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ABSTRACT

Garlon® is the trade name of  s§verél herbicides  whose
activé ingredient is triclopyr 'ETlf- (3,5,6—tri¢h;orb-2-,‘
pyridyloxyacetic' acid). ‘Thé co%ﬁ%rcial~ proauct Garlon® 4
contains T as the ethYleneélycolbufylether ester (EGBE)..
Relevant'agbects of the behaviour of technical T and EGBE in a
soil representative of British Columbia coastal forest (34% org.
_matter, 8.3% clay, pH 3.4) were studiéd in fhe laboratory. T or
Garlon® 4 were épplied to the tops of individual éolumns of the
501l at a rate eéuivalept to 5 lb/acre of T. Every second Aay,
for 54 Qays, water equivalent to 2.5 QE\Of rainfall‘was'aédedA'
élowlj to the top of each column and the resultant eluate
collected for‘aQ?lysis. Columns of sand were treated similarly.
Finally, each column was divided into four equéf sections. The
" eluates and soils were analysed by a‘metbod dévéloped for T,
EGBE, and the two metabolitgs, 3,5,6-trichloro-2-pyridinol (TP)

and 2-methoxy-3,5,6-trichloropyridine (MTP).

-

No movement of residués within, or through the soil could

. be detected:. only the top sections contained residues, namely
low concentrations of T and MTP, and high concentrations of TP,
representiﬁg, respéctively, about 5, 10 and 85 % of'the total
recovered, which was approximately 60% ‘of the amount applied
originally to the top of each soil column.\No EGBE wag detected.
By contrast, residues‘mo;ed through' the éand readily. After

treatment with EGBE, all residues passed through the sand in 34

days of leaching and were recovered in the eluates,

111



guantitatively, in tﬁehform of T, except traces of EGBE/gnd TP,
éuggesting compﬂeté hydrolysis of EGBE to T without further
break-down of T. After tréatment with T:ﬂGS% of tbe’ applﬁed T
}.%aa' leached thf;ugh.tﬁe sand in 54 days, and 10% wéfg fouﬁd in
the four sections of each sand column, about 25% had probably
been cénverted to\aompéunds not detected. The faster movement of
the residues through sana after.treatment, with Garlon® 4, an
“emulsifiable concentrate, was probably caused by surfactants in‘
the formulation. | — l
Based on the rQEGIEs; a pathway of deéradation of EGBE has
been p:oposed. If was further concluded thaf the probability 1is
high that T and EGBE will neither persist Qofjmove vértically
with water in soils of B. C. coastal forests and that leaching
through such soils 1into sub-surface water, with subsequent
transport into fish-bearing aquatic environs;' is wunlikely to

s

pose a hazard in the field if.the herbicide is used properly.,
' o

RS
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I. INTRODUCTION

The needs of the world call for the utilization of all
available scientific technology to pféduce and protect
high-value Jfood, forage and fiber crops. Weed control is an
essential part of this vitgiJEfocess. For centuries, traditional
methods 'of weed control, such as tilling and hoeing, have been
used; but these'have become economically ‘inefficient. 1In many—..
cases, crops that could be grown were dictated by the weedi/j
present and the best weedkiller then was. a good crop (Saka,
1983). | )

The use of herbicides, chemicals that kill plants ‘or
inhibit their ﬁormal~ growth, togethér with improved crop
varieties and fertilisers, brought about a change 1in this
pattern of life. It accelerated with the discovery of 2,4-D
(2,4-dichlorophenoxyacetic acid) and MCPA (2-methyl-4-
chlorophenoxyacetic acid) in thé 1940's. These chemicals have
hormonal effects similar to auxins, and are highly effective at
low dosages (<1.0 kg/ha). Earlier compounds, such as‘sulphuric
acid, DNOC or sodium arsenite, can be highly toxic or hazardous
to use, Dbut 2,4-D and MCPA are easier and safer to use and
handle. Subsequently, 2,4,5-T (2,4,5?trichlorophenoxyacetic
acid) and éthér new groups of .chemicals, including the picolinic
acids, e.g. piéioram (4-amino—3,5,6-trichloropicolihic acid)

were developed.



a

" The high ‘'selectivity of these herbicides against

broad-leaved weeds and woody plants has brdught about = a

-

- / -
revolution 1in agriculture, forestry, recreational land use, and

-vegetatién managemenf on rights—of—yay. Hérbicide aprlications,
“especially ‘ih 1fbreséry, have been made with s@all aircraft or
%elicoptérs dépending on area size and terrain. Under such
‘circumstances, herbicides are applied as foliar sprays to
'azileve Qniform coverage and even diétribution. Wwith the -advent,
of these hefbiéides, weeds that were serious problems iln many
countries, such as New Zealand (MacDiarmid, 1977),4 the United
States (Haagsma, 1975; Howard et al., 1983), England (McCavish,
1980) and Japan (Saka, 1983), could be controlled.

| In the 1960's, even though picloram was avallable, the
phenoxy herbicides remained the primary means of perennial weed
control Dbecause picloram 1is more péYsistent in soils and
therefore unsuit;ble‘for use in reforestation (Gratkéwskip 1978)
and crop lands (Saka, 1983). .In areas with tree and brush
species not susceptible to phenoxy herbicides, effective control
:;s attained with picloram and picloram-phenoxy mixtures,
applied to the base of the plants or as. trunk 1injections to
avold possible problems from its 'persistence Hin solls
(Lauterbach and Warren, 1982; Voeller et al., 1976).‘Despite its
effectiveness, some hardwood species were able to resprout
(Radosevich et al., 1976), so that control of wunwanted plants,

not susceptible to ©phenoxy herbicides, 1in steep terraln and

remote, inaccessible areas was difficult to achieve (Fears and



Dickens, 197é). Thus, there was a continued need for
foliage-applied herbicides, especially when 2,4,5-T was banned
f{om use in the US'in 1979. The use of 2,4,5-T was subsequently
bann;d by other countries élso, including Norway (Méc§vish!
1980) and Finland (Siltanen et al., 1981).

In Canada, 2,4,5-7 although still registered for forestry
usé federally', has not been 1in operational wuse 1in most
provinces for the last couple of years Dbecause of the
controversies over it. 2,4-D is the fgequently used herbicide.
In addition, glvphosate and hexazinone (temporarily) are also
made available. However,‘ these 3 herbicides available are
considered inadeguate to éddress the full range of grass, weed
anq undesifable brush problems across Canad;\(Green, H984).

'Thefneed for alternative new and ﬂgffectiQe herbicides is
not only caused by these factors but also by regular increasés
in labour costs, which make manual control 6f weeds prohibitive.
Compounded by> other aspects of inflation, these deplete
available land management funds (Gratkowski, 1978).  New
herbicides should not only be more effective and less costly
‘than those «currently available, but also environﬁentally
acceptable. Most compounds applied will inevitabl? find their
way intoc tpe soil and water. The wuse of hefbicides& is also

greatly 1i1nfluenced by their fate and behaviour in the soil

(Klingman et al., 1982).



The fate and behaviour, such as movement and chemical
changes, of a pesticide 1in soils, are influenced by several
factors (Bailey ana White, 1970), of prime import@nce among them
is adsorption (Khan, 13880).

Adsorption,vthe chemical and physical attraction of a
pesticide to the specific surfaces of soils (Bailey and White,
1970) is significantly influenced by the chemical nature of the
herbicide and ‘the soil type (Klingman, et al., 1982). For

herbicides, for instance, hydrophobicity, pkK values of ionizable

groups, and the <capacity for hydrogen bonding are important

features in sorption (Khan, 1980). 1In soils, components of
importance are <clay and 'organic matter. Solls with organic
ma;tefchn§ent,of <6% haye both .mineral and organic maﬁter
involved» in adsorption {(Walker and Crawford, 1968; gquoted by
Stevenson, 1976).}In soils with >6% organic matter content,
adsorption occurs mostly to organic surfaces. élaYs (crystaldﬁné
m}nerais; crystalline and amorphous oxides and hydroxides, and
montmorillonite  and kaolinite) would affect adsorption by
differences in surface area availability and cation exchange
capacity. |

.Organic matter, comprisingghumic substances (huﬁin, humic
acid and fulvic acid) and non-humic substances (carbohydrates,
proteins and other organiﬁ acids of low molecular weight), may
act as surfactants or adsorbants (Wershaw et al., 1969).
Adsorption may be by van der Waals forces of attraction,

hydrophobic bonding, hydrogen bonding, electrostatic attraction,

(
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ion and ligand éxchange (Khan, 1980). Humicrand fulvic acids
being rich inrfunctioqal groups, may bind pesticides, while the
non-humic fraction may facilitate microbial breakdown of
pesticides (Khan, 1980).

Movement occurs primarily by leaching, rquff and
volatilization. Information 6 movement 1S esséntial for
predicting potential contamination ‘of other environments.
Leaching can’transpori pesticides to ground water, 'eventually‘
contaminating other watef bodies and systems. It is affected by
‘factors such as>soil profile, flow rates and amounts of soil
water. In general, there 1is an inverse relationship betwegn
adsorptidn and movement of pesticide by watér through soil
(Khan, 1980). ’

Chemical changes of a pesticide in soil include metabolié
and non-metabolic .conversions. The former are bio-
transformations, mostly by microorganisms, whereas//fﬁg latter
can be catalysed by clay surfaces, metallic c%iées, ions and
organic matter. A site of high biological and non-biologicqi
activity is the humus-clay microenvironment (Khan, 1974).

Persistence of a pesticide in a soil is directly related to
it; chemical stability and adsorption., It is inversely related
to rates of leaching and decomposition, processes wﬁich‘ result
in a decline of the pesticide.

Among recently developed herbicides that are‘ appliedb to

foliage and have potential for control of broad-leaved weeds and

woody brush 1is triclopyr (3,5,6-trichloro-2-pyridyloxyacetic
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acid). It is of low toxicity to warm-blooded animals (acute oral
LDs,, vrats, 713 mg/kg) and of moderate toxicity to trout aﬁd
bluegills with 96-h LCs;, of 117 ppm and 148 ppm, respectively

(Spencer, 1982). It is known to break down to 3,5,6-trichloro-

A\Eprridinol (McKellar et al., 1982), a compound which, although

not toxic to mammals (Roberts and Marshali, 1978), may
nevertheless be toxic to fish., Another possible metabolite in
soil could be 2—methoxy—3,5,6—trichlo;opyridiné, whose toxicity
is not knowﬁixélthough a » candidate for wuse in forestry in
British' Columpia and Eastern Canada, little information exists
about its persistence, breakdown and movement in soils. As
nothing of 1its fate and behaviour in the soils of the forested
regions’of British Columbia 1s - known, the present study was
undertaken with the following objecti»qﬁ:-,‘ |
1. To study the propensity of triclopjr'(T) to move fhrough a
forest soil follgwing applications to the soil in the
laboratory of:
a. technical T a;;
b. Garlon® 4, an emulsifiable concentrate, contalning
ethyleneglycolbutylether ester (EGBE) of T;
2. To investigate the formation and movement of twe
metabolite’s, 3,5,g—trichloro-Z—pyridinol (TE) and 2-me£hoxy—
3,5,6-trichloropyridine (MTP).

3. To develop suitable methods of analysis for this study.

LY



II1. LITERATURE REVIEW -

Triclopyr and Its Formulation

Triclopyr is the common or generic name for
3,5,6~trichloro-2-pyridyloxyacetic acid. Its empirical formula

is C,H,Cl,NO; and its molecular weight is 256.5 (Fig..1).

c—Z \ c1 5
C1— - 0—CH.—C_
\N/ 2 ™~

¥

OH

Figure l. Structuge of Triclopvr (3,5,6-trichlore-
2-pyridyloxy Eftic acid). '

It 1is a relatively new herbicide that was introduced by The Dow

Chemical Company in 1970 (Spencer, 1982). It s available

commercially as aqueous triethylamine, a water—sqluble
formulation containing 3 lbs/gal., or as
ethyleneglycolbutylether ester, a solvent-based emulsifiable
concentrate containing 4 lbs/gal. Most studies have reported the

ester formulation to be more effective than the amine (Lichy,



1978; Forgie et al., 1977; 4H9ward gg al.,, 1983; Jacoby and
t

Meadors, 1983). However, Reyholds al. (1983b), reported the

opposite for controlling various large mesophytic trees.
Unfortunately, it was found that they had applied less triclopyr

as the ester than as the qmine.,

™ .

Uses gi Triclopyr

a. Weed control in Forestry and on Rights-of-Way

Studies .indicated as early as 1972 and 1973 that triclapyr
had excellent hgrbicidai activity against a broad range of woody
plants (Byrd et al., 1974). Hardwood speciés, such as ash,
:cherry and oak, can be effectively controlled (90-100%) by h&gh

volume applications of 1 - 2.lbs/acre”,? in 100 gallons3 of
. i

spray mixture (Byrd et al., 1975; Lichy, 1978). A high degree of "

consiétency in control was attained at more than 51 sites tested

in the United States. For some species, such as bla;kbérry,

<

yellow poplar and salal, 3 - 4 lbs/acre were required (Byrd and

\

Colby, 1978). To control maple, aspen, birch and some otheré,
rates of 6 -~ 9 lbs/acre were necessary.

"Rates expressed as triclopyr (= active ingredient
equivalent) throughout this paper :

acid

21b/acre X 1.12 = kg/ha

1 gal = 3.8L



,éé;

With the application of 1 - 2 lbs/acre in 100 gallons of.

the spray mixture at which most hardwoods .are controlled, the

softwood conifers, Sitka spruce, hemlock and some pine species,

were found to be relatively tblerant (McCavish, °1980). Western
red - cedar and balsam fir were found not to be‘affectedrat all
(Byrd and Colby, 1978; Byrd et al., 1975). These results showed

that triclopyr was of excellent potential for conifer release in
» ~.

forestry. . ‘ ) -

- e ~

The effectiveness of triclopyr as a herbicide was compared

with picloram and other \Ehenoxy herbicides on trees and

¥

perennial weeds. According to Byrd et al., (1974)'tricldpyr was
superior to 2,4;5—T, for it gave better control of a broad range
of woody plants ‘with lesser amounts required. Triclopyr was
shown to provide gafective control of trees (Haywood, 1980),
such as golden'eveféreen chinkapins, canyon livg oak (Gratkowski
et al., 1978) and aSh, Qhere picloram and 2,4-D provided
unsatisfactoer control. Triclopyr was »consistently effective_
even when applied under difficult conditions, such as steep

terrain where applications of picloram would be economically

prohibitive (Fears and Dickens, 1978). Against blackberry

(Forgie gi al. , 1981) and sweet Bfier (Bristol, 1981),
triclopyr was more effective than 2,4,5-T; )

‘Recent studies showed that triclopyr applied at <0.96 kg/ha
was effective against red alder but not thimbleberry and' black
cottonwood (D'Anjou, 1985). " As results on the latter were not

encouraging, subseguent studies with higher rates, i. e. 1.5% -



BN

~

3.0 kg/hgxére anticipated. Triclopyr has also been reported to
be effecﬁive for controlling large-diameter Appalachian
hardwoods,;such as maple ahé’tulip (Reynolds et glL,,J983a) -and‘
mixed, mesophytic treés, such as red oak and white ash (Reyholds
et gl;, !q983b). -Seasonal studieﬁfﬁ}uggested'-that triclop&r
applied auring the dorman£ season ﬁggid also kill trees, such as

gupeio and tulip poplar (Reyﬁo}dg et gl;,; 1983c), thereby
'improving management capabilities and avoiding water.bodies more

3
easily. Triclopyr was also found to be a good preburn desiccator

.

(Gratkowski et al., 1978). & )

b. Weed Control in Pasture and Crop Land

Triclopyr was effective againsﬁ honey hesquite (Jacoby and
Meadors, 1983), horsenettle (Gorrell et al., 1981), and tall
ironweed (Mann et al., 1983). It was found to be as effective as
VEL?4207, a derivative of dicamba, for the control of weeds 1in
small grains, pastures and turf areas (Ketchersid and Merkle,
1978). Of all the available hormone-type herbicides, it was the
most effective one for control of gorse (Rolston‘and Devantier,

' .. . .-
1983). There were controversial reports regarding its effect on

grasses for Byrd et al. l(1975)'reported temporary injury -to

)

established grasses whereas Bovey et al. (1984) found injury to
common buffelgrass at rates as low as 0.6 kg/ha. However, it has
also been suggested that triclopyr stimulated the growth of

grasses, thereby enhancing its benefits on pastures (Reynolds et

7
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al., 1983a). According to Gorrell et al. (1881), it would be -

superior to picloram, also, in corn production uhder minimum l
tillage.

On crop land, especially on pineapples,vthe use. of 2,4-D
and paraquat provided unsatisfactory weed control. Problems_with
resérouting,'small-sized f%uit and reduced{ ng}ds were ‘also
encountered. However, triclopyr wasimore'effectivelat‘lower cost
(Lee et al., 1984)., In rubber plantings, triclopyr was suggested
as an alternative that could replace sodium arsenite and n-butyl
ester of, 2,4,5-T, which are used for killing standing trees and
felled stumps - (Lim ¥@nd Abdul Aziz, 1981). In oil palm
p}éntétions, triélopYr has also been demonstrated to be highly
effective for weed control, however, its use is coqsidered tovbe
uneconomical (Teoh et al., 1982). It offers potential for use in

mixtures with grasskillers as a general herbicide (Anon., 1982).

Triclopyr was found to have effects on. barley resembling
those of indole-acetic-acid (IAA). Its shoot-to-root ratio (S/R)
of 8.62, was comparable to 9.47 for piclgiam. These values were
the highest of six related pyridine compounds tested, the S/R
values of the others ranging from 0,66'to 1.55 (Foy and Chang,

1979) ., #
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Preliminary toxicological studies showed that triclopyr 1is

Toxicity

of iowv toxicity to mammals (acute ofi)rigso, rats, 713 mg/kg)
and is hot unduly dahgerous if ingested. and 1inhaled during
handling and spraying. It 1is of low toxicity to birds (acute
oral LDs,, Mallard duck, 1698 mg/kg) and of moderate toxicity to
fish (96-h LCgo, trout, 117 ppm, bluegills, 148 ppm).AThé aminé
formula;ion is less- toxic than triclopyr to mammals (acute oral
LDso, rats, 2140 mg/kg)v fish i96-h LC:Z, trout, 240 ppm,
bluegills, 471 ppm) and birds (acute oral LDs,, " Mallard duck,

3176 mg/kg). The ester forpulation is also‘less toxic than‘
triclopyr to mammals (acute oral LDs,, rats, <2140 mo/kg) ~and
birds * (acute oral LDy, Mallard duck, 4640 mg/kg) but much more
toxic to fish (96-h LCs,, trout, 0.74 ppm, bluegills, 0.87 ppm)
(Weed Sci. Soc. &Am., 1983). It 1is not known whether the
toxicities (LDSO/LCSO) cited above were expfessed on the basis

of triclopyr or not. According to Gersich et al. (1984), .

concentrations in water of 336 to approx. 2,000 ppm caused 0 to

100% mortaligy of Daphnia magna. These concentrations were
several orders of magnitude higher than those found 1in the

environment by McKellar,

t al. (1982), following an application

rate of 10 kg/ha.



Uptake from soil into plants

According to King and Radosevicgg (197%b), absorption‘.of

aeriélly -aﬁplied triclopyr through leaf :facesuwaé preferably
'by way of guard cells. Passagé was hindered by wax, SO that the
“uptake by immature leaves_Qas greater than that of mature lgéves
because of a thinner wax layer on thé former. Absorption was

enhanced by the presence of stellate trichomes, and was found to

" be higher abaxially than adaxially (King and Radosevich, 1979a).

The uptake of triclopyr from soil was equivalent to or
greater than that of picloram (Bovey et gl;,' 1979). Higher
levels ofr triclopyr in roots were found with Soil,than with
foliar applitations. In the latter, the uptake and accumulation
of triclopyr by leaves was high. Hb&ever with soil appliéation,
the uptake and‘accumulation'wa; lower in leaves and stems than
‘in roots, suggesting that there was either fmetaSOlié
transformation or less efficient transport (Bovey QEAQLL, 1979).

Movement of triclopyr to the 1leaves was highest with warm

temperatures and long day photoperiods, indicating symplastic

movement (Radosevich and Bayer, 1979). By radioactive labelling.

they showed that triclopyr was more mobile‘than 2,4,5-T.

Persistence and‘Degrada&ion

Long-term studies (560 days) with an aerial -~application
rate of 10 kg/ha indicated no significant movement from the site
of application (McKellar et al., 1982). Watgr and soil samples

collected from densely-wooded areas, on the day of application,

/ o



had no detectable levels of the herbicide. However, soil samples
from slightly wooded areas had 4{4 ppm, and others from opéﬁ
areas had 18 ppm of triclopyr. IH addition, 0.28 ppm oflﬁhe

metabolite, 3,5,6-trichloro-2-pyridinols

\\iefe noted on day 28.
'Torstensson and Stark (1982) aléo»founé that aerially applied
triclopyr was retained mostly by the vegetation. ﬁowever, with
time they noted increases in herbicid; leyels in the-sdil,
suggesting that it had washed off. In their soil analyses, they
noted that triclopyr was more persistent than'2,4-b.

In the USA, Moseman and Merkle (1977) reported that
‘triclopyr applied in the fall would persist for six months
ﬁhereas application in summer would be compietely dissipated 1in
three 'months. In New Zealand, no residues were noted 3-% months
éfter’appliéation even when rates as high as 12 kg/ha were used
(MacDiarmid, i977). ‘

These ,studies provided‘information on triclopyr pertinent
to -olher countries. The present study was undertaken to ‘obtain
information, relevant to British Columbia, on the -persistence
and movement of triclopyr in a soil, and on its degradation. Of

e B ' :

particular importance is the study of an ester formulation which

seems to be preferred on account of its efficacy.

- b
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111. MATERIALS AND METHODS

Soil columns have .been extensively used for the study of
movement of pesticides in the laboratory (Wilson, 1973; Hogue et

al., 1981). Based on this, the present study with soil and sand:

N
columns, similar to that described by Wilson (1973), was

undértaken. The soil was collected .from the top one metre, after
Hﬁhe duff layer had beeﬁ removed, 1in a virgigm'cedar-hemlock
forest in the the wet coastal biogeOclim;tical zone of British
Columbia. It was from an area with predominantly\,Cannel type
soil (Luttmerding, 1980).v The collected soil was air-dried,
passed through a No. lb sieve (2mm openings) to remove large
particles and mixed.

Qrewaéhed and dried silica sand (Martin Marietta, Emmett,
Idaho) passed through a No. 35 sieve (0.5mm openings) was used.
Sand was used because it contained no clay and organic matter,

the components mainly responsible for sorption of residues in

soils.

15



Leaching apparatus

Glass columns (73 cm X 9 cm OD) were filled with sand' or
soil to a height of 40 cm. The contents of each respective
column were held in place by a sheét of tefaon mesh securef?
f?stened to the outside of the base with silicone sealant and
two broad rubber bands. The colﬁmns were clamped near the top

¥2nd rested on glass funnels suspended in holes in a plank of
plywood. Erlenmeyer flasks of 250-ml vol. were placed beneath
the funnels to collect water eluted from the columnsi Distilied
water was applied to each column from an inverted 500-ml
Erlénmeyeg flask, stoppered by a cork with two glass'tubes: one
for pressure equalisation and the other for water release. A
rubber tube and clamp were attached to the latter tube to
regulate flow (Fig.‘2). Ten columns were set up: 5 columns ‘each
of soil ‘and sand. All columns were conditioned with 5
applications of 250 ml of distilied water for 5 days.

The laboratory had an average tempéfaturé of 21C (range
12-30C). Occasionally, low‘temperatures were recorded. at night

and highs at midday. The RH averaged 59% (range 20-98 %).
Herbicide

The herbicides used were technical T of 99.1% purity; and
Garlon® "¢, an . emulsifiable concentrate, EFA (US) Reg. No.
£64554, containing 61.6% EGBE (= 44.3% triclopyr equivalent =

0.48 kg per L = ¢ 1lbs triclopyr eguivalent per US gallon).

16



Exonerimental Set-up of a Soil
and Sand Column.
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Garlon® 4 1is not registered in Canada under the Pest Control
Products Act. For application to the soil or sand} technical T
‘was dissolved in glass-distilled acetone and Garlon® 4 was

diluted with the same solvent.
Treatment

Five samples of 100g each of soil (fresh weight) and of
sand were weighed 1into Mason® glass Jjars and mechanically
tumbled. Ten millilitres of 0.35 mg/ml of T and 0.51 mg/ml of
Garlon® 4 (eguivalent to 0.35 mg/ml of T) ln acetone were
respectively applied to four samples of sand and scil giving
treatment levels of 35 ppm, eguivalent to field application
rates of 5.6 kg/ha (5 lbs/acre). The remaining sand and soil
were Qsed as controls, treated with 10 mi of acetone. The
application was made by gradual 1injection of 5 ml of the
appropriate solution, twice at five-minute intervals, The
t}eqted sand and soi1l were left to tumble for h,'to ensure
even distribution of the herbicide ~and allow the aéetone to
evaporate.

Bach 100g of treated sand or soil was added to the top of
the respective cofumns, covering the non-treated sand or soil. A
9-cm Whatman #! filter paper wés placed on top of the treated
layer. This was followed by another 5 cm of untreated sand and
another disk of filter paper. The filter papers and sand layer

were added to prevent channelling of the applied water. Details



are shown in Table 1.

Leaching procedure

Every. second day, 160 ml of water (eqguivalent to 2.54 cm of
rain) were applied at the rate of 2 ml/min. The resulting
eluates were collected aftér 48 h and transferred int&% 200-ml
dark glass bottles and stored at -20C. A total of 27 eluates per
column was collected during 54 days of leachiné. On completion
of leaching the <columns were wrapped with aluminium foi1l and
stored at -20C until they were analysed. Extraction and cleanﬁp
of collected eluates were as described in the method of analysis

«>a

(p22).

Removing frozen.soil1l and sand from columns

Each frozen soil column was . taken from the freezer and
clamped ontoc a retort™ stand. The rubber bands securing the
tefion mesh were first removed, then a sharp razor blade, rinsed
with acetone, was used to scrape off the silicone sealant and
nence to remove the tefloh mesh from the base of the column.
Paper towels soaked in warm water were applied around the sides
of the column to speed up thawing of the soil adjacent to the
glass surfaces and facilitate their separation. i

A wooden rammer, covered with aluminium foil and cleaned

with acetone, was pushed gently against the top of the soil



TABLE 1

Columns, Packings and Treatments of the Experiment.

Column Packing 8/ Treatment 5 Fortification ¢/
(ug)
1 soil control 0
2 soil EGBE 3500
3 soil EGBE 3500
4 soil T - 3500
5 soil T 3500
6 sand control 0
7 sand EGBE 3500
8 sand EGBE 3500
9 sand T . 3500
10 sand T 3500

Soil: Cedar-Hemlock Forest Soil. Sand: Silica Sand.

EGBE: Ethyleneglycolbutylether Ester of Triclopyr.
T: Technical Trielopyr. _

100 g of Treated Packing (35 ppm), Applied to Top of
each 40-em Packing.
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core. When there were signs of sliding, the core was pushéd out
onto a piece of clean aluminium foil. -A hacksaw‘that had been
cleaned with acetone was then wused to saw the core 1into 4
sections, each about 10 cm long. The sections were labelled %1,
2, 3 and 4 from the top downwards. Wheqxfthawing was complete,
each section was thoroughly mixed and aliguots were removgd for
measuring moisture content and for pesticide anaiysis.

Sand cores could not be removed from the columns until they
were completely thawed. The sand then slid out and was separated

into four approximately equal sections.

S

Determining pH in eluates, soil and sand

The pH of soil or sand was determined ﬁi weighing duplicate
samples of 25g into 250-ml beakers. About 25 ml of
glass-distilled, deionised water were added to make a thin
suspension which was stirred with a magnetic stirrer for 30
minutes. The pH was determined with a Radiometer®, Model 26,
eguipped with a glass calomel electrode. The same rnstrument was

used to measure the pH of the water eluates.

Determining dry weights

. ‘ . N . .
Four soil samples, 50g each, were weighed onto Petri dishes

and dried in an oven at 105C for four days. The solils were

weighed on the 3ré and 4th days'but not again, because the



welights were constant.

Extracting water eluates

|

Fifty millitfés of each eluate were measured into a 250-ml
separatory funnel. zéﬁ drops of concentrated HZ.SOn (sulphuric
acid) were added to acidify the eluate to about pH 2. YEach
eluate was extracted three times with CH,Cl, (dichloromethane),
50 ml for the first extraction and 25 ml for the second and
third. During eéch extraction, the sepératory funnel was shaken
three tiﬁes, about 1 min each time, followed by a release of
pressure. The phases were allowed to separate between shakings.

After each extraction, the CH,Cl, was put through a béd of
anhydrous granular 7NazSOu‘(sodium sulphate) and collected in a
250-ml round-bottom flask. After the third extraction, a further

.10 ml of CH,Cl, was used to rinse the Na,SO, bed."

Derivatizing

~\\\\\

To a solution of 4 ml of water containing 2.5 of KOH
(potassium hydroxiae), were added 12.5 ml of 95% éthanol, in a
100-ml round-bottom flask. Simultanously, 10.75g of the diazalt,
9% N-methyl-N-nitroso-p- toluenesulfonamide, were dissolved in
100 ml of diékhylether. The ethanolic-KOH solution was placed on

a water bath. & drop funnel with a regulator knob and a

condenser was connected to the round-bottom flask. At the

22



receiving end of the condenser was a‘conical flask maintained af
0cC.

The "water bath was held at 65C. The diazalt solution was
slowly added through the dropping funnel, to the round-bottom
flask containing the ethanol solution. The rate of distillation
was approximately equal to the rate of addition. The cooled
yellow solution, collected in the conical flask, contained. the
diazomethane. All ground glass surfaces in the apparatus Qeré
covered with teflon sleeves to prevent accidental explosions.
The procedure 1is as~described by Maybury (1980) .

The CH,Cl, extracts of the eluates, about 110 ml 1in the
round-bottom flasks, were then flash—evépora&ed to just dryness
and the residues taken up in 1 ml of benzene. To each was added
about 1 ml of the methylating reagent, 1. e. the freshly
prepared diazomethane, which was allowed to react for half an
hour, after which 10 drops of keeper (1% paraffin oil in hexane)
were added. Excess diazomethane was then driv;h\\off with a
stream of nitrogen gas.

As controls, 1-ml aliguots of T 1in benzene at
concentrations of 0.05, 1.0 and 10.0 ug/ml were placed in 250 ml
round-bottom flasks. The same was done with solutions of TP. To
eacn of these were added about 0.5 ml of freshly prepared
diazomethane and allowed to react for 30 min in the 'fume hood.
Then 10 drops of keeper were added to the flasks and the volume
of esach of the derivatized standards was reduced to about 0.5 ml
by blowing with nitrogen gas. The 0.05-ug/ml standard Qas made

%‘\“&
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up to 1 ml in hexane while the 1.0 and 10.0 ug/ml standards were
diluted with hexane to give a final concentration of 0.05 ug/ml.
These standards were then quantified by gas-liquid

chromatography (GLC).

Clean-up

Florisil (PR 60/100 mesh) was activated at 120C for 24 h
and then placed on a roller and at 1intervals, glass-distil¥ed
water added with a syringe until it contained 2% water. The
florisil was. tumbled overnigﬁt to ensure uniform water
distribution,

Three grams of the prepared florisil were then packed into
a burette between two layers of 2-3 cm of granular anhydrous
Na,SO,. The column was tapped to ensure even packing of the
florisil and 10 ml of 10% diethylether in hexane were passed
thro:gh it. The eluted solvent waé discarded.

After the removal of excess diazomethane, the extract,.
approximately 1.5 ml, was transferred to the florisil column and
eluted with 25 ml of 10% diethylether in hexane. The eluate was
collected in a 100-ml round-bottom flask, and flash-evaporated
to about 1 ml, thgi,quantitatively transferred to a graduated
test-tube. It was then brought up to 2 ml with hexane and
analysed on GLC for T, TP,lEGBE and MTP.

To determine the recovery from florisil, derivatised

analytical standards of T and TP of 0.5 ug/ml with the volume
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reduced to about 0.5 ml, were layered on the florisil columns,.
"Elution was done with 25 ml of 10% diethylether in hexaEe. The
eluates were collected in 100-ml round-bottom flasks, reduced to
0.5 ml by flash-evaporation, and then brought up in hexane to a

‘concentration of 0.05 ug/ml and analysed by GLC.

Extracting soil

To 50g of soil sample in a wide-mouth, one-pint Mason® jar
was added 80 ml of acetone slightly acidified with H,SO,. Thirty
grams of anhydrous Na,SO, were added to each sample, which was
then blended in a Sorvall Omni mixer at 20V (Varian speed
regulator). After'blending for 5 min, the solids were allowed to
settle and the acetone extract was filtered, undef aspiration
through a Whatman #! filter paper in a Buchner funnel, 1nto a
~conical flask -and transferred to a 250-ml measuring cylinder.
Extraction was-repeated twice with a further 70 ml of acetone on
each occasion. The combinea extracts were made up to 250 ml 1in
the measuring cylinder. The extraction was similar for sand.

Ten millilitres of the acetone extract, equﬁvalent to 2g of
the soil or‘sand, were transferred to a 250-ml separatory funnel.
and 50 ml of acidified glass-distilled water (pH 2) were added.
Further extraction and clean-up was simglar to that as described

for water eluates. 1 /
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Determination of MTP and EGB#vs T and TP

]

The above prdcedure of extraction, derivatization and
clean-up facilitates the determinatién,of T and TP. Chemically
" "derivatized TP" = "MTP", therefore to determine YMTP and also
EGBE, in the samples, aliguots of extracts were cleaned up

without derivatizing,

Gas-Ligquid Chromatography (GLC) Anélysis

/
A gas chromatograph, Microtek MT-220 equipped with a ®°Ni

electron capture detector (ECD) was used for the analysis of
derivatized T, derivatized TP, and EGBE. The operating
conditions are given 1in Table 2;

T~ and TP were quantified by comparison¥ with the peak

heights of external standards. Standard curves were prepared

daily. The analytical reference standards were prepared in
hexane.

Untreated samples of soil, sand and their water eluates
were extracted and analysed as described; no detectable GLC

responses corresponded with those of T, TP, or EGBE.
Analytical reference standards were prepared "from T and

EGBE of 99.1% purity; and ﬁfrom TP of 99.8% purity. A stock

7
solution of _ 100 ug/ml in benzene was prepared for

derivatization. The final analytical standards of both

derivatized T and derivatized TP were 0.05 and 0.02 ug/ml in

\
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TABLE 2
GLC Operating Conditions for the Detection of Derivatized Triclopyr (T),
Derivatized 3, 5, 6-trichloro-2-pyridinol (TP), and Ethyleneglycolbutylether
Ester of Triclopyr (EGBE).

T TP EGBE
N - ‘

Oven Temp., C 175 175 220
Inlet Temp., C 200 200 230
Detector Temp., C 285 285 285
Retention Time, min 8.43 2.21 8.11
Column, Size: 183 em x .6.4 mm
Packing: 4% SE30 + 6% SP2401 on Supelcoport 80/100 Mesh
Carrier Gas: Nitrogen, 70 ml/min

o
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hexane; whereas EGBE was at 0.05 ug/ml.

Recovery studies

Quadruplicate samples of water eluates of u;treated soil or
sand were fortified with T and TP at 0.001, 0.1 and 1.0 ppm to
determine the recovery rates. Similarly, quadruplicate samples
of untreated soil or sand were fortified at 0.01, 0.1 and 5.9
ppm. The fprtified soils - or sand, in Mason® IJars, were
thoroughly mi;ed and left in the fume hood for 1 h, to remove
the acetone, then allowgd to equilibrate at 4C overnight, and
extracted the next day.

EGBE was added separately to untreated samples of soil and
sand and also to their water eluates. Concentrations were. 0.1
and 5.0 ppm for soil and sand; and 0.001, 0.1 and 1.0 ppm for
eluates. \

Samples of fortifiedﬁéiuates wefe kept in storage at -20C

and subsamples of these were analysed periodically in order to

monitor the storage stability of the compounds studied.

aw
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IV. RESULTS

Quantification and detection limits

In the GLC analysis, derivatized T and EGﬁE had single
. peaks with retention times of 8.43 and 8.11 min respectively.
Derivatized TP had two peaks with retention times of 2.21 and
6.14 min respectively. Florisil clean4up, however, removed the
second peak and the first peak was used for quantification.
Consistent peak heights were obtained with 5-ul 1injections of
0.05 wug/ml concentrations of T and TP prepared from standards
derivatized at 0.05, 1.0 and - 10.0 ug/ml. Base on a 6 ul
injection with a 10 times'dilution of the extracts, the lowest
quantification limit for derivatized T, derivatized TP and EGBE
were 0.005 ppm. Extract concentrations <0.005 ppm were
considered traces and where no responses were recorded by the

GLC, the results were "ND" or non-detectable.

Recovery and storage

Recoveries for various levels of T, TP and EGBE 1in sand,
soil and their eluates are shown in Table 3. With the exception
of EGBE in soil, no chemical conversion was noted in the various

recoveries. About 45.2% of the EGBE fortified in soils were
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TABLE 3

Recovery, in Percent of Added Triclopyr (T), 3,5,6-trichloro-2-pyridinol (TP),
and Ethyleneglycolbutylether Ester of Triclopyr (EGBE) from Fortified Sand,
Soil, and Eluates, 12 to 18 Hours After Fortification.

Forti- Recovery
fication
Substrate T TP EGBE
ppm
Sand 5.0 100.8 + 6.9 95.4 + 6.0 101.5 + 4.3
0.1 92.0 + 6.8 92.2 + 5.6 100.3 + 3.1
0.01 90.5 + 7.8 80.3 + 3.4 not+done
Eluates, Sand 1.0 94.7 + 5.8 90.2 + 6.7 98.4 + 3.6
0.1 90.3 + 5.8 84.4 + 3.6 97.0 + 3.8
0.001 92.5 + 3.5 88.1 + 7.3 91.6 + 6.6
‘Soil 5.0 100.0 + 3.9 94.7 + 3.3 106.9 + 4.7 &/
0.1 100.0 + 1.9 98.4 + 4.0 98.9 + 5.6 ¥
0.01 102.0 + 4.8 80.9 + 3.0 not+done
Eluates, Soil 1.0 104.2 + 6.6 100.6 + 7.2 100.8 + 2.9
0.1 97.2 + 2.8 95.6 + 3.3 96.5 + 1.4
0.001 95.8 + 5.4 80.6 *+ 6.1 95.4 + 3.4
a/ b/

= 48.7% as T. = 41.7 % as T.
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recovered as T after 12-18 h at 4C, indicating that hydrolysis
had -occurred overnight.

Periodic analysis of aliquots of eluates, soil and sand
stored at -20C, for T, TP, MTP and EGBE gave similar results.
consistently indicating that there was no detectable chemical

change in storage over 8 months at -20C.

Moisture, pH and composition of soil

The natural pH of the soil and sand and of their eluates
are shown in Table 4. The distilled water used to simulate rain
for 1leaching the columns had a pH of 5.5 . Moisture content
determinations prior to leaching showed 50.8 # 2.0 % in soil and
2.9 + 0{7 % 1in sand. After leaching, their moisture contents
were higher (Table 5); especially in the lower sections. |

The soil contained 34% organic matter. The particle size
distribution was: 45.4% sand, 46.3% silt and 8.3% clay. The soil

as such had a loamy texture.

Leaching, Sand.

The concentrations of T found 1in each eluate of the
duplicated sand columns, treated with technical 'T, did not
differ significantly (Chi-square test, P<0.05). This was also
noted for the duplicated columns treated with EGBE. The means of

the concentrations of T leached in the eluates of both the sand
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TABLE 4

pH of Soil, Sand, and Reéspective Eluates.

Substrate pH
Soil & | 3.4
Soil Eluates 2/ 3.45 to 3.90
sand & 7.0
Sand Eluates &/ 6.4 to 7.0
a/ o . b/ .
=’ Prior to leaching. =’ Range of pH of 27 eluates.
TABLE 5

Moisture Contents of Soil and Sand Core Sections after
Leaching. Means and Standard Deviations (n = 4).

Moisture Contents, %

Section

Number Soil Sand
1 61.6 + 1.8 2.8 + 0.5
2 62.3 + 1.0 3.6 + 0.9
3 64.8 + 1.0 4.6 + 0.5
4 66.9 + 1.9 9.9 + 0.8

]



column treatments aré as shown in Figures 3 and 4.

Low levels (<0.01 ppm) of T were detected in the first
eluate, collected after the eguivalents of 2.54 cm (1 1in), of
rain had passed through the technical T and EGBE treated sand
columns. Thereafter, they increased to a maximum of 2.95 and
3.58 ppm respectively, after about 10 cm (4 in) of raififall. For
the sand columns _treated with technical T, a rapid decline
followed until about 18 cm or 7 in of rainfall had moved through
the columns (Figure 3). Then, the decline tapered gradually.

For the sand columns treated with EGBE, the decline was
graduaf to about 0.5 pbm after abbut 33 cm or 13 1in of rainfallr
had passed through, and then tapered to <0.1 ppm at 46 cm, or 18
in of rainfall (Figure 4). Leaching patterns of triclopyr and
EGBE were highly correlated (r=0.836).

Traces (<0.00S ppm) of TP were detectea in some of the
‘ eluatés from both the columns treated with technical T and EGBE.
Similarly, £ra¢es (<0.005 ppm) of EGBE were detected in several
of the eluates from the sand columné treated with EGBE.

The total gquantities of T, expressed as % of amount
applied,”r}eached out of sand columns treated with technical T
and EGBE?fre as shown in Figure 5. Recovery, in the form of T,
was complete 34 days after treatment of sand with EGBE, whereas,
for T-treated sand, 65% were found in the eluates after 54 days
of leaching. .

Analysis of the individual sections of the sand columns,

showed that T was present in the columns treated with technical
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Water Eluzc’res’

in
of Sand Columns Treated with Technical Triclopyr.

Figure 3. Concentrations of Triclppyr
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Figure 4. Concentrations of Triclopyr in Water Eluates

of Sand Columns Treated with EGBE.
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Figure 5. Loss of Triclopyr From Sand Columns, in 7% of
Triclopyr Applied to the Top of Each Column.

Loss of triclopyr, %

100 + - . A8
80
60
P!
¥
40 - /
s EGBE ” _
/ x Tech. triclopyr
20

T - ] ‘ 1
0 10 - 20 30 48 . 50
Days of leaching

36



T, but not in those treated with EGBE (Table 6). The
concentrations of T were low, although highe; concentrations
were found 1in Sections 1 and 4 than in Sections 2 and 3. Neither
TP, EGBE .nor MTP were\det%cted. The amount of T recovered from
these columns was 9.75% of that applied originally (Table 7).
Thus, total amounts of T recovered 1n the eluates-and sand from
these columns were approximately 75% of that applied (Fig. 5 and

e

Table 7).

Leaching, Soil.

-~

No residues were found in eluates nor in sections 2,3;4 of
any of the soil columns, regardleés of treatment (Table 6).
Analyses showed the presence of T, TP ahd MTP only 1in Secﬁion 1
of each soil column. The concentrat:ons of TP were >10 t;mes
those of MTP or T, namely [TP] >>»>> [MTP] > [T] (table 6). The
gquantities of TP, as such, were more than one order of magﬁitude
above that of T or MTP (Table 7). The aifférences between TP and
T or MTP were statistically significant (P>0.05) but not between
T andv MTP (P <0.05). The 'quantities of herbicide and 1ts
residues found in solls treated wiéh technical T were not
statistically different (P<0.05) from those found 1n soils

treated with EGBE.
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TABLE 6

Concentrations (ppm, means of two columns) of Triclopyr (T), 3, 5, 6-tri-
chloro-2-pyridinol (TP), and 2-methoxy-TP (MTP) in the Sections of the Soil
or Sand Columns, Found by Analysis After the Leaching Had Been Terminated.

Treat- Core ppm
Column ment & Section T TP MTP
Sand T 1 0.296 02/ 0
2 0.012 0 0
3 0.005 0 0
- -4 0.032 0 0
EGBE 1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
Soil - T 1 0.158  1.935 0.402
? 0 0 0
3 0 0 0
4 0 0 0
3
EGBE 1 214 2.667 0.206
2 0 0 0
3 0 0o /0
4 0 0 0

/
& see Table 1. b/ Not Detectable.
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TABLE 7

Amounts (ug, means of two columns) of Triclopyr (T), 3,5,6-trichloro-2-pyridinol
(TP), and 2-methoxy-TP (MTP) Recovered from Soil or Sand After Completion

of Leaching.

EGBE was Not Detected.

Treatment &/ T Tp ¥/ vitp Y Total® % of Applied
S 0 I L
T 81.5 1,666 304.8 2,052 58.6
EGBE 123.2 1,998 144.2 2,266 64.7
S AN D
T 341.3 0 0 341.3 9.75
EGBE 0 0 0 0 —

a/

éee Table 1.

as Triclopyr equivalent.

Not Detectable.



V. DISCUSSION

Treatment of the top.layers of the soil and sand columns
with technical T or EGBE at 3.5 mg of the active ingredient per
column is equivalent to 5.6 kg/ha (5 lbs/acre). It approximates
the mean of the range of ;riclopyr rates (0.28 to 11.2 kg/ha)
reported. It exceeds the rates reported effective for conifer
release and the ;ontrol‘ of general broad-leaved weeds, which
range from 1! to 2 lbs/acre (Byrd et al., 1975). Assuming the
iatter were to be adopted for wuse in British Columbia, an

interpretation of my results can be expected to be conservative,

to be in the interests of environmental protection and

I(D

7

1

with a bias towards caution.

a

The translocation of triclopyr in sand with water 1s shown

igures 3 to 5 and Tables 6 & 7. With the -equivalent of 17

3
3%)
-

in. of precipitation, one 1inch applied every second day, all
residues leached through sand which had been treated with EGBE.

_eacning through sand <treated with technical T, however, was

H

“ncomplete, even-zfter the eguivalent of 27 in. of rain had been
cassed through these colﬁmns during a 54-day period.
‘App:eximateiy 10% of the applied T were still in. the sand and
about 23% could not be detected as T, TP, or MTP, probably
mecause of chemical break-down to innocuous molecular” species.

ster movement of residues through sand treated with EGBE

J
1Y)
BN
o))

was crobably caused by surfactants in the formulation.,
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Considqring that the acute toxicity.to aquatic organisms of
EGBE 1is much higher than that of T, it is most significant to
note that only T, and no‘quantifiable EGBE was detected (only
traces, i. e., <0.005 ppm were detectable in a few samples from
- EGBE-treated sand). The highe%t concentration of T in two of the
eluates was near 3.5 ppm (Fig. 4). Although such a coﬁcentration
of EGBE is lethal to fish (Weed Sci. Soc. Am., $983), LC¢os Of T
are 25 to 50 times higher than 3.5 ppm, and concentrations of T,
lethal to daphnia, are 100 to 600 times higher (Gersich et al.,
1984) .

The results have shéwn that the sand had low - if any -
sorptive capacity for the herbicide, supporting the multitude of
reports in the literat;re ascribing sorption of pesticide
residues in soils fo their organic matter and clay contents. It
1s doubtful that pure sand; devoid of any clay and/of organic
matter and thus of §orpti§2\éapacity, will §u§£ain growth of
trees to make a forest. As a corollary,\$£ﬂsQ%uld be doubtful,
that a deposit of pure sand will be sprayed with triclopyr. But
even if this were so, these results do not support prediction of
disaster. They suggest, 1instead, that leaching from sand 1into
natural waters, providing 1t occurred at all, would present
little or no hazard. Although EGBE, unliké T, 1s acutely toxic
to fish at 0.74 to 0.87 ppm (Weed Sci. Soc. Am., 1983), it would
‘not get into fish-bearing waters because of hydrolysis to T

prior to reaching such aguatic biota. Rapid dilution of

T-containing eluates upon entering natural water bodies would



reduce the likelihood of adverse effects on aquatic life even
further.

No T, TP, EGBE or MTP were detected in the soil eluétes
(Tables 6,_7), indicating that no residues leached Athrough the
selected forest soil with water equivalent to a total of 27 in.
of rainfall. Furthermore, thererwas no movement even within the
scil profile (Table 6), suggesting a high affinity and sorptive
capacity of this soil for T and its congeners.. Even 1if higher
rates were to be applied, leaching through this soil should not

o

be expected. The organic matter content of 34% 'probably
contributed mostly to this; for Hamaker and Eoring (1976) noted
the sorptive capacity of soils for T increased with higher
organic matter content.

T- was degraded in the soil to a large extent; only low
concentrat.ons were found after 54 déys, namely 2.3% of
technical T applied originally, or 4% of the total recovered by
analysis (Table 7). The soil's iow pH (Table 4) may have
promoted the degradation of T, because only T was found 1n the
sand (Table 7) and its eluates. The major metabolite 1n the soil
was TP, accounting for 81% of the recovered residues, while MTP
was 15%. ' J//

it ‘
The residues in the soils treated with EGBE were T, TP, and

MTP, respectively with 5.5, 88, and 6.5 % of the total, 1. e.,

TP was the major breakdown product in EGBE-treated soils also.

P

The larger amount of TP and smaller amount of'MTP, than in the .

scils treated with T, suggested a sequence of reactions as shown
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in Figure 6: TP is formed from T (Fig. 6, II), a reaction which
must be anteceded by hydrolysis of EGBE with a concomitant
buiid—up of T, and which does not occur 1in soils treated with T;
in the latter, maximal concentrations of T are provided with the
treatment. But in EGBE-treated soils, no T is present at the
outset; 1t must be formed by hydrolysis of EGBE'before further
reactions.with T as the substrate can take place. Rééétion I 1in

the seqguence (Fig. 6, I) delays the build-up of MTP in

EGBE-treated soils. Conversely, in T-treated solls Reaction I

does not take ©place  and MTP accumulation 1s not delayed
accordingly. With the exception of EGBE on sand, the overall
recovery of residues was 75% or less, indicating that the

degradation of T was not only to TP and MTP but also to other
innocuous compounds. The first degradation product of EGBE 1In
sand is T; all of the EGBE applied to sand was recovered as T.
EGBE (Fig. 6) has two types of bonds, an ester bond at Site
2 and an ether bond at Site B, which yield upon hydrolysis T and
TP, respectively. The results indicated that the ester bond was
more susceptible to hydrolysis than the ether bond. The rapid

nydrolysis of the ester ‘“wa supported also by soi1l <Samples
Y Y fV pp

(N3

-

orzified with EGBE for regpﬁéry studies: when held at 4C for
2-18 n after fortification (Table 3), nearly 50% of the EGBE
were nhydrolyzeé and recovered as T. In view of these results, 1t
is suggested that tne dynamics of the formation of TP and MTP

©.
e e PR ‘ : 3 - - A
wlTh Time D& 1nvesilgdated.
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Site A

ClL 1
o/
A I .

Cl 0——CH2——C——{F—CH2——0"—CH2——CH2——CH2——CH3

Site'B
Ethyleneglycolbutylether ester (EGBE) of Triclopyr

EY

Pvdroly31s)

QHH 1

Tricloovr (T).

kaHydrolysis)

3,5,6-trichloro-2-ovridinol (TP)

IIIJ}Wethylation)

2-methoxv-3,5,6~trichloropyridine (MTP)

s

Figure 6.
butylether Ester of Triclooyr in the Soil.

X

A

A Possible Pathway of Reactions of Ethyleneglvcol-



TP appears to be formed duite fapidly from T, folloﬁed bf
'much slowef rates of methylation to MTP; which may be chemically
more stable, than T.and TP, ‘and thus continue to Qccummuiate
whereas concentrations of TP may have peaked earlier than 54
~ days afteritreagment andiﬁgll no longer be replenished from the
pocl of largely depleteé T (Table 7).-The great guantities of TP
found in the soil indicated th; likelihood that it' was
predominantly formed from T, as proposed in Eig. 6.

Probable involvement of micfoorganisms in the degradation

of EGBE and T is indicated by the properties of the spi] tested

.
and reports of greater density of microorganisms near colloidal
surfaces, where moét pesticides are ‘bound, than in solution
(Burns, 1978). Metabolism of T in the soil has been suggested by
Brown and Bos (1977) when they found that the half-life of T at
25C under aerobic conditiqns was 8-18 dayg and under‘ anaerobic
condifions was 42-130 days. The methylation of TP to MTP in the
soil 1s probably mediated by microorganisms, a mechanism
roposed by Roberts and Marshall (1978). The amounts of MTP
present (Table 7) appeared to indicate its slow format{on via
TP, Such fo:ma;ion in the so1l, could occur immediately with
technical T, whereas T was only made available following
break-down‘ of EGBE. .Based on- these results, a pathway of
reactions has been proposed (Fig. 6).

Hamaker and Goring (1976) showed that T was less persistent

in silty clay loam of pH 5:8 and 4.2% organic matter content,

r

than in loam of pH 6:5 and 0.8% organic .matter content. The

»
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amounts of T, the active ingrediént’thatApersisted in the sand .
columns treated wigh‘ technical T, were equivalent to field
application rates of '0.56 kg/ha, whereés in the soil columns
fortified with technical T and EGBE, they were -0.11 and 0.2
kg/ha respectively. These levels were below those tolerated by
sifka spruce, hemlock and some pine species {ﬂcCavish, 1980),
and thus woﬁld be unlikely to cause phytotoxicity. T bougd to
organic matter ("bound résidues", Hamaker and  Goring, 1976),
guite l{kely;:eddces such hazards even further. |

In summary, no movement of the herbicides was foﬁnd to
occur in the cedar-hemlock,forest'soil studied. The probability
"is high that T and EGBE wili neither persist nor move vertically‘
with water® in soils of B. C. coastal forests and that.leachiﬁg
- through such soils 1into 'sub—éurface water, with subsequent
transport into fish-beariﬁg aduatic environé, is unlikely to
pose a hazard 1in the field 1if the herbicide 1is wused. By
contrast, the movement of triclopyr in sand, devoid of organic
matter and clay, makes it advisable to investigate these
relations 1in soils with sorptive characteristics approaching
those of pure sapd, although contamirdation of waters with EGBE

would not be in&igatéd.
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