONS

NEWFOUNDL AND NOVA SCOTI A

Gary G eensl ade
Cor mack Bl dg.

2 Steer's Cove
Box 5609

Di ane Wal nsl ey

Agricul ture Canada

Food Production & Insp. Br.
Kentvill e Research Center

St. John's, Newfoundl and
A1C 5W8

TEL: (709) 772-5030

FAX: (709) 772-5100

PRI NCE EDWARD | SLAND

Al an Ham |t on

97 Queen Street

Suite 302
Charlottetown, P.E.I.
C1A 4A9

TEL: (902) 566-7297
FAX: (902) 566-7334

Kentville, Nova Scotia
B4N 1J5

TEL: (902) 679-5300
FAX: (902) 679-5565

NEW BRUNSW CK

St even St ehouwer

AgCan Research Station
850 Li ncoln Road
Fredericton, N.B.

E3B 5G4

TEL: (506) 452-4964
FAX: (506) 452-3923
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NAME AND ADDRESS OF PROVI NClI AL SPOKESPERSONS (conti nued)

QUEBEC

Andr & Caron

Agri cul ture Canada

Dir. Gén. de |a production et
de | "inspection des alinents
Conmpl exe Guy Favreau

200, boul. René Lévesque Quest

Tour est - Suite 1002 -|

Montr éal (Québec)

H2Z 1Y3

TEL: (514) 285-8888

FAX: (514) 283-1919

MANI TOBA

Shannon Van Wl | eghem
Agri cul ture Canada

Food Production & Insp. Br.
624 - 269 Main Street

W nni peg, Manitoba

R3C 1B2

TEL: (204) 983-8662

FAX: (204) 983-8022

ALBERTA

Jerry Shaw

Agricul ture Canada

Food Production & Insp. Br.
9700 Jasper Avenue

Suite 815

Ednmont on, Al berta

T5S 44

TEL: (403) 495-5398

FAX: (403) 495-2156

ONTARI O

Ross

Pettigrew

Agri cul ture Canada

Food

Production & I nsp.

174 Stone Road West
Guel ph, Ontario
N1G 4S9

TEL:
FAX:

(519) 837- 9400
(519) 837-9773

SASKATCHEWAN

Bill

Maksynet z

Agri cul ture Canada

Food

Production & I nsp.

Agricultural Insp. Dir.

210 -

1955 Broad Street

Regi na, Saskat chewan
S4P 4E3

TEL:
FAX:

BRI TI

(306) 780-7123
(306) 780-5177

SH COLUMBI A

M chel | e Edwar ds
Agricul ture Canada

Food
Room

Production & Insp.
202

620 Royal Avenue

P. O

Box 2523

New West m nster, B.C.
V3L 5A8

TEL:
FAX:

(604) 666- 0593
(604) 666- 6130

Br .

Br .

Br .



2. PESTI Cl DE NAME AND PROPERTI ES

2.1 Pesticide Nane

Common nane: gl yphosat e
Chem cal nane: N- phosphononet hyl gl yci ne
Trade nane: RoundupR® (i sopropyl am ne sal't

formul ati on)
CAS Registry No.: 38641-94-0

2.2 Physical and Chemi cal Properties

Empirical fornula: CHNGP

Structural fornula: O O
% %
HOsSQCSQCH, NHSQCH,S)QPSQOH

R

OH
Mol ecul ar wei ght: 169. 1
Physi cal form solid
Col our: white
Qdor : odor | ess
Mel ting point: 200°C (with deconposition)
Boi |l ing point: not determ ned
Vapour pressure: <108 mm Hg at 25°C
Oct anol / wat er

partition
coefficient (K,): 0.0006 - 0.0017
Sol ubi lity: water - 1.57% at 25°C
organi c solvents - insoluble
Bul k density: 1.74
Storage Stability: no change in assay after 1 year
st orage

3. DEVELOPMENT AND USE HI STORY

G yphosate is a non-sel ective post-energence foliar-applied
her bi ci de devel oped and manufactured by Monsanto Conpany. It
has been registered for use in many countries, and is one of
the nost wi dely used herbicides in the world.

| n Canada, glyphosate was first registered in 1976, as
Roundup® an isopropyl am ne fornul ation. This product is used
for pre-plant and post-harvest control of annual and perenni al
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weeds in continuous, sumrerfallow and mnimumtillage cropping
systens. It is also registered for control of woody brush and
trees on rights-of-way, and for directed application in
orchards, vineyards and shelterbelts. Vision® a simlar
formul ation, is registered for control of undesired woody and
her baceous species for site preparation and conifer release in
forestry and woodl and sites and in forest nurseries. RustlerR
a pre-mx fornulation of glyphosate and 2, 4-D i sopropyl ani ne
salts, is registered as an alternative to cultivation for weed
control in sumerfallow Several dilute fornulations of

gl yphosate i sopropylam ne salt are registered for honme and
garden use.

Preharvest application of glyphosate has been registered in the
U. K., Netherlands, Bel gium France, Gernmany, Norway, Denmark,
Luxenbour g, Czechosl ovaki a, Pol and, New Zeal and and Australia
since the early 1980's (see Table 1). Crops approved for
preharvest application include cereals, pulses, canola and hay.
Regi stration and anended tol erances are presently being sought
for preharvest use in the United States. International Maxi mum
Residue Limts (MRLs) have been adopted by the Codex

Ali mentarius Conm ssion (see Table 2).



TABLE 1

GLYFHOEATE EERATCIDE

GLOBAL BESISTRATION STATUHS

DPAEHARVEST DZE

Initial
Bagistration CROE
CountEy Dats Wheat DBaxley $atz Rye Feax Beans Canola Hay
L B+ Fel: L9820 X X X - X X = i
MEtbseelunds  Sapt 1583 * X X X i -
2alciam March 1%ES b4 = x I = - 7
France March 180= X X - X - - - -
W, e bORLY March 12481 ki S X X - - - x
CESARS Jupe 1H83 * kS X - - - -
Foland - X x x - - -
Lenmsrk Jume 190z x i X L] X x x X
Hooway april 1%a4 - X - - - - -
Ik gmbonzg July 1482 ¥ X - - - - -
Haw Raaland - = i X - b - - -
Austxalia - Zukghum
L Lo the U.K., preharvest glyphosate is alss —egistered Lor ude o0 tritinals
mrrzy linsescl,
.4 Im CrRcannlavakia, Ll ie slags reglaterad for vos on ooon,
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TABLE 2

| NTERNATI ONAL MAXI MUM RESIDUE LIM TS FOR GLYPHOSATE
(adopted by the Codex Alinmentarius Conm ssion)

Crop Codex th!nyanesidue
Limt
VWheat 5 ppm
Bar | ey 20 ppm
Rapeseed (Canol a) 10 ppm
FI ax -
Peas (dry) S ppm
Lentils ---
Soyabean (dry) 5 ppm
Hay or fodder
(dry) of grasses 50 ppm
Straw and fodder
(dry) of cereal grains 100 ppm
VWheat bran, unprocessed 40 ppnt
Wheat fl our 0.5 ppnt
VWheat whol e neal 5.0 ppnt

*  proposed

Canadi an efficacy and residue trials for preharvest glyphosate
use have been conducted in various crops. Monsanto Canada
submtted initial residue data and requested that Health and
Wel fare Canada set Maxi mum Resi due Linmts under the Food and
Drugs Act in Novenber, 1987. Monsanto's subm ssion for
registration of preharvest use under the Pest Control Products
Act was received by Agriculture Canada in Decenber, 1988.
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REGULATORY CONSI DERATI ONS

Agricul ture Canada, with the assistance of advisors from Health
and Wel fare Canada, Environnment Canada, the Canadian Grain
Conmmi ssi on and the Departnent of Fisheries and Oceans, has
conpl eted an assessnent of the data submtted by the registrant
in support of preharvest use of glyphosate.

4.1 Summary of Revi ews

a)

Agronom c Benefits

Preharvest use of glyphosate provides a val uable
alternative tinme of application for control of the
perenni al weeds quackgrass, Canada thistle, and
perenni al sowthistle. These difficult-to-control
weeds cause significant reductions in crop yields;
currently registered treatnments for their contro

are not suitable to all areas and circunstances

(see 6.3 Control of Perennial Weds, below). Wed
control via preharvest glyphosate application has
the potential to reduce the use of cultivation to
control quackgrass and Canada thistle in areas where
chenfallow (i.e., use of herbicide treatnent instead
of cultivation in sumerfallow) is not practiced or
desirable. Preharvest glyphosate application is

t hus of potential value with respect to soil
conservation in those areas.

Preharvest use of glyphosate is also potentially
useful as a harvest managenent tool (desiccant),
reducing the period of tinme fromcrop maturity to

harvest by speeding up crop and weed drydown. It
nmust be enphasi zed that preharvest application of
gl yphosate will not shorten the tinme required for

the crop to reach physiological maturity. Faster
drydown woul d allow for an earlier and/or easier
harvest and serve as an alternative to swat hing.
Earlier harvest reduces the risk of crop |loss and
downgr adi ng due to damage caused by adverse weat her
and harvesting conditions. The nerits of desiccant
applications are often nore difficult to docunent
than are those of herbicidal treatnments. The

regi strant has not concl usively denonstrated

ef fecti veness of preharvest glyphosate use in
produci ng the harvest aid effects described in the



b)

- 8 -

proposed | abel text. Crop desiccation is especially
beneficial in harvesting of indeterm nate crops such
as lentils, canola, peas, flax, and sonme varieties
of soybeans.

The conbi nati on of perennial weed control with the
harvest managenent benefits attributed to preharvest
gl yphosat e application have |l ed to considerable
farmer interest in this use. This interest has been
expressed via resol utions requesting registration
fromsuch farmer organi zations as the Canadi an
Federation of Agriculture, Alberta Canola G owers
Associ ation (now the Al berta Canol a Producers

Comm ssion), Alberta Conservation Tillage Society,
and the Western Barley Growers Associ ati on.

Econoni ¢ Benefits

A consultant's study conducted for the registrant
concl udes that the primary source of econom c
benefits would be enhanced crop yield resulting from
i mproved control in western Canada of two weeds:
Canada thistle and quackgrass. The annual net
benefits from weed control of preharvest application
of glyphosate are estimated as being in the $31.6 to
$35.8 million range. This estimte was derived

t hrough the use of a wide range of data (e.g., five
year averages for crop prices) and assunptions
(e.g., that inproved weed control would result
exclusively fromtreatnment of acreage infested with
perenni al weeds and not treatable with current

met hods). No attenpt was made to quantify harvest
managenent benefits.

Heal t h Aspects

Heal th and Wel fare Canada has reviewed the

gl yphosat e toxicol ogy data base, which is considered
to be conplete. Based on inclusion in the data
base of the recently avail able repeat |ong-termrat
study, the Acceptable Daily Intake (ADI) for

gl yphosate has been revised upward to 0.75 ng/ kg
bw/ day. Health and Welfare Canada has concl uded
that there is no evidence of glyphosate-caused

mut ageni city, teratogenicity or cancer induction in
the submtted studies; the acute toxicity of

gl yphosate is very | ow
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The potential for worker exposure fromthe requested
uses (i.e., preharvest application by ground

equi pnment) is not likely to be greater than that of
currently registered uses since only a change in
timng of application is involved. Furthernore, the
rate of application is equal to or |ower than
current | abel rates.

Resi dues

Cl ose-to-harvest treatnent entails an assessnent of
the potential for residues in harvested crops and
correspondi ng processed foods. Health and Welfare
Canada has assessed residue data submtted by the
registrant. Maxinmumresidue |imts (MRLs), listed
in the Health and Wel fare section of this docunent,
are being proposed for inclusion in the Food and
Drugs Requl ations to cover any possible glyphosate
residues remaining in the followi ng harvested crops
and other agricultural commodities: wheat, barl ey,

wheat and barley mlling fractions, soybeans,
soybean oil, peas, lentils, rapeseed (canol a),
rapeseed (canola) oil, and flax. Feeding of treated

cereal and oilseed grain, grain fractions or neal to
livestock is not expected to cause significant
residues in neat, neat fat or mlk. Residues such
as those represented by the proposed MRLs are not
considered to pose a health hazard to consuners.

Resi due data subm tted for beans, nustard, and
forage crops are insufficient to support the
proposed use. Therefore, registration on these
crops is not presently under consideration. No data
were provided to support the nultiple use of

gl yphosate on a crop in one crop year, i.e., pre-

pl ant plus preharvest, etc.

The proposed MRLs will be published in Part | of the
Canada Gazette in the near future. Any coments on
t hese proposed MRLs and their inplications for
downstream m | | ed products or processed foods can be
addressed to Health and Wel fare Canada via the
Canada Gazette Part | provisions for public comment
on regul atory changes.
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According to the data reviews provided by Health and
Wel f are Canada and the Canadi an Grain Conm ssion,

gl yphosate is not destroyed on mlling, but instead
is redistributed in the mlIl fractions. Mch of the
residue is retained in the bran, with [ower |evels
ocurring in flour. Mreover, to the extent that
treated grain is diluted by untreated grain in the
channel s of trade, |evels of glyphosate in
commercial flour are likely to be |Iower than those
in flour made entirely fromtreated grain.
Processing data for barley indicate that,

t heoretically, glyphosate residues m ght be found in
beer produced from barley that had been treated at
the recommended application rate and stage of

devel opnent. In reality, however, due to the
dilution of treated grain by untreated grain in the
channels of trade, it is likely that the residues in
comrerci al beer would be, for all practical

pur poses, non-detectabl e.

Mar keti ng Consi derati ons

The presence of residues, even the sanme as or | ower
than the international MRLs adopted by the Codex

Al i mentarius Conm ssion, m ght have inplications for
Canada's export markets, especially with such maj or
trading partners as the United States and Japan.

The Canadi an Grain Conmm ssion (CGC) has assessed the
proposed uses with respect to any risks they m ght
present for export trade in grain, oilseed, and
pul se crops.

The Canadi an Grain Comm ssion does not object to
ground only preharvest application of glyphosate to
wheat, barley, canola, lentils, soybeans and peas as
per the conditions set forth in the proposed | abel.
However, due to uncertainties pertaining to residue
| evel s and their frequency of occurrence in
commerci al shipments and uncertainties with respect
to buyer acceptance of these residues, the CGC
recommends only a tenporary registration. The CGC
is opposed to registration of aerial application of
gl yphosate for wheat, barley and canola. VWhile the
Comm ssi on eventually m ght not object to aerial
application of glyphosate on lentils, soybeans and
peas, they are opposed to approval of these use
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patterns before the actual inmpacts of ground only
appl i cati on have been eval uat ed.

The assessnents of the CGC are based on predictions
about the degree of mxing of treated with untreated
crop in the channels of trade. The views of the CGC
are al so based on the assunptions that glyphosate
will be used in conpliance with | abel directions and
t hat the market potential estinmates provided by the
regi strant are reasonably accurate. Should it turn
out that there is w despread use of glyphosate at

i nappropriate noisture levels or if there is

w despread illegal aerial application or if the
extent of use turns out to be significantly higher
than antici pated by the registrant, the predictions
t hat have been nade nay require revision.

Envi ronnment al Aspects

The potential use expansion associated with
preharvest application of glyphosate warranted
updated reviews of environmental inpact by

Envi ronment Canada and the Departnent of Fisheries
and Oceans. Despite high solubility of the

i sopropylamne salt in water, glyphosate is strongly
adsorbed to soils and is thus not nobile.

Laboratory studi es conducted at 25°C indicate that
there is rapid transformati on of glyphosate in
aerobic soil and aerobic aquatic systenms, but that

gl yphosate is persistent in anaerobic systems. U S.
field data indicate that glyphosate dissipates
rapidly in regions with warmclimtes but |less so in
areas with cool climtes, and that |eaching in soils

is mniml. Wile field dissipation studies have
been carried out in forest soils, no Canadian field
data on dissipation fromsoil in agricultural areas

are avail able. The registrant has now initiated the
request ed studies.

d yphosate is not expected to pose acute or chronic
hazards to birds, mammals, soil m croorgani sns,

eart hworns, bees or Daphnia magna. As glyphosate is
a non-sel ective herbicide, there is concern about
the potential inpact on nontarget terrestrial and
aquatic vegetation fromspray drift from ground or
aerial applications. The Canadian Wldlife Service
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feels that, given the large potential treatnent area
represented by the crops on the proposed | abel, nore
information on the effects of | ow doses of

gl yphosate is needed to assess thoroughly the

i npacts of overspray or drift on wildlife habitats
in the vicinity of sprayed fields.

Aerial application of glyphosate would be

conveni ent, and would avoid yield | oss caused by
tractor wheel damage (specialized application

equi pnent, and/or the use of tramines, can reduce
such wheel danamge). However, the possibility of
greater drift increases the potential risk of inpact
on wildlife habitat and on non-target plants, such
as |ate-maturing crops, shelterbelts and

or nanent al s.

The extent to which preharvest glyphosate would, in
practice, be applied by ground equi pment is not
known, and woul d be expected to vary with the crop.
In flax, peas, and possibly canola, the advantages
of glyphosate use m ght outwei gh any damage
associated with the use of ground application

equi pment in a mature crop. The extent to which the
treatment area may be reduced by restriction to
ground equi pment has inplications for the econom c
benefits predicted for the use, and for the
significance of the potential risks that have been
identified.

G yphosate, the active ingredient in RoundupR is
not acutely or chronically toxic to fish or aquatic
invertebrates. The Departnent of Fisheries and
Oceans i s concerned, however, about the RoundupR
formul ati on because it contains a surfactant
conponent which is toxic to aquatic fauna. Exposure
of riparian and energent aquatic vegetation to

gl yphosate is also a concern. However, the
preharvest use of Roundup® should not result in
significant effects on fish and fish habitat if the
potential for RoundupR deposition on fish habitat is
reduced by limting the application to ground

equi pnment and by observing a 15 m buffer zone. The
preharvest use of Roundup® by aerial application my
result in significant effects on fish and fish
habitat due to the increased risk of deposit on
sensitive habitat.



- 13 -

g) Label Directions/Limtations

The proposed | abel includes the follow ng wording to
mtigate any hazard to fish or wildlife:

"Overspray or drift to
inportant wildlife habitats
such as bodi es of water,
shelterbelts, woodlots
veget at ed ditchbanks and

ot her cover on the edges of
fields shoul d be avoi ded
Leave a 15-nmeter buffer zone
between the | ast spray swath
and the edge of any of these
habitats."

"Do not contam nate any body of

wat er or non-target vegetation by
direct application, spray drift, or
when cl eaning and rinsing spray
equi pnent . "

The proposed | abel also states:

"DO NOT APPLY BY Al RCRAFT."
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4.2 Requlatory Managenent Process

Agricul ture Canada uses a regul atory nmanagenent process
in maki ng significant or conplex registration decisions
on pesticides. This approach involves a consideration of
both the scientific and public policy aspects of the

ri sks and val ues associated with pesticide use. The

val ue conponent involves assessnment of:

1) the performance of the material;

2) sust ai nabl e considerations (e.g., is it nore
environnmentally friendly than the current
product(s), practice or problenf); and

3) econom ¢ benefits.

The potential value of preharvest use of glyphosate

i ncludes both weed control and harvest nanagenent
advantages. As with all biological responses, the
performance and economc nerits of the two val ue
conponents can be scientifically nmeasured, within certain
practical limts, and assessed by experts. However, in a
public policy context, these value conponents also nerit
coments from other parties, including users, by whom

they will ultimately be judged. This same principle
applies to the sustai nable considerations involved with
preharvest use of glyphosate, i.e., reduction of soi

er osi on.

The potential risks associated with preharvest glyphosate
i ncl ude:

1) residues in a staple food item (cereal s);

2) environnental inpact considerations associated with
such use expansion; and

3) possi bl e i npact of food residues tol erances on
export markets.

Potential risks can also be neasured scientifically and
assessed by experts. However, as is the case with

val ues, in a public policy context they also nerit
comrent from ot her parties, including the food sector,
the public and users. It is against this background, and
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in keeping with recogni zed deci si on- maki ng procedures,
that the Departnent is undertaking public consultation
via this Discussion Docunment, prior to registration of
preharvest use of glyphosate in nost of the crops sought
by the applicant.

Preharvest use by ground application in flax has been
granted tenporary registration, pending generation of
further supporting data on effectiveness for control of
perenni al sowthistle and as a harvest managenent tool.
Flax is a relatively small acreage crop, and nost of the
flax grown in Canada is used for such non-food industrial
products as linseed oil and linoleum Preharvest

gl yphosate application thus does not entail the range nor
the intensity of considerations that emerge regarding its
use on the other proposed crops. Reviews were received
fromall advisor agencies, and none indicated any
concerns regarding the tenporary registration of

gl yphosate applied by ground equi pnent in flax.

Responses to this Discussion Docunent and commtnments to
provi de additional information that nmay be requested wl
be taken into consideration in making the necessary
regul atory decision regardi ng preharvest application of
gl yphosate. Registration of preharvest glyphosate by
aerial application is not currently under consideration.

Requl atory Options

a) General Options

I n general, three basic regulatory options are
avail able to Agriculture Canada, as set out in the
Pest Control Products Act and Regul ations. These
are:

1) regi stration, pursuant to Section 13 of the
Requl ati ons;

2) tenporary registration for a specified period,
pursuant to Section 17 of the Regqul ati ons,
condi ti onal upon the provision of additional
supporting information,;

3) no registration, pursuant to Section 18 of the
Requl ati ons.
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b) Preharvest G yphosate Application: Considerations
and I nformation Needs

Revi ew of the subm ssion for preharvest glyphosate
use has identified a variety of considerations and
information needs related to this | abel expansion.
Several of these have already been resolved. For
exanple, the registrant has initiated field

di ssi pation studies in Canadian agricultural soils,
to provide additional information regarding

persi stence of gl yphosate under Canadi an conditions.
The Departnment of Fisheries and Oceans' concern
about toxicity of the Roundup® formulation to fish
has been mtigated by the addition of a | abel

requi rement for a 15-m buffer around fish-bearing
waters. The label will carry a statenent directing
users not to apply glyphosate to crops grown for
seed. The various aspects identified in this

Di scussi on Docunment as outstanding will be addressed
via the dialogue and responses triggered by this
publ i cati on.

c) Specific Reqgulatory Options

The proposed new use covers preharvest glyphosate
application in a variety of crops, for control of
three weeds and for harvest management. Certain
consi derations (e.g., the need for field dissipation
data in Canadi an agricultural soils) apply to al
crops nore or |ess equally; others (such as
international trade inplications and harvest
managenent effectiveness) can be expected to vary

anong crops. It is theoretically possible to nmake
different regulatory decisions for the various
proposed uses. In other words, for each crop,

harvest managenent and control of each weed
(quackgrass, Canada thistle, perennial sowt histle)
can separately be granted registration, tenporary
registration, or no registration.

Bl OLOGI CAL PROPERTI ES

G yphosate is a broad spectrum herbicide, which is absorbed

t hrough foliage and transl ocated throughout the plant. It is
relatively non-selective in its action (higher rates are
required for control of some species). Translocation to
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under ground parts of perennial species prevents regrow h.
G yphosate is tightly bound in the soil, and hence is not taken
up by plant roots.

The primary node of action of glyphosate is the inhibition of
bi osynthesis of aromatic am no acids, by the inhibition of the
EPSP (5-enol pyruvyl shi ki mat e- 3- phosphat e) synt hase enzyne of
the shikimc acid pathway. This enzyne and netabolic pat hway
are not present in manmmals.

Visible effects normally occur on annual species in 2-4 days,
and on perennial species in 7-10 days. Wody species my
require 1-2 weeks, and if treated in the late fall my not show
results until the follow ng spring. The npst common synptomis
devel opnent of yellow or yell ow orange col or, followed by
browni ng of | eaves. At higher rates, wilting is followed by
overall yellow ng, nottling, browning and eventual death of the
plant. Wth sublethal doses or in regrowth, |leaf and stem
deform ties can occur.

AGRONOM C BENEFI TS OF PREHARVEST ROUNDUPR APPLI| CATI ON

6.1 Use Properties and Application |Instructions

The proposed use is the application of glyphosate to
wheat, barl ey, soybeans, peas, lentils, canola, forage
crops, and flax for control of quackgrass, season-I|ong
control of Canada thistle and perennial sow thistle, and
to the listed crops (except forages) for harvest
managenent (desiccation of crop and weeds).

d yphosate should be applied preharvest at 0.9 kg active
i ngredi ent/hectare in 50 - 100 L/ha of clean water, by
ground application only. The application should take

pl ace only when grain or seed noisture content is 30% or
less. This stage typically occurs 7 - 14 days before
harvest. Earlier application my reduce crop yield

and/ or quality. For best weed control results,
guackgrass should be actively growing and have at |east 4
- 5 green | eaves. Canada thistle and perennial sow
thistle should be actively growi ng and at, or beyond, the
bud stage for best results. Preharvest application for
weed control nust take place at the correct stage of both
weed and crop. The registrant's proposed | abel text
carries a statenment warning users not to apply glyphosate
to crops grown for seed.
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6.2 Timng of Application

Correct time of preharvest application is critical for
both weed control and harvest management. Weeds nust be
actively growing at tinme of application, and sufficient
time nmust el apse before harvest for glyphosate to be
transl ocated to underground parts of the plant. The
proposed | abel specifies that application nust take place
7-14 days before harvest and when seed/grain noisture
content is less than 30% Application at higher noisture
content may produce excess gl yphosate residues in the
crop and decreased crop yield and/or quality.

Monsant o has proposed visual indicators of 30% seed
noi sture content as follows:

wheat/ barl ey hard dough stage - a thunmb nai
i npression will remain

canol a pods are yellow to green and nost
seeds are yellow to brown

flax 75-80% of pods are brown
lentils/peas 75-80% of pods are brown

soybeans stens are green to brown in col our
and pods are bl ack

| nformati on nust be provided to substantiate the
correl ati ons between seed noi sture content and these
visual indicators (as they are interpreted by farners).
It would al so be useful to have information relating

t hese proposed application times with the usual stage at
whi ch each crop is swathed. In crops with indeterm nate
growt h patterns, the proposed visual indicators could
span a week or nore. Variable crop maturity in a given
field would add to this uncertainty. The margin of

saf ety of these visual indicators, with respect to crop
damage or excessive gl yphosate residues, nust therefore
be verified.
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6.3 Control of Perennial Wseds

a)

Signifi cance of Perenni al Weds

Perenni al weeds, particularly quackgrass and Canada
thistle, infest mllions of acres of Canadi an
cropland and cause extensive crop damage, both in
terns of yield |loss and crop quality reduction. The
preval ence of perennial weeds such as quackgrass and
Canada thistle is greatest under conditions of
reduced tillage/continuous cropping and relatively
noi st conditions throughout the year.

| nci dence of Canada thistle is highest in the
eastern provinces and | owest in the areas west of
central Saskatchewan. While Canada thistle can be
found in the drier areas of the southern prairies,
infestations in the prairie provinces are generally
heavier in the parkland region. Continuous cropping
practices conmmon in this region make control of
perenni al weeds nore difficult than in
sumrerfal |l owed dryl and areas. Surveys cited in the
econom ¢ benefits study submtted by the applicant
estimate nmore than 2.7 mllion acres of cropland to
be infested with Canada thistle in the three prairie
provi nces. However, in many instances, thistles can
be managed using tillage and currently avail abl e
chem cal treatnents.

The hi ghest densities and nost extensive quackgrass
infestations in the prairie provinces are found in
t he bl ack and dark grey soil zones l|ocated in
northern agricultural areas and in southern
Mani t oba. The National Quackgrass Action Conmttee
(NQAC) 1989 survey of farm organi zations, extension
and research workers, and agrichem cal industry
personnel reported 42. 7% of fields in western Canada
to be infested with quackgrass, with an average of
17.3% of the field surface infested. Preval ence
and density of quackgrass is even greater in

Atl antic and central Canada, where the sanme survey
reported 51.8% and 57.6% of fields to be infested,
respectively, with an average of 30% of the field
surface infested. [The registrant's economc
benefits analysis considers this survey to
overestimate total area infested with quackgrass,
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but this criticismdoes not refer to the estinmted
percentage of fields infested or average field
surface area infested.]

Conpetition from weeds often | eads to significant
reductions in crop yield. The amount of this yield
| oss depends on many factors, including relative
conpetitiveness of crop and weed, weed density,
environnental conditions and crop managenent
practices. Wth perennial weeds, such as
guackgrass, viability and vigour of underground

rhi zomes are other inportant determ nants of
conpetitive ability. The NQAC survey reported
Canada-w de average yield |losses to quackgrass
ranging from 21.8% for pulse crops to 13.7% for
pot at oes. Losses in wheat were reported to average
16.1% barley 15.8% canola 16.7% flax 21.0%
soybeans 20.8% and alfalfa 20.1%

Zero and mninumtillage systens are val uabl e
practices in reducing soil erosion. These tillage
systens, however, have been shown to lead to

i ncreases i n quackgrass infestations. The presence
of quackgrass, thus, can |imt the use of these soil
conserving practices.

Availability of Alternative Control Methods

Perenni al weeds are generally controlled by repeated
cultivation, herbicides, or a conbination of the
two. The ability to control quackgrass and thistles
with currently regi stered products depends | argely
upon croppi ng sequences, soil type and geographic

| ocation. Table 3 is a profile of the products
currently registered for control of quackgrass,
Canada thistle and perennial sow thistle in various
Crops. Chem cal controls are usually suppl ement ed
by spring and/or fall tillage. I nfestation and
yield loss estimates cited above indicate that, even
with presently avail able control nethods, quackgrass
remai ns a significant problem No sel ective
her bi ci de controls both quackgrass and Canada
thistle. The use of cultivation for weed control
(especially when repeated, as is often the practice
in summerfallow) is considered to be a major cause
of the soil erosion now prevalent in many cropl and
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areas. Registration of preharvest gl yphosate
application could reduce reliance on cultivation and
hence contribute to soil conservation efforts in

sSone ar eas.

TABLE 3

ALTERNATI VE PRODUCTS

PRODUCT V\EED CROP

On _Summerfall ow

d yphosat e QG & CT & PST | NV A

Di canmba CT & PST N A

2,4-D CT* & PST* N A

Mechanical Tillage | QG & CT N A

Cl opyralid CT & PST* N A

Pre- Pl anting

d yphosat e QG & CT & PST | Al'l

In Crop

Di quat Desi ccati on Peas, Lentils,
Al fal fa, Canol a,
Fl ax, Soybeans,
Must ar d, For age
Legunes

Cl opyralid CT & PST* Wheat, Barl ey,
Canol a, Fl ax,
Seedling &
Est abl i shed
Ti not hy (seed
crop)

Di canba CT* & PST* Wheat, Barl ey,
Red Fescue

2,4-D CT* & PST* Wheat, Barl ey,
Forage Legunes,
Fl ax




PRODUCT V\EED CROP
2,4-Dl 2, 4- DP CT* & PST* Wheat, Barl ey
Chl orsul furon + CT* Wheat, Barl ey
2,4-D
Set hoxydi m QG Canol a, Peas,
Forage Legunes,
Soybeans,
Creepi ng Red
Fescue, Lentils,
Fl ax

Fl uazi f op- but yl QG Canol a, Fl ax,

Fl uazi f op- P- but yl Soybeans,
Creepi ng Red
Fescue, Forage
Legunes

d yphosat e QG & CT & PST | All - spot
treatments or
before crop
emer ges

Post Har vest

d yphosat e QG & CT & PST | N A

Di canmba CT & PST N A

2,4-D CT* & PST* N A

*

G
CT

PST

Topgrowt h suppression or control
Quackgr ass
Canada Thistle

Per enni al

Sow-t histle

Preharvest gl yphosate application would not,

however, be expected to elim nate the need for other
met hods of perennial weed control. For exanple,
much of the quackgrass and Canada thistle would have
set and/or dispersed seed by this tinme; subsequent
infestations would require treatnent.
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The registrant considers the nost inportant

potential area for preharvest glyphosate use to be
in Mani toba and the parkland regi on of western
Canada. Feasibility of post-harvest or pre-plant
her bi ci de application is |limted by the short
growi ng season in this area. Thistle and quackgrass
pl ants nust be actively growi ng for herbicide
treatment to be effective. Witing for the weeds to
resune active growth in the spring leads to

undesi rabl e delays in seeding; spring quackgrass
growt h can deplete soil noisture during this period.
I n many years not enough tinme el apses between
harvest and freeze-up for perennial weeds to regrow
sufficiently to be controlled by fall herbicide
application. Preharvest application of glyphosate
could provide valuable flexibility in the timng of
her bi ci de use, and thus constitute an effective
control option in areas where infestations are not
currently being treated.

Efficacy of Preharvest Application For Wed Control

The efficacy of glyphosate in controlling quackgrass
is well-established. The registrant's summary of
the trials carried out with each of the three
application timngs shows that quackgrass control
with pre-harvest glyphosate was equal to or better

t han pre-seedi ng or post-harvest treatnents.

Consi stency of control, as neasured by the nunber of
trials in which "commercial |evels"” of control (80%
or better) were obtained, was reported to be greater
for preharvest treatnent than for the currently

regi stered application timngs. A total of 41
trials conducted in a variety of crops over a period
of 6 years showed an average of 90% quackgrass
control one year after treatnent. There was no

evi dence of reduced efficacy due to interference
fromthe canopy in any crop.

RoundupR® is currently registered for control of
Canada thistle and perennial sow thistle at
different application timngs and for sowthistle at
hi gher rates. Trials submtted for Canada thistle

i ndi cat ed good season-long control in nost
instances. Limted data submtted for perenni al
sowthistle indicated good season-long control after
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preharvest application. Additional trials will be
required to support efficacy in perennial sow
thistle.

Only a small nunber of aerial application trials
were conducted. Further evidence of effective
canopy penetration would be required should the
registrant wish to make a subm ssion for
registration of this application nethod.

6.4 Harvest Minagenent (Crop Desiccation)

a)

Signi fi cance of Harvest Managenent

The proposed | abel carries the follow ng text:
"Application for harvest managenent can reduce the
period of tinme fromcrop maturity to harvest by
speeding up crop and weed drydown, and may therefore
speed up harvesting time and efficiency by replacing
the need for swathing or artificial drying. Earlier
harvest may provide inproved crop quality and
recoverabl e yields by reducing the risk of direct

| osses and downgradi ng due to damage caused by
adverse weat her and harvesting conditions."

Quality and yield of crops can be adversely affected
by cool, noist conditions and vari abl e weat her at

t he end of the growi ng season. To overcone this
problem many farnmers swath (w ndrow) their crops
when physi ol ogi cal maturation is conplete but the
grain/seed is too noist to be stored safely.
Swat hi ng al so dries green weeds and crop foliage,
maki ng conbi ne operation nore efficient when a | arge
gquantity of vegetative growth is present.

Harvesting is conpleted by combining, usually when
grai n/seed noisture |l evels have declined
sufficiently for safe storage.

Unf avour abl e | at e- season conditi ons occur nore
frequently in the parkland areas of the prairies,
and crop maturity is often slower and nore uneven
than in nore southerly areas.

Swathing is costly in tinme, fuel and equi pnment.
Dependi ng on crop, cultivar and growi ng conditions,
swat hing may i ncrease or reduce crop |loss due to
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shattering of heads/pods. |If harvest conditions are
wet, as frequently occurs in northern areas,
swat hi ng can i nrease sprouting, weathering, mldew,
etc., and thus lead to serious |losses in crop yield
and quality.

Early frost damage to physiologically mature
standi ng crops which are too noist to harvest can be
anot her cause of downgraded quality and hence
significant financial loss. If crop maturity is
uneven, green kernels could be damaged by frost

| eadi ng to downgradi ng of the whole field (see Table
4. Canadi an Wheat Board paynents for various grades
of wheat).

TABLE 4 CANADI AN VWHEAT BOARD PAYMENTS FOR

VARI QUS GRADES OF WHEAT

Canadi an Wheat Board Initial Paynents

G ade

#1 CWRS?

#2 CWRS

#3 CWRS

(in store Thunder Bay or Vancouver)

1988/ 89 1989/ 90 1990/ 91 1991/ 92
($' s/tonne)

Can. Western

Feed

150. 00 155 135 95

144. 21 149. 21 129. 21 89. 21
130. 21 135. 21 117. 21 80. 00
110. 00 100. 00 95. 00 71. 00
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Canadi an Wheat Board Final Realized Prices

(in store Thunder Bay or Vancouver)

#1 CWRS 197. 14 172. 11 - -
#2 CWRS 191. 19 168. 08 - -
#3 CWRS 182. 11 161. 13 - -

Can. Western
Feed 161. 06 138. 08 - -

Year not over

a Canadi an Western Red Spring Weat

Source: Agriculture Canada
Grains and O | seeds Branch
August 2, 1991

yet
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Ef fective desiccant application could provide an
attractive alternative to swathing, under ideal
weat her conditions. (It nust be enphasized that
preharvest application of glyphosate will not
shorten the tinme required for the crop to reach
physi ol ogi cal maturity.) Swathing is a nore
conservative approach, in that swathed grain can
eventually be recovered (although possibly with some
| oss or damage) after a period of wet weather.
Harvesting of a standing crop cannot be del ayed as
|l ong as can that of a swathed crop.

Lentils, canola, peas, flax and sone varieties of
soybeans are characterized by indeterm nate growth
Plants with this pattern of devel opment continue to
produce new growt h and flowers while the earli est
seeds are maturing. Uneven maturity at harvest
results in the presence of inmmture seeds, which can
| ead to grade reduction of the crop. These crops
are also particularly susceptible to yield |loss from
pod shatter, which can occur during swathing or
whil e swaths are drying in the field. Heavy green
vegetative growth in peas and soybeans interferes
with harvesting machinery. Application of a

desi ccant woul d reduce these problens by halting
growth, drying out i mmture seeds, and drying down

t he uncut crop.

Recogni zi ng the operational challenges and
[imtations discussed above, it is not surprising
that the possibility of glyphosate's being an
effective harvest managenent tool has aroused
consi derable interest anong farners.

Availability of Alternative Products

Di quat, a fast-acting contact herbicide, is
currently registered for desiccation of canol a,
mustard, field peas, flax, soybeans and lentils. It
is widely used in lentils and peas for this purpose.
While diquat is effective in drying down these
crops, under sone conditions it can increase a
crop's propensity to shatter. Diquat is not
particularly effective in controlling perennial
weeds, and it is not registered for use on cereals.
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Ef fi cacy of Preharvest RoundupR Application for

Har vest Managenent

Since the nmerits of desiccation focus |argely on
practical situations encountered under operational
scale conditions, it is difficult to conclusively
prove the value of desiccation via the small-pl ot
replicated trials traditionally used to establish
efficacy of herbicides. Effects of glyphosate
application on such characteristics as the speed of
crop drydown nay be too small or variable to be
apparent in small-plot trials. It is rmuch nore
difficult to devel op quantitative conparisons of
ease of conbine operation than to count the nunber
of weeds killed by a herbicide. It is also very
difficult to measure the contribution of the
treatnment to farm operations under the tine
pressures of threatening weather or the need to
harvest a variety of crops.

It is for these reasons that scientifically
denonstrating (e.g., via replicated trials) whether
gl yphosate is actually effective as a desiccant has
proven to be quite challenging. It is, therefore,
under st andabl e that there is not universal agreenent
anong experts regarding the val ue of desiccant
appl i cations.

The regi strant has not conclusively denonstrated
effectiveness of preharvest glyphosate application
in producing the harvest managenment effects
described in the proposed | abel text. Denpnstration
of harvest managenment performance in the numerous
crops proposed involves a |large and conplicated
experimental program However, Section 9 of the
Pest Control Products Requlations requires that the
applicant provide information that will allow a
determ nation of the safety, nerit and val ue of the
pr oduct .

Crop characteristics inportant in assessing a
harvest managenment treatnent include yield, quality,
date of maturation, speed of drydown, anmount of
shattering, and speed/conveni ence of conbi ne
operation. In addition, the possibility of
decreased seed germi nation or seedling vigour nust
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be considered. Effects of glyphosate application on
these crop paraneters may be relatively small, and
yet of inportance to farners.

Treatnments nust be carried out at the appropriate
her bi cide rate and seed noisture content. Seed

noi sture content at times of swathing and harvesting
shoul d al so be reported.

The choice of swathing or straight-cut harvesting
can affect all the crop paraneters |isted above.

Si nce preharvest application is claimed to be an
alternative to swat hing, both swathed (w ndrowed)
and straight-cut untreated checks shoul d be included
for conparison. Timng of the various operations

i ntroduces another conplexity into the experinental
design. For an appropriate yield conparison, should
t he check be swathed at the best tinme or at the same
time as the herbicide is applied to the treatnent
plots? Simlarly, should swathed checks and
straight-cut treated plots be harvested at the sane
time or at the best tinme for each?

Her bi ci de-i nduced differences in crop paraneters
will be very difficult to separate fromvariability
within and between trials caused by both

envi ronnental and experinental factors. The
particular variety used in a trial can influence the
results, since tendencies to shatter differ
substantially anmong varieties. Losses due to
shattering will vary with cutting height and with
seed/ grain noisture content at time of swathing
and/ or conbining. The effects of herbicide
treatment and harvesting nethod are |likely to be
sensitive to weather conditions between herbicide
application and harvest.

The data package submitted by the registrant

provi des sone useful information regarding the
effects of preharvest gl yphosate application. For
exanpl e, no significant negative effects of the
treatment on such measurenents of crop quality as
1000 kernel weight and oil number (flax) and
proportion of green seed (canola) were found.
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The registrant's summary of germ nation trials
carried out on seed fromtreated plots indicates no
negative effects on barley, wheat, canola, flax or
lentils. Early germnation (6 days) was reduced in
treated seed peas, but by the 16th day, germ nation
was excell ent.

The question of seed viability is particularly
crucial in barley. By far the highest prices are
paid for malting barley, which is germ nated under
precisely controlled conditions for the production
of beer. Any negative effect of glyphosate
treatment on germ nation would therefore be a
significant contraindication to use on barl ey.

Some positive results for crop yield and rate of
seed drydown were reported. However, these results
were not consistent throughout the relatively smal
nunmber of trials conducted at the appropriate
her bi ci de application times. |In wheat, results were
submtted for five trials where glyphosate was
applied at the appropriate grain nmoisture. Of

these, two trials showed no treatnment-correl ated
decrease in grain noisture content at harvest; in
three trials, slightly |ower noisture contents were
observed in the gl yphosate-treated grain than in the
untreated checks. Results were also variable in one
out of the six in which glyphosate was applied at
the correct grain noisture content of barley, and in
the six simlar trials in canol a.

Pod shatter in canola was variable, with a
treatment-correl ated i ncrease of 10-11%in one of
the two trials in which this characteristic was
assessed. In flax, some trials showed a significant
decrease in shatter and increase in yield in
conparison to a swathed check. There was no
signficant difference in shatter of barley in the
one trial in which this characteristic was assessed.

Drydown of annual and perennial weeds and of crop
vegetative gromth was also variable. In sone of the
seventeen trials in which drydown was assessed,

gl yphosate treatnment was correlated with increased
drydown of crop and/or at |east one weed speci es,
relative to an untreated straight-cut check. Trial
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details, such as weat her conditions, which m ght
have provided the neans for interpreting sonme of the
observed variations in results, were not discussed
in the data package.

The fact that it is difficult to conclusively
denonstrate harvest managenent effectiveness tends
to explain differences of opinion held by various
researchers and ot her experts. However, this
difficulty does not necessarily nmean that preharvest
treatment will not be useful. This treatnment may
wel |l prove to be valuable in certain geographic
areas and under specific crop/weed/ weat her

conbi nations, particularly in difficult to harvest
crops such as flax, lentils and peas.

Since the factors that drive this assessnent are

di verse, conpl ex, interdependent, highly variable,
and heavily influenced by practical operating
conditions on individual farns and fields, farmers

t hensel ves may well be the best judges of this
question. Clearly, they are the ultimte arbiters
in any case, since they alone decide whether this or
any treatnment has value for themin their business
oper ati ons.

There are several approaches to dealing with this
type of conplexity and uncertainty:

1) require the registrant to conduct additional
smal | plot trials;

2) require the registrant to evaluate and better
docunment harvest managenent perfornmance under
various commercial conditions of use (e.g., via
research permt and/or during a period of
tenporary registration);

3) revise or limt the product |abel to reflect a
harvest managenent clai mwhich is supported by
t he avail abl e dat a;

4) warn the user, via a statenent on the product
| abel , that this type of harvest managenent
claimis not conpletely supported by scientific
research;
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5) provi de a general |abel reference to the
uncertainties and conplexities inherent in
desi ccation, e.g., as per the currently
proposed | abel text; or

6) register the use and allow users to make their
own determ nati ons of effectiveness.

7. ECONOM C BENEFI TS: AGRI CULTURE CANADA POLI CY BRANCH | NPUT

7.1 Primary Source of Benefits

a)

b)

Descri pti on

A consultant's study conducted for Monsanto Canada

I nc. concludes that the primary source of benefits
woul d be enhanced crop yield resulting from i nproved
control in western Canada of two weeds: Canada
thistl e and quackgrass. The annual net benefits
from weed control of preharvest application of
Roundup® are estimated in the report as being in the
$31.6 to $35.8 mIlion range. Approximtely 64% of
t hese benefits woul d be associated with additional
wheat production, 17% wi th added barley, and the
remai ning 19% with enhanced yield of canola, flax,
peas and lentils conmbined. The benefits in question
woul d accrue in the formof additional incone to
farmers resulting fromthe gain in productivity
associated with this new pesticide use.

Key Assunptions / Data Sources

The data and assunptions enployed in deriving the
above estimates of annual net benefits were obtained
and devel oped through extensive use of avail able
scientific/economc infornmati on and consultation
with industry experts. The following is an
illustrative |ist:

1) It is assuned that inproved weed control would
result exclusively fromthe preharvest
treatnment of infested areas that are currently
untreated. Treatnent in these currently
untreat abl e areas woul d be possible due to the
potential for preharvest applications providing
a "wi der wi ndow of application timng" as
di scussed in Section 5.1 of this docunent.
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2) Two alternative assunmptions were enployed with
respect to the percentage of infested/ untreated
areas whi ch would be treated by RoundupR
(preharvest). In one scenario, this is assuned
to be 85% while in the other it is assuned to
be 75% This is the only instance in which
alternative assunpti ons were enployed and,
accordingly, it accounts for the fact that the
annual net benefits are expressed as a range
rather than a point estimte.

3) The weed densities for quackgrass and Canada
thistle in infested/untreated areas are assuned
to be 180/ n? and 30/ n? respectively. These
assunmpti ons were based on "discussions with
i ndustry contacts and a review of rel evant
literature." They are particularly inportant
because a nunber of other estimates are
dependent on them

4) It is assuned that 50% of the application would
be by ground with the remai nder applied
aerially.

5) For each crop and provi nce, data were obtained
regardi ng planted area, yield, production and
price. Five-year averages were used for each
of these vari abl es.

Validity of Assunptions / Data Sources Enpl oyed

As noted above, there was considerable reliance

pl aced on avail able scientific/economc information
and consultations with industry experts. Such
efforts contribute greatly to ensuring that the
assunptions and data enpl oyed are valid and,
accordingly, that the potential benefits are
estimated with as nmuch accuracy as possible. These
estimates may tend to be conservative because, as
the report notes, the nobst conservative of avail able
data sources was enployed in a nunmber of instances.
Nevert hel ess, certain qualifications should be noted
and di scussed.



- 34 -

Aerial vs. Ground Application:

The report was prepared prior to Monsanto's
amendnment of its request for a | abel change that
would limt proposed preharvest usage to ground
application. As a result, the assunption of only
50% ground application is clearly inappropriate and
a reconsi deration of the estinmated benefits is in
order. |If one assunes that the limtation of
preharvest Roundup® use to ground treatnment only
woul d not reduce the nunmber of acres treated,

cal cul ati ons based on the information contained in
the report suggest that net benefits would be
reduced only slightly.? However, it appears quite
possible that the limtation in question would
reduce the nunber of acres treated. The report
notes that sone of the experts who were consulted
rai sed the follow ng issues:

1) The availability of ground application
equi pnent may, in the short term limt
appl i cati on.

2) Some question may exist as to the feasibility
of product use w thout aerial application.

These consi derations create additional uncertainty
regardi ng whether the benefits estimted woul d be
fully realized. |1t appears safe to conclude that

net benefits would be at |east sonewhat smaller as a
result of the limtation to ground treatnent only.

Interpretation of the Upper and Lower Bounds of the
Range:

As noted above, the upper and | ower bound estimates
of annual net benefits are based on varying the
assunmed percentage of currently untreated infested
acres which would be treated by preharvest RoundupR
from75%to 85% However, one should take care not
to regard the upper and | ower bounds of the

These cal cul ations are inconpl ete because not all of the _
formation required to make the necessary cal culations is contained

1
[
in the report. Accordingly, their reliability is in sonme doubt.

n
n
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estimated range as representing extrene "best-case"
and "worst-case" scenarios. This caution is
necessary due to two considerations:

1) The degree of uncertainty regarding the
percentage of currently untreated acres which
woul d be treated by preharvest RoundupR may be
greater than the assunmed range of 75-85%
inplies. Some uncertainty is caused, as in
nost situations of this type, by the difficulty
whi ch exists in assessing the relationship
bet ween the price of the pesticide and usage.

2) The val ues assuned and hel d constant between
the two scenarios (e.g., weed densities in
i nfested/untreated areas) are also open to sone
debate. Ideally, it would have been useful to
have scenarios which varied sonme of these other
assunpti ons.

7.2 O her Sources of Benefits

7.

In addition to the weed control benefits descri bed above,
the report identifies substantial potential harvest
managenment benefits. \While these are not quantifi ed,
sone of the experts interviewed in the course of
conducting the study expressed the view that the harvest
managenent benefits could outwei gh the weed control
benefits.

Addi ti onal |ssue

The report notes that real and perceived residues could
be constraints to the |evel of benefits and discusses
matters rel ated to, anmong ot her things, the inpact of

resi dues on product quality, price, distribution and

mar keting. This discussion gives no basis for concl uding
that any problenms associated with resi dues would
threaten or underm ne the benefits of preharvest RoundupR
use as descri bed above. However, it is not clear that

all of the relevant issues have been fully addressed.

For exanple, the question of whether exports to key

mar kets could potentially be affected by residues is not
specifically dealt with. This matter is dealt with in
Section 8 of this docunent.
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7.4 Concl usi ons

The anal yses and concl usi ons of the consultant's study
appear to be soundly based, although the qualifications
not ed above should be kept in m nd. Additional caution
is required because all of the benefits at issue are
potential in nature as the usage in question has not yet
been approved.

In any case, the study's conclusions, as summari zed
above, provide very useful and bal anced evi dence of the
nature and general magnitude of the potential economc
benefits of the preharvest use of RoundupR

MARKETI NG CONSI DERATI ON (WHEAT, BARLEY, CANOLA, LENTILS,

SOYBEANS, PEAS) : CANADI AN GRAI N COVM SSI ON | NPUT

8.1

Sunmary

a)

b)

| nt r oducti on

This report outlines the views of the Canadian Grain
Comm ssion (CGC) with respect to marketing risks
associated with licensing of glyphosate for
pre-harvest use on wheat, barley, canola, lentils,
soybeans and peas. This assessnent is based on

eval uati on of avail able information, nost of which
has been provi ded by Monsanto Canada Inc. As
requested by Pesticides Directorate, comments
related to both ground and aerial application have
been incl uded.

Summary of CGC Comments

The CGC does not object to ground only pre-harvest
application of glyphosate to wheat, barley, canola,
lentils, soybeans and peas as per the conditions set
forth in the proposed | abel. However, due to
uncertainties pertaining to residue levels and their
frequency of occurrence in comercial shipnments and
uncertainties with respect to buyer acceptance of

t hese residues, the CGC recomrends only a TEMPORARY
REG STRATION. The CGC i s opposed to registration of
aerial application of glyphosate for wheat, barley
and canola. While the Comm ssion eventually may not
obj ect to aerial application of glyphosate on
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lentils, soybeans and peas, it is opposed to
approval of these use patterns before the actual
i npacts of ground only application have been
eval uat ed.

Background Consi der ati ons

1)

Assessi ng Marketing Ri sks Associated Wth
Pestici de Use

I n assessing potential marketing risks
associated with pre-harvest use of glyphosate
on Canadian grain it is inportant to ask three
guesti ons:

i) What types of marketing problenms could be
encount er ed?

ii) What are the probabilities that these
potential problens could becone a
reality?

iii) How serious are these marketing risks in
terns of the potential cost to the
Canadi an grain industry?

As far as export sales of Canadian grain are
concerned, the potential extent of any

mar keti ng problems that m ght be associ ated
with pesticide use are generally a function of
two maj or factors:

i) Residue levels and their frequency of
occurrence in comercial shipnments; and

1i) The views of foreign buyers with respect
to the acceptability of such residues in
shi pment s.

Predi ction of residue |levels in comrercial

shi pments and buyer acceptance of the presence
of residues in grain is not a straightforward
matter, however, and requires that certain
under st andi ngs, assunptions and realities be
taken into consideration. Accordingly, it is
inportant to realize the conditional nature of
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such predictions and to view themin their
proper perspective.

The views of the CGC as set forth in this
docunment are based on the assunptions that

gl yphosate will be used in conpliance with

| abel directions and that the market potenti al
esti mates provi ded by Monsanto are reasonably
accurate. Should it turn out that there is

w despread use of gl yphosate at inappropriate
nmoi sture levels or if there is w despread
illegal aerial application or if the extent of
use turns out to be significantly higher than
antici pated by Monsanto, the predictions that
have been made concerning residue |levels in
commerci al shipments may require revision.

Prediction of residues in commercial shipnments
al so involves other assunptions. One is that
the variability of average residue levels in
cargo shipnments will be m niml due to the

bl endi ng effect of the bulk handling system
The bl ending effect is primarily a function of
the size of the Canadian comrercial grain
handl i ng system and the fact that it may take
nore than 2,000 producer deliveries to fill a
cargo of 20,000 tonnes. In essence, blending
of producer deliveries from across western
Canada shoul d serve to dilute any farmincurred
residue that may be present in sonme deliveries
and to keep the range of average levels in
cargo shipnents to a m ni nrum

Certain assunptions are al so necessary with
respect to prediction of custonmer acceptance to
residues in shipnments and prediction of
custoner response to objectionable levels. In
assessing the marketing risks associated with
pre-harvest use of glyphosate, we have nade two
i nportant assunptions in this regard:

i) Discrimnating buyers will not alter
their buying patterns for the grains in
guestion on account of the presence of
gl yphosate residues at levels up to 0.20
ppm (the Japanese |imt for glyphosate in
rice).
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i) United States officials will not take
regul atory action on shipnments from
Canada found to contain | evels of
gl yphosate that are many tinmes bel ow
accepted international tolerances. Even
t hough the presence of an insignificant
but detectable |evel m ght be in
techni cal violation of current
gui del i nes, under the circunstances, it
is unlikely that these guidelines would
be enforced in the case of glyphosate.

There are two reasons why this is
unlikely. One is the lowtoxicity of

gl yphosate which would nmake it inpossible
to nmake a case that |low levels in grain
constitute a health hazard. The second
reason centres around the expectation

t hat gl yphosate may soon be licensed for
pre-harvest use on grains in the USA.
Once this occurs, US tolerance limts
will be nmore in line with accepted
international limts and | ow | evel s of
gl yphosate in shipnents to the USA wi ||
no | onger be a potential issue.

Anot her reality which nakes prediction of

mar keting risks related to pesticide use
somewhat tenuous and which makes it even nore

i nportant to proceed with caution when

i censing new pesticides, is the absence of
specific official tolerance limts for
pesticide residues in many market countries.

In the absence of an official tolerance limt
for any given pesticide in any given grain, one
can never be certain about the maxi num

al l owabl e Ievel in inported shipnments. In the
case of glyphosate, few countries have offici al
tolerance |limts for grains. Subsequently, for
sonme markets, prediction of buyer acceptance of
gl yphosate residues is strictly an educated
guess.

On the other hand, however, absolute certainty
about the overall acceptability of residues in
foreign shipnments is not a realistic
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expectation either. Realistically, we nust
expect to live with sone degree of risk.
Accordingly, in assessing new pesticides
proposed for use in the grain industry, the CGC
strives to ensure that the potential risks are
m nimal and that they will not seriously

j eopardi ze the quality or marketability of
Canadi an grai n.

Potential Marketing Problens Associated with Pesticide
Use

The three major types of potential marketing problens
associated with food safety issues affecting grain are:
rejection of shipnents; clains for conpensation agai nst
shi pments contai ni ng objectionable |evels of an

undesi rabl e substance; and | ost sal es.

Theoretically, where food safety issues are involved,
there are at | east four reasons why a shipnent could be
rejected or a claimcould arise against a shipnent.
These are:

1) Nonconpliance with either |egislated tol erance
limts or accepted international tolerance limts
for toxic substances in grain.

2) Nonconpliance with grain purchase contract
specifications relating to toxic substances.

3) Nonacceptance or objections to the presence of
certain substances in shipnents at |evels above a
buyer's arbitrary quality control standards.

4) Evi dence that a particular shipnment may be
responsi ble for health and safety-rel ated probl ens
in either humans or aninmals follow ng use of all or
part of the shipnent.

In the event of an actual or perceived problemwth
respect to the safety of Canadian grain, export sales
woul d undoubtedly be affected. Lost sal es of Canadi an
grain due to food safety issues affecting grain could
arise for a nunber of reasons:
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1) The inability of Canadian grain to conmply with the
standards of a given country.

2) The inability of Canadian grain to nmeet the purity
demands of buyers representing highly discrimnating
customers within a given country.

3) Concern or perception that Canadian grain may be
contam nated and therefore unfit for human or ani ma
consunpti on.

Resi dues of d yphosate and AMPA in Harvested Grain

Field trial residue data provided by Monsanto Canada I nc.
clearly show the presence of highly detectable |evels of
gl yphosate in nost sanples of all grains harvested from
treated plots. Generally, the anmpbunts detected varied
considerably from study to study, fromlocation to

| ocation, and according to the gl yphosate application
rate and grain noisture level at tinme of application.

For application of glyphosate at a rate of approxi mtely
0.9 kg Al/ha and at grain noisture |evels under 30% the
range of mean concentrations of glyphosate residues over
all studies and the average nean |levels were as foll ows:

Mean G vphosate residues Over All Studies (ppm

Gain M ni mrum Maxi num Aver age

VWheat 0.5 2.6 1.1

Bar |l ey 2.5 3.4 3.0

Canol a 2.1 14. 6 4.8

Lentils 3.6 3.6 3.6
Soybeans 1.9 1.9 1.9

Peas 3.1 3.1 3.1

Not e: The above val ues are neans and do not reflect the

range of results for individual trials within each
study. In dealing with bulk shipnments, it is nore

i nportant to consider average residue levels in
treated fields than individual test results within a
st udy.

Am nonmet hyl phosphoni c acid (AMPA), the major netabolite
of glyphosate, was detected at relatively low levels in
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sonme sanpl es of wheat, barley, canola and soybeans, but
was undetectable in sanples of lentils and peas.
Reportable |l evels in wheat and barley were generally
associated with high application rates and application to
grain at noisture contents above 30% Overall, AMPA

resi dues do not appear to be a concern.

Ef fect of Processing on Retention of Residues

G yphosate is not destroyed on mlling, but instead is
redistributed in the mlIl fractions. Mich of the residue
is retained in the bran, however, with levels in flour
generally rangi ng between 16% and 29% of the
concentration in the whole grain.

Processing data for barley show a | oose |inear

rel ati onshi p between | evel of glyphosate in the grain,
the concentration in the malt, and retention of

gl yphosate in beer. 1In one study, the retention of

gl yphosate in malt ranged fromO0.8%to 4.1% of the |evel
in the grain and averaged 2.0% Higher retentions in
malt, up to 42.1% were generally associated with
treatment of inmature crops and excessive application
rates. Retention of glyphosate in beer generally
averaged between 11.6% and 16.0% of the level in the
malt. Theoretically, the maxi mum | evel of gl yphosate
that m ght be found in beer produced from barley treated
at the recommended application rate and stage of

devel opnent is 0.02 ppm In reality, however, the |evel
of glyphosate in comrercial beer would be considerably

| ess, and for all practical purposes, would be
nondet ect abl e.

I n processi ng of canola and soybeans, glyphosate is
retained in the meal of the former and in the neal and
hulls of the latter. Residues in the oil were virtually
nondet ectable. For canola, levels in the neal averaged
approximately 1.6 tinmes the level in the seed. For
soybeans, the level in the nmeal was simlar to the |evel
in the whole seed, but the concentration in the hulls was
al nost five tines the level in the seed.
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8.5 Predicted Residues in Commercial Shipnents
I n assessing potential marketing problens associated with
pre-harvest use of glyphosate, it is necessary to exam ne
the different types of shipnents that could feasibly
occur.
Aver age |l evels of glyphosate in cargo shipnments are
predicted to be as foll ows:
Predi cted ppm d yphosate in Cargo Shipnents

Ground Only Ground and Aeri al

Grain Application Application

Wheat <0. 05 0. 06

Bar | ey 0. 09 0. 27

Canol a 0.10 0. 30

Lentils a a

Soybeans <0. 05 <0. 05

Peas <0. 05 <0. 05

a

not shi pped in bul k

For wheat, barley, canola and soybeans, glyphosate
concentrations would likely be higher in carlot shipnments
than in cargoes. This is primarily due to differences in
t he amount of bl ending that occurs with these different
types of shipnments. |In sone cases, particularly producer
cars, the levels in carlots could approach concentrations
previously listed for grain harvested fromtreated
fields. On the average, however, since sone degree of

bl endi ng woul d normally occur, the concentration of

gl yphosate in carlots is nore likely to be sonmewhere

bet ween | evels predicted for cargo shipnents and | evels
typically found in grain fromtreated fields.

The frequency of occurrence of glyphosate residues in
carl ot shipnments is very difficult to predict, but would
be much higher than the percent of total crop treated.
This is basically because it only takes one contam nated
truckl ot delivery to contam nate an entire carlot. A
rough estimte of the frequency of occurrence of residues
in carlots is 10%to 15% for each 1% of total crop
treated. Wth ground only application, the majority of



8.6

- 44 -

carlots of wheat, barley, canola and soybeans woul d be
essentially free of glyphosate residues. However with
aerial application alnost all carlots of wheat, barley
and canol a woul d be positive and average | evels woul d be
significantly higher.

In the case of baglots, the primary means of shi pping
lentils and one of the ways that peas and soybeans nay be
shi pped, the frequency of occurrence of glyphosate

resi dues would be very | ow, but when present, the
concentration would likely be significant. This is
basically due to the | ack of blending that occurs before
baggi ng. Wthout any significant blending, the average

| evel of glyphosate in baglots fromtreated fields could
be close to average |l evels observed in field trials. On
t he ot her hand, however, baglots fromuntreated fields
woul d likely be essentially free of glyphosate residues.
In general, due to the |lack of blending, the frequency of
occurrence of glyphosate in baglots should not greatly
exceed the percent of total crop treated.

| nternati onal Tol erance Limts

Uni ted
Crop FAQ WVHO ltaly Japan St at es Canada®
Bar |l ey 20.0 0.1 0.2 0.1 10.0
Beans 2.0 0.2 b
Canol a 10.0 ¢
Lentils 0.2 4.0
Peas 5.0 0.2 5.0
Ri ce 0. 05 0.1 0.2 ---
Soybeans 5.0 6.0 6.0
VWheat 5.0 0.1 0.2 0.1 5.0
a Proposed limts--not official tol erances.
b

No limt proposed due to insufficient data.
No limt proposed because avail able data indicate that
there is no significant retention in canola oil.
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Assessnent of Potential Marketing Probl ens

Bul k Cargo Shipnents -- No serious marketing problens are
expected for cargo shipnents of wheat, barley, canol a,
canol a neal, soybeans and peas as a consequence of
pre-harvest use of glyphosate. M nor protests or

obj ections may conme from sonme highly discrimnating
buyers, particularly with respect to use of glyphosate on
wheat, barley and canola, but these should be of little
consequence. G ven the high FAOWO tolerance |limt for
gl yphosate in wheat, the low relative toxicity of this
conpound and the | ow predicted | evels in cargoes,

conpl aints, rejected shipnents, clains for conpensation
and |l ost sales with respect to cargo shipnents are

i npr obabl e.

On the other hand, wth approval of aerial application,
potentially serious marketing problens are possible with
respect to cargo shi pments of wheat, barley, canola and
canola neal. Basically, approval of aerial application
woul d result in an increase in the percent of total crop
treated which, in turn, would nmean | ess untreated crop
avai l able for dilution of residue levels in treated crop.
The end result would be higher residue levels in cargo
shi pments. Wth the generally higher residue
concentrations associated with aerial application, and
the variability of levels that would be encountered in
cargoes, occasional shipnments could contain | evels above
limts deemed acceptable by some highly discrimnating
buyers. Approval of aerial application for lentils, peas
and soybeans, however, is not |likely to cause any serious
mar keti ng problens for these grains.

Carl ot Shipnments to the USA -- One of the mmin concerns
with respect to marketing risks associated with
pre-harvest use of glyphosate on wheat, barley and canol a
is the possible rejection of carlot shipnments to the

United States. This risk will likely persist until US
tolerance limts cone nore in line with established
international limts. |In theory, as the rules stand, any

carl ot shipnment in which glyphosate is detected could
feasibly be rejected. This would also apply to carl ot

shi pments of canola neal. |In practice, however, for
reasons stated previously, mass rejection of carl ot

shi pments as a result of ground only use of glyphosate is
considered highly unlikely. 1t is possible that
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occasional carlot shipnments of these commpdities could be
rejected by US authorities, but the overall situation
shoul d be quite acceptable.

G ven the higher residue |evels and the higher
frequenci es of occurrence of residues in carlot shipnments
that are predicted for aerial application, approval of
this use could result in a rash of rejected carlots. |If
this were to occur, it could constitute a major problem
for the grain industry. Accordingly, prudence dictates
that this use be deferred at |east until the situation
pertaining to US tolerance linmts has been clarified.

Bagl ot Shi pnents to Foreign Destinations -- The only

mar keti ng concerns for bagl ot shipnents of lentils, peas
and soybeans centre around shipnments to the United States
and Japan. For reasons nentioned above, however, as far
as ground only use of glyphosate is concerned, none of

t hese concerns are expected to anount to any serious
probl ens. We are not as confident, however, about the
possi bilities surroundi ng approval of aerial application.
Accordi ngly, prudence dictates that this use be deferred
at least until the situation pertaining to US tol erance
limts has been clarified.

Shi prents to Canadi an Destinations -- Overall, ground
only pre-harvest use of glyphosate on wheat, canol a,
lentils, peas and soybeans is not likely to cause any

donestic marketing problens. Generally, comrerci al

shi pments should easily conmply with the tolerance limts
bei ng considered by the Health Protection Branch of

Heal th and Wel fare Canada.

However, there is a donestic marketing problemthat could
possi bly befall the barley industry as a result of

regi stration of glyphosate. Donmestic malt plants could
refuse to accept malting barley treated with gl yphosate.
Regardl ess of the reasons for inposing such a standard
and whet her or not they have any solid basis, if the
mal ti ng and brewi ng industries choose to go in this
direction, the donmestic marketability of treated malting
barl ey could be severely affected. However, since the

i ssues involved relate nore to yet-to-be-determ ned

i ndustry quality control standards than to safety issues,
the CGC does not regard this as sufficient grounds to
precl ude pre-harvest use of glyphosate for the entire
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barl ey industry. Instead, should the malting and brew ng
i ndustries choose to inpose a ban of this nature, it
woul d be up to individual producers to decide whether or
not it would be in their best interests to use

gl yphosat e.

9. TOXI COLOGY, OCCUPATI ONAL EXPOSURE AND FOOD RESI DUES: HEALTH

AND WEL FARE CANADA | NPUT

9.1

| dentifi cation

Title: dyphosate Herbicide (Roundup® VisionR

Directorate: Food and Envi ronnental Health

Structure:
O O
\Y \Y
HOSQCSQCH,NHSQCH,S)QPSQOH
R
OH

Backar ound

G yphosat e, N-phosphononet hyl glycine, is a system c,
non-sel ecti ve, post-enmergent herbicide. The nmgjor

i nternational use patterns of the herbicide include pre-
pl ant to crops; directed spray to control unwanted
vegetation in tree and vine crops; silvicultural site
preparations and conifer release; fallow and reduced
tillage systens; general |and nanagenment in non-crop
situations and preharvest application to cereals and

oi | seeds.

The formul ati on Roundup® contains the isopropyl an ne salt
of glyphosate (356 granms as gl yphosate acid equi val ent
per liter of product) and is presently registered in
Canada for control of annual and perennial weeds in non-
crop and crop land as a pre-plant or post-harvest
treatment, using ground application equipnent; as a
directed application to control weeds between crop rows
and between fruit trees; and for spot treatment in crops
and on industrial and publicly accessible properties
usi ng various types of equipnment. There are currently no
regi stered uses for glyphosate directly on any grow ng
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food crops because such uses would likely kill the crops.
Resi dues of gl yphosate on crops resulting from existing
uses are covered by the general Regulation B.15.002. (1)
of the Food and Drugs Regul ati ons.

Monsant o Canada I nc. have now applied to Agriculture
Canada for registration of the sanme formul ati on (RoundupR®)
for control of perennial grasses and crop desiccation on
wheat, barl ey, rapeseed, nustard, soybean, flax, lentils,
peas, beans and forage crops as a cl ose-to-harvest

(preharvest) treatnment. This use will kill and desiccate
the crop, aiding the harvesting of the grain or seed
borne by these crops. It wll also control perennial

grasses such as quackgrass and Canada thistles and
prevent regrowth of these weeds in the follow ng season.
I n addition, Monsanto Canada has requested that Health
and Wel fare Canada establish Maxi num Residue Limts to
cover residues on inported commodities that may contain
resi dues on gl yphosate from countries in which these
preharvest treatnments are already registered.

A second fornulation identical to Roundup® but registered
under the trade name Vision® is used for brush and weed
control in silviculture sites, using aerial and ground
application equi pment.

Eval uati on

a) Product Chem stry

The technical material (glyphosate as an acid) has
a purity of 98.0% All major inpurities have been
identified and are related to the active material .
The formul ated product is produced by converting the
gl yphosate acid to its isopropylamne salt. All
maj or netabolites have been identified and these

i ndi vidual inmpurities range fromO0.2%to 1% of the
technical material on a wei ght per wei ght basis.

The formul ation al so contains water and a
surfactant.

The presence of a contam nant (1, 4-dioxane) in a
surfactant used in the Roundup® VisionR fornul ati on
has been identified by sonme public interest groups
as a concern in forestry (aerial) applications.
This chem cal has been identified as a carcinogen
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and has been confused with dioxins. A separate
Status Report will be prepared concerning the
t oxi col ogy of 1, 4-di oxane.

N- ni t rosogl yphosate (NNG) has been identified as a
m cro-contam nant of the technical active ingredient
(0.1 to 0.4 ppn?). The current level of this
contam nant is below the present |evel of detection
in the formul ated product of 0.05 ppm An

eval uation of the avail abl e toxi col ogy database for
NNG has been included in this docunent.

Toxi col oqgy

i) Product Chem stry

The major toxicity studies used technical

mat eri al containing 94% 99. 7% purity. The
formul ati on Roundup® Vi si on® cont ai ni ng the

i sopropyl am ne salt of glyphosate is rapidly
converted to the acid.

Am nonmet hyl phosphonic acid (AMPA) is a
metabolite found in soil treated with

gl yphosate. An evaluation of the avail able
t oxi col ogy database for this netabolite has
been included in this docunent.

1) Acute Toxicity - Technical

Oal Toxicity

The technical material (given as a 25%
aqueous solution - wv) was classified
practically non-toxic in a gavage study using
five Wstar rats/sex/dose level. The LDy,
was 5.6 (4.9-6.3, 95% confidence interval)
g/ kg bw. Gastro-intestinal changes in

ani mal s which died and pale liver and ki dney
in termnal sacrifice animls were noted.
Reactions (piloerection and | ethargy)
persisted up to 7 days in animls which
recover ed.

2

Detection limt was 0.1 to 0.2 ppm
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In a valid I BT gavage study using 2 female
rabbi ts/dose, adm nistration resulted in

ul ceration and intestinal haenorrhages. The
LDs, was 3.8 (2.836-5.092, 95% confidence
interval) g/ kg bw. The technical was
practically non-toxic to rabbits by the oral
route.

Dermal Toxicity

Two New Zeal and White rabbits/sex/dose |evel
were exposed to 5 g/kg bw as a 25% aqueous
solution for 24 hours on abraded skin.
Slight (2 rabbits) or well defined (2
rabbits) erythema was observed at 24 hours.
No deat hs occurred. Clear nasal discharge
persisted for up to 6 days post-dosing in al
rabbits.

Dermal lrritation

Si x New Zeal and White rabbits were exposed to
0.5 m of 25% aqueous sol ution on abraded and
intact sites. Slight erythema on one intact
and one abraded site (different rabbits) was
observed. The technical material was not
deened to be a skin irritant.

In a repeated insult patch test on human

vol unteers (various ages), a 1:45 dilution of
techni cal gl yphosate was applied to an upper
armskin site three tines a week for a tota
of fifteen applications on the sane site. No
reactions characteristic of a primary
irritant were noted.

Dernmal Sensitization

In a delayed contact hypersensitivity study
(Buehler) in Hartley guinea pigs, glyphosate
did not denonstrate any potential to produce
dermal sensitization.

In the repeated insult patch test on human
vol unt eers descri bed above, a chall enge
application was applied 2 weeks after the
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fifteenth sensitizing dose. There were no
observed skin changes.

Eve lrritation

G yphosate (0.1 m of 25% aqueous sol ution)
was instilled into one eye of each of 9
rabbits. Three of these eyes were washed
with water, 20 seconds after treatnent. The
techni cal was observed to be mnimlly
irritating to the eye (unwashed). Washi ng
with water did not appear to be aneliorative,
t he response after washi ng was noderately
irritating. Recovery in all cases occurred
by day 7.

In an earlier study technical glyphosate
applied as a finely ground powder followed by
warm sal i ne wash caused mnimal irritation at
one hour, recovery was conplete by 72 hours.

Acute Toxicity - RoundupR Fornul ation
d yphosate, |sopropylanine Salt

Oal Toxicity

In a rat gavage study, the formul ati on was
observed to be virtually non-toxic. The oral
LDs, was determined to be 5.4 (4.6-6.2, 95%
confidence interval) g/kg bw. Severity of
gastrointestinal irritation increased with
dose.

Dermal Toxicity

Two New Zeal and White rabbits/sex/dose were
exposed for 24 hours on abraded skin to 5

g/ kg bw. At 24 hours, well defined erythem
was observed. There were no deaths. The
dermal LDs, was greater than 5 g/ kg bw, the
conpound was non-toxic.

| nhal ati on Toxicity

El even groups of Sprague-Daw ey
(Crl:CD(SD)BR) rats, 5/sex/ dose level, were
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exposed to the formulation for 4 hours. LG
val ues (analytical |evels) were 3.05 (2.78-
3.89) ng/L air for males, 3.33 ng/L air for
femal es, and 3.28 (3.0 -4.1) ng/L air for
conbi ned sexes . Signs of toxicity were seen
in all test groups. Body weight |oss was
noted in all groups for 2-3 days post-
exposure, with recovery to nornmal wei ght
gai ns by day 7.

Dermal lrritation

Si x New Zeal and White rabbits were exposed to
the formul ati on on abraded and intact sites
for 24 hours at 0.5 nm/site. Erythemn and
edema were noted at 24 hours and increased by
72 hours. Abraded skin reactions were
slightly greater than those on intact skin.
Recovery was variable (one rabbit was still
affected on day 14). The conpound was

decl ared to be a noderate skin irritant.

Dermal Sensitization

In a delayed contact hypersensitivity study
(Buehler) in Hartley guinea pigs, RoundupR
did not denonstrate any potential to produce
dermal sensitization.

Eve lrritation

The formulation (undiluted or diluted to end
use concentration) applied to rabbit eyes was
mnimally irritating, with or wthout eye
wash.

Short Term Toxicity - Techni cal

Mouse - Oral

Fifteen CD-1 COBS m ce/ sex/ dose were fed

di ets containing 0, 5000, 10,000 or 50, 000
ppm gl yphosate for 3 nonths. Hi stopathol ogy
in this pilot study was |limted to 10

m ce/ sex at 0 and 50,000 ppm Body wei ght
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gain was depressed at 50,000 ppm No
clinical chem stry, haematol ogy or urinalysis
were performed. The probable no observable
effect | evel (NOEL) was 10,000 ppm (equal to
1900 ng/ kg bw day).

Rat - O al

Fifteen Charles River rats/sex/dose |evel
were fed diets containing 0, 200, 600 or 2000
ppm gl yphosate for 13 weeks. No adverse
effects were observed on body wei ght,
haemat ol ogy, clinical chem stry, organ

wei ghts (absolute and relative) or

hi st opat hol ogy (based on 10/ sex/dose | evel at
0 and 2000 ppm). The NCEL appears to be
greater than 2000 ppm (equi valent to 100
ng/ kg bw/ day) .

Dog - Oral

Four beagl e dogs/sex/dose | evel were fed
diets containing 0, 200, 600 or 2000 ppm

gl yphosate for 90 days. No adverse effects
were seen on body wei ght gain, haematol ogy,
clinical chem stry, urinalysis, organ

wei ghts, gross exam nation or histopathol ogy.
The NOEL appears to be greater than 2000 ppm
(equival ent to 50 ng/ kg bw day).

Si x beagl e dogs/sex were adni nistered

gl yphosate by gelatin capsule at dose |levels
of 0, 20, 100 or 500 ng/kg bw day for one
year. No nortality occurred. Clinical signs
of toxicity were conparabl e across al

groups. Ophthal nol ogy was unaffected by

gl yphosate. Body weight, food intake,
haemat ol ogy and urinalysis were unaffected.
Tubul ar degeneration of the kidney, of

questi onabl e bi ol ogical significance, was
observed in all test groups. A conservative
no observabl e adverse effect |evel (NOAEL) of
100 ng/ kg bw/ day was based on increased

i nci dence of |ynphoid nodul es observed in
epididym s at the top dose |evel.
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Four beagl e dogs/sex (aged about 6 nonths)
were fed diets containing 0, 30, 100 or 300
ppm gl yphosate for 2 years. This study was
performed by IBT. It should be noted that

al t hough deened to be valid there were
unanswered questions relating to evidence of
di et preparation and absence of detailed data
on clinical chem stry, gross pathol ogy and

hi st opat hol ogy therefore, the study was

consi dered i nadequate.

Rabbit - Derm

Five New Zeal and Wite rabbits/sex were
treated with 0, 100, 1000 or 5000 ng/ kg

bw/ day on intact or abraded skin sites for 6
hours/day, 5 times weekly for 3 weeks. No
adverse effects were reported with respect to
body wei ght, body wei ght gain, haematol ogy,
clinical chem stry, food consunption nor
absolute and relative organ weights. No
conmpound rel ated gross or histopathol ogi cal
changes were observed. Slight derm
irritation was noted at 5000 ng/ kg bw day
only. The NOEL for system c toxicity was
determ ned to be in excess of 5000 ngy/kg

bw/ day.

Short Term Toxicity - Roundup® Fornul ati on
d yphosate, |sopropyl am ne Sal't

Rabbit - Dermal

Ten mal e New Zeal and White rabbits were
treated on abraded or non-abraded skin sites
at dose levels of 0, 76 and 114 ng of
Roundup® kg bw/ day for 6 hours/day, 5 tines
weekly for 3 weeks. 50% of the animals were
killed at 21 days and the renai nder were
observed for a further 28 days. Slight to
noderate erythema and dermal thickening were
noted in all treated groups during weeks 2
and 3, the severity being increased slightly
I n abraded groups. Conplete recovery
occurred by 4 weeks post-dosing. At 21 days
only, the testicular weights in the 114 ng/ kg
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bw/ day group with intact skin were
significantly increased. Histopathol ogy of

t hese testes was conparable to controls. The
probabl e NOEL for systemic toxicity is in
excess of 114 ng/ kg bw day.

Rat - I nhal ati on

Mal e and femal e Sprague Dawl ey rats were
exposed to 0, 0.05, 0.16 or 0.36 ng/L for 6
hours per day, 5 days per week for 4 weeks.
No signs of toxicity were observed during
exposure. There were no nortalities or
clinical signs observed during or after

adm ni stration. Necropsy and hi stopat hol ogy
findings indicated no treatnent rel ated

di fferences between controls and treat nment
groups. The NOEL was determ ned to be
greater than 0.36 ng/L in this study.

Long Term Toxicity - Techni cal

Mbuse - Oral

Fifty Charles River, CD-1 COBS m ce/sex/dose
| evel were fed diets containing 0, 1000, 5000
or 30,000 ppm gl yphosate for 2 years. No
toxic signs or effects on nortality, food and
wat er consunption, organ wei ghts or gross

pat hol ogy were observed. Body wei ght was
reduced in both sexes at 30,000 ppm and

| eucocyte cell counts were reduced
significantly in males at 12 nonths only.

Hi st opat hol ogi cal exam nation indicated a
slight increase in liver necrosis in males at
30, 000 ppm There was no evidence of tunour
i nduction. A NCEL of 5000 ppm (equal to 714
ng/ kg bw/ day) was determ ned.

Rat - O al

Fifty Sprague-Dawl ey CD Charl es River

rats/ sex/ dose |l evel were fed gl yphosate in
the diet to yield intakes of 0, 3.0, 10.3 or
31.5 nmy/ kg bw day for males and 0, 3.4, 11.2
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or 34 nmg/ kg bw/ day for females for 26 nonths.
No adverse effects were observed which
appeared to be of biological significance
with respect to nortality, clinical signs,
haemat ol ogy, clinical chem stry, urinalysis,
food and water intake, absolute or relative
organ wei ghts or histopathology. The

i ncidence of interstitial cell testicular
tumours was not dose related, and unlikely to
be treatnment related. An increased incidence
of thyroid C-cell carcinoms was observed in
females (2.1, 0, 4, and 12.8% in control,

l ow, md and high dose). Three independent
consul tant pat hol ogi sts sel ected by the
Health Protection Branch (HPB), two external
and one from HPB, discounted the relationship
bet ween treatnment and the occurrence of
thyroid C-cell tunours.

A repeat two-year rat chronic/oncogenicity
study, utilizing Sprague Dawl ey rats fed

di ets containing nomnal |evels of 0, 2000,
8000 or 20,000 ppmfor 2 years was conducted
to resolve the uncertainty of the tunorigenic
potential of glyphosate. In this study,
there was no indication of any tunorigenic
activity resulting from gl yphosate exposure,
confirmng the independent pathol ogists'

advi ce that glyphosate was not oncogenic. A
NOAEL of 8000 ppm (equal to 362 ng/ kg bw day)
was determ ned for chronic toxicity, based on
m ni mal changes related to stomach irritation
in femal es at this dose level. At 20,000
ppm femal e body wei ghts and wei ght gains
were reduced whil e decreased urinary pH and

I ncreased incidence of cataractogenic effects
and testicular effects (typical of ageing
rats) were noted in males, and an increased

i nci dence of stomach irritation in both sexes
was observed.
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Teratogenicity - Technical

Rat

Four groups of 25 mated Charles River COBS CD
strain rats/dose level (0, 300, 1000 or 3500
ng/ kg bw/ day) were dosed by gavage on days 6-
19 of gestation (day O - copul atory plug or
sperm detection). Sacrifice was on day 20 of
gestation. Six femal es at 3500 ng/ kg bw day
di ed. Body weight of maternal animls was
reduced at 3500 ng/ kg bw/ day. Pup weights
were reduced at 3500 ng/ kg bw day. Also at
3500 ng/ kg bw/ day, absent kidneys and ureters
were noted in 3 pups (2 litters), as was a
slight increase in skeletal variants. The
NOEL was determ ned to be 1000 ng/ kg bw day,
based on evidence of terata (slight) and
fetotoxicity at the maternally toxic doses of
3500 nmg/ kg bw day.

Rabbi t

Four groups of 16 artificially insem nated
Dutch Belted rabbits were adm ni stered (by
gavage) 0, 75, 175 or 350 ng/ kg bw day on
days 7-27 of gestation. Mortality of

parental females was 0, 1, 2 and 10,
respectively. Clinical signs of toxicity and
transi ent maternal body wei ght reduction were
observed in dans at 175 and 350 ng/ kg bw day
during the dosing period. Malformations
observed in each of the treatnment groups were
not dose-related and did not exceed

hi storical control val ues.

I ncreased incidence of skeletal variations
were observed at the top dose level only. A
NOEL of 75 ng/ kg bw/ day was based on maternal
toxicity at 175 and 350 ng/ kg bw/ day and
fetotoxicity at 350 ng/ kg bw day. d yphosate
did not denonstrate any teratol ogical
potential in this study.
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Reproductive Toxicity - Techni cal

A rat multigeneration study performed by |IBT
was deened to be invalid, based on |ack of

di et preparation data, and substitution of
animals during the first 10 weeks of the

st udy.

Charles River Sprague-Dawl ey CD rats were fed
dietary levels of glyphosate to yield intakes
of 0, 3, 10, or 30 ng/kg bw day for 3
generations, producing 2 litters/generation.
No biologically significant effects were
observed in parental animals with respect to
nortality, clinical signs, body weight,

or gan/ body wei ght or food consunpti on.

Initial histopathology exam nation was
limted to O and 30 ng/ kg bw day dose groups.
Renal tubular dilation was increased in

hi gh- dose F3b pups, the toxicol ogical
significance of this finding is uncertain.
Addi tional histopathol ogy data at

i nternmedi ate dose | evels indicated a possible
NOEL of 10 ng/ kg bw day.

In a repeat two-generation study (1 litter in
the first generation and 2 litters in the
second generation), Charles River SD CD rats
were given glyphosate in diets at dose |evels
of 0, 2000, 10,000 and 30, 000 ppm equi val ent
to 0, 100, 500 and 1500 ng/ kg bw/ day. A NOEL
was set at 100 ng/ kg bw day based on clinical
signs of toxicity, decreased adult and pup
wei ght at 1500 ng/ kg bw/ day in both
generations and reduced nmaternal body wei ght
in F1 femal es and F2a pups at 500 ng/ kg

bw/ day. |In the absence of treatnment rel ated
renal histopathology it would be appropriate
to select the overall NOEL of 100 ng/ kg

bw/ day for reproductive effects fromthis
study rather than the previous study.
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Absorption, Distribution, Excretion and
Met abolism - Techni cal

Oral - Single Dose

G ycine noiety | abelled (14C) gl yphosate was
adm ni stered to 4 female and 8 male W star
SPF rats by gavage as an aqueous sol ution at
6.7 nmg/ kg bw. In males 14% and 81% of the
adm ni stered dose appeared in urine and
faeces respectively within 48 hours. Carcass
retention at 120 hours was 0.65% Expired
CO, accounted for 0.5% of the dose. In

femal es, 35-40% of the dose appeared in urine
by 48 hours, 1% in the carcass at 120 hours,
and 0.7% as expired CO.

Seven mal e New Zeal and White rabbits dosed
orally with doses ranging fromb5.7-8.8 ng/kg
bw (dependi ng on site of !4C | abel) excreted
90% of the adm nistered dose in 5 days. 80%
appeared in faeces and 7-10% in urine. Less
t han 1% appeared as CO,. Tissue residues
were highest in gut (2.5%, nmuscle (0.01-
0.8% and liver (0.04-0.18%.

| ntraperitoneal (i.p.) - Single Dose

Following i.p. adm nistration of doses
between 2.3 and 3.6 ng/kg bw, to 9 male rats,
74-78% was excreted in urine within 12 hours,
6- 14% appeared in faeces and 0.8% as CO..

Ti ssue retention at 120 hours was about 1%

Dietary

Four groups of rats were fed 0 (12/sex), 1,
10 or 100 ppm (16/sex) glyphosate in the diet
for 14 days, followed by a 10-day wi t hdrawal
period. Two rats/sex were sacrificed on days
2, 6, 10 or 14 of treatment and 1, 2, 6 and
10 days after w thdrawal of exposure for
tissue analysis. Equilibriumin tissues was
attained by 10 days. Excretion equalled

i ntake by 6 days.
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Met abolite I dentification

Fol l owi ng single oral or i.p. dose or
multi ple oral doses adm nistration of

gl yphosate to rats, the mpjor radioactive
conponent excreted remai ns unchanged

gl yphosat e.

Der nal Absorpti on

In an in vivo dermal absorption study in
Rhesus nonkeys only 16% of the applied dose
was recovered which left a |l arge proportion
unaccounted for. It was not possible to use
this study to estimate percent derma
absor pti on.

In a recent publication, Wester et al. (1991)
reported on in vivo percutaneous absorption
of Roundup® spi ked with *C gl yphosate
adm ni stered to nonkey abdonen. The study
showed t hat gl yphosate was poorly absorbed,
approximately 5.5% and 3. 7% (val ues corrected
for 75% recovery) for the | ow and hi gh dose
(25 and 270 g/cn?¥) respectively.

In an in vitro dermal absorption study,
penetration of three glyphosate products (MON
0139, RoundupR and Roundup® spray sol ution)
was neasured in fresh human abdom nal skin
(unfrozen). The results showed t hat

gl yphosate was poorly absorbed. The total
absorbed dose was 0.028, 0.063 and 0.152% f or
MON 0139, RoundupR and RoundupR spray
solutions respectively. Data fromthe in
vitro nodel for dermal absorption is not
routinely used to calculate system ¢ dose as
t he nodel has not yet been vali dated.

Mut agenicity - Technica

In a domi nant | ethal assay male CD-1 mi ce
were adm ni stered single oral doses of O,
200, 800 or 2000 ng/kg bw. A positive
control group received 240 mg/ kg bw of
Cytoxan, i.p. Each treated nale was paired
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wth 2 femal es weekly for 8 weeks. No

evi dence of nutagenic activity, as assessed
by nunber of living enbryos/litter, nunber of
i npl antations/litter, early or late
resorptions/litter, nunber of corpora

| utea/ femal e, pregnancy rate or post

i mpl antation | osses were observed, except in
positive controls (increase in post-

I npl antation |osses/litter).

No evi dence of nutagenic activity was
observed in three manmal i an studi es

(CHO HGPRT gene nutation assay, in vivo bone
marrow cytogenetics in Sprague-Dawl ey rats
and a primary rat hepatocyte assay for
unschedul ed DNA synthesis (UDS) nor in three
m crobial studies (two reverse nutation assay
in Salnonella typhimuriumand a rec-assay in
Bacillus subtilis).

Genotoxicity - RoundupR Fornul ati on
d yphosate, |sopropylam ne Sal't

In a published genotoxicity study, the
formul ati on RoundupR was i nvestigated for
genotoxic potential (sister chromatid
exchange) in a human | ynphocyte cell 1ine.
(Vigusson, N. V. and E.R Vyse, 1980) At
doses ranging fromO0.25 to 25 ng/m there was
evi dence that Roundup® was a weak genot oxin.

Neurotoxicity - Technical

Two groups of ten 9-nonth old hens were dosed
twice a day, orally with glyphosate, for 3
consecutive days, this dosing regine being
repeated starting on day 21 of the study.
Sacrifice was on day 42. TOCP was used as a
positive control. No clinical signs of
toxicity or nerve tissue histopathol ogica

| esions were seen in glyphosate treated hens.
TOCP i nduced expected changes.
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AMPA (CP 50435) - (soil netabolite)

Acute Toxicity

Oal Toxicity

Si ngl e doses of 40% solution adm nistered to
rats (strain unspecified) at 5010, 6310, 7940
or 10,000 ng/ kg bw indicated an LDs, of 8, 300
ng/ kg bw.

Dermal lrritation

AMPA was found to be non-irritati ng when
applied to intact skin sites on three rabbits
(two mal es and one female) for twenty-four
hours.

Eve lrritation

In a rabbit study, AMPA applied as a finely
ground powder followed by warm saline wash
caused mnimal irritation at one hour,
recovery was conpl ete by 120 hours.

Short Term Toxicity

Rat - Oral

Four groups of 20 Charles River CD

rats/ sex/ dose level were fed diets to yield
0, 400, 1200 or 4800 ng/kg bw day for 12-13
weeks. Bl ood sanples were obtained from
fasted rats. Body wei ght gain was depressed
in mal es at 4800 ngy/ kg bw/ day. Haemat ol ogy
was unaffected. LDH (lactic dehydrogenase)
showed a significant dose-related increase in
mal es at 1200 and 4800 ngy/ kg bw/ day. In
femal es significantly increased LDH val ues
wer e observed at all dose | evels when
conpared to contenporary controls, but were
wi thin normal ranges at 400 and 1200 ng/ kg
bw day when conpared to historical val ues.
Urinary pH was decreased in both sexes at
4800 ng/ kg bw/ day. Hi stopathol ogy reveal ed
dose-rel ated increases in the incidence of
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mucosal hyperplasia of the bladder in both
sexes at 1200 and 4800 g/ kg bw/ day and a | ow
i nci dence of kidney pelvic epithelial

hyper pl asi a at 4800 ng/ kg bw day.

Decreased absolute liver weights were
observed in all treated nales but relative
liver weights were only decreased at 4800
ng/ kg bw/ day. The NOEL was estimated to be
400 ng/ kg bw day.

Absorption, Distribution, Excretion and
Met abol i sm

In a gavage study, followi ng a single oral
dose (6.7 mg/ kg bw) of radiol abelled AMPA,
mal e rats excreted 94% of the conpound
unchanged within 120 hours, 74% of the dose
via the fecal route and 20% via the urinary
route. Less than 0.1% of the dose activity
was excreted via exhaled air and |l ess than
0.06% was found in the carcass.

NNG, Sodi um Salt

Acute Toxicity

Oal Toxicity

Si ngl e doses of 20% solution adm nistered to
t hree Sprague-Dawl ey rats at 6, 320, 7960 or
10, 020 nmg/ kg bw indi cated an LDy, of 7,600
ng/ kg bw.

Short Term Toxicity

Mouse - Oral

Groups of 15 m ce/ sex/ dose |l evel (strain not
specified) were intubated daily with 0, 50,
150 or 500 ng sodi um NNG kg bw/ day for 90
days. In females, spleen weight was

i ncreased at 500 ng/ kg bw day.

Hi st opat hol ogy at 500 ngy/ kg bw day showed

i nflammatory cell infiltrates in livers,

ki dneys, lungs, salivary glands, and uteri,
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peri bronchi al | ynphocytic accunul ati on and
uterine endometrial fibroplasia. The NOEL
was 150 ng/ kg bw day.

Rat - Oral

Fi ve weanling Sprague-Daw ey rats/sex/dose

| evel were intubated with 0, 100, 300 or 1000
nmg/ kg bw/ day for 14 days. No treatnent-
related effects were noted.

Groups of 25 rats/sex/dose |level were

i ntubated with 0, 200, 600 or 2000 nmg sodi um
NNG kg bw/ day for 90 days. No treatnent-
related effects were observed on nortality,
clinical signs, body weight gain,
haemat ol ogy, clinical chem stry, urinalysis,
organ wei ghts, gross pathol ogy or

hi st opat hol ogy. The NOEL was 2000 ny/ kg

bw/ day.

Three groups of 30 Sprague Daw ey

rats/ sex/ dose |l evel were intubated with 0
(vehicle control), 3000 or 6000 ng/ kg bw for
91 days. Histopathology was |limted to O and
6000 ng/ kg bw/ day groups except for liver,

ki dney and heart. There was a dose-rel ated
increase in nortality, (8, 11, 20 and 6, 9,
21 deaths in males and females at 0, 3000 and
6000 ng/ kg bw/ day, respectively), incidence
of diarrhoea and bl ood around the nose and
mout h. Food i ntake was reduced at both dose
| evel s. Male body weight gain was reduced at
3000 and 6000 ngy/ kg bw/ day. Haemat ol ogy,
clinical chem stry, urinalysis, gross, and

hi st opat hol ogy did not show any significant
bi ol ogi cal changes. Increased relative
testes weights were noted at 3000 and

6000 ng/ kg bw/ day, but since brain to body
wei ght ratios and absol ute body wei ghts were
reduced, the severe weight reduction my
account for these observations. No NOEL was
det er m ned.
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Long Term Toxicity

Hanster - Oral

Four groups of 70 Syrian Gol den
Hanst er s/ sex/ dose | evel received 0, 3, 10 or
30 ng/ kg bw/ day for 390-392 days. Aninmals
dying prior to 2 nonths were replaced and 5
ani mal s/ sex/ dose | evel were added at 2
nmonths. Mortality at 12 nonths was high in
mal es, but was conparabl e between groups. An
interimkill of 10 animal s/sex/dose | evel was
performed at 6 and 12 nonths. No

bi ol ogically significant effects were
reported with respect to toxic signs,
opht hal nol ogy, food intake, haematol ogy or
urinalysis. Fasting blood glucose was
reduced in females at 17 nonths in the 30
ng/ kg bw/ day group. Relative kidney/ body

wei ghts were increased in nmales at 10 ng/ kg
bw/ day and in femal es at 30 ng/ kg bw day at
12 nonths. Simlar but non-statistically
significant increases were seen at 6 nonths
and at termnation. Histopathology (limted
to 0 and 30 ng/ kg bw day groups at 6 and

12 nonths on 10 hansters/sex/ dose | evel)

i ndi cated an increased incidence of bilateral
haenorrhage of adrenal glands in females (3/9
In controls versus 6/10), and increased

spl eni ¢ anyl oidosis (2/10 in controls versus
8/10). donerular nmesangi al hyalinization
(ki dney) was also increased in females (4/10
in control versus 9/10). Absence of

hi st opat hol ogy at | ow and m d dose | evels
precludes the estimte of a NOEL, however the
conpound was not found to be oncogenic at the
top dose tested, 30 ng/ kg bw day.

Teratogenicity

Rabbi t

This I BT study originally determ ned to be

I nvalid was re-exam ned and deened to be
usabl e as "supplenentary data". It was
originally invalidated because no evi dence of
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I nternal exam nation of pups was avail abl e.
Rel evant data are as follows: Three groups
of 17 artificially insem nated New Zeal and
VWhite rabbits were adm nistered 0 (vehicle
control), 10 or 30 ng/ kg bw day on days 6-18
of gestation by capsule. Three females at 30
ng/ kg bw/ day di ed, the original report

i ndi cating cause of death to be respiratory
infection. The new data indicate toxicity of
the test material may al so be involved (food
i nt ake reduction). Incidence of resorptions
was i ncreased and 24-hour post natal survival
was slightly decreased at 30 ng/ kg bw day.

Absor ption, Distribution, Excretion and
Met abol i sm

Single doses (1 ng/rat) and nultiple doses
(5.93 ng/rat/day for 5 days) resulted in
rapid excretion within 24 hours (ca 90%. In
mal es, urinary excretion accounted for

approxi mately 80% of single dose

adm ni stration, conpared to 75% in femal es.
Fecal elimnation was 10% in femal es conpared
to 3% in mal es. In multiple adm ni stration,
urinary excretion was 43-61%in mal es
conpared to 39-60%in fenmal es. Feca
elimnation was 25-43%in males and 14-40%in
femal es. Retained conpound at 5 days post-
dosing (0.02-0.2% of dose) was mainly
unchanged NNG.

Mut agenicity

An Anes test using Salnonella typhinurium
strains TA 1535, 1537, 1538, 98 and 100
exposed to dose levels of 0.2, 2, 20 or 100
g/ plate was negative.

Toxi col ogy Summmary

Techni cal d yphosate and Roundup® Vi si onR

In acute studies, technical glyphosate and
t he Roundup® Vi si onR fornul ati on were found
to be virtually non-toxic via the oral,
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dermal , intraperitoneal and inhalation routes
of exposure. The technical was observed to
be non-irritating to skin while the
formul ati on was found to be a noderate skin
irritant. The technical and the fornul ation
were observed to be mnimally irritating to

t he eyes.

Repeated short-term dietary adm ni strati on of
techni cal gl yphosate at high dose |evels
resulted primarily in body weight reduction
in mce, no effect on rats, and increased

I nci dence | ynphoid nodul es of the epididyms
in dogs. The dog was judged to be the npst
sensitive species tested; the NOAEL was 100
ng/ kg bw/ day in the 1-year dog dietary study.

In the short-termdermal studies in rabbits,
the NOEL for technical glyphosate was
observed to be in excess of 5000 ng/ kg

bw/ day; for Roundup® the NOAEL for systenm c
toxicity was observed to be in excess of 114
ng/ kg bw/ day (highest dose tested). Skin
irritation was noted in all test groups but
cleared up by term nation of the study.

In a short-terminhalation study in rats the
NOEL for RoundupR was observed to be in
excess of 0.36 ng/L of air, the highest dose
t est ed.

The |l ong-term nouse dietary study showed
evi dence of body wei ght reduction and
transi ent | eucocyte count reduction, there
was no evi dence of tumour induction. The
NOEL was 714 ng/ kg bw/ day.

The repeat long-termrat dietary study showed
no evi dence of tunour induction at 20,000
ppm  The NOAEL was concluded to be 362 nyg/ kg
bw/ day (8000 ppm for mnimal gastric nucosa
changes in fenmal es noted at this dose |evel.
At 20,000 ppm femal e weight gains were
reduced whil e decreased urinary pH and

i ncreased incidence of cataractogenic and
testicular effects (typical of ageing rats)
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were noted in males, and an increased
I nci dence of stomach nmucosal changes (due to
irritation) was recorded in both sexes.

In rats, the NOELs for glyphosate were found
to be 1000 ng/ kg bw day for materna

toxicity, teratology and fetotoxicity; the
next hi ghest dose was 3500 ng/ kg bw/ day. In
rabbits, the NOEL was concluded to be

75 mg/ kg bw/ day based on maternal toxicity at
the md and high dose levels (175 and 350
ng/ kg bw/ day) and fetotoxicity at 350 ng/ kg
bw/ day.

In a repeat reproduction study in rats, the
NOEL was determ ned to be 100 ng/ kg bw day
based on clinical signs of toxicity and
decreased parental and pup body wei ght at the
next hi ghest dose (500 ng/ kg bw day). There
was no evi dence of adverse effects on
reproductive performance at the highest dose
tested, 1500 ng/ kg bw/ day. d yphosate was
negative in a dom nant | ethal assay at 2000
ng/ kg bw/ day, the highest dose tested.

G yphosate was not observed to have any
mut ageni ¢ potential in the battery of

mut agenicity tests conducted. RoundupR was
found to be a weak genotoxin in a single
assay for sister chromatid exchange.

AMPA and NNG

AMPA and NNG were not acutely toxic by the
oral route, the only route of adm nistration
t est ed

For short-term NNG toxicity, the nouse was
found to be the npst sensitive species
tested; a NOEL of 150 ng/ kg bw day was based
on spleen wei ght change and hi st opat hol ogy
findings. For AMPA, a NOEL was estinmated to
be 400 ng/ kg bw day.

A NOCEL in a hamster |ong-term study coul d not
be established for NNG due to study
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limtations; the conpound was not found to be
oncogenic at the top dose tested, 30 ng/kg
bw/ day.

NNG was not found to be nutagenic in a single
Ames test using S. typhinmurium

The data bases for the soil nmetabolite, AMPA
and the contam nant NNG are i nconpl ete but
there is sufficient evidence that follow ng
acute or short-term adm ni stration, these
conpounds are not nore toxic than the

gl yphosate acid. NNG contam nation in the
product Roundup® Vi sionR is not detectable.

9.4 Food Exposure

a)

b)

Acceptable Daily | ntake (ADI)

An ADI of 0.75 ng/ kg bw/ day has been estinmated based
on the | owest NOEL of 75 ng/kg bw/ day for maternal
toxicity in a rabbit teratology study and use of a
100 fold safety factor. In this study, glyphosate
did not denonstrate any teratogenic potential.

Food Resi due Exposure

i) Label

For quackgrass control and crop desiccation.
Apply Roundup® prior to harvest of crops in a
single application at a rate equivalent to
0.89 kg gl yphosate acid equival ent per
hectare at the tinme when the npisture content
of grain is less than or equal to 30%

(14 days before harvest).

Pl ant Met aboli sm

d yphosat e plant netabolism has been extensively
studied in various crops including soybean, wheat,
barl ey, peas, forage crops and several vegetables
and fruit trees. Wen glyphosate was applied
foliarly to plants at various growth stages,
including forage crops at the time 7-14 days before
normal harvest, little netabolism of the conpound
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was found in treated plants and the parent conpound
was identified as the major, if not the only,
conponent in term nal residues.

AMPA was identified as a soil nmetabolite of

gl yphosate fornmed as a result of mcrobial action.
Under field conditions, AMPA in soil may be taken up
by plants at very |low |l evels. Residue data indicate
t hat about 1-2% of total gl yphosate residues found
in crops fromthe proposed preharvest use may be
attributed to AMPA. However, when nultiple
appl i cations were applied, such as the proposed use
on soybeans in the U S., up to 40% of the total

term nal residues in soybean grain were identified
as AMPA. These high levels of AMPA residues nmay
occur as a result of the follow ng conditions:

i) accunulation in the soil and translocation
into crop plants;

ii) mcrobial action on the |eaf surface prior to
absorption in the plants;

iii) as a result of plant netabolism

Anal vti cal Met hodol ogy

Anal yti cal met hods capabl e of determ ning the

resi dues of the parent conpound and its netabolite
AMPA in crops, processed products (such as flour,
beer and oil etc.), aninmal products, water and soi
are avail abl e.

Resi dues

i) Crop Residues

Resi due data generated using these anal ytical
met hods have shown that when crops are
treated in accordance with the proposed | abel
directions (single application at the rate of
0.89 kg acid equivalent/ha and the time of 7
to 14 days before harvest) the follow ng

maxi num residue limts (MRL) may be required:



Wheat @ 5 ppm
Bar | ey 10 ppm
Wheat and barley mlling
fractions, excluding flour 15 ppm
Soybeans 6 ppm
Soybean oi | <0.1 ppn?
Peas 5 ppm
Lentils 4 ppm
Rapeseed (canol a) ---c
Rapeseed (canol a) oil <0.1 ppnt
Fl axe 1.0 ppm
Not e: Resi dues such as those noted above are not

consi d

| ncl uding flour.
This level wll

ered to pose a health hazard to consumers.

not be listed but may be covered by the

proposed 6 ppm MRL on soybeans.

No MRL for rapes
consumed as such

eed needed because the whole seed i s not
in significant quantities as a food; residues

up to 5 ppmin whole seed may result fromthe proposed use.

This level wll
B. 15. 002(1).
I ncluding flax o

be covered under general regulation
il.

Resi due data submtted for beans and nustard
are i nadequate to support the proposed use.

No data were provided to support the nmultiple
use of glyphosate on a crop in one crop year,
i.e. preplant plus preharvest, etc.

Based on the residue data avail able, | ow

| evel s of AMPA (up to 1% 2% of the tern nal
gl yphosate resi dues) were occasionally
detected in treated crops. These AMPA

resi dues should not be of concern because of
the coments in the toxicol ogy section which
i ndicate that AMPA is not nore toxic than the
gl yphosate acid. There is a possibility that
resi dues of AMPA nay exceed 0.1 ppmin
treated crops and therefore the MRLs
establ i shed for gl yphosate should include
resi dues of the netabolite AMPA.
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ii) Animl Residues

Resi dues of 5 - 15 ppmin cereal and oil seed
grain, grain fractions and nmeal may result
fromthe proposed uses. Feeding of these
treated products to livestock is not expected
to cause significant residues (<0.05 ppm in
meat, mlk or fat of neat.

Proposed uses on forage crops however appear
to result in residues up to 50 ppm which may
cause significant residue levels in |ivestock
ki dneys. Although MRLs may be needed to
cover residues in neat byproducts (ki dney)
fromthe use of glyphosate on forage crops,

i nsufficient Canadi an resi due data were
provided to evaluate this proposed use, and
therefore the proposed use on forage crops
can not be evaluated at this tine.

Dietary Ri sk Assessnent

It is estimated that the maxi mum theoretical daily

i ntake (TDI) of residues fromall presently

regi stered uses (which result in residues of |ess
than 0.1 ppm, plus proposed preharvest uses,
assum ng maxi num resi due |levels at all tines, would
not exceed 0.0224 ng/ kg bw day including the intake
from beer consuned by total adult popul ati on; not
exceed 0.0232 ng/ kg bw day including the intake from
(541 g/ capital/day) beer users only. These cal cul ated
TDI's are about 3.0% of the estimted ADI of 0.75
nmg/ kg bw/ day.

Dri nki ng Wat er Exposure and Ri sk Assessnent

Al t hough anal yti cal nethodol ogy exists for the

determ nation of glyphosate in water down to part per
billion |levels, an acceptable routine quantitative
technique is not avail able and therefore no

moni toring studi es have been carried out in Canada on
drinking water supplies. Since glyphosate is
strongly adsorbed to soils, it is not thought to have
much potential for |eaching into groundwater

supplies. It has been detected after forestry
applications in which spraying took place near or
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over water. This could lead to contam nati on of
downstream dri nking water supplies, as it is
noderately persistent in water

I nt ake of gl yphosate residues fromdrinking water is
expected to be negligible in conparison to the ADI,
but quantitative estimation of theoretical daily

i ntake fromthis source is not possible at this tine
due to | ack of data. The proposed new use of

gl yphosate is not expected to increase risks due to
exposure fromdrinking water.

9.5 Occupational Exposure and Ri sk Assessnent

a)

Exposure Assessnent

Groundboom equi pnent application on wheat, barl ey,
canola, field beans, forage | egumes and grasses, peas
and lentils:

The potential for worker exposure
for the requested uses (as noted
above) is not likely to be greater
than that of currently registered
uses since only a change in timng
of application is involved.
Furthernore, the rate of
application is equal to or | ower
than current | abel rates.

To address occupational exposure for m xer/| oaders
and applicators using groundboom equi pnment on the

af orenenti oned crops, an exposure study was
previously submtted by the registrant. Although the
study was revi ewed and accepted, it is old and does
not neet present-day standards with respect to study
design and is limted by an inadequate nunber of
replicates; a short, atypical work day and poor field
recovery dat a.

Aerial application on wheat, barley, canola and
l entils:

Al t hough there is currently no
subm ssion for the aerial
application of Roundup® an attenpt
was nade to assess the occupati onal
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exposure for aerial use of RoundupR
on the aforenentioned crops.

In a surrogate study (USDA Forestry Service 1988 and
references cited within) submtted by the registrant,
exposure studies done with 2,4-D by various
researchers were cited and the absorbed dose for

m xer /| oaders during aerial operation was esti mated.
The useful ness of these studies to estimte exposure
to m xer/| oaders using Roundup® under Canadi an use
scenarios is limted for the follow ng reasons:

i) in nost of the studies, biological nonitoring
was undertaken to estimte dose. These data
cannot be used to estimate dose of gl yphosate
as the pharmacoki netics of the two products
i n humans have not been denonstrated to be
simlar;

ii) in studies where dermal deposition was
nmoni t ored, i nadequate nethods were used;

iii) exposure for a typical workday was not
noni t or ed.

In a second study (Centre de Toxicol ogi e du Quebec
1988), biological nonitoring of Canadian forestry
wor kers handling gl yphosate was reported. This
study al so cannot be used to estimate an internal
dose of glyphosate follow ng occupati onal exposure
since urine collection was not adequate for this
pur pose.

Owming to the above limtations, exposure could not be
estimated for individuals using Roundup® for aeri al
application.

Ri sk Assessnent

The risk associated with occupati onal exposure is not
expected to be increased fromthat of currently

exi sting uses of RoundupR as only the tim ng of
appl i cati on has been changed.
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10. ENVI RONMENTAL ASPECTS: ENVI RONMENT CANADA | NPUT

10.1 Sunmary

Envi ronment Canada's review of glyphosate, is with
reference to the proposed preharvest use of Roundup® by
aerial and ground applications.

d yphosate is not susceptible to chem cal hydrolysis or to
phot otransformation and is not likely to volatilize.
Transformati on of the herbicide in terrestrial or aquatic
systems is mainly through biotransformation. Laboratory
studi es conducted at 25°C indicate that there is rapid
transformati on of glyphosate in aerobic soil or aerobic
aquatic systens but that glyphosate is persistent in
anaerobic systenms. Field data on dissipation in soil from
agricultural areas in Canada are currently unavail abl e and
are required. U S. field data indicate that glyphosate

di ssipates rapidly in regions with warmclimtes but |ess
so in areas with cool climtes. Despite high solubility
In water, glyphosate has strong adsorption to soils and is
thus not nobile. U S. field data indicate that |eaching in
soils is mninal

G yphosate is not expected to pose an acute and chronic
hazard to birds and manmals. It is relatively nontoxic to
soil mcroorgani sns, earthworns, bees and Daphni a magna
and at the proposed application rate the inpact would be
limted. The major transformation product AMPA is
practically nontoxic to Daphnia nmagna.

In regard to the preharvest use of glyphosate for weed
control and for crop desiccation, it is necessary to
obtain Canadian field information on the fate of

gl yphosate and AMPA in soil when applied according to the
proposed use directions. This is inportant as U S. field
data have reveal ed that dissipation of glyphosate is slow
in cool climtes. The information is relevant for both
ground and aerial applications of the herbicide.

As gl yphosate is a nonsel ective herbicide, there is
concern about the potential inpact on nontarget

terrestrial and aquatic vegetation fromspray drift from
aerial and ground applications of RoundupR However,
Monsant o Canada has recently indicated that the proposed
preharvest use of glyphosate will be by ground application
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only and that aerial application has been deleted fromthe
proposed preharvest use pattern. Nevertheless nore

i nformati on on the effect of | ow doses of RoundupRis
needed in order to assess thoroughly the inpacts (damage
and recovery to non-target plants) of this herbicide on
wldlife habitats in the vicinity of sprayed fields. The
area to be sprayed for weed control and crop desiccation
is potentially very extensive since it involves wheat,

barl ey, canola, flax, lentils, peas, soybeans, forages
(grass and broad-| eaved species).

Envi ronnental Chem stry and Fate

a) Physi cochem cal Characteristics

i) Water Solubility:

Solubility of glyphosate (acid) in water was
high (15700 ng/L (1.57% at 25°C. The

i sopropyl am ne salt of glyphosate is much
nore soluble in water than gl yphosate acid.

ii) Vapour Pressure:

The vapour pressure of glyphosate determ ned
by the gas saturation method was negligible
(<1.0 x 10% Pa (<7.5 x 108 mm Hg) at 25°C)
and indicated that the herbicide would be
non-vol atile. Henry's Law Constant (<1.669 x
10-*2 atm n®. nol-') showed that in view of

t he | ow vapour pressure and hi gh water
solubility, glyphosate is not likely to

vol atilize fromwater or npoist surfaces.

ii1) Octanol-Water Partition Coefficient:

Oct anol -water partition coefficient (K,) of
gl yphosate was reported to be | ow (0.0006 and
0.0017) and indicates limted potential for

bi oconcentrati on.

iv) Dissociation Constant:

The pKa val ues were determ ned to be
<2, 2.6, 5.6 and 10.6. dyphosate is
anphoteric (capable of reacting chemcally
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either as an acid or as a base) and exists
predom nantly in zwitterionic form (dipol ar
ion), and so will behave like an ionic salt.

b) Transformation

i)

i)

Hydr ol ysi s:

Chem cal hydrolysis is not expected to be a
maj or node of degradation of glyphosate in
the environment as | aboratory data indicated
t hat gl yphosate was stable in sterile,
buffered solutions of pH 3, 6 and 9 at
tenmperatures of 5 and 35°C, in the dark for
32 days.

Phot ot r ansf or mati on:

Transformation of ['“C]-1|abell ed gl yphosate on
sandy | oam soil when exposed to natural
sunlight for 31 days, was insignificant.

Anal ysis of soil sanples showed that half-
life values (by extrapol ation) were 90.2 and
96. 3 days for light irradiated and dark
control sanples, respectively.

Results of a study with aqgueous sol utions

i ndi cated that phototransformation of

gl yphosate in water by natural sunlight was
not a significant process. \Wen sterile
aqueous solutions of [!%C]-gl yphosate were
exposed to natural sunlight for up to 31
days, half-life by extrapol ation was

cal cul ated to be 413 and 555 days for |ight
irradi ated and dark control sanples,
respectively. The stability of glyphosate to
sunlight is as expected as absorption
spectrum data i ndi cated that absorption of
U.V. radiation by glyphosate was at a

wavel ength | ess than the rel evant energy
spectrum of natural sunlight (>290 nm).

Bi ot r ansf or nati on:

Results froma | aboratory aerobic soil study
conducted at 25°C showed that gl yphosate in
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sandy |l oam and silt |oam soils was non-

persi stent as DT50 (50% decline tinme) was 2
days. Ot her |aboratory aerobic soil studies
(conducted at 30°C, 32°C and at an

unspeci fied roomtenperature) showed that

gl yphosate was non-persistent in silt | oam
(DT50 1 week) and noderately persistent in
silty clay loam (DT50 3.5 to 5 weeks).
Transformati on of gl yphosate was mainly

t hrough m crobial action and resulted in the
maj or transformati on products

anm nomet hyl phosphoni ¢ acid (AMPA) and carbon
di oxi de.

In a | aboratory aerobic aquatic

(wat er/ sedi nent) system at 25°C, gl yphosate
was not persistent (DT50 14.4 days). Most of
the applied glyphosate had partitioned from
wat er into sedinent. The transformation route
of glyphosate was simlar to that observed in
aerobic soil.

Results from a | aboratory anaerobic aquatic
(wat er/ sedi nent) study at 25°C, indicated

t hat gl yphosate was persistent (DT50 208
days). By the end of the test (365 days), the
parent conmpound accounted for 20% of the
applied anount and denonstrated that rate of
transformati on of gl yphosate under anaerobic
conditions was slow. Mst of applied

gl yphosate partitioned fromwater into

sedi ment .

c) Mobility (Laboratory Data)

i) Adsorption/desorption:

Laboratory studies on soil

adsorption/ desorption of glyphosate showed

t hat adsorption of glyphosate to soils was
strong and that desorption fromsoils was

m nimal . Val ues of K, were high (2660 -
12930) in the soils tested and indicated | ow
mobility of glyphosate in soils and
consequently a |low potential to |each.
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Soil Thin Laver Chromat ography:

Laboratory soil thin |layer chromatography
studi es have indicated that the |eaching
potential of glyphosate is |low. According to
the results, glyphosate in the soils tested
(sandy loam silt loamand silty clay | oam
woul d be classified as immbile (Helling' s
mobility class 2).

Soil Colum Leachi ng St udy:

Results from soil colum | eaching studies
with soils treated with radiol abelled

gl yphosate and aged for a nonth, showed that
| eaching of the mmjor transformati on product
AMPA was minimal. AMPA in | eachate was <1% of
applied radioactivity.

d) Field Dissipation

i)

Field Soil Dissipation Studies:

Data from Canadi an field soil dissipation
studi es conducted in major areas of proposed
use were not available for review. The
applicant has indicated that it will initiate
these studies in 1991 in Al berta, Manitoba
and Ontario.

Data fromfield soil dissipation studies
conducted in the United States indicated that
gl yphosat e (Roundup®) at 2.24, 4.48 and 8.97
kg a.i./ha, was non-persistent in Texas and
North Carolina (DT50 2 to 16 days) but
persistent in Mnnesota (DT50 122 to 174
days). When gl yphosate was applied late in

t he season (Septenber/ Cctober) as at the

M nnesota site and at another site in

Col orado, dissipation of the herbicide was
slow (DT90 210 to 300 days) and residues of
gl yphosate were carried over to the next
season. The soil types at the different

| ocations included sandy | oam sandy cl ay

| oam silt | oam and | oam
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Results fromthe U S. field studies also

i ndi cat ed that when RoundupR® was applied at
2.24 and 4.48 kg a.i./ha, in nost cases

resi dues of the main transformation product
AMPA declined to non-detectable |evels (<0.05
mg/ kg) within one year of treatnent.

Bui | dup of residues of glyphosate or AMPA in
soil was mnimal following nultiple
applications over several years, according to
nmoni toring studies in orchards and vi neyards
in three U S. states next to the Canadi an
border. Results fromother U S. field
studi es that involved four applications of
RoundupR per year, also indicated that

accurrul ation of glyphosate was |imted.

Anal ysis of soil cores in the US. field
studi es indicated that glyphosate and AMPA
had negligi ble | eaching potential in the
soils tested. In soil cores O - 15 and 15 -
30 cm deep, residues of glyphosate and AVPA
remai ned mainly in the top 0 - 15 cm soi
profile (detection limts 0.05 ng/kg for both
conpounds) .

Results fromfield soil run-off studies

i ndi cated that rainfall events after 24 hours
of treatnment, would probably not cause any
appreci abl e novenent of solubilised

gl yphosate in runoff water, especially at the
proposed application rate. dyphosate at a
relatively high application rate, e.g. 8.97
kg a.i./ha, can be noved into runoff water,

if there is rain within 24 hours of

treat ment.

10. 3 Envi ronnental Toxi col ogy

a)

Wld Birds

WIld birds are nost |likely to be exposed to

gl yphosate by direct overspray (birds foraging in
cropland) or spray drift, or by consunption of
sprayed vegetation or consunption of contam nated
prey. The area to be sprayed for weed control and
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crop dessication in August is potentially very
extensive since it involves wheat, barley, canol a,
flax, lentils, peas, soybeans, forages (grass and
br oad-| eaved speci es).

The application of Roundup® at reconmended | abel

rates i s not expected to pose an acute risk to birds
i ngesting gl yphosate residues. The quail acute LD50
of technical glyphosate is greater than 3851 ny/ kg
and no reproductive effects were seen either in
mal | ards or quails at dietary concentrations of 1,000
ppm  Surface exposure to chicken eggs did not cause
any adverse effect.

WIild Mammal s

WIld mammal s coul d be exposed to gl yphosate through
direct overspray or by ingesting plants in sprayed
fields, adjacent fencerows and wetl ands or woodl ots

t hat have been contam nated by spray drift before the
pl ants exposed to gl yphosate

showed any visible effects. Sonme manmmal s coul d be
exposed by ingestion of invertebrates or small

her bi vores. However since glyphosate does not

bi oaccumul ate toxicity is not likely to be enhanced
t hrough the food web.

G yphosate is practically non-toxic to mammls. The
acute oral LD50 for glyphosate in rats is >5000 nyg-

ai / kg body weight. The acute oral LD50 in rats for
the primary netabolite, am ninethyl phosphonic (AMPA)
acid is in the same order. Mce were fed with 50, 000
ppm of glyphosate in their diet for 90 days wi t hout
suffering any serious health effects.

Anmphi bi ans and Reptil es

No data were available to evaluate the risk to
anphi bi ans and reptiles fromthe use of glyphosate.
These organi snms could be exposed by direct dernal
exposure from spray drift or by ingestion of
contam nated i nvertebrates.
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Soil M crobial Systens

Laboratory studi es have indicated that glyphosate has
limted inmpact on soil mcroorgani snms, based on
observations of soil respiration and soi
nitrification.

Terrestrial |nvertebrates

Results from contact and oral toxicity tests

i ndi cated that gl yphosate (technical and fornul ated)
is relatively nontoxic to bees (LDs, >100 ug
a.i./bee). A laboratory study in which earthworns
(Al'l ol obophora caliginosa) were exposed to gl yphosate
at concentrations of up to 100 ng/kg in a New Zeal and
soil, showed no nortality or any significant adverse
effect on the growth rate of the earthworns.

Aguatic | nvertebrates

Data on the acute toxicity of technical glyphosate to
Daphni a magna i ndi cated that technical glyphosate
was practically nontoxic (48-h LGy, 780 ng/L).

Chronic toxicity of technical glyphosate was al so | ow
(no observed effect level 50 ng/L), as determned in
a 21-day chronic toxicity study, based on survival
growt h and reproduction of Daphnia nagna. Tests
showed t hat RoundupR fornmul ati on had a hi gher |evel

of acute toxicity than technical glyphosate (48-h
LCsy 5.3 ng of product/L) with a NOEL close to 1.9 ng
product/L. At the proposed application rate of 0.89
kg a.e./ha, residues of glyphosate that nmay result
fromdrift, are not expected to be a major hazard to
Daphni a. Data provided by the applicant on the acute
toxicity of AMPA to Daphnia magna indicated that it
was practically nontoxic. The 48-h LGy, was 690 nyg/L
and the 48-h no observed effect concentration was

320 ng/ L.

Wldlife Habitat Consi derations

Widlife living in the vicinity of cultivated fields
could be affected by a shortage of food invertebrates
due to a reduction of macrophytes on which these
organi sms subsist, or reduction of cover through
danmage and destruction of plants.
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Crops to be included in the new | abel extension wll
cover a total area of 30 mllion hectares. Wheat,
barl ey, canola, lentils and flax are extensively
grown in the prairie provinces where nost wildlife
habitats (e.g. potholes) and croplands coexist in
close proximty. There is also sone concern about
danmage to hedgerows, shelterbelts, woodlots, and

ot her wetlands in Ontario where wheat, soybeans and
forage crops are grown. Southwestern Ontario is also
an area inhabited by several endangered and

t hreat ened speci es.

This new use of glyphosate for weed control prior to
harvest may potentially be significant, especially in
the wetter areas of Southwestern Ontario and Northern
prairies; in Canada the grow ng season is short and
frequently farners may not have enough tinme in the
spring to apply a herbicide that control |arge
perenni al s such as thistles and quackgrass wi t hout
subsequently affecting the crop. After harvest in
the fall the weeds often are too small to effectively
be controll ed before winter cones. The property of

gl yphosate as a desiccant at a | ow dose is an added
advantage that can only increase the probability of

It being widely selected by farners.

G yphosate is a non-selective herbicide, effective in
annual s as well as on deep rooted perennials such as
thistle, quackgrass, cattails, etc. Fromthe
literature, it seens to be toxic to a | arge nunber of
plants including 76 of the 78 world w de noxi ous
weeds (Carlisle and Trevors, Water, air and Soi

Pol ution, 39).

The indirect inpact to wildlife is a major concern
w th glyphosate, because of its potential effects on
habi tats and food sources through overspray and
drift. Drift to non-target habitats is an issue
related to aerial as well as to ground applications.
Wth ground equi pment alone it is estimted that

drift deposition is 1-10%in the prairies. In the
case of glyphosate application with high cl earance
ground equi pnment, boom height will be at the upper

end or even higher than usually recommended; even
with a buffer zone around wetl ands, bodi es of water
and terrestrial habitats, drift level is expected to
remai n hi gh.
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In the light of the above issue, it is believed
essential to identify the potential effects of |ow
doses of glyphosate on non-target plants. The

regi strant has provided credi ble data on dose
response curves for 4 terrestrial species from

2 famlies (study PCP # 13644). Alfalfa, oats and
soybeans showed practically no effect at 10% maxi mum
| abel rate (visual rating), while a noderate effect
was detected on sorghumwi th sonme recovery at day 42.
Anot her table was presented including 17 species from
5 fam lies; however given that no docunentation on
met hodol ogy, growi ng conditions, |ocation of the
study, tine and node of application were provided, we
cannot assess its validity.

St udi es were provided on the effect of glyphosate on
4 al gal species: Selenastrum capricornutum Navicul a
pel l'i cul osa, Skel etonema costatum Anabaena fl os-
aquae. EC50s range fromO0.64 to 24.9 ng/L. The
esti mated environnmental concentration in a 15 cm
colum of water at the expected dose of 890 g/L is
0.59 ng/L; risk factors are generally |ow between
0.02 to 0.13. Only the marine di atom Navi cul a
pellicul osa exhibits a higher risk factor reaching
0.92. Fromthese studies, the hazard posed by

gl yphosate to algae is considered to be | ow

A growth inhibition study was provided with Lema

gi bba, testing the toxicity of glyphosate dissol ved
in water. The 14-day EC50 is 25.5 ng/L. Wth an
esti mated environnmental concentration of 0.59 ng/L,
the risk factor is low at 0.02 (.59/25.5). However,
Lockhart et al (Hydrobiologia, vol. 188-189, 1989)
denonstrated that when Lemma m nor was exposed to

gl yphosat e sprayed on the fronds, the toxicity was
greatly enhanced as opposed to plant response when
exposed to gl yphosate dissolved in water; at

800 g-ai/ha sprayed on Lemma, growth was essentially
zero. This may be due to the fact that the nopde of
entry of this herbicide into the plants is by contact
with the | eaves, and that glyphosate has little
tendency to partition fromwater to plants as would
be the case with a nore hydrophobi c conpound.
Clearly the study presented by the registrant is not
a worst-case scenario, nor is it representative of
fields situation where Lemma is nore |likely to be
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affected by drift or overspray. Lockhart et al
(1989) cogently argue that spray deposit my pose a
risk to emergent aquatic vegetation, especially since

t he herbicide deposited on the plants is not likely
to be washed off as m ght be the case of floating
| eaves.

Because of the non-selectiveness and effectiveness of
gl yphosate, its area and potential extensiveness of
use, it is believed that nore information should be
sought on the effect of |ow doses of glyphosate on

i mportant plant species that constitute wildlife
habitats in the prairies and in Ontari o.

Smal | plot studies or a field study shoul d be

provi ded whi ch exam ne the inpact of RoundupR in

t hese areas with enphasis on |ow rates, effects on
pl ant communities (species richness and cover), the
spectrum of activity observed and recovery.

Al t hough gl yphosate has been registered for
agricultural use since 1976 and for forestry use
since 1984, the above major new use will greatly
extend the area of glyphosate application; in the

i ght of what we now know on the ecol ogy of the
prairies and other wildlife habitats, it is
considered crucial to docunment the indirect effect of
gl yphosate on wildlife habitats, in order to enable
provi sion of appropriate mtigation measures for
protection of wildlife.

11. EFFECTS ON FI SH, FI SH HABI TAT AND FI SHERY RESOURCES:
DEPARTMENT OF FI SHERI ES AND OCEANS | NPUT

11.1 Effects on Fi sh

Techni cal gl yphosate is slightly to practically non-toxic
to fish with LCys from 22-211 nmg gl yphosate/L. The
formul ated product, Roundup® however, is nore toxic than
techni cal gl yphosate with LCys for fish in the range of
2.3-42.0 mg Roundup®/ L (see Tables below). Studies have
shown that the toxicity of RoundupR to fish is
attributable to the surfactant, MON 0818, a

pol yet hoxyl ated tallow am ne, which conprises .15% (by
wei ght) of the Roundup® formulation. LGCys of MON 0818 to
fish range from 1.0-13 ng MON 0818/ L. Based on 96-h LGC;,
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studi es with Roundup® Monsanto reported no observed

effect levels (NOEL) for rainbow trout of 6.4 ng/L and for
bl uegill sunfish a value of 2.2 ng/L.

Acute toxicity 96-h LG5, (ng/L)

gl yphosat e RoundupR MON 0818
rai nbow trout 140 8.3 2.0
fat head m nnows 97 2.3 1.0
channel catfish 130 13.0 13.0
bl uegill sunfish 140 5.0 3.0

Fol mar et al. 1979

Acute toxicity 96-h LGC;, (ng/L)

RoundupR MON 0818
sockeye fry 28.8 2.6
rai nbow trout fry 25.5 3.2
coho fry 42.0 3.5

Servizi et al. 1987

Acute toxicity 96-h LG5, (ng/L)

gl yphosat e RoundupR MON 0818

Creek water (soft)

coho 36 27 3.2

chi nook 30 27 2.8

rai nbow 22 15 2.5
Lake water (hard)

coho 174 13 1.8

chi nook 211 17 1.7

rai nbow 197 14 1.7

Wan et al. 1989

Young rai nbow trout fingerlings (1.0 g) and channel
catfish swmup fry were the nost sensitive life stages of



- 88 -

t hose speci es exposed to Roundup® by Folmar et al. (1979).
The authors reported 96-h LC,s of 1.3 and 3.3 ng
Roundup® L for rainbow trout fingerlings and channel
catfish swmup fry, respectively.

The results of Wan et al. (1989) indicated that the
characteristics of the water used in the toxicity studies
affected the acute toxicity of the various conpounds to
sal nronids. G yphosate was nore toxic to salnonids in soft
wat er, whereas MON 0818 and RoundupR were nmore toxic in
hard water.

Fat head m nnows were not affected by chronic (255 d)
exposure to glyphosate at neasured concentrations of up to
25.7 mg/ L (Monsant o).

No subl et hal physiol ogical effects were observed in coho
sal non exposed to Roundup® in fresh water at 0.029 to 2.78
ng gl yphosate/L for 10 days prior to seawater chall enge
exposure (Mtchell et al. 1987). No abnormalities were
observed in the fecundity and gonadal devel opnent of

rai nbow trout exposed for 12 h in artificial streans to
either the isopropylamne salt of glyphosate (IPA) or
Roundup® at nom nal concentrations up to 2.0 ng/L (Fol mar
et al. 1979). |In avoidance reaction studies, Fol mar
(1976) reported that rainbow trout did not avoid water
containing | PA at nom nal concentrations of up to 10 ny/L.
Hi | debrand et al. (1982) indicated that a concentration of
RoundupR of .40 ng/L was required before rai nbow trout
woul d avoid the treated water. No avoi dance was observed
at 30 nmg Roundup® L.

Monsant o reported bioconcentration factors of <1 for

rai nbow trout, |argemouth bass, channel catfish, and carp
exposed to 10 ng gl yphosate/L for 14 days. Follow ng 35
days depuration the gl yphosate residues in all species had
decreased to #0.07 ng gl yphosate/ kg (detection limt =
0.05 nmg/kg). No residues of am nomet hyl phosphoni c acid
(AMPA), a transformation product of glyphosate, were
detected in the tissue (detection [imt = 0.05 ng/kg).
The heads and viscera of the fish contained higher

gl yphosate residues than the tissue. The highest residue
det ected was observed in carp (heads and viscera) at 3.96
mg gl yphosate/ kg, but by 35 d depuration the |evel had
decreased to 0.05 ng/kg. Studies on channel catfish have
shown that gl yphosate is not readily metabolized by fish.
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11.2 Effects on Fish Habitat

a)

b)

Aguatic | nvertebrates

As observed with fish, aquatic invertebrates are nore
sensitive to Roundup® and MON 0818 than to gl yphosate
al one. For mdge |arvae (Chirononus plunpsus),
Folmar et al. (1979) reported a 48-h EGC;,

(i mobilization) of 13 ng MON 0818/L (nom nal
concentration) conpared to 18 ng/L for Roundup®R and
55 ng/ L when exposed to technical glyphosate.
Simlarily, Daphnia pulex has a 96-h LG, of 25.5
nmg/ L when exposed to Roundup® but the value for MON
0818 is 2.0 mg/L (Servizi et al. 1987). For Daphnia
magna exposed to RoundupR the 48-h EC;, ranges from
3.0 - 5.3 mg/L (Folmar et al. 1979 and Monsant o),
whereas the 48-h LG, for D._nmagna exposed to

techni cal glyphosate is 780 ng/L (Monsanto).

Monsanto reported a NOEL for D. nmagna of <1.9 ng/L
for Roundup® and 50 ng/L for technical glyphosate.

Marine invertebrates were not very sensitive to
techni cal gl yphosate. Ninety-six hour LCss for
grass shrimp and fiddler crabs of 281 and 934 ny
gl yphosate/L (nom nal) were reported in studies
subm tted by Monsanto, as were NOELs of 210 and
650 ng/ L, respectively. Atlantic oyster were nore
sensitive with a NOEL of 10 ng/L (nom na
concentration) in reports submtted by Monsant o.

Al gae

Al gae denonstrate a w de range of susceptibility to
RoundupR  Some cyanophytes were considerably nore
sensitive to glyphosate than green al gae. d yphosate
I nhi bited growt h of cultures of the cyanobacteria
Aphanocapsa (strain 6308), Anabaena variabilis and
Nostoc (strain MAC) by 50% at a concentration of

2 ng/L (Hutber et al. 1979). G owh was conpletely

i nhibited in these cultures at 10 ng gl yphosate/L.
Anot her strain of Aphanocapsa (strain 6714) was

consi derably nore tolerant, requiring a concentration
of 100 ng gl yphosate/L to inhibit growth by 50%

When exposed to an unspecified fornul ati on of

gl yphosate, the growth rates of Chlorella sorokiniana
cultures were reduced 7% at 1 ng gl yphosate/L, 58% at
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3 mg/L, and 100% at $ 4 ng/L (Christy et al. 1981).
The growth, in ternms of cell density, of Euglena
gracilis cultures was significantly inhibited by 96 h
exposure to glyphosate (fornulation not stated) at
concentrations of about 100 ng/L (Richardson et al.
1979). The chlorophyll content of the cultures was
significantly reduced at about 5 ng gl yphosate/L at
sone sanpling tinmes, but a concentration 200 ng

gl yphosate/L was required for significant (P=.05)
reductions at all sanpling times. Richardson also
reported that photosynthesis, as indicated by oxygen
evol ution, was inhibited at concentrations of 1 ng/L
when exposed to gl yphosate for nore than 20 m nutes,
but was stinulated at concentrations of 50 ng/L or
greater. ol dsborough and Brown (1988) reported that
Roundup® at 0.89 ng gl yphosate/L had no effect on the
carbon fixation of periphytic algal communities
coloni zing artificial substrates from ponds and

concl uded that the EC,, was >8.9 nyg gl yphosate/L.

Agquati ¢ Macrophyt es

Lockhart et al. (1989) reported no reduction in
growt h of Lemna m nor fronds when exposed to RoundupR
at dissol ved concentrations of 17 ng/L or less. They
observed no growth at 169 ng/L. Lockhart also
reported that when Lenna m nor cultures were exposed
t o RoundupR spray at 800 g gl yphosate/ha in a spray
chanber, no growth occurred.

Fragrant water lillies (Nynphaea odorata) were killed
by applications of glyphosate (fornmulation not known)
appl i ed by hand-held boom sprayer at rates of 0.6 kg
gl yphosate/ ha or greater. One year after

application, visually observed rates of effectiveness
on mature plants was 98% 93% and 100% for nom nal
application rates of 0.6, 1.1 and 2.2 kg

gl yphosat e/ ha, respectively (Wl ker & Ri ener 1982).

No inhibitory effects on Potanpgeton pectinatus tuber
sprouting and early growth were observed by Hartman
and Martin (1985) when the plants were exposed to
Roundup® at nom nal gl yphosate concentrations of up
to 10 ng/ L.
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11. 3 Movenent into and Transformation in Aquatic Environnents

Al t hough gl yphosate is highly soluble in water

(15,700 ng/L) and has a |low Kow (6 x 104, it has a high
potential for adsorption (K, of 2640, Kenaga & Gori ng
1980) and is relatively immbile in soils [Rf values in
the range 0.04 to 0.2 in sandy loamto clay |loam soils
(Sprankle et al. 1975)]. Feng and Thonmpson (1990)
observed that nore than 90% of the recovered gl yphosate
residues were in the top 15 cmof B.C. soils and remai ned
avail able with DTs, (50% decline tinme) of 45-60 days.

Runoff of glyphosate fromtreated fields occurs, but it is
limted (Edwards et al. 1980). Follow ng the application
of RoundupR at 1.12 kg gl yphosate/ha to fields in 1973 and
1974, the maxi mum concentration in runoff water was 0.090
and 0.094 ng gl yphosate/L, respectively. 1In 1973, runoff
from5 rain events transported 5.14 g gl yphosate/ha from
the field and in 1974, runoff from 3 rain events
transported 6.52 g gl yphosate/ ha. The anmpunt of

gl yphosate transported by runoff represented -.0.6% of the
gl yphosat e appl i ed.

Under agricultural conditions, downw nd drift can
transport and deposit glyphosate off-site. Data from
Yates et al. (1978) indicated that a 0.001 kg/ ha exposure
to glyphosate spraydrift fromaerial application, recorded
as deposition on Mylar sheets, could result in about 20%
injury (visually assessed) to wheat plants and that such a
deposit could occur at distances >250 m downwi nd of the
application site. However, when Roundup® was applied by
hel i copter fitted with mcro-foil boom or by ground
operated boom sprayer fitted with | ow pressure defl ector
nozzl es, deposit of 0.001 kg/ha was not likely to be
exceeded beyond 20 m

I n an aquatic environnent, glyphosate is not susceptible
to hydrolysis or photolysis, but is susceptible to

bi otransformation. In aerobic water/sedi nent studies in
whi ch nost of the gl yphosate was recovered fromthe

sedi ment, the glyphosate remai ned avail able for
transformati on as denonstrated by the formation of AMPA
and carbon dioxide. In the water/sedi ment system

gl yphosate had a DT, of 7-10 days. AMPA reached a maxi mum
resi due |l evel of 25% of the applied glyphosate and
decreased to 23% by 30 d post-treatnent (Monsanto). In
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aerobic studies w thout sedi nent the gl yphosate DT; ranged
from7-10 weeks. Under anaerobic water/sedi mnent
conditions gl yphosate denonstrated a bi phasic degradation
curve. Initially a rapid decrease in glyphosate was
observed in the systemwith a DT;, of 1-2 weeks. A second
phase followed during which the gl yphosate concentration
remai ned fairly constant for several hundred days at .20%
of the applied glyphosate. AMPA reached a maxi num of 25%
of the applied glyphosate and decreased to 18% by 365 d
post-treatnment (Monsanto).

The inmportance of sedinment for the renoval of glyphosate
fromthe water colum was denonstrated by Gol dsborough and
Beck (1989) with mcrocosnms of natural water and water
pl us sedi ment which were exposed to operational oversprays
of Roundup® and incubated in situ for 30 days. G yphosate
concentrations in the water did not appreciably decline
within the 30 day sanpl e period when sedi nent was not
present, but declined rapidly in the first few days in the
wat er of m crocosns containing sedi nrent and remai ned
steady to the end of the sanpling. G yphosate residues in
the sedinments were in the range <0.01 to 0.07 :xg/g dry
mass, increasing to days 8 to 20 and declining by day 30.
Concentrations of AMPA did not exceed 20 :-g/L.

A summary of the results of |aboratory studies of the fate
of the pol yethoxylated tall ow am ne surfactant was
submtted by Monsanto. The summary indicated that the
surfactant was susceptible to transformati on by

m croorganisnms in soil and in natural water. The
assessnment of the fate of the surfactant in aquatic
systens cannot be conpleted until the entire reports of
the studies are submtted and revi ewed.

Anal vti cal Detection Methods

Mles et al. (1986) descri bed nethodol ogy for the
detection of glyphosate and AMPA in natural waters with

m ni mal detectable quantities of 10 g/L for gl yphosate
and 5 -g/L for AMPA. Payne et al. (1987) reported
quantification limts of 0.5 Zg/L for glyphosate and 0.15
:g/L for AMPA. Monsanto reported a nethod for the

anal ysis of glyphosate and AMPA residues in fish tissue at
a detection limt of 0.05 ng/kg.
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No net hodol ogy was avail able for the analysis of MON 0818
I n water at concentrations toxic to aquatic organismns.

| npact Assessnent

The expected environnmental concentration (EEC) of

gl yphosate in water is sufficiently below the toxicity of
gl yphosate to fish and aquatic invertebrates that direct
acute toxicity is unlikely to occur. The EEC of

gl yphosate froma direct overspray of Roundup® to water
0.15 m deep would be 1.2 ng gl yphosate/L, based on the
maxi mum preharvest application rate of 1.78 kg gl yphosate
ae/ha (5 L Roundup® ha). This concentration is
substantially below the LCy,s for fish (which are typically
in the range of 22-211 ng glyyphosate/L), bel ow the EGC;
for mdge |arvae (55 ng/L) and bel ow the toxic
concentrations for marine invertebrates (NOELs 10-650

mg/ L) .

Direct effects on fish and aquatic invertebrates due to
chronic exposure to gl yphosate also are unlikely since the
EEC (1.2 mg gl yphosate/L) is substantially |less than the
no effect Ievels for chronic exposure to fathead nm nnows
(25.7 ng gl yphosate/L) and for daphnids (50-96 ng

gl yphosate/L).

Fish are not likely to be sublethally affected by

gl yphosate since no significant adverse effects relative
to fish devel opnent, avoi dance, and seawater chall enge
woul d be expected at gl yphosate concentrations equal to
the EEC. Bioconcentration of glyphosate by fish shoul d
not be significant.

The toxicity of the Roundup® formulation to aquatic fauna
is of concern to Fisheries and Oceans. Unlike gl yphosate
which is practically non-toxic, the MON 0818 surfactant,
whi ch conprises .15% (by wei ght) of the RoundupR

formul ation, is noderately to highly toxic to fish and to
aquatic invertebrates (EGCs/ LCss in the range of 1-2 ny
MON 0818/ L for the nopst sensitive species studied). As a
conponent of the RoundupR spray, the EEC of MON 0818 in
0.15 mwater would be 0.6 ng MON 0818/ L (based on the

wor st case scenari o of the maxi mum preharvest application
rate at 5 L Roundup® ha to forage | egunmes and grasses).
Wth an EEC of 0.6 ng MON 0818/L conpared to EGC;/ LCss of
1-2 mg MON 0818/L, the margin of safety for aquatic fauna
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is limted. A direct overspray of fish habitat with
Roundup® could result in significant effects to fish
and/or to fish habitat. Concern is enhanced by the |ack
of data on the fate of MON 0818 in aquatic systens and by
the lack of an analytical method for the quantification of
MON 0818 in water at concentrations |ower than the NOEL
for the nbst sensitive non-target aquatic species.

Al gal susceptibility to RoundupR is varied, with the
cyanophytes being nore sensitive to Roundup® than green

al gae. Even between strains of cyanophytes,
susceptibility can vary with ECss for Roundup® rangi ng
from 2-100 ng gl yphosate/L. For periphytic algal
comunities the ECs, for Roundup® of >8.9 nmg gl yphosate/L
is above the EEC of 1.2 ng glyphosate/L. Because of the
wi de range of toxic response, the effect of Roundup® on

al gal comunities should be mniml and unlikely to affect
fish habitat.

Exposure of riparian and enmergent aquatic vegetation to
direct overspray and to spray drift of RoundupR is also a
concern. Studies have indicated that injury to plants
coul d occur at deposit rates of 1 g glyphosate/ha and that
such deposits can occur at >250 m downwi nd from aeri al
application sites. Wth a maxinun application rate of
1.78 kg gl yphosate/ha, off-target deposit of RoundupR nust
be reduced in order to avoid phytotoxic effects on non-
target plants. Reducing off-target deposit also limts

t he anount of gl yphosate which can enter aquatic systens
and partition to sedinment where it has a slow rate of

di ssi pati on under anaerobic conditions, and where it could
be available to affect aquatic vegetation.

In order to protect fish and fish habitat during the
preharvest use of Roundup® MON 0818 should be excl uded
from aquatic systenms and the deposit of RoundupR onto

ri pari an and enmergent aquatic vegetation shoul d be

avoi ded. To reduce the probability of direct oversprays,
and to reduce the anount of drift deposit onto fish
habi t at, RoundupR shoul d be applied only by ground

equi pnent and not by air. Additional protection of fish
and fish habitat can be achieved by observing a 15 m

buf fer zone around the edge of fish habitat or waters
draining into fish habitat.



11. 6 Summary

The preharvest use of RoundupR® herbicide by ground
application to flax and to other crops (wheat, barl ey,
canola, lentils, peas, soybeans, forages) should not
result in significant effects on fish and fish habitat
provided that a 15 m buffer zone is observed. The
preharvest use of Roundup® by aerial application to wheat,
barl ey, canola, lentils, peas, soybeans and forages may
result in significant effects on fish and fish habitat.
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