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‘Abstract

A literature review was conducted on the uses,
fate, and effects of trifluralin on raw water for drinking
water supply, freshwater aquatic life, agricultural uses,
recreational water quality-and aesthetics, and industrial
water supplies.. The information is summarized in this
‘publication. From it, water quality guidelines for the
protection of specific water uses are recommended.

Résumé

On a examiné la documentation relative A utilisa-
tion, au devenir et aux effets de’la trifluraline sur Feau
brute utilisée comme eau potable, sur la vie aquatique
en eau douce, sur l'utilisation de I'eau pour I'agriculture,
sur la qualité et les aspects esthétiques des eauix ré-
créatives, ainsi que sur les approvisionnements en eau
industrielle. Ces informations sont résumées dans cette
publication. A partir de celles-ci, on recommande des
concentrations limites de trifluraline afm de protéger ces
diverses utxllsatlons de l'eau.

3



‘Canadian Water Quality Guidelines for Trifluralin

R.A. Kent, M. Taché, P.-Y. Caux, and B.D. Pauli

SOURCES, OCCURRENCE, AND _
CHARACTERISTICS

Uses and Production

Trifluralin, the common name for o,o,o-trifluoro-

2,6-dinitro-N, N-dipropyl-p-toluidine (IUPAC) or 2,6-N,\-

- dipropyl-4-trifluoromethylaniiine (CAS) is an orange
crystalline solid compound with a molecular formula of
CisHyeFsN,O, and a molecular weight of 335.5

(Worthing and Walker 1987). The Chemical Abstracts

Service (CAS) registry number is 1582-09-8. Trade
names for trifluralin and its various formulations
registered in Canada include Treflan, Triflurex, Co-op
- Garden Weed Preventer, Heritage Selective Granular
Herbicide, Rival, and Fortress (Agriculture Canada
1989).

Trifluralin is available as 400, 450, 500, and
545 gL' active ingredient (ai) emulsifiable concen-
trates, 1.47%, 4%, 5%, and 10% ai granules, and
95%—96% ai technical product (Agriculture Canada

1989). It is used to control a wide range of annual -

grasses and broadleaf weeds in soybeans, dry beans
(white or kidney), faba beans, snapbeans, lima beans,

black beans, canola (rapeseed), triazine-tolerant

canola, sunﬂowers turnips, peas (field and canning),
and direct seeded alfalfa; transplants of tomatoes,
peppers, brussels sprouts, broccoli, cabbage, and
cauliflower; carrots, crambe, direct seeded cabbage
and caulifower, annual flowers, woody nursery stock,
perennials, and established shelterbelts (Ontario

Ministry of Agriculture and Food 1989). Trifluralin is

usually preplant incorporated because of its volatility
(Maguire et al. 1988) and has very little activity after
emergence (Worthing and Walker 1987). For effective
- result, soil mcorporatlon concentrations may range

from 0.5 to 1 0 kg-aiha™ (Worthmg and Walker 1987).

Trifluralin is not manufactured in Canada and was
first registered in 1965 (Agriculture Canada 1989).
Reported imports of trifluralin-formulated herbicides

and other pesticide and non-pesticide toluidine isomer

derivatives amounted to 7542, 3560, 6621, and 4801 t
. for 1984 1985, 1986, and 1987, respectwely (Statlstlcs

Canada 1988). These quantities, however, refer to the
mass of the formulated product (which includes the

- active ingredient) and likely contain solvents and

additives (e.qg., surfactants); the formulations may also
consist of secondary pesticide active ingredients. In
addition, there are often several categories under
which a product could potentially be classified.
Therefore, a single category (e.g., formulated her-
bicides) may not reflect the total importation of a

particular pesticide (Statistics Canada 1988). '

Physlcal and Chemical Characteristics

The structural formula for trifluralin is presented in
Figure 1. Selected physical and chemical properties of

~ trifluralin are presented in Table 1. There appears to

be wide disagreement on trifluralin water solubility in -

 the literature with reported values ranging from 0.05 to

4 mgL". This variation could be due to the use of

_different temperatures and to the method by which the

values were generated, i.e., whether these were mea-
sured or calculated. Discrepancies in the values
obtained for the sediment/water distribution coefficient
(K..) may be due to the units of the K, values that
were used to calculate K, (B.T. Bowman 1990,
Agriculture Canada, London, Ont., pers. com.). K =
K/F,. where K, is the soil/water partition coefficient
and F is the organic carbon fraction. Whether K, was
derived from linear adsorption isotherms or from the
Freundlich isotherm can significantly alter the
magnitude of the K, (B.T. Bowman 1990, Agnculture
Canada, London Ont., pers. com)

' Nog
CF, N(CH,CH,CH3),

NO,

Figure 1. Structural formula for trifluralin.
i k ( N
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Table 1.

_ Solubifity: water

Phisical and Cliemical Propertiés o6f Triffuralin

CIL\HMF sN;aOA“)
33550

'C,hemica,l férmula .
Molgcular weighi
Orarige, crystalline solid™
402 Pa m’-mol’ (at 20°C)®

" 48.5°C—49°C®
46°C—47°CP

139°C-140°C at 4.2 mm Hg™

2.93 x.103 Pa at 25°C?
2.62 x wrz Pa at 29.5°C®
646 x IU Pa at 20°C*
3.23 x 107 Pa at 30°C®

Physicai state

M_eltmg point

Boiling point

Vipour pressure

Octanol/water partition . l 149@
coefficient log (K,,) . 6007
. l 12030
! : 218080
. . ) : 190060°™ .
Sediment/water distribution 137007
coefficient log (K.) _ 73407
o, < 177507

4 mgLl at 27°C®
1 mgl?! (tetnip. NR)“®
0.05 m, -EL (témp. NR)(’)m\ .

<| mgL'at27° (n

03 mgl’ (tcmp N'R)"’
acetone: 400 gL' v
xylene 580 gL'V

" C, 46.57%:; H. 4.81%: F 17.00%;
N, 12.53%; O, 19.09%"

19-450 d"’

Elemental analysis

Half life in topsml

lchrthmg and Walkcr 1987, “Newsome Lipnick, and Johnson 1984,
*Suntio et al. 1988. "Huckins, Petty, and Engkmd 1986.
*Verschueren 1983, *Grover, Sniith, et al. 1988,

‘Wudholz et al. 1983, oy, S EPA 1984

Poc er-al. 1988.

“NR = not.reported /-

Methods of Analysis

The method of analysis. for trifiuralin is by gas

| liquid chromatography (GLC) or by colorimetry; resi-

dues are determined by GLC with an electron capture
detector (ECD) (Worthing and Walker 1987). Detection

limits are in the order of 0.003 pglL' in surface

waters. Air; soil, water, and biota analytical procedures
- gy - el . . »
for trifluralin residues are available (Grover and Kerr

-1981; Grover, Smith, et al. 1988; Lee and Chau 1983;

Spacie and Hamelink 1979; Camper, Stralka, and
Skipper 1989).

Mode of Action
Trifluralin appears to act as a mitotic: poison

affecting root growth (Ashton and Crafts 1973; Probst,
Golab, and Wright 1975; Poe et al. 1988). ‘Various

studies

cytological studies have established that trifluralin
arrests mitosis by inhibiting the polymerization of -
tubulin, which is necessary for the formation of micro-
tubules in the mitotic spindle apparatus (Vaughn and
Vaughn 1986; DiTomaso 1988). The concentrations

“reported for disruption of the mitotic sequence is in the

range of 1=4 pM (335.5-1342 pg-L™) trifluralin for
root meristems of wheat (Triticum aestivum).
(Lignowski and Scott 1972) and 0.3 uM (100 pgL™) .
for the liquid endosperm of .an African blood- lily

‘(Jackson and Stetler 1973)." As trifluralin is primarily

used as a soil-incorporated herbicide, its target is the
plant root system, especially the lateral roots (Bayer et
al. 1967; Mitchell and Bourland 1986; Cranfill and
Rhodes 1987; Sparchez et al. 1987). Trifluralin may
also affect other metabolic  reactions, such as. lipid

- synthesis, on a plant-specufic basis (Sparchez et al.
.1987). _

‘ vAt.the molecular level, trifluralin isvknown io inhibit
chloroplast electron transport reactions (Moreland et

‘al. 1969). Further investigations into the macromolec-

ular effects of trifluralin indicate that its effect on
electron transport may be the result of the partitioning
of the trifiuralin molecule into the inner membrane lipid
and the subsequent alteration of membrane fluidity,
alignment of electron transport components, and lipid
bilayer modulation (Moreland and Huber 1979) Other
indicate that ftrifluralin inhibits energy-
dependent calciurh uptake in plant mitochondria- at
concentrations less than those interfering with tubulin
polymerization (Hertel and Marmé 1983).

Entry Into the Envlronment

 After appllcatlon to soil, trlfluralln has the potentlal
to leave the site and disperse in the environment. Be-
cause it is a relatively volatile compound, volatilization
is a major dissipation pathway Trifiuralin has been

found to occur in-the air at concentrations as high as
160 ng-m™ in regions of Canada where it is extensive-

ly used. The occurrence of trifluralin in air generally
follows the seasonal use patterns for this herbicide, -
although soil moisture and rainfall events can also
influence the timing and concentrations in the air
(Grover Kerr, et al 1988). Py

\

Another transport pathway allowing frifluralin
duspersmn in the environment is surface water runoff

~ from treated fields (Willis, Rogers, and Southwick

1975). A summary of trifluralin concentrations in runoff

~ water from treated fields is presented in Table A-1.
Trifluralin is expected to exhibit mmlmal movement

¢



from soils because of its low solubility and strong .
-adsorption to soil (Helling and Turner 1968; Helling

1971), and as a result, low concentrations are found in
runoff water. This is generally true as trifluralin con-
centrations in runoff from treated fields typically range
from below detection limits (approximately. 0.01 pgL™)
to 0.04 mg-L" in bulk water samples (Axe, Mathers,
and Weise 1969; Sheets, Bradley, and Jackson 1973;
Willis, Rogers, and Southwick 1975; Wauchope 1978;
' . Leonard, Langdale, and Fleming 1979; Rhode et al.
1980; Grover 1983; Willis et al. 1983). Trifluralin has
been detected in runoff for as long as 12 months after
'appllcatlon (Wauchope 1978)

Sediment is considered to be the primary transport
vector for trifluralin as a result of erosion from treated
fields. ‘Although trifiuralin and sediment yields have
been found to be poorly correlated (r = 0.48) over
several years, better correlations exist between these
- two variables when considering the data for individual

storm events or on an annual basis (r = 0.74-0.99)

(Willis et al. 1983). As much as 84% of the friffuralin in
runoff may occur in the Sediment phase (Sheets,
Bradley, and Jackson 1973; Wauchope, Savage, and
Chandler 1977). One report stated, however, that only
15% of the total trifluralin occurred in the sediment
phase (Leonard, Langdale, and Fleming 1979). Al
though' herbicide concentrations, in general, can be
2-3 orders of magnitude higher in sediments than in
the sediment-associated water, because sediment is
usually a small fraction of the total runoff, most of the
herbicide loss ‘occurs’in the runoff water (Wauchope
1978).

Tnflurahn concentratlons in runoff ‘'water are
decreased by incorporation of the herbicide into soil
(Leonard, Langdale, and Fleming 1979). Trifluralin

- concentrations in runoff are usually highest after the
first post-application rainfall or irrigation event and
decrease afterward (Grover 1983). The decrease of tri-
fluralin in runoff water with time, described as both

. ‘gradual (Sheets, Bradley, and Jackson 1973) and

exponential (Leonard, Langdale, and Fleming 1979),

reflects the decrease in herbicide concentration in the
runoff-active zone at the soil surface. Trifluralin

concentrations in subsurface or phreatic runoff have

" been reported to contain concentrations of trifluralin 2
orders of magnitude lower than the corresponding
surface runoff (Rhode etal 1980)
: )
Factors such as the slope of the land, soil, and
rainfall apparently all contribute to the final concen-
tration of trifluralin in runoff water (Leonard, Langdale,

~_/

and Fleming 1979). Edge-of-field trifluralin concentra-
tions in runoff are reduced by dilution in receiving
waters. and by adsorption to stream sediments, un-
treated soils, or vegetation surfaces (Wauchope 1978;
Grover 1983). Crop type does not appear to affect the
runoff concentration of trifluralin (Willis, Rogers, and
Southwick 1975), however, the tillage practice does,
as shall be discussed later.

" Envifonmental Concehtraﬂchs

A summary of ftrifluralin concentrations in

' Canadian surface waters, groundwater, sediment, and

biota is presented in Table B-1. Trifluralin concentra-

tions in streams in areas where the herbicide is used

range.from O to 1.8 ug-L" and are frequently below

-detection limits. The lowest detection limit reported

was 3 ng-L"’ (Williamson 1984; Waite et al. 1986; Muir
and ant 1987; Therrlen Rlchards and Wllhamson
1987).

. The concentration of trifluralin in surface waters
has been found to follow a biannual pattern: increases
occur during spring runoff and then again during
autumn rains when erosion is expected to be greatest,
particularly on the prairies "(Williamson 1984). In-
creased concentrations in surface waters, however,
are also reported to result from the deposition of triflu-
ralin vapours or dust particles with adsorbed trifiuralin
from neighbouring applications (Muir and Grift 1987).

Nondetectable surface water residues in areas of
the country during the normal spring application period
were suggested to be the result of lower than normal
precipitation (Thermien-Richards and Williamson 1987).

Because of the very low: water solubility of tri-
fluralin, contamination of groundwater is not expected

. to occur by leaching within the soil column. Contami-

‘nation is more likely to occur by direct deposition or

surface water runoff into wells. A survey of 91 farm
wells across southern Ontario found trifluralin con-
tamination at 41 ugL™" in one well. This well was 1 of
14 from which water was drawn for pesticide formulat-
ing and spraying, and contamination was thought to

. have occurred during ﬁlllng of the spray tanks (Frank

at al 1987)

The U S. national water quality monitoring data
base, STORET, contains ftrifluralin monitoring data
from 511 selected sampling sites. Trifluralin concen-
trations in surface water ranged from 0.1 to 51 pgl’
(U.S.EPA 1984). The number of nondetectable versus




- detectable trifluralin - resndues in"the survey was not
provided. '

Slightly soluble pesticides such as trifluralin tend
to be readily adsorbed and accumulated on bottom

sediment and particulate matter (Therrien-Richards and
~ Williamson 1987). Detectable levels of trifluralin, -

however, have been found in very few sediment sam-
ples.  When detected, concentrations are typically
higher than those in water on a weight or volume
. basis. Sediment frifluralin concentrations generally
range from 4 to 6 pngkg' (Therrien-Richards and
.Williamson 1987). Sediment concentrations of trifluralin
in the United States ranged from 4 to 5000 ugL with
an average of 115 ug L' (U.S. EPA 1984).

Environmental Fate, Persistence, and Degradation

Fate, persistence; and degradation are highly
dependent on the peculiarities of chemical molecules.
The dinitro functional group of trifluralin and other
dinitroaniline herbicides extensively decreases the
‘molecules’ water solubilities as these make hydrogen
bonds with alkyl groups of surrounding molecules. This
has the effect of forming lipophilic micelles resisting
solvation into water (Weber 1987). . It has been sug-
gested that the binding of dinitroanilines is due to
hydrogen bonds between the nitro groups and protein-

aceous sites in soil organic matter and/or - charge .

transfer bonds between high charge density aromatic

rings in soil humic substances and the low charge den- -

sity aromatic rings of the dinitroanilines (Weber 1987).
Soil

The persistence of trifluralin.in soil depends on the
biotic and abiotic characteristics of the soil and the
behaviour of the herbicide in the soil: A summary of
selected soil persistence studies is presented in Table
C-1. Investigations in Canada and the United States
have demonstrated that the data vary widely due to the
uniqueness of the locations and of the experimental
conditions used by the different analysts. Generally,
cool, dry climates favour greater persistence than
warmer, more moist conditions (Jensen, Ivany, and
‘Kimball 1983; Weber 1990). Decreased persistence
has been observed with increasing temperature
(Horowitz, Hulin,-and Blumenfeld 1974; Smith 1975;
Duseja 1982) and increasing available moisture (Smith
.1975; Savage 1978; Duseja 1982; Pchajek, Morrison,
and Webster 1983). The absence of a soil microbial
community also appeared to increase perSIstence in

soils (Mostafa e{ al. 1982).
, ‘ oot

Trifluralin soil half-life values for Nova Scotia and
Prince Edward Island are reported to range from 140
to 164 d in sandy loam soils (Jensen, Ivany, and -
Kimball 1983) and can be as low as 63 to 77 d for

‘southwestern Ontario (Gaynor 1985). Within regions of

similar climate, seasonal differences would be expect-
ed to influence persistence. Trifluralin appllcatlons in

the fall would be expected to persist longer than spnng S

applications (Pchajek, Morrison, and Webster 1983)
due to the supression of biclogical and chemical activi-
ty in frozen ground. Overwinter losses of trifluralin
applied in the fall, however, may be as high as 38%
(Jensen and Kimbal| 1980).

Soil resrdue carry-over has been observed to be
as high as 47% in Nova Scotia and 38% in

" Saskatchewan after 1 year (Smith and Hayden 1976;

Jensen and Kimball 1980) and 16% in Saskatchewan
after 1.5 years (Smith 1975; Smith and Hayden 1976).
Carry-over of phytotoxic levels (concentrations not

" repoited) after 1 or more years has been reported in
» Ontario (Gaynor 1985). In the cooler climate of Alaska,

26% to 51% of trifluralin applied in the spring at ,. |
1.1 kgha was found at the end of the growing _
season. Only a small quantity (10%) of that found at

" the end of the growing season was lost during the

winter. Differences in triﬂuralin persistence in the
Alaskan studies were not related to the application .
rate or soil type (Conn and Knight 1984). ‘

Studies conducted in the warmer climates of
Tennessee (Duseja, Akunuri, and Holmes 1980) and .

Texas (Menges and Hubbard 1970) have reported

half-year values of 1%-3%. Little evidence for
accumulation of trifluralin in U.8. soils, even after

" repeated applications, has been reported (Parka and -

Tepe 1969; Burnside 1974 Miller et al 1978).

Tnflurahn is usually applred preplant and soil

_incorporated and is strongly adsorbed to soil particles,

especially in those soils with high organic matter
content (Eshel and Warren 1966; Webster et al: 1978;

. Grover, Banting, and Morse 1979; Bush, Abernathy,

and Gipson 1982). Increasing persistence has been
reported to be associated with increased soil ‘organic
matter -(Bardsley, Savage; and Childers 1967). This

- correlation, however, is variable. Weber (1990) stated

that this variation may be due to the high variation in.
the literature-reported K, values. Soils having organic
matter contents below about 4% have been reported
to show an increase in trifluralin persistence or a'lack
of -any relationship (Smith 1975; Smith and Hayden
1976: Duseja and Holmes 1978;-Duseja, Akuniri, and



Holmes 1980; Jensen and Kimball 1980; Solbakken et
al. 1982; Jensen; lvany, and Kimball 1983). Above
- approximately 4.0% organic matter, Smith (1975) and
Smith and Hayden (1976) found ‘increasing trifluralin

persistence with increasing organic matter. Similar

results with soils increasing in organic matter from
2.9% to 8.8% were reported by Webster ot al. (1978).

The evidence from the complled literature supports a |

: positlve relationship between soil organic matter and
persistence when soil organic_matter exceeds 4%.

Experiments with various adsorbents ranging from °

kaolinite and montmorillonite clays to activated
charcoal demonstrated strong trifluralin adsorption onto
hydrophobic adsorbents such as charcoal, peat moss,
and cellulose triacetate (Grover. 1974). Trifluralin
adsorption to clays is weak and it is easily desorbed in
the presence of water. The non-ionic nature of triflu-
ralin suggests that soil pH would have minimal effects
on adsorption (Hollist and Foy 1971).

The trifluralin pattem of degradation has been
described as typical of first-order rate kinetics (Zimdahl
and Gwynn 1977; Webster et al. 1978; Golab, Althaus,
and Wooten 1979; Duseja, Akunuri, and Holmes 1980;
Gaynor 1985; Smith, Aubin, and Derksen 1988). Strict

first-order rate kinetics, however, tends to. under-

_estimate the initial rapid degradation phase of trifiuralin
in soil and overestimate the second, slower phase
(Reyes and Zimdahl 1989). Field studies of frifluralin
degradation at four locations in Colorado in June
produced data, which, when described mathematically,
produced a biexponential equation. This equation
resulted from the integration of first-order and second-
order differential rate equations and described the
observed field degradation of ftrifluralin at 15 of

25 soil-site combinations better than strict first-order

rate kinetics (Reyes and Zimdahl 1989).

Large-scale field trials in southern Saskatchewan

demonstrated three distinct phases in the dissipation
of ftrifluralin from soil. Initially there is a rapid
. dissipation phase, lasting about 1 week, with vapour
- loss being the major route, especially under moist soil
conditions. A second, slow dissipation phase, lasting
" over the entire growing season, occurs as the result of
a combination of volatilization, - adsorption, and
~ microbial degradation. The third or no dissipation/
breakdown phase follows soil freezing in the fall and
lasts to the spring thaw under typical Canadian prairie
conditions. Gross dissipation of trifluralin during
phases one and two follows a first-order rate of reac-

tion with a half-life of approxnmately 99 d-(Grover et al.

1988).

The various processes governing the persistence

\ and fate of trifluralin in the environment include vola-

tilization, photodegradation, and microbial degrada-
tion. Chemical hydrolysis is not considered important
in the fate of trifluralin as it is stable at pH 3, 6, and 9 \
(U.S. EPA 1987a). : :

" Volatilization

Volatilization can be an extremely important factor
in the loss of trifluralin from .soil. Under some cir-
cumstances, the vapours leaving the application site
can be of sufficient concentration to kill or injure
nearby seedlings (Swann and Behrens 1972a, 1972b).
The rate of loss depends on the amount of trifluralin
applied to the surface of a moist soil and decreases in’
proportion to-the inverse square root of the hours of

- daylight post-application (Glotfelty et al. 1984). This

relationship exists because soil temperature, as
controlled by solar insolation, is a major factor in the
diffusion-controlled volatilization of trifluralin from moist
soils. The report by Roggenbuck and Penner (1987)
concluded that at 15°C, an application of 0.22 kg-ha™
trifluralin reduced shoot and root fresh and dry weights
and shoot length in com (Zea mays) seedlings to a
much greater extent than at 25°C. The increased tem-
perature apparently allowed extensive volatilization to
occur thus reducing seedling injury. Volatilization of
surface-applied trifluralin may be extensive. Laboratory
chamber studies of volatilization showed rates of
1.15 kg-ha™'d™ for trifluralin applied at 2.5 kg-ha™ to
bare soil at 35°C. Moisture was maintained in the soil
for the 154-d test period. Volatilization increased
1.8 times for each 10°C temperature increase (Nash
and Gish 1989) During a field study, 2.84 kg ha'

(4.7 kg-ha'd™) volatilized from a moist soil with a
temperature of 19°C and a wind speed at 1 m height
of 5 m:s” during the penod immediately following the

--application of 2.8 kg-ha™ trifluralin (Glotfelty et al.

1984).

Soil organic matter is also a factor in trifluralin
volatilization; stronger adsorption restricts vapour loss.
In a laboratory study, vapour densities of 3.19, 1.73,
and 0.62 pg-L" corresponded to soil organic matter
contents of 0.20%, 0.58%, and 1.62%, respectively

~ (Spencer and Cliath 1974). Soil moisture itsel,

however, is probably the major factor in trifluralin
volatilization (Ketchersid, Bovey, and Merkle 1969;
Harper et al. 1976; Grover 1983). Moist soil allows
trifluralin vapour loss as the soil moisture competes
with trifuralin for adsorption sites on the organic
matter fraction. Thus, relatively small amounts of




" moisture, such as that present in dew, may greatly

o/

enhance trifluralin volatilization (Glotfelty et al. 1984). -

Air samples collected at Reglna Saskatchéwart at
six heights (ranging from 30 to 200 cm) above the soil
surface after trifluralin (0.74 kg-a") incorporation into

the soail (5 cm) and then abéve the crop canopy follow-

ing emergence 67 d after application, showed distinct
gradients of trifluralin vapours in the air. The highest
trifluralin air concentrations occurred closest to the
ground The highest fiux rate for trifluralin was

3 gha'h’' during the 4- to 6-h period after appli-

cation when the concentration at 30 cm above ground

- was 1700 ng-m>. The flux of trifluralin decreased with

time and was dependent on soil moisture conditions..
.Total trifluralin vapour loss from the 67-d perlod was

23.7% (Grover et al. 1988)..

'Incorpor'ation of _triflu_r'al_i_n into the soil may retard,
" but will not eliminate, loss by volatilization, A 21-d

half-hfe was reported for trifluralin incorporated into
12,5 ¢m. in' a Texas soil. Surface application to soil,
without moorporatlon can lower the hali-life to between
1 and 18 h due to volatilization (Glotfelty et al. 1984)
and possibly photodegradatlon A trifluralin application

of 1.2 kgha incorporated to a depth of 7.5 cm de-.

creased volatilization loss to 1.65% compared to
10.7% for that applied to the surface of the soil (Oliver
1979). Other studies that appear to show reduced
volatilization with soil incorporation are complicated by
differences in experimental conditions. A 2.5-cm
moorportuon depth resulted in a 22% volatilization loss
‘in 120 d (White et al. 1977). The soil used in this study
was a Georgia sandy loam with low (0.55%) organic
matter content. By contrast, trifluralin incorporated to
7.5 cm in a heavier-textured New York loam soil with
3%—4% organic matter produced only 3.4% volatiliza-
tion loss in 90 d (Taylor 1978). The differences in soils
and weather between the two experiments, however,

‘account for the marked differences in  volatilization

losses, not the depth of incorporation (Taylor 1978).

Conventional tillage practices using a moldboard - |
plow may "dilute" trifluralin concentrations if the depth

of disturbance is below the frifluralin incorporation

depth thus reducing persistence (Hartzler Fawoett :

and Owen 1989).

An attempt to s1mulate the envuronmental partl-‘

tioning and fate of '“C-trifluralin was conducted by
applying the herbicide as a foliar spray to a terrestrial
microcosm chamber at 0.28 kgha™. Trifluralin is not
normally. applied to foliage because of its high volatility

~ to unexposed

and susceptiblhty to photodecompositlon Accordingly,
62% of the total applied radioactivity in the air of the
microcosm was found after 19 d. The plants in the

-microcosm accounted for 21% of the residual radio-

activity while the soil contalned 15% (Gile, Collms and_
Glllet 1980). -

Photolysis

~

Once released into the atmosphere, triffuralin is
known to undergo vapour phase photochemical trans-

_formation. These transformations have been studied in
the laboratory and confirmed by field sampling. One .

pathway results in the N-dealkylation of one or both N-
propyl groups ultimately ending in 2,6-dinitro-o.,o.,0-

trifluoro-p-toluidine. A second pathway involves .the
-internal condensation: between one of the N-propyl

side chains and one of the nitro groups. Final dealkyl- -

ation of the other N-propyl side chain produces 2-

ethyl-7-nitro-5-trifluoromethyl benzimidazole (Moilanen
and Crosby 1975). In addition, dimerization of photo-

chemically transformed trifluralin molecules and the .
- subsequent photodegradation of the dimer produces

at least two types of azobenzene and three types of
azoxybenzene derivatives (Sulllvan Knoche, and
Markle 1980).

* The rates of photochemical transformation appear
to be rapid, at least in the initial stages. The half-life
for the photodegradation of vapour-phase trifluralin to
a dealkylated product was 20 min during summer field
studies (relative humidity 20%—30%, air temperature
20°C-30°C) (Woodrow et al. 1978). This half-life
increased to 193 min in the fall under similar condi- -
tions of relative humidity and air temperature, but
reduced daylight. These photochemical reaction rates
are consistent with results. obtained in laboratory

-studies (Woodrow et al. 1978). . Other photolysis

chamber studies derived half-lives ranging from 19 to

74 min in natural sunlight (Mongar and Miller 1988).

While these studies discuss vapour phase frans-
formations, which might be expected in the air or on -
the surface of vegetation, little is known concerning-
the potential for trifluralin photodegradation on soil.
One study reported that photodecomposmon of triflura-

" lin on soil particles did not occur during 9 h.of expo--

sure to natural sunlight (Plimmer 1978). Trifluralin ex-
posed to sunlight on a soil surface at 0.07-0.28 kgha™

for a period of 2 h had substantially reduced herbi-
cidal activity measured by bioassay in comparison
trifluralin.  Activity ‘was reduced
further with.longer exposures, but the rate at which




herbicidal activity decreased slowed (Wright and

- Warren 1965). Dry soil thin layer plates, where

trifluralin ‘was applied at 1 kg-ha and exposed to
natural sunlight for 7 d, exhibited a loss of 18.4%
compared to dark controls (Parochetti and Dec 1978).

The similarity of trifluralin photoproducts from 'soil
suspensions and in water alone suggests that trifluralin
photodecomposition in moist soils occurs in homoge-
nous solution with the rate dependent upon the equi-
librium between soil adsorbed and dlssolved trifluralin

" (Crosby and Lems 1973)

Microbial Degradauon

Trifluralin is degraded by ‘soil microorganisms via
aerobic and anaerobic pathways. Aerobic biodegrada-
tion usually involves a series of oxidative dealkylatlon
steps, whereas anaerobic conditions generally resultin

the reduction of the nitro groups. Both biodegradation -

systems may occur in the same field soil (Camper,
Stralka, and Skipper 1980; Zeyer and Kearney 1983).
Relative rates of biodegradation are dependent on
environmental moisture and oxygen conditions and are

. greatest in moist anaerobic conditions followed by

flooded anaerobic and finally moist: aerobic (Parr and
Smith 1973; Junk, Richard, and Dahim 1984). -

" Laboratory biodegradation studies have demon-
strated the potential for soil microbes to degrade

trifluralin. Rapid biodegradation of tritiated trifluralin by -

pure cultures of three fungal species common in

- Egyptian soil was-reported by Zayed et al. (1983).

Approximately 91%—97% biodegradation was reported

in the pure fungal cultures after 10 d at 25°C when

incubated in the dark. It is noteworthy that the

volatilization of trifluralin from the liquid culture media -

was not monitored. This may have contnbuted to the
biodegradation

Trifluralin contaming “C-labelled propyl groups

'C-labelled ring carbons, or a C-labelled CF, group
was used by Zeyer and Kearney (1983) ‘to monitor
trifluralin biodegradation by pure strains and mixed

cultures of soil microorganisms. Of the 180 strains of

soil microorganisms tested, only 60 strains evolved
“co s ranging from 1 5% t0 11% of the added trifluralin
withm 21.d under dark, aerobic conditions at 26°C.
The medium supporting the microbial growth contained
carbon sources other than trifluralin. None of the 60
strains was able to grow with trifluralin as the sole
carbon source. The amount of "“CO;, evolved from

mixed cultures never exceeded 1.6% of the tnfluralm '

added. The slow liberation of *CO, by the mixed
microbial population probably resulted from slow
degradation and high adsorption to particulates of the
50 mgi" trifluralin added (Zeyer and Kearney 1983).

_The lack of substantial trifluralin biodegradation in soils

is supported by laboratery studies of 'C-trifluralin
biodegradation in estuarine sediments. The release of

~ CO, could not be identified from sediments placed in

plastic cylinders and monitored over a 100-h period
(Spain and van Veld 1983). By contrast, Means,

~ Wijayaratne, and Boynton (1983) produced a half-life

of 9 d for trifluralin in estuarine sediments in outdoor
microcosms.. Some of the conflicting results of

trifluralin degradation in soils and sediments may be
due to differences in the redox potential of the

- soil/sediments. This parameter substantially affects

trifluralin degradation. At a redox potential of +150 mv .

- about 60% of trifiuralin, initially present at 1 pg-g”' in

a soil suspension, remained after 21 d. Reducing the

' redox potential to +50 mV' caused almost all the
_ trifluralin to disappear. in8d (Willis; Wander, .and
~ Southwick 1974).

with trifluralin in a sediment slurry (Walker et al. 1988). -

Similar results were obtained

Extractable transformation products or metabolites
of trifluralin have also been detected in soil at 4% of
applied trifluralin levels, but evidence of their accu-

- mulation in soil was not found (Golab and Amundson

1975; Golab, Althaus, and Wooten 1979). As many as
28 identifiable and 4 unidentified metabolites appear
to undergo further changes leading to complete miner-

-alization. The total number of metabolites formed is

not considered to be dependent on soil conditions.
The metabolites have been proven to be less phyto-
toxic than the parent oompound (Koskinen et al.

1986),

Proposed metabolic pathways for trifluralin
biodegradation include mono- and di-dealkylation of N-
alkyl substituents, reduction of nitro groups (the two
major pathways), oxidation, hydrolysis, internal

~ condensation, hydroxylation, dimeric condensation,

and combinations of these processes (Golab and
Amundson 1975; Golab, Althaus, and Wooten 1979;

-Camper, Stralka, and Skipper 1980; Mostafa et. al.

1982; Zayed et al. 1983; Zeyer and Keamey 1983). As

- much as 50% of the total extractable metabolites is

represented by polar co_ndensation of aromatic amines
which are formed by nitro group reduction (Mostafa et
al. 1982; Zayed et al. 1983). Unlike the total number
of metabolites, the number of these polar metabolites
appears to-be dependent on the soil texture and the
number of soil microbes present during biodegradation




.

(Mostafa et al. 1982). Aromatic hydroxylation may aid

in the cleavage of the ring eventually leading to the

mineralization of these metabolites in the sonl (Golab
AIthaus, and Wooten 1979) :

Trifluralin biodegradation also results in the forma-'

tion of considerable quantities of soil-bound, non-
extractable ‘metabolites, which remain in the soil

organic fraction (Golab and Amundson 1975). An ex-

tractable metabolite (o0, a—tnfluorotoluene—3 4,5-

triamine) is considered to be a key metabolite in the

formation of soil-bound, nonextractable residues
(Golab, Althaus, and Wooten 1979). One year after
trifluralin . application, these residues’ were found to
represent 43%-50% of the initial trifiuralin levels
(Golab and Amundson 1975; Golab, Althaus, and
Wooten 1979). In another study, the nonextractable
metabolites represented 45% and 72% of the originally
~ applied ftrifluralin after 68 and 63 d, respectively
(Wheeler et al. 1979). As much as 38% of the initial
- trifluralin application ‘has been found to exist as
.soil-bound metabolites’ after 3 years (Golab and
Amundson 1975; Wheeler et al. 1979).

Soil-bound residue concentrations are higher in
soils with greater cation exchange capacity’ and
percent organic carbon (% OC) (Wheeler et al. 1979).
In a soil with higher organic matter- content (3.87%
'OC), a strong relationship was found between the
- amount of binding-and the substitution of the amino
nitrogen of trifluralin and its metabolites (Wheeler et al.
1979). A reported higher percentage of soil-bound
-metabolites found in a sandy soil was attributed to the
lower organic matter concentration and lower microbial
density (Mostafa et al. 1982). :

Water

~ Information conceming persistence of trifluralin in
the aquatic ecosystem is mainly derived from micro-
cosm studies. Trifluralin introduced as a single dose
into artificial outdoor recirculating streams for a final
- ‘concentration of 10 mgL"' caused no detectable
changes in stream periphyton community structure and
éxhibited a half-life of 51 minutes (Kosinski 1984).

Although this short half-life was attributed to.photo- -

decomposition, the results were mconclusive

After introduction into wetland microcosms “c.

trifluralin dlsappearance from the water column approx-
imated. the . biphasic sediment adsorption . kinetics.
Volatilization and photodegradatlon were identified as

\ .
SN

. the major pafh'ways.fOr trifluralin removal from aquatic

systems (Huckins, Petty, and England 1986). Volatili-
zation of trifluralin from 310 mL of water (initial con-

- centration <1 mg-L"") in a laboratory chamber with an

air flow of 20 L per minute at a temperature of 21°C—

'.24°C was 100% after 24 h (Sanders and Seiber 1983)

A portion 'o_f the trifluralin lost from the water N

“column to sediment adsorption is apparently returned

to the water column in the form of more water-soluble
degradatlon products (Huckins, Petty, and England

1986). Degradative mechanisms producing these more

soluble degradation products were not discussed.

_ K_aﬁckhoff and Morris (1985) studied the effects of
sediment-inhabiting oligochaete worms' on trifluralin
transport from the sediment to the water column using

* natural sediments (6~10 kg) equilibrated with 5~10 mg

of trifluralin in approximately 20 L of distilled water.

" Approximately 1 kg of this trifluralin-containing sedi-

ment was transferred to microcosms with and without

~‘worms. The presence of worms dramatically altered

the degradatlon of trifiuralin producing rate constants

of 0.2-0.4 d'. The cause of the enhanced trifluralin

degradation was not specifically discussed.

The photolysis of trifluralin: in. natural waters l
depends on water depth, the magnitude and spectral
distribution of sunlight, and the molar extinction

~ coefficient of trifluralin. Trifluralin absorbs sunlight
, strong|y in the visible region (390—800 nm) thus -as

water depth increases, the photolysis rate decreases.

“In northern latitudes, depth dependence of photolysis

becomes more. pronounced as the underwater path

length of direct sunlight becomes longer as the sun'is
lower in the sky (Zepp and Cline 1977). Canadian.
waters would, therefore, have a higher potential for

longer trifluralin half-lives given comparable conditions

of water quahty and volatlhzatlon than more southerly

waters.

Photodecomposmon of trlfluralin in water follows

~ pathways and provides photoproducts similar to those

observed in the vapour phase studies. The presence
of a photosensitizer (methanol) increased the photo-
lytic reaction rate about ten times the rate observed in
water alone. The presence or absence of soil
(50 g-L") apparently had little effect on photolytic rate.
Photodecomposition was rapid at acid pH, butthe rate

"declined sharply and the proportions of the photo-
. -products changed above pH 7.4 (Crosby ‘and Leitis
'1973) ‘




RATIONALE
Raw Water for ‘Dri,nking Wa_ter Subply
Concentrations in Drinking Water

Published measurements of trifluralin in treated
-water in Canada were not found.

- Removal by Water Treatment Operations

Treatment technologies-for the removal of trifiuralin -

' from Water are available and have been reported to be

granular actrva_ted carbon ads_orptr,on and conventronal
water treatment with alum will remove trifluralin from

water. Selection of individual or combinations of tech-
nologies for trifluralin removal from water, however,

must be based on a case-by-case teohnlcal evaluation
(U.S. EPA 1987b)

Gurdellne .

An mterrm maximuim acceptable concentratron
~ (IMAC) for trifluralin in drinking water of 45 Hg- 1" has
- been proposed by Health and Welfare Canada (1987)
as this herbicide is under review by this agency. The
'World Health Organization has established a drrnkrng
water quality guideline value of 170 pg-L" for tnfluralrn
(WHO 1987) .

The U.S. Envrronmental Protection’ Agency, Office
of Drinking Water issued a draft health advisory for
trifluralin in August 1987. Health advisories describe
nonregulatory concentrations of drinking water-contam-

inants at which adverse health effects would not be )

anticipated to occur over specific exposure durations.

Health advisories contain a margin of safety to protect -

sensitive members of the population. The 1-d, 10-d,
7-year, and lifetime exposure health advisories for
triflurafin are ‘25, 25, 25, and 2 ugL”, respectlvely
(U. S EPA 1987b).

FreshwaterAquatlc Life

Bioaccumulation -
18
Observed or calculated broconcentratron factors
(BCFs) for aquatic organisms are presented i
" Table D-1. Most of the data were obtained durrng

» mrcrocosm studies in which 1"C—trrﬂuralrn was apphed \

10 determine quantities of trifluralin in both water and
tissue after specific- periods of time. Generally, the _

water concentration of trifluralin in these microcosm

studies was not stable whether the trifluralin entered

the water as a result of desorption from treated soil in

_a static system or was continuously input to the micro-

cosm with an automated dilution apparatus. Mosquito-
fish (Gambusia affinis) BCFs ran‘g‘ed from 750 to 3140
for water containing 0.2-0.9 pg-L” trifluralin released -

- from treated soil. Hrgher soil concentrations produced

trifluralin water concentrations rangmg from 3.4 to
9.1 pgL™" and from 36.9 to 160.1 pgL" under static
conditions. G. affinis BCFs under these conditions
ranged from 300 to 1080 and from 70 to 1150, respec-
tively (Yockrm Isensee, and Walker 1980) There
seemed to be a tendency for the lower water concen-
trations to produce higher BCFs, but this was not dis-
cussed by the authors. Fish continually exposed to tri- -

*fluralin doses for 30 d exhibited BCFs ranging from
- 1800 to 11 000 for water concentrations of 0.1—

0.8 pgL”", from 2080 to 5710 for water concentrations

- of 0.5-2.6 pgL”, and from 1190 to 4050 for water

concentrations of 9.3-29.8 ug-L"’ (Yockrm Isensee

and Walker 1980). : -

- BCFs for the filamentous green alga Oedogonium
cardracum were generally in the 100 range for static

~microcosms regardless of water concentration. The
' same organism in continuously dosed microcosms had .

BCFs in the 1000 and 10 000 range. Snail BCFs in
static microcosms generally ranged from 10 to 100,
regardless of water concentrations. An increase of 1-2
orders of magnitude was observed in the microcosms
receiving continuous trifluralin doses (Yockim, Isensee,
and Walker 1980). These BCFs were based on the
ratios of radioactive substances in tissues and water,
and did not make the distinction between trifiuralin and

 trifluralin metabolrtes

A statrc mrcrocosm system containing the same
types of organisms was used by ‘Kearney, Isensee,
and Konston (1977). Trifluralin desorption from treated
soil produced a'30-d average water concentration of
7.5 ugL". BCFs for algae (276), snails (400), Daphnia
(92), and fish (33) were also based on *C activity in
tissues and water. The actual .identity of the com-
pounds was unknown. Examination of water and fish
extracts at the end of the experiment showed that
trifluralin was not present; the **C actrvrty was entirely
due to polar metabolrtes v ‘

A somewhat more controlled Iaboratory method for
determining tnﬂurahn accumulation in fathead minnows




(Pimephales. promelas) produced a BCF of 3261 for-

static conditions over a 40-h exposure to 20 pgl™"

(_Spacre and Hamelink 1979). Trifluralin concentrations
.in the water were measured over-the exposure period.
The uptake of trifluralin from water was linear wrth a
rate constant of 755.98 d'. Transfer of fish to uncon-

taminated water resulted in flrst-orde_r depuration with .

a rate constant of 0.23184 d’. Other BCF estimates
. -given by Spacre and Hamelink (1979) for other fish

species were 1030 (rainbow trout, Salmo gairdneri),

1294 (mosquitofish, Gambusia affinis), 5800 (sauger,
Stizostedion canadense), 2800 (shorthead redhorse,
Moxostoma macrolepidotiimy, 1800 (golden redhorse,

M. erythrurum), and 6000 (minnow, Notropis sp.).

Continuous exposures of P. promelas to mean triflura-

lin concentrations of 5.1, 1.9, and 1.5 gL for 425d
- resulted in eviscerated carcass BCFs of 961, 1333,

* and 889, respectively. (Macek etal. 1976)

~ Elimination of t’rifluraﬁn from ',At_lantic salfrion
(Salmo salan fry following an 11-h exposure to
0.5 mgL"' followed first-order kinetics with a rate
constant 6f 0.017 d' resulting in a tissue half-life of
40.5 d (Wells and Cowan 1982). .

Microcosms simulating a northern prairie wetland

were exposed to 4 pgL" "“C-trifluralin in a sediment. -

water mixture by Huckins, Petty, and England (1986).
Although trifluralin in "the water column decreased
_below the minimum detectable limit of 0.5 ug-L" after
.7 d, residues in the form of “C degradation products

were quantifiable at the end of the 6-week experimen-

tal period. Daphnia accumulated the highest concentra-
tion of “Crifluralin/trifiuralin metabolites (566 ngg")
of all the organisms in the microcosms. Midge larvae
(Chironomus riparius) macrophytes and algae con-
tained triﬂuralln/tnﬂuralln metabolites in the range of 40
'to 260 ngg” (Huckins, Petty, and England 1986).

Calculatlon of BCFs from these data was not possible.

Information related to bioconcentration of trifiuralin
in terrestnal organlsms was not found :

-Acut_e Toxicity to Aquatic Orgams_ms

‘A summary of the aquatic acute toxncnty data for
trifluralin is presented in Table E-1. The tests reported
in this table were conducted with trifluralin dissolved in
- water with or without a solvent carrier. These tests did
not consider the effect of suspended solids on trifluralin
toxicity as the test procedures usually used filtered
natural waters or dechlorinated tap water.

10

The vertebrate acute toxicity data base for triflura-
lin consnsts of fifty 24-h LCy, values, two 48-h LG, .
values,“and fifty-seven 96-h LCg, values. Of the:

 fifty-seven 96-h tests, two used the larval stage of an .

amphibian (tadpole) and the remainder were conduct-
ed with seven species of freshwater fish. Twenty-five
tests used various life .stages of the rainbow trout

- (Salmo galrdnen) Hashimoto and Nishiuchi (1982)

reported a 48-h LC;, of 1.0 mgL"' for the carp,

- Cyprinus carpio, and a 48-h LC;, of 14 mg-L" for the '

tadpole of the frog Bufo bufo japonicus. These tests

" were not presented in Table E-1 because ‘details ‘of
" the tests were not provided.

Acute toxicity studres by Mayer and EIIersneck-
(1986) using the rainbow trout (Salmo gairdneri) have
shown a decrease in the trifluralin LC,, (from 560 to
100 pgL") with an increase in temperature of the

‘bathing water, which is indicative of an increased
- metabolic rate. : =

Toxicity tests using trifluralin adsorbed onto soil,
instead of dissolved in the water, required as muchas
227 times the amount of trifluralin to produce 50%
mortality-among bluegill (Lepomis macrochirus) (Parka :
and Worth 1965). They concluded that the possibility -
of acutely toxic quantities of trifluralin washing into an
aquatic environment from an adjacent treated field is
remote. Using their LCso value for trifluralin adsorbed

to soail, Parka and Worth (1965) calculated that over 13

million kg of soil treated with 0. 56 kg-ha' would have
to wash into a 0.4-ha pond with an average depth of

- 0.9 m to produce 50% mortality among the fish
' populatlon

Invertebrate acute toxucrty data for tnﬂuralm
consist of six 24:h LC,, values, twenty 48-h LC,,

values, and ten 96-h LC,, values from tests using 14

specnes of freshwater invertebrates and 1 species of
estuarine mollusc (Table E- -1).

Information related to the acute toxrcrty of tntluralrn
to aquatlc plants is scarce. Significant (96%) de-

creases in the growth of populations of a single cell
green alga, Chlamydomonas eugametos, as measured

by cell counts, was caused by 335.5 ug- L trifluralin.
Slgmflcant changes in growth: were not observed -at

" 3355 pugl? (Hess 1980). A 50% decrease in the opti- -

cal density of the green flagellated alga Dunaliella
bioculata was also produoed by a trifluralin concentra-

" tion of 3355 gL (Felix, Chollet, and Harr 1988).

Data related to the acute toxicity of tnfluralln to aquatlc
vascular plants were not found.

i



Chronic Toxicity and Sublethal Reactions

Vertebrate ‘chronic ioxicity and sublethal reaction

data include long-term (12-570 d) exposures using the

freshwater fathead minnow (Pimephales promelas) and’

the estuarine sheepshead minnow (Cyprinodon
variegatus). In addition, long-term (12-month) sublethal

reactions were also observed in Atlantic salmon

(Salmo salar) initially exposed to sublethal levels of tri-

~ fiuralin for less than 12 h. A summary of studies deal-

ing with long-term exposure is presented in Table'F-1. :

Continuous exposures of fathead minnows for
125-158 d to a mean concentration of 8.2 pgi’
produced 100% mortality among the 40 test fish. Over
half of the fish exposed to mean concentrations of
5.1 ugL™ died during the 163- to 263-d portion of the
425-d test period. Surviving fish spawned 100 d later

‘than the control fish and fish exposed to 1.9 pg-L™".

Based on survival, the estimated maximum acceptable
toxicant concentration (MATC) for this species is
between 1.95 and 5.1 ug-L" (Macek et al. 1976).

| Long-term (28-570 d) exposure to'low recurrent

trifluralin concentrations (1-6 pgL’) caused abnormal- -

ities in vertebral development and other histopathologi-
cal effects in sheepshead minnows. Vertebral dys-
plasia occurred in ‘sheepshead minnows exposed to
5.5 pgL™ during the first 28 d of life from the zygote

" stage (Couch et al. 1979). An investigation into the

possible role of the pituitary gland in the ftrifluralin-

induced vertebral lesions discovered histopathological -

changes in, and enlargement of, the pituitary gland in

11 out of 20 sheepshead minnows exposed to

1-5 ugL™’ for 30 d to 19 months. These changes,
however, could not be definitively linked to the
observed vertebral lesions (Couch 1984).

* In the laboratory, Atlantic salmon were exposed to
0.5 mg-L" trifluralin for 11 h and observed for the
following 12 months (Wells and Cowan 1982). The fish

caused a contraction of the vertebral column resulting
in the loss of the normal fusifoim shape of the fish and
the development of a more truncated shape. These
same effects were observed in a natural population of

" brown trout (Salmo trutta) as the result of an acciden-

tal spill of a trifluralin-containing herbicide (Wells and

. Cowan 1982). Trifluralin concentrations in the water as
a result of the spill were not reported.

| Trifiuralin ‘caused a 63% reduction in vitro in the

~ sodium uptake by perfused carp (Cyprinus carpio)
- gills. The exact-concentration of trifiuralin causing this

decrease was unknown, but was assumed to be less

. than the trifluralin solubility in carp Ringer solution
~ (500 pug-L") (McBride and Richards 1975).

Invertebrate chronic toxicity is represented by
trifluralin exposures of 64 d for the freshwater
cladoceran Daphnia magna and 80-d exposures of the
burrowing aquatic ollgochaete Limnodrilus hoffmeisteri -

- to trifluralin- contamlnated sediment. These studles are .

summarized |n Table F-1.

Continuous exposure of D. magna to 7.2 pgL™"
over three generations reduced survival with survival -

- decreasing with each generation. None of the third

generation animals survived. Production of young per
adult exposed to 14.0 pugL’ during the first two
generations was also reduced (52%—69%). Based on
survival, the estimated MATC for D. magna contin-
uously exposed through three generations is between
24 and 7.2 ugL"' (Macek et al. 1976)

A study to examine the impact of tubificid worms
on pollutant transport in sediment dernonstrated that
a trifluralin sediment concentration of 1.2 mgkg"” did

* not affect the survival or normal functioning of these

exhibited a rapid uptake of trifluralin, and concen- "

trations of ftrifluralin in the fish of approximately
100 mgkg* whole weight were retained for several
days. Of the 100 fish exposed to the 11-h dose, 9 died
soon after -exposure ceased and the survivors ap-

peared to be more susceptible to fungal infection. The -

results of measurements taken from - X-ray plates’ '
- showed vertebral deformation- when the trifluralin

congentration in the fish was at a maximurm (approxu-
mately 100 mgkg™'). There was no apparent increase
in the degree of deformation during the first month
after treatment. Subsequent measures. of fish growth

( /

over the following 11 months mdrwted that trifluralin -

1"

burrowing worms (Karickhoff and Morris 1985).

A variety of chronic toxicity data is available for-
marine and estuarine invertebrates. For example, an
MATC for the zoeal stage of the dungeness crab
(Cancer magister) was determined to be between 26
and 220 pgL"' for an 80-d exposure (Caldwell et al.
1979). Liu and Lee (1975) concluded that trifluralin
may be lethal to adult bay mussels (Mytilus edulis) at
240 pg- L after 4-d exposures and inhibitory to the

larval stage of this mussel at 96 ugLl' it exposure

exceeds 10d.
Community Studies

The toxic effect of trifluralin on various: types of
aquatic communities has been investigated using



microcosms. Single doses: producing a final concen-

_ fration of 10 000 pg-L"* trifluralin had no effect on algal

communities in artificial outdoor recirculating streams

during a 3-week period (Kosinski 1984; Kosinski and
Merkle 1984). A single dose of tnﬂuralln resulting in an
initial concentration of 1000 pg-L™" in a wetland micro-

cosm did not adversely affect phytoplankton popula-

tions,  gross primary productivity, or macrophytes

Lemna sp. Ceratophyllum sp., and Elodea sp. As well,

respiratory electron transport system activity, metabo-

lism “of organic carbon, oxygen consumption, and .

phosphate activity were not affected’by 1000 pgLi™

- trifluralin over the 30-d observat|on period (Johnson

1986).

A total of 5 mig trifiuralin, containing *C-labelled -

carbon, was injected to a depth of 1 cm in the soil of
‘a terrestrial microcosm (Cole and Metcalf 1980),. This
produced a total residue of 0.224 mgkg™ in-a vole
(Michrotus ochrogaster) exposed to the contaminated
environment for 5 d. Of this residue, 27% was the
parent trifluralin. Additional residues in terrestrial
animals were 4.29 mgkg™ for earthworms (Lumbricus
terrestris) and 0.472 mgkg™
maximus). After 20 d, the terrestrial microcosm was
‘flooded with water and maintained as an aquatic
microcosm for 7 d with snails (Physa sp.) and
mosquitofish. After 7 d, the snails .contained a residue
of 0.571 mgkg”,
parent trifluralin. Total residues in the fish were
0.059 mgkg™, of which 0.007 mg kg' was the parent
trifiuralin. The fish were rapidly killed after being

for slugs (Limex

of which 0.171 mgkg' was the - _

introduced to the microcosm (within 4 h), but the .

authors note that the lethal substance was not the
parent trifluralin ‘but some toxic metabolite; the water
contained a 'C residue of 9.13 ug-L™", but none of this
was the parent compound

Mlcrocosms contalning uncontammated sonl snails
(Helosoma sp.), algae (Oedogonium cardiacum), and
moosquitofish (Gambusia affinis) received continuous
- inputs of “C-trifluralin for 30 d. The highest input of
trifluralin caused water concentrations ranging from
9.3 pgL" at day 2 to 29.8 ugL at day 15 over the

30-d test period. During this time, the inhibition of

- growth was observed visually in comparison to the
control - microcosms. Both the fish and snails
reproduced during the test period. The fish oftspring

were observed to behave abnormally and had an

unusual curvature of the back and darkening of the tail
region. Adult fish also exhibited ‘abnormal behaviour
and spinal curvature. This concentration range was not
acutely toxic and all fish survnved for 67 d after
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tnﬂuralln mputs were termlnated (Yocklm Isensee, and
Walker 1980). ’

~Microcosms consisting of naturally coadapied
communities of phytoplankton, bacteria, zooplankton,

“and small benthic invertebrates (designed for screen-

ing the ecological impacts of pesticides on community

- functions) received a single dose of trifluralin, which

produced an initial concentration of 200 pgL?
(Sheehan, Axler, and Newhook 1986). For one set of
tests over a 14-d period, the electron transport system
(ETS) potential activity (mg O,L" h") of the trifluralin-
treated microcosms remained wuthm the range of ETS
activity defined by the control microcosms. Primary
‘productivity was reduced below the control range
when measured on days 4, 7, and 14, but recovered
to within the control rangé at 28 d. Maximum deviation
from the control occurred at 7 d. :

Guideline

The derivation of the guideline value for freshwater -
aquatic life was initiated with the lowest or most
sensitive MATC from the literature. The lower limit of
the MATC for the 425-d trifluralin exposure for fathead

" minnows is 1.95 ugl’' (Macek et al. 1976). Thus,

1.95 ugL” or 2 pgL™ is used to define the lowest-
observed-effect concentration (LOEC).

Given the wide range of half-lives reported for

trifluralin in the environment, some of which indicate
~ that

the compound is persistent, plus the
bioaccumulation potential of this compound, it is
appropriate that a safety factor of 0.1 level of
magnitude be used to derive a guideline for the
protection of - freshwater orgamsms Use of the
apphcatlon factor-with the LOEC value of 2 pgL”
produces a guideline value of 0.2 pg-L™".

N

| Agr’IcUItUral Water Supply

Livestock Water’ing'

: . A
. Acute Toxicity

Trifluralin exhibits low acute oral toxicity to
mammals and birds with LD, values for mice above
5 gL' (U.S. EPA 1984, 1987b). Fertilized mallard

' (Anas platyrhynchos) eggs were used in embryo acute

toxicity tests for trfluralin. Immersmn of eggs for 30 s



at room temperature into various aqueous emulsions
of trifluralin resulted in an LC;, equivalent of

1.8 kgha™'. Doses equal to or greater than the LC,,

reduced embryo growth and produced abnormalities in

morphology at 18 d (Hoffman and Albers 1984). Infor-

. mation concerning acute trlﬂuralln toxicity to livestock
-was not found. ~

Subacute and Ch,ronic Toxicity

Long-term ftrifluralin ingestion studies have
generally been conducted with laboratory studies using
rats, mice, and dogs. A 90-d feeding study using
female rats continuously fed trifluralin at 50 and
100 mgkg'd' produced a . no-observed-adverse-

- effect level (NOAEL) of 25 mgkg'd’, based on

increased liver weights of the progeny (U S. EPA
1987b). Another NOAEL of 100 mgkg 'd" resulted

from a 729-d trifluralin ingestion study using rat growth

“rate, mortality, and food consumptlon as effect criteria.

Rats consuming 1000 mgkg'd’, the next highest

displayed a slight proliferation of bile duct tissue. Other
histopathological or hematological effects were not
observed (U.S. EPA 1987b). A 2-year trifluralin inges-

- tion study in male and female rats produced a NOAEL

of 30-37 mg kg d".. Body weight; food consumption,
hemoglobin, and red blood cell counts were  de-
creased, and blood urea nitrogen, liver weight; and
testes weighits were increased at 128-mgkg’'d’
(male) and 154-mgkg’'d’ (female) dose rates.

Kidney and heart weights were also decreased in - |

females (U.S. EPA 1987b),

Based on the hematology, body, kidney, | and

- spleen weights in both sexes and.uterine weights in

females, mice ingesting doses of trifiuralin for 2 years

‘'dose, exhibited reduced food consumption and ..

exhibited a NOAEL of 40 mgkg™d"". No increase in -

vomiting or liver-to-body weight ratios was observed in

- dogs fed 10 mgkg'd" during a 3-year continuous

trifiuratin ingestion study (U.S. E,PA 1987b).

A Iowest-observed adverse-effect level (LOAEL) of"
2.5 mgkg'd" was derived from a 90-d study of male .

rats in which increases in a-1, -2, and p- globulins
were monitored in the blood. Lower levels of trifluralin

. ingestion were not tested. Other effects observed at

levels equal to or greater than 160 mgkg"'d"' were
increased levels of aspartate transaminase and urinary
calcium, inorganic phosphorus, and magnesnum (U.S.
EPA 1987b).
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A conference paper presented by the manu-
facturer of trifluralin stated that rats fed diets
containing trifluralin levels as high as 2000 mgkg™"
feed (approximately 100 mgkg'd") for 2 years did
not exhibit changes in blood hematocrit, hemoglobin,
total blood cell numbers, organ weight ratios, or gross
and microscopic histology. The same diet through
three generations of rats also failed to produce
treatment-related effects (Worth and Anderson 1965).

- This paper, however, did not give specific documen-

tation of the studies. Histopathological changes in
mouse kidhey were observed after ingestion of
trifiuralin at-14, 140, and 1400 mgkg'd" for 140 d.
Degeneration of proximal and distal tubule cells was
observed at all dosages and the amount of degenera—

+ tion was- dose-related (Akay 1986)

Uptake, Metabolls"m, and Elimination

Trifluralin "is not readily absorbed “from the
gastrointestinal (GI) tract, and the fraction that is
absorbed is completely metabolized. Low Gl tract
absorption of a single oral dose of 100 mgkg" body
weight was indicated by 11%—14% excretion in the
bile after 24 h (Emmerson and Anderson 1966).
Although sufficient data are not available to completely
characterize mammalian or avian trifluralin metabo-
lism, four metabolites have been identified in rats.
These metabolites were the result of the removal of .

‘the’ N-propyl groups and/or reduction of the -nitro

groups to amine groups (Emmerson and Anderson
1966). This is in agreement with the results of in vitro

studies using rat hepatic microsomes (Nelson et al.

1977) and '“C-trifluralin administration to a cow and -

two goats (Golab et al. 1969).

Elimination of oral doses of tnﬂurahn in rats is

_ mainly via the feces. Approximately 78% of an oral

dose of 100 mgkg' was eliminated from rats via this
route while the remainder was eliminated in the urine.
Virtually all of the dose was excreted in 3 d
(Emmerson and Anderson 1966) '

Trifluralin with a 1-“C—‘tnﬂuoromethyl group was -
administered to a lactating cow at a dietary concen-
tration of 1 mgkg™ for 39 d followed by 1000 mgkg™
for 13 d. In contrast to studies using rats, only trace
quantities of trifluralin and séveral trifluralin metabolites -
were found in the feces, but 99% of the ingested

,radloactlwty was recovered in the urine within 6 d. A

maximum concentration of 6.5 mgkg” trifluralin in -

feces was found 6 d after initiation of the
“ OOO—m'g-kg'f dose. Metabolites were approximately



21 mg-L" feces at the same time_(Golab et al. 1969).
_ Any observed toxi¢ responses were not discussed.

In a 26-d experiment, two lactating goats were fed
uniabelled trifluralin at 1 mg+kg" body weight for 11 d
and received '“C-trifluralin on day 12 followed by

uniabelled trifluralin for the remaining 14 d. The -
unlabelied trifluralin was not. ingested in. sufficient -

quantities for the identification of trifluralin metabolites.
The "C-trifluralin administration revealed that 17.8%
and 81.2% of the trifluralin and metabolites; however,

were eliminated in the urine and feces, respéctively.

The 'C-trifluralin- and metabolites appeared in the
urine for 3 d and in the feces for 6 d after ingestion.
There was a 99% recovery of the labelled material

(Golab et al. 1969). Any observed toxic responses

‘were not discussed.
Carcinogenicity; Mutagenicity, and Teratogenicity

-Trifluralin may be classified as'a possible human

carcinogen as it shows limited evidence of carcino-

genicity in animals. Present evidence for human

carcinogenicity, however, is lacking. Dose-related

increases in hepatocellular .carcinomas and alveolar

‘adenomas were observed in female imice exposed to
33 or 62 mgkg™d trifluralin in the diet for 1.5 years.
The trifluralin technical product ‘used in this study,
however, contained 84-88 mgkg dipropyl-nitrosa-

mine (DPNA), a known carcinogen in rats and muta-

gen in bacterial and cell culture systems (U.S. EPA
1984). The issue of DPNA contamination of trifiuralin
resulted in the proposed cancellation of registration of
all products containing trifiuralin by the U. S. Environ-
mental Protection Agency if DPNA . could not be
reduced to a level at or below 1 mgkg™” (U.S. EPA
1979). Subsequently, the manufacturer lowered the
level of DPNA in trifluralin and conducted long-term
ingestion studies with rats and mice. The manufac-
turer's 2-year dietary carcinogenicity assay with mice,
using - trifluralin containing <0.01 mgkg' DPNA,

~ reported no treatment-related increases in benign or -

malignant neoplasms (U.S. EPA 1984, 1987a). Use of
the same low-level DPNA ftrifluralin in a 2-year rat
~ ingestion study showed increases in kidney; urinary
~ bladder, and thyrord tumors in male rats receiving 30,
128, or 272 mgkg™'d". Based on these studies and

a reevaluation of the risk posed to individuals working

with trifluralin, the U.S. EPA decided that the risks
associated with the development of cancer as a result
of trifluralin exposure were not excessively high. They
concluded that the benefits of trifluralin use outweighed

the identifiable risks involved with its registration if the
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total DPNA level in the technical product could be .

‘maintained at or below 0.5 mgkg™' (U.S. EPA 1982).

The U.S. EPA Carcinogen Assessment Group estimat-
ed a carcinogenlc potency factor of 0.00766 per
mgkg'd’ and an estimated life-time cancer risk of

10 for consumptlon of water containing 5 ugL"
trifluralin (U.S. EPA 1987b). This corresponds to one
additional case of cancerin a populatlon of one million

people

Genotoxicity testing of triﬂuralln in several in vitro
and in vivo systems was negative with and without
metabolic activation. These systems included -
Salmonella typhlmunum and Escherichia coli reverse

" mutation assays, mouse lymphoma cells, and Chinese -

hamster ovary sister chromatid exchange (Andersen,
Leighty, and T/akahashi 1972; U.S. EPA 1987b).

Trifluralin was demonstrated to -increase the

- incidence of chromosome nondisjunction in vivo in the
- fruit fly (Drosophila melanogaster) (Murnik - 1978,

Bryant and Murnik 1979). In addition to nondisjunction,
trifluralin has also been reported to produce deletion
of the paternal X or Y chromosome in the progeny of
male fruit flies fed trifluralin as larvae (Foureman

1981a, 1981b). Equivocal results for the sex-linked

recessive lethal mutagenic assay were also produced
with fruit flies (Yoon et al. 1985). Trifluralin apparently
caused nondisjunction by interfering with the cyto-
kineticc mechanism for separating the replicated -
chromosomes during “cell division (Sentein 1977;
Merezhinskii and Sharmankin 1986). This is similar to
the cytokinetic mode of action in plants.

Increased chromosomal abnormalities in bone
marrow cells, evidence of gametic mutation in the
spermatocyte test, positlve results in the dominant
lethal assay, and alterations of F, "embryonic

. chromosomes were cited by Nehez et al. (1980, 1981)

to be the result of treatments of mice with the
herbicide OLITREF®, which contains 26% trifluralin. -
The extent to which DPNA influenced the results -

" reported by. Nehez et al. (1980, 1981) is unknown.

DPNA, however, is-a common contaminant of com-
mercial products containing trifluralin (U.S. EPA 1984).
It is thought that DPNA is not responsible for the fruit
fly chromosomal nondisjunction discussed above (U.S.
EPA 1984) ;

Teratological studies using rabbits conducted by
the manufacturer of trifluralin reported a NOAEL of

- 225 mgkg*d"’ for maternal and reproductive effects. .
- Higher doses of 500 ~and 800 mg kg'd' caused

)



anorexia and cachexiain the females and aborted
liters at dosages -of 225 mgkg'd' (U.S. EPA
1987b). Despite these studies, the manufacturer

- identified 1000-mgkg’'d" trifiuralin ingestion as a

reproductive "safe level,” citing no effects on litter size

and weight in 32 pregnant rabbits receiving this -

dosage (U.S. EPA 1987b). The confidential nature of
these reports dld not permit further data analysis.

" Exposure of female mice to trifluralin on each of\

gestational days 6—15 resulted in a significant (19%)

increase in skeletal abnormalities in the:r progeny at

62d post-parlum Doses of 1.0 mgkg™" body weight in

corn oil were administered by gavage (Beck 1977,
1981). The possible influence of DPNA in these
studies was not discussed.

Guideii,ne

. An LOAEL of 2.5 mgkg™d" was generated from

a 90-d study with laboratory rats using changes in
blood globulin levels as an effect criterion (U.S. EPA
1987b). If this value is used with a safety factor of

0.01, the assumed safe level would be 0.025.

‘mgkg'd’. Usmg the weight and water consumption

- of a dairy cow (500 kg and 160 Ld"), the concentra-
' tion of 0.025 mgkg™d" translates to a water concen-

tration of 78 pug-L". This is just under one half the
drinking water guideline for trifluralin of 170 ng‘

established by the World Health Organization (WHO' :
1987). The value of 78 pug-L"' was derived from a rate

of trifluralin ingestion less than the lowest known

NOAEL in the scientific literature. This, plus the
- generally limited absorption of trifluralin by the Gl tract

and its rapid metabolism, could make the value of

78 ugL’' an appropriate interim guideline value.
Additional data related to the long-term ingestion of
trifluralin by livestock via drinking water will be required
prior to the development of a guideline value. In the

~interim, - the procedure recommended by CCREM

(1987) of adopting the drinking water guideline for live-
stock watering in the absence of sufficient information

is followed. In the case of trifluralin, an intefim dnnklng )

water quality guideline for trifiuralin of 45 pgL” has
been proposed, and this is also recommended as a
livestock watering guideline. -

Irrig‘atioq ‘
Toxicity to Nontarget Plant Species
At the whole plant level, a large number of studies

have described the toxicity of trifluralin to nontarget
plants usmg a wide variety of criteria in addition to

_1.5'

lethality. Some of these studies are presented in Table
G-1. The data in this table demonstrate that a wide

“variety of crops, including those considered tolerant,

are susceptible to the toxic effects of trifluralin given

- the proper dosage and conditions. Under the routine -

preplant incorportion conditions, trifluralin causes its
greatest phytotoxic effect on the meristematic tissue at
the region of the coleoptile node (Billett and Ashford
1978). : :

Field cultivation, greenhouse, and growth chamber

~ studies have demonstrated adverse, sublethal reac- -
. tions of seedling plants to applications as low as

0.56 kgha' and water concentrations as low as
90 ug-L". The only generalization that can be drawn
from ‘the phytotoxicity data is that specific soil
conditions and plant species are-major factors in
determining the potential for plant injury. The action of
trifuralin on the root system may also induce stress on
the plant related to its ability to obtain sufficient

_ nutrients. This type of reaction was demonstrated by

Udoh and Nelson (1986) for . site-specific . iron
deficiency in soybeans. The bioavailability of trifluralin

“in soil is mainly dependent on the amount of soil

organic matter. Increasing organic matter causes a
decrease of trifluralin efficacy at constant levels of soil
moisture.: Clay content and temperature have no
effect. Variation in moisture levels also plays a small
role in ftrifluralin bioavallablhty (Moyer 1979). At low
concentrations (3.4 pgL"), trifluralin can be metab-

.olized by some plants resulting in N-didealkylated

products and/or a para-carboxylic acid derivative
(Camper, Ahmed, and Figliola 1989).

Guideline - *

Much of the terrestrial phytotoxicity data was
generated on the basis of the weight of trifluralin
applied to a surface area of soil. It is difficult to
extrapolate these units to the concentration of trifluralin
in water that would be detrimental to imgated crops.

Phytotoxucuty studies with trifluralin in water used

. to irrigate a soil that supported seeds and/or seedlings

showed that relatively small quantities of trifluralin, as
low as 90 pg-L", could cause detrimental responses
in the root growth of some plant species (Barrentine

~and Warren 1971). This study, however, used acetone

as a carrier for trifluralin because of its low solubility in
water.. Although implied, the presence of acetone
controls was not specifically identified. In addition, the .
matrix used for seed germination and seedling growth

. was silica sand, which allowed minimal adsorption of

the ftrifluralin and maximum exposure of the plant
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tissue. These condrtrons are unlike any that would be
- encountered in the field and represent extremes of
toxicity. Thus, these values cannot be used to-derive
a guideline value for the protection of irrigated crops.
A solvent carrier for trifluralin was not employed by
Harvey (1973), who used trifluralin-amended
Hoagland’s nutrient solution to grow soybeans from
seed in silica sand. This greenhouse study demon-
'~ strated that a trifluralin concentration of 3.35 mg-L"

. caused a 40% decrease in the dry weight of the seed-
“ling plants after 28 d. Unfortunately, this was the only

concentration of trifluralin used and a NOEL was not
deﬁned

Given trifluralin’s Jow water solubility, high volatrlrty
and sediment/water distribution ~coefficients, it is
doubtful that sufficient quantities of trifluralin could be
maintained in irrigation water to be harmful to plants.

There is insufficient information, however, to supporta

" specific guideline or intefim gurdelrne value for tri-
fluralin in rrrrgatron water. »

Recreatlonal Wa_ter Quality and Aesthetics
Organoleptic Effects |
| _ -Although volatilization is a major transport pathway
for dispersion of trifluralin in the environment, reports

~dealing with trifluralin-caused taste and odour in water
were not found. Trifluralin is also known to be rapidly

accumulated by fish, but reports dealing with trifluralin-

caused tainting of fish flesh were not found.

Guideline

At present, there is no evidence to indicate that -

‘recreational water use would be adversely affected by
trifluralin residues when this herbicide is used accord-
“ing to label instructions. In addition, water containing
residues at conoentratrons that could
potentially affect recreational water usés would already
be severely impaired for other water uses (i.e., water
for the preservation of aquatic life). Thus, a water

‘quallty guideline has not been determined for recre--

ational waters and aesthetrcs
, IndUStrlaI Water Suppliesr
Guideline -

To date; there is no indication that trifluralin poses
or has the potential to pose a threat to the quality of

water used for mdustry when used according to regis-
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tered use patterns. Although of potential concern if
found in water supplies, a water quality guideline for .
trifluralin in industrial water supplres has not been
determrned ;

. SUMMARY

After an evaluation of the published information on
the herbicide trifluralin, the Canadian water quality’ -
guidelines were derived (Table '2). The background -
infomation on trifluralin in terms of uses and produc-

~ ftion, occurrence in the ‘aquatic environment, and
- persistence and degradation was reviewed.

The
rationale employed for the development of the recom-
mended guidelines was summarized.

. Table 2. Recommended Water Quality Guidelines for Trifluralin

Uses Guidelines

45 gL’ (IMAC)*
Freshwater aquatic life - 0.2 pgl”
Agricultural water supp_l').'

Livestock walering - - 45 p._gl-l," (Interim)
‘) Irrigation” No recommcndcd guideline

Recreational water quality No recommended gt’ridel}n‘e
and aesthetics

Industrial water supplies - No recommended guideline

*Existing drinking water guideline (Health and Welfare Canada 1987).
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Appendix A

~ Trifluralin Residues in Runoff
from Agricultural Land




Table A-1. Trifluralin Residues in Runoﬂ‘ from A‘grlqnlmj-al Land

Cecil sandy loam, )
Pacolet gravelly sandy loam;
no soil and water consérvation
structures present: 2.7 ha:

3% average slope; crop of
soybeans: cohvcntionvally tilled
before planting/no cultivating
after plant

(July 1, 1972)

recommended for

crop production;
applied with
diphenamid at
3.36 kgha'!) _

(dissolved) and 0-0.1 ppm
in sediment: in 6 runoff
events over one 90-d period
(27 d from application to
first runoff event) .

- and Fleming 1979

. Application L Residues in runoff
Plot description Formiulation rate Method of (mg-L"') and days
(soil type, crop) (% at) (kgha') _ application posttreatment Rgfgl'g_nqe
‘ Bushland, Texas: NR NR NR 0.04, the highest con- Axe, Mathers, and Weise
Pullman silty clay loam centration found in any 1969
(1.6% O.M.); watcr samples of the samples; no time
collected in plastic cups frame report, but mentioned
(buried in treated farmers’ analysis of soil samples
fields) each time it rained 3 mo. posttreatment
Walkinsville, Georgia: NR - 1.12 NR (sprayed as .0.007-0.015 (runoff water Wauchope 1978
Gravelly sandy loam; ’ . aqileoiis emulsion; plus suspended sediment); : . :
2%-10% slope; 2.71 ha; incorporated into in 8-9 runoff events over
soybean crop soil) a 3- to 4-mo. period
Sandy loam/sandy clay; "NR 1.12 NR (applied as 0.009-0.01 (runoff water
3% slope; 1.26 ha; : . ’ above) plus suspended sediment);
soybean crop " measired below grass in
4-10 runoff events over a
2-mo. period "
Lewiston and Rocky Mount, . NR 1.12 NR (applied as 0.008-0.024 (funoff water
North Carolina: : above) plus suspended sediment);
Sandy loam and loamy sand; - : 10-21 runoff events over
2% and 4% slope respectively; a 5- to 8-mo. period
0.0017 ha (17-m* plots);
cotton crop :
Stoneville, Mississippi: NR 0.84 NR (applied as” 0.0005-0.00027 (runoff
Sandy loam; 0.5% slope; above) water plus suspended sediment);
0.20 ha; soybean crop . in 2-7 runoff cvents over
a - to 5-mo. period
Clarksdale, Mississippi:
’ Silt’y loam; 0.2% slope;
15.6 ha
Soybean crop NR 112 NR (applied as 0.18% (2.0 gha'")
: above) ‘ of that applied lost in
21 runoff events over a
12-mo. period
Cotton crop NR 1.12 - NR (applied as 0.18% (2.0 g-ha')
above) of that applied lost in
39 runoff events over a:
12-mo. period ’
Georgia: NR 1.12 NR (applied as 0-0.006 in solution Léonard, Landgdale,

NR = not reported
ND = not detected
O:M. = organic matter
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o . ‘ Residues in runoff o .
Plot description . Formulation rate ' Method of - (mg-L") and days .
(soil type, crop) - (% ai) (kg-ha")_ : _application posttreatment 1 Reference
As above . NR 1.12 " NR -(applicd as 0-0.013 in solution -
: . (June 13, 1973) above) (dissolved) and 0.01-0.06 ppm
. in sediment; in 9 runoff
’ évents over one 90-d period -
(<1 d from appliéatidﬁ to . .
. _first:runoff event)
Cecil sandy loam; ' NR 1.12 , NR (applied as - 0-0.021 in solution
portion of a parallel-terraced (June 30, 1972)  above) - (dissolved) and 0-0.28 ppm
area with grassed outlet o ' in sediment; in 10 runoff
channels serving to collect events over one 90-d period
runoff; 1.3 ha; 3% average ' (2‘d from appiication 1o
slope; cfop of sqybegns: first runoff event) \
conventionally tilled before
planting and no cultivating '
after planting
"As above . . NR 1.12 . NR (applied as '0-0.008 in solution
-(June 15, 1973) " * above) (dissolved) and 0-0.09 ppm
o ' . ] . ’ ' in sediment; in 5 runoff
. } cvents over one 90-d period
e (23 d from application to )
first runoff event) i
North Carolina: o NR 1:12 NR (incorporation Runoff samples collected Sheets; Bradley, and
8 surface: runoff plots - N " to 10 cm before after each rain producing Jackson 1973
" (4 weated and 4 controls) planting) considerable runoff. ] ’
. each surrounded by sheet : Suction filtéred sediments .
metal with a catchment device , contained an average of 84%
at plot lower end to collect of trifluralin detected in
rinoff; cotton planted / - the runoff. Highest concen-
tration in surface runoff was |
© 0,024 at one location 6 wk
after application in 1970.
" Congcentrations generally
. higher for first few rains
- \/aﬂe'r application and grad-
ually decfeased.
Small pond in-a ] NR 084 t0 .. NR Highest concentration was :
watershed : 50%~60% of 0.002 mgL' 5 d after
watershed application.. -
Baton Rouge, Louisiana: NR 14 Aqueous emulsion Lower limit of accurate Willis, Rogers, and
Mhoon silty clay, April 30, 1971, broadcast with quantification 0.01. ¢y Southwick 1975
- 0.93%-1.42% O.M.; pH 5.5-6.0; March 29, 1972,  small tractor- Ranges provided as a
0.2% slope; plot rows and ' April 30, 1973 mounted sprayer, result of data typically
small berms used to chinnel preplant, and soil as fractions of pgl™. -
runoff through Parshall flume incorporated 0%-0.04% of that applied
(measured volime) and . (double disked to _lost in 5-6 runoff events
Geibmultistot divisor (diverted 7.5 cm) ' over a 3- to 4-mo. period.
1/9 aliguot to storage tank). '
Planted with cotton and soybeans,
but so similar in téris of runoff
concentrations that treated as
duplicates. Plots 0.045 ha each. .
: J

Table A-1. Continued

Applicatidn
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Table A-1. Contlnileg

Application ) Residues in runoff

Plot description Formulation rate . Method of (mg-L") and days :
(soil type, crop) - (% ai) (kg-ha'') ‘ application. _ posttreatment o Reference
Tifton, Georgia: ) " NR ‘ 1.12\(ai) Surface applied . Rhode et al. 1980
Cowarts loamy sand, ) . : ' 1d before planting - ' '
0.5% O.M.; <3% slope; : o and incorporated .
0.34-ha watershed planted ' -~ to 10-cm depth with
with soybeans (bedded) cach : a rototiller
year (July 12, 1974, and :
May 14, 1975) after fer-
- tilization with 0-10-20 at
560 kgha'
Shallow phreatic flow, above ‘ NR - July 11, 1974 Applied as above ND-0.0003 (runoff water
semi-permcable formation / : Plus suspended sediments)
(92-214 cm depth), collected _ o . : in 0-2 runoff events per
by a tile drain at low side of ’ s ) o mo. (8 fotal) over a
watershed and directed through: . ) : _ I-yr. period (no. runoff after
a V-notch weir and collected . _ ~ 9th mo.)
by hand (450 mL). ‘The sub- - . :
surface watershed is 0.36 ha. ' May 13, 1975 Applied as above ND (runoff water plus
. : suspended sediments), 0-3
runoff events per mo.
(11 total) over a I-yr. period
v (no6 runoff after 7th mo.)
Surface runoff directed NR. July 11, 1974 Appliéd as above - ND-0.038' (runoff water plus
through a grassed waterway i : : . " suspended sediments) in 04 -
adjoining the watershed and : ’ i - runoff events per mo.
through an H-flime ‘at bottom. ' o : . (21 total) over a 1-yr. period
Samiples collected by hand. ' n (no runoff after 9th mo.)
May 13, 1975 Applied as above ND-0.023 (runoff water plus
) : suspended sediments) in 0-6
ruiioff events per mo.
(30 total) over a 1-yr. period
(no runoff after 8th mo.)
- Rinoff was normal or above
normal for both years.
Three separate subplots (28 m*) _ 1.12 Applied as above 0025+ 1d
within above watershed with : 1974 ’ ' .
simulated rainfall at various . . ’ 0.004-+ 29 d
days after application ‘(pipﬁes ’ e ’ Co :
1.51 m above group 'app'lyin‘g - o 00001 +71d
water at 19.1 cmhir”' for o o : .
30 min). Rinoff collected - _ 1975 ) Applied as above 0012+ 10d ' i
"by a gutter at plot.edge and C ) ‘ : : :
directed through an HS-flume . i 0.009 + 21.d
for measurement and sampling. o : o
Simulated rainfall greater ' S ‘ 0004 4384

than expected uiider natural
conditions and therefore
greater runoff losses of -
trifluralin expected.

Conjce,ntra‘tion‘cu'rve‘s for
sampling period after each
artificial watering in-
tegrated with the discharge
hydrograph gives total load
loss and maximum time-
weighted average concen-

., tration for each event,




. Tabié A-1. Continued '

" Application

. Residues in runoff
Plot description _ -Formulation rate Method of _  (mgL") and days :
(soil type, crop) ‘ » (% ai) (kg-ha") application posttreatmént Reference
Same watershed as above. 1.12 Applicd as above - Upper flame 0.005-0.012

2-bed, 4-r6w subplot with
runoff directed onto the grassed -
waterway (above). Discharge
measured and samples collected
at two HS-flumes, one at the
. waterway entrance and one at
the outlet. Samples also taken
at 3 intermediate sites. Wet
* waterway (9.55 cm rainfall in -
2 wk prior) with dry waterway
(no rainfall 2 wk prior);
both sprinkled by 1.3 cm water
1 d before test. Subplot
- artificially watered at same
" rate and amount of time as above
during test on June 11, 1976 (wet)
and Oct. 19, 1977 (dry).

Clarksdale, Mississippi: _
18.7-ha watershed; meari slope
of 0.2% with several soil /
types: Bruin silt loam (57%),
Conimerce silt loam (IS%);
Tunica silty clay (11%), and
Sharkey silty clay (17%).
Runoff directed by shallow ..
V-ditches into.a 1.6-ha pond

_on the watershed. Befo_r_i
entering the pond 64% of the
runoff was measured and sampled
(i.c., only one drainage ditch

" carried sampling instruments).

Samples collected with an auto-

matic pump at 10-min intervals

throughout each runoff event

. (storm). Planted to cotton

each year and stalks shredded

" after harvest (fertilized in

spring). '

Outlook, S@skau;héwan:
Irrigation basin

June 10, 1976
(wet)

Oct. 18, 1977

1.12.

‘March 1972

May 1973 .
vay =y
April 1974
April 1975

April 1976

April 1977

~ April 1978

Applied as above

NR preplant
application

" Intermediate max. 0008 }

Lower. flume 0.001-0.002
Upper flume 0.006-0.013
Intermediate max, 0.001-0.002

Lower ﬂu_me <0.004

0.0002°
0.0001
0.0004
0.0008

0.0005

0.0004 '
The above are values for

the year. The concen-
trations from each storm
cvent are discharge weighted.
A range of 1 values from
0.55 to 0.98 for years 1973=
1978 relate storm pesticide
yield (gha™) to storm
sediment yield (kgha™)

0.0007 in tailwatérs fol-
lowing first i[ﬁgation
<0.0001 in drain canal

(carried all waste water -
from thé irrigation basin)

Willis ef al. 1983

~ Grover 1983
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Table B-1. Environmental Concentration Ranges of Trifluralin Resldugg in Surface Water, Groundwater, Sediment, and Biota

occasions

15 samples from 2
sites on |0 .
occasions

Single samples
collected on |
occasion from

3 small water
pools within study
area ’

NR

1 location

locations on 16 -~

Sampling interval
clustered during

April 1983 to coincide
with snowmelt water run-
off and at monthly _
intervals from May 1983
to March 1984 (excluding
August 1983). Sample

filtration ‘prior to

extraction’ mmoyed 90%
of the 20- to 25-mm size

- particles. Drains

agricultural land.

Assiniboine River, Man

‘Sampling at monthly

intervals from May 1983
to March 1984 (excluding
August 1983). Drains
agricultural land.

April 11, 1983

June 1, 1983

June 1, 1983

NR o Fish tissue
NR . Snail tissue
Ochre River, West. Man. Water

- 3.5-L grab sa_mpling
- in duplicate using 4-L

amber-glass bottles on .
March 14, April 13, April
27, and at weekly intervals
afterward until Sept. 5,
1984. Final collection

on Oct. 10, 1984. Drains

. mainly non-cropped land

and forest.

Turtle River. As above.: -Water
Drains fainly agricuitural
land. ) .

- values from one loca-

ND (detection

] Locatjon, years, Concentration Samples with
Sample and conditions Matrix: range (& mean) pesticide _Reference
. 27 samples from 2 La Salle River, Man. ‘ Water ND-0.24 pgL*. Highest - NR - Williamson 1984

tion on April 18, 1983,
and Nov. 8, 1983, and _ .
other values typically :
ND or trace amounts. ‘ :
Detection limit:

0.05 pgL!

ND-0.f pg L. NR
Highest value from one :
location on Nov. 8, 1983,

and other values typically

ND or trace amounts.

Detection limit:

© 005 pgL!

-

Trace

Trace

&

Z.

limit NR)

0.775 mg kg : NR

" (trifluralin) ,

1.323 mg kg NR .

(trifluralin & metabolites)

27.085 mgkg™* ' NR
(trifluralin)

—~

28.870 mgkg' ~ NR
(trifluralin & metabolites)
Maximum levels did not NR Muir and Grift 1987
exceed 25 x 107 pg L',

and found at detectable

levels (<3 x 107 pgl*'y

on only three occasions

(May, June, July) or 10% of

the samples.

Maximum levels did not =~ NR

exceed 25 x 107 pgl; -

below detection limits’

(3.5% 10° figL" in

alfost all samples (exceeded | v
I % 10° pgL in 14% of '
the samples).

NR = not reported
ND = not detected




Iﬁble B-1. Continued

" Concentration

7 sampling sites

opérated by 17 farmers
and the City of Regina.

- Sampling on a daily basis

for duration of runoff event
at 4 culverts crossing

- into study area

at a stream connecting ‘
2 permanent slpqghs and

limit: 0.1 pgL™y

L_ocation, years, | : - Samples with
Sample .and conditions Matrix . range (& mean)’ - pesticide Reference
7 sampling loca- LaSalle.River, Man. Water ND (detection - NR Therrien-Richards:and
. tions along lenigth One grab sample per limit: 0.1 . Williamson 1987
of river ' site at 30-day inter- agL"). Possibly ‘
vals from Ailg. to Dec. not detected b’ebau_se '
1984 withi a 1-L- - during May (isual motith
Boston round bottle of trifluralin application)
" at midstream. Drains rainfall below normal.. -
agricultural land. ~ ' - :
As above Sampling with Ekman Sediment 0004 mgkg' - . “1/21
: dredge at 3 equi- ; ' . i
distant points across ;
streamn width at each
sampling location on
1 occasion in Aug.
. 1984 (1 sample per
sampling site).
4 of the above 7 Samples of small forage Fish tissue: ‘ S .
. sampling sites and fish collected by seine, brown billhead = 0,0045~0.0057 mgkg' NR
3 subsamples at one nets, and basket-type (Ictalurus nebulosius)  (0.0049 mgkg™)
site for a total minnow traps. Sampling brook stickleback 0.0047 mg kg™ NR
of 6 samples data is variable (some (Culaea inconstans) .
' ’ given, some not). central mud- ~ND-0.0075 mgkg™ . NR
Samples'equal 100 g of minnow (detection limit: NR)
cach fish species. (Umbra limi)
" Samiple 4 of above 100 g sampled from cach Aquatic macro- NR " NR
7 sampling sites site | - ‘ phytes o
2 sampling sites Assiniboine River, Man. - © Water. ND (detection ~ NR-
along river . (downstream Trans-Canada limit: 0.1 pgL™).
Highway). One midstream Possibly not detected
grab sample per site at ‘because during May
. 30-d intervals from (usual month of trifluralin
Aug. to Dec. 1984 with a application) rainfall below
1-L bottle. Drains normal.
agricultural land. : '
As above -Sampling by hand of Sedirhent 0.006 mgkg"* NR
: fine-grained deposits - (1 sample) ,
on lee side of mid- :
stream obstructions
(sand bars and rocks) on
1 occasion in Aug. 1984,
Number of samples NR.
NR . NR River water 1.8 agl?! NR
“Whole fish tissue 3.24-10.78 mg kg’ NR
- Study area 2800 ha . Spring runoff ND (detection NR Waite ef al. 1986
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Table B-1. Continued

Location, years,
and conditions

Matriﬁ(_

Concentraii,on
range (& mean)

Samiples with

pesticide Reference

Sample )

35 Asampliﬁg sites,
one sample from
each site.

14 of the above

33 sampling sites,
plus 1 other '
sampling site; 1
sample at each site

45 samples (humber
of sampling sites
NR)

- 48 samples (number
of sampling sites
NR) ‘

44 samples (number
of sampling sites
. NR) :

46 sampies (number
of sampling sites
NR) .

41 samples (number

of sampling sites
NR)

46 samples (number
of sampling sites
NR) .

at a culvert siting the
lower slough. Only 2
runoff events reported
(March 27 and 28, 1984)
apparently because of

- small snowfall and cold

spring. Grab samples
collected in 4L ’
glass bottles.

Iowa. Samples col:lcctc'd
after rainfall from 35

treated public' water supplies -
between May 1 and July 1,

1986, using 2 one-quart
glass jars. 33 water supply
samples analyzed. -

* Samples collected after

rainfall from 15 untreated

-public water supplies
" (not including the one

site where trifluralin
was detected in treated

- water) between May 1 and !
-July 1, 1986, using same

sample size as above,

University of Iowa.

_Samples collected approx.

weekly, May 1985 to March
1986 from untreated
community public water

. supply systems.

As above - treated .
water

_ Davenport, Iowa.

As above - untreated :

" water

' Ax abbvc ~ treated

water

Clarinda, Iowa.
As above - untreated
water

. As above - treated
‘water

Surface water

Surface water

Surface water

Surface water

Surface water

Surface water

Surface water

Surface water

0.13 pgL!

. ND (detection
limit: 0.1 pgLY)

ND (detection
limit: 0.2 pgL)

ND (deuectioﬁ
limit: 0.2 pgL™)

ND (det'ection .
limit: 0:2 pg L")
ND (detection
limit: 0.2 pgL™)

ND (detection
limit: 0.2 pgL™)

ND (detection
limit: 0.2 pgL™")

133 . " Wnuk et al. 1987

0/15

0/45

0/48

0/44

0/46

0/41

0/46
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Table B-1. Continued

' Concentration  Samples with

91 sample sites

i

91 farm wells across
southern Ontario sanipled

_ on these two dates; -

1.5-L samples.
Trifluralin detected in
only 1 well (13 m deep,
gandy soil, used for

* 'mixing and filling tanks).

Groundwater

Location, years,
. Sample - and conditionis ) N Matrix range (& mean) pestic'idé Reference
S 7
15 samples of 2 Lake Michigan, Michigan. Whole fish Camanzo et al. 1987 )
fish species from Sampie sites incloded homogenate : i
each of 14 sampling 13 tributaries and 1 bay (20-g samples) -
sites of Lake Michigan. Samples : -
‘ ~ collected in fall 1983. - cdthmon carp 0.003-0.126 mgkg™ NR .
Each species separated - (0028 mgkg")
according to size . I .
(assumed to positively smallmouth bass 0.005-0.011 mgkg" NR (
reflect age and therefore (Micropteris (0.008 mgkg™) ,
bioconcentration) and 1 dolomieui) ] . ‘
group with largest fish S
analyzed. v . channel catfish - . 0.050 mgkg' NR
: (Ictalurus ) ' ‘ ’
' punctatus) _
. .
pumpkinseed " 0.004 mgkg" "NR
. (Lepomis gibbosus) : ’ T
bowfin 0.018-0.034 mgkg NR
(Amia calva) (0.024 mgkg")
fiorthefn pike 0.004-0.100 mgkg™ NR
(Esox lucius) =~ (0.029 mgxg™) P
, rock bass. ND-0.008 mgkg" ' NR
(Ambloplites (0.021 mgkg")
rupéstrisy Detection limit:
‘ 0.003 mgkg*
Jake trout 0011 mgkg"' NR
(Satvelinus
namaycush) -
largemouth bass 0011 mgkg' ~ , NR
(Micropterus ’ . .
salmoides) .
15 fish from each of  Fall 1980. Fillet homogenate ND in any s_anipl:es 1/36 Clark, DeVault, and
'12. sampling sites. 12 sites throughout all coho salmon (detection limit: ' Bowden 1984 .
3 samples per site the Great Lakes. Adult (Oncorlynchus 0.005 mgkg™") o '
- cach comprising fish collected on trib- Kisutch) except 1, which produced . !
5 single fillets utaries as they began i a trace of trifluralin : ’ '
- (skin on) from each _ their fall upstream (present but below
_fish migration. .36 samples 001 mgkg™)
total. i
2 samples per Nov. 25 and Dec. 16, 1984; - .().04l‘mg-L"q ) NR Frank et al. 1987
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Table C-1. Summary of Studies of Trifluralin Persistence in Soil

Application

Negligible residues (<2%)

Location/soil type - Residues S
(% organic matter; rate. - . Soil depths: (mgkg" except Results and )
pH: moisture content) (as % ai) . measured when noted) comments: Reference
Melfort, Sask.: 1.1 kgha* - 0-5cm % of applied chemical Incorporated into the Smith 1975
Melfort silty clay : remaining (mean t SD) top 5 cm of :soil for ’
(11.7% O.M., pH 5.2; 71 £ 4 (Oct. 71-May 72) 2 min with a fork to
36% field: capacity : " reduce volatility.
moisture) 55 + 1 (Oct. 72-May 73) Plots tamped down to
prevent wind crosion
31 £ 7 (May 72-Oct. 72) and weeded regularly’ with
' - minimal disturbance.
24 £ 6 (May 73-Oct. 73) Considerably milder
o - B ~ winter-of 1972-73 may
. . 35+3 (May ’72—May 73) have contributed to
- . decreased carry-over
16 £ 3 (May 72-Oct. 73) (soil temperature and
‘ C moisture content prior
3~10cm Negligible residues (<2%) to frecze-up and after’

. : i i ] o - spring thaw may have
Regina, Sask.: I.1 kgha! 0=5 cm 71 £ 11 (Oct. 71-May 72) contributed to losses by
Regina heavy clay - ) biological degradation
'(42% O.M.; pH 7.7, 32 + 8 (Oct. 72-May 73) ~ and volatilization).

40% ficld capacity C- Increased rainfall was
moisture) ’ 12 + 4 (May 72-Oct. 72) recorded during the 1973
' studies compared to the
8 £ 2 (May 73-Oct. 73) 1972 studies (23.9 and
: . " 47.2 cm as compared to
16 + 5 (May 72-May 73) 190 and 18.5 cm for
Regina heavy clay and .. -
30 (May 72-Oct. 73) - Melfort silty clay re-
spectively) and was
5-10 cm considered a possible

_ contributing factor to

lower residue levels in
Oct. 1973 than in Oct. 1972,

NR = not reported
OM. = organic matter- .
RMS = regression mcan square

Note: Ficld capé.cfty is interpreted-as the % soil moisture
(x% ficld capacity or ficld capacity x% indicates:a soil’s

(by weight) retained.by a saturated soil after it has been allowed to drain by’ gravity for three days
ficld capacity;. x%of field capacity‘indicates the cxisting soil moisture as-a fraction of field capacity).



Table C-1. Continued

Location/soil type:
(% organic matter; .
pH: moisture:content)

" Application
‘ rate Soil depths:

(as % ai) . m;asuned

Residues
(mgkg" except
when noted)

Results and
comment

Reference

Jameson, Sask.:
. Jameson sandy loam

(3.2% OM.; pH'1.5;
11% field capacity
moisture)

Lincoln, Nebr.::

_Sharpsburg silty
* clay loam (2.8%

OM:; pH 5.8 in.
surface 15 cm of
soil)

1.1 kgha' ' 05cm

5-10cm -

- 0 kgha'' (May) - - 0-20:.cm

0.56
Li2 v
224,
0.56
112
2.24

0.56

71 £ 6 (Oct. 71-May 72)

31 £ 6.(Oct. 72-May 73) .

14 £ 1 (May 72-Oct. 72) -

14 £ 6 (May 73=Oct 73y

17 £ 4 (May 72-May 73)
7 1 2 (May 72-Oct. 73)
Negligible residues (<2%) "
Chemical assays of soil
samples taken in:Sept. 1972
(kgha)

0

0 (applicd 1969)

0 (applicd 1969)

0.01 (applied 1969)

0 (applicd: 1969-70)

0:01 (applied 1969-70)

10,06 (applied 1969-70)

0.02 (applied 1969-71) -

0.06 (applied 1969-71)

0.15_(applied. 1969-71)

. Residue values: areb

averages ‘of two soil

depths (0-10 cm and' 10-20
cm) not subject and

subject to fall plowing
{tandem discing to 12-cm
depth plus harrowing).
Weeds: removed by hand.

humi& 1974

PO




" Table C-1. Continued

‘Location/soil type Application . Residues .
(% organic matter; rae . Soil depths (mgkg' except Results and
pH: moisture content) (as % ai) measiired when noted) comment o Reference
: Residue values are 0-10 cm 0.04 (not plowed) After long-term. appli- ’
-averages of all cation (iie., 1969-71),
. -application rates- .10-20 cm 0.02 (not plowed) - long-term carry-over -
(i.c., untreated, ) increased on fall plowed
0.56 kg/ha; 1.12 0-10cm 0.04 (fall plowed) _ plots (believed to reduce
" kg/ha, and 2.24 kg/ha) , : volatilization and photo-
and years (ie., 1969, ~ 10-20 cm 0.03 (fall plowed) decomposition losses, but
1969-70, and 1969--71) other detoxification methods
' ’ in moister. soil.might have
increased). )
‘Indian Head, Sask.: 2.7 kgha - -NR: Incorporated to 9-cm Smith, Aubin, and

- Clay (2.9% O.M.,
pH 7.9, 85% of
ficld capacity)

N

6¢

(5% granular formu-
lation_) -
Application Oct. 1986

0~-10 cm

depth by field cultivator Derksen 1988

and attached harrow;

_second incorporation ta
" -same depth in April 1987

and third incorporation
4 d later to 7.5 cm depth.
Applications and incorpor-

" ations of "aged"” soils

carried out in field and

after 10 mo sampled,

added to polystyrene cartons.

‘in lab. . "Fresh” soils are

those untreated from the

field which are treated at

"aged” application rate and

incubated as-above. .

Replicates were moistened to -

85% of their field capacities -
and maintained with waterings

" every 2nd d. Dissipation B

described by first-order

~ kinetics. Dissipation

equations were
calculated - Log' (%
herbicide at T days).
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" Table C-1. Continued

Location/soil type

capacity 24.9%)

" - Almasippi

‘loamy sand (2.9%
‘OM., pH 7.7, field
capacity 20.0%)

0.0068, 0.0065, 0.0069; and
0.0087 d"* for the Red Deer
River heavy clay; Gladstone

~ clay loam, Newdale loam, and - - »

Almasippi loamy sand,
respectively.. - : N

Application Residues
(% organic. matter; rate: ' Soil depths (mg-kg" except "Results and - >
‘pH: moisture content) (as % ai) . measured when noted) - comment Reference
Loam (4.6% O.M., NR Clay- o
- pH 7.4, 85% of - Aged 10 months: 2.009-.
" field capacity) 0.00279 T, RMS = 0.96
. . - Fresh: 2.004-0.00325 T,
RMS =097 -
Loam :
- Aged 10 months: 1.979—
) 0.00217 T, RMS = 0.94
- Fresh: 1.967-0.00271 T,
RMS = 0.88
Manitoba:- - 0.2-3.0 mgkg' 50% (+ 102 &) Lab study involving Webster et al. 1978
- Red Deer River heavy clay (dry weight soil) ' incubation of treated: '
(8.8% O.M., pH 65, soil and analysis for
field capacity 33.8%) total trifluralin- at,
: various posttreatment time
intervals. Each }replica_tc‘
was fertilized at the
beginning ‘of the study.
Replicates were watered to )
field capacity and the loss -
‘compensated by weekly waterings..
" - Gladstone 50% (+ 107 d) First-order equation: ‘
clay loam (9.2% ’ : : (iie., C/Co = ¢*™) where
OM., pH 7.8, field C = concentration at time, <
capacity 27.8%) Co = initial concentration, and
o ) k = reaction rate constant) -
- Newdale loam 50% (+ 100.d) provided closest expression
(6.8% O.M., - T of the dégradation results.
pH 7.4, field Loss rate constants were




Table C-1. Continued

. ,Location/soii typc

W

(3.7% O.M., pH 7.6)

(May 11, 1978)

1.12 kg-ha'

(Oct. 23, 1977)

0.230 + 0.026 (at seeding)

0.120 + 0.007 (+ 6 wk)

0.067 £ 0.015.(+ 15 wk)

- 0.8 (at application)

0.280 + 0.028 (at seeding)

0:223 + 0.024 (+ 6 wk)

application and a-2nd
incorporation in spring
following seeding (flax).
Spring treatments incorpor-

" ‘ated twice within 1 h of

application. Plots
fertilized prior-to

2nd ‘incorporation.
Seeding date reported as-
May 18,-1978. Time
postireatment (i.e., -
(time of residue samples)
.given as the number of

~ weeks after secding:

Application . o " Residues ‘
(% organic matter; rate Soil depths (mgkg! except ) Results and _
pH: moisture content) - . . . (as % ai) “ measured - when noted) . comment - " Reference -
Heavy soil ] © 30 mgkeg?! Residues after 60 d Lab study in. which 1 kg Mostafa et al. 1982
" (2.5% O.M., pH 8.5). . *H-labelled . Aitoclaved Nonautoclaved of each soil type placed i
trifluralin 0-10.cm 42 . 11.2. -in 15-cm diameter pots.
: ) : Upper 10 cm moistened layers
10-15 cm 1.0 . 33 mixed with *H:labelled
. trifluralin to 30 mgkg".
Full depth 18.0: 9.8 Watered (every second day) .
- (combustion bound) and incubated away from sunlight
] : o for 2 mo. Autoclaving carried
Light soil 0-10cm . - 6.9 . 142 out prior to addition of -
(1.5% O.M., pH 8.2) : *H-labelled trifluralin.
' 10-15 cm 2.1 ) 34 The two depths measured
’ (ie., 0~10.cm and' 10-15 cm)
" Faull depth 170 100 refer to soil extracted with
- (combustion bound) ’ solvent prior to combustion \
- Sandy seil . to remove nonextractable
(0% O:M., pH 6.8) 0-10 cm 1.8 : 7.8 *H-residues:
¢
10-15 cm 0.6 . 2.5
Full depth 26.5 13.5
(combustion bound)
Graysville, Man.: Year | 0-5cm Means * standard deviation Fall treatments incorpor- Pchajek, Morrison, and
- Almasippi very . ated to 10-cm.depth with . Webster 1983
fine sandy loam 0:84 kg-ha'! - 0.6 (at application) tandem ‘disc within 1 h of '

~0.109 £0.020 (+ 15 wk)
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A Table C-1. Continued

Location/soil type Application Residues .
(% organic matter;. rate Soil depths (mgkg” except .. Results and :
pH: moisture content) (as % ai) " measured when noted) ‘comment ‘Reference
2.24 kgha* 1.6 (at application)
- (Oct, 23, 1977) o .
0.600 + 0.043 (at sceding)
0.449 + 0:049 (+ 6 wk)
0.155 + 0.010 (+ 15 wk).
Year 2
0.84 kgha' " 0.6 (at application) ' Seeding date June S, 1979.
May 27, 1979) ' ‘ Lower residue concen-
0.140 1 0.010 (at seeding) trations in year 2 con-
o . sidered to possibly reflect
- 0.066 £ 0.015 (+ 6 wk) a much cooler and wetter
. : : spring in 1979 than in
0:018 + 0:006 (+ 18 wk) 1978.
112 kgha' 0.8 (at application)
~+ (Now. 1,.1978) : ‘ o
’ 0.215 + 0.043 (at seeding)
0.143 £ 0.021 (+ 6 wk),
10,074 £ 0.005 (+ 18 wk)
224 kgha' 1.6 (at application)
(Oct. 23, 1977) i )
- 0.542 1 0.059 (at seeding)
. 0.386 1+ 0.047 (+ 6 wk)
0.244 £ 0.010 (+ 18 wk)
Charloﬂctoﬁ P.EL: 1.0 kgha 0-10 cm NR ~ Half-life -(daysA:E Jensen, Ivﬁny; and
Charlottetown fine May 1978 standard error) Kimball 1983
sandy loam (2.1% S . ) of 164 + 14.9.
OM,, pH 6.1) Mid-June 1979 0.21 (+:320d) .

- Half-life of 148:0 £ 13.0.
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Table C-1. Continued'

‘ Location/soil type

31% water at field

capacity)

10% (+ 3 mo)
1% (+ 7. mo)

0% (13 mo)

5

for 1.1 kg-ha™ applica-
tion rate. Application
of herbicide onto
disced and rotary-tilled

» soil, immediately ‘incorpor-
-ated into top 2.5 cm with

rotary tiller and seeded
(carrots) 1 d later.

Total rainfall 14.7 cm in

12 wk following experiment
initiation and soil - described
‘as warm and wet after first
month.

Application Residues :
(% organic matter; rate Soil depths (mgkg " except . Results and
pH: moisture content) (as % ai) measured when noted) comment Reference
.
Kentville, N.S:: May 1978 NR Half-life of 144:3 +31.3.
- Somerset loamy sand - -
(1.1% O:M,, pH 5.2) Mid-June 1979 0.27 (+ 320 d) ‘Half-life of 164.1 £ 15.4.
" Fertilized and disced prior to
application, herbicide incor-
“porated with rototiller/disc
harrow ‘twice to 8-10 cm’
B immediately following
application and seeded” -
‘(commercial peas) within 2 d.
- Suggested that a cooler -
climated. and shorter growing
scason would prolong the
persistence in castern: Canada,
Lower Rio Grande © Llkgha' 0-25cm 50% (+ 3 wk) Reported that data on Menges and Hubbard
Valley, Tex.: . (Nov. 1) ‘ percent activity with 1970 :
Hidalgo clay - ‘ 0-5cm 20% (+ 1 mo) 0.6 kg-ha™ applica-
- (1.7% OM., pH 8.0, . : _ tion rate similar to that




Table C-1. Continued

‘Location/soil type ' Application - Residues o i
(% organic matter; _ o rate » " Soil depths (mgkg" except " Resuits and’ » .
pH: moisture: content) ) (as % ai) measured: | when noted) ~comment . ’ : Reference

~

Beltsville, Md.: » " 2.84 kgha'! 0-5cm 29% (+ S0 h) . o Herbicide not incorporated " Glotfelty et al. 1984 -
Hatboro silt - . (August 8, 1975) - - . but left on soil surface.
loam (1.2% OM) . : ©50% (5-14h) Application of mixture
C ‘ : ' included 3.55 kgha™
. : . ‘heptachlor, 0.72 kg-ha
- ) . . " chlordane, and 5.11 kg-ha™
' B : . dacthal. | R
2.80 kg/ha' : L o 13% (+ 50 h) . Application of mixture
- _ . (June 10, 1977) . - : included 1.10 kg-ha™
o ) X ) _ ) . o 50% (1-18 h) - . . lindane. Soil reported to
: ) ‘ - b - be more compact than above
dae to previons rainfall.
Herbicide loss from soil
followed ﬁist—ordcr kinetics.

N

Salisbury, Md.: . 2.50 kg-ha '0-5 cm . . 75% (+ 50 h) ' Application of mixture also
s Norfolk sandy loam C o (July 14) L , o ' included 3.75 kgha
s o . : ) heptachlor, 0.84 kg-ha'

' : ‘ : T chlordane, and 0.62 kg-ha™
lindane. For ali experiments,
mixtures were applied to bare

-soil and. allowed to remain
on the surface. '

Stoneville, Miss.: - i 1L.Omgkg' NR 0 50%(+50d. _ Greenhouse study. Water ’ Savage 1978
Bosket sandy loam ' : (50-g samples) range of 29-60-d) * - emuilsion of herbicide '
(1.5% O.M,, field o : ' . - ) thoroughly mixed with soil
- capacity 0.33 : ' . » A -and transferred to plastic
‘bar moisture tension) - - - ' pots 20 cm in diameter.
’ - . . : - . . Dissipation rates exhibit
Sharkey clay (4.2% : o 1.0 mgkg! - _ 50% (+91d. - . first-order kinetics
O.M,, field capacity ’ ) . range of 45-124 d) L (r values .are 0.90 and 0.97
maintained as-above)- - ' . ) for the Bosket and Sharkey
- ’ - ) : ) s0ils, respectively) (P = 0.05).
0.5 mgkg! ' . NR _ 50% (+48 d) o Maintain at field capacity:
(70-g samples) ) : . " (i.e., 0.33 bar moisu;m:A
. ' ‘tension). Dissipation
rate has r value of 0.97.
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Tablé C-1. Continued.

Location/soil type
(% organic matter:

" pH: moisture content)

Application
rate
(as % ai)

Soil depths -
measured

Residues .

" (mgkg! except
when noted)

Results and'
comment

Reference

As, Norway:
Loam (2.8% carbon,
pH 5.6, 60°N and

80 m above sca level,

3.5 mo of 12 with
soil temperatures

" above 10°C)

0.5 mgkg™

1'kgha'
(May 22)
(Treflan used:
240 g ai-1")

Skgha'

NR
(70-g samples)

0-10 cm

50% (+ 20 d)

 50% (+ 55 d) -

© 50% (+ 56 d)

50% (+ 6.d)_
50% (+74d)

0.3 (+ 17 wk)

11 (+ 51 wk) .

Pots without drainage holes
and water added until free
water remained (alternated
with 20-d drying period
for subsampling): Dissipa-
tion with r value of 0.90.

- Maintain at field capacity. =
. -Nonautoclaved soil (r value .

of 0.99).

. Autoclaved soil (r \_;'aluc

of 0.97).
Flooded.as previously de-
scribed. Nonautoclaved

. soil (r value of 0.98).
_-Autoclaved soil (r. value
- of 0.99).

Lowest value and no further
decrease in next year.
Maximuin reached (4 wk
after application (sug-

.gested to possibly be -

result of movement in the
soil).

- Lowest valué and no further -

decrease measured.
Maximum levels as above.

Incorporation with rotary
cultivator to approximately

- 15.cm immediately after
- spraying and sown with
fodder rape.

‘Solbakken ef al. 1982




Table C-1. Continued

Location/soil type Application. - Residues

(% organic: matter; rate " - Soil depths (mgkg' except - Results and- _ )
pH; moisture content) (as % ai) ..~ measured . when noted) comment ° ) Reference
Holt, Norway: 1 kg-ha™ . _ - 0.1 (+ 14 wk) Lowest value and no further

Loamy sand - (June 15) . - decrease observed..

' (6:2% carbon, pH 6.2, ' . : >

70°N and 10 m above S kgha' ’ ‘ ) 0.4 (+ 66 wk) - Lowest value at experiment

sea level. 2 mo
of 12 with soil:
temperatures
above 10°C)

'lgv

‘end.

_Reapplications at both

locations in the following
year (May'15 for As and'

© June 6 for Holt). The
residue curves showed similar . N

patterns to those of the first
year:

Incorporation as for As.
Reported that the climate at
Holt-.compared to As did not
show extraordinary-dry or
wiet periods.or variations in
temperature. However, soil

" appeared to have a greater

influence on persistence
than climate.
In the first ycar, May—Sept.

" mean temperatures and pre-

\

cipitation were respectively
12.9°C and 331 mm for As

“(both below normal) and

9.0°C and 264 mm for Holt
(temperature above normal,
but precipitation below
nomgal)-., )

‘Despite comparably lower

precipitation and temper-’
ature and-greater percent
organic matter (apparently

a reflection of %C); residue -
persistence was less at ‘
Holt than As. This trend
contradicts the findings

of other studies.




Table C-1. “Continued

Location/soil type

v

T As above but.mixed

with triallate in
a 1:2 ratio by weight

0.75 kg-ha

May 78 (emul-
sifiable concentrate
399.1 kg-m?)

- As above but mixed

with triallate in
a 1:2 ratio by weight

26'+ 4% (+ 10 wk)

12 £ 1% (+ 20 wk)

28 + 0% (+.10 wk) -

20 £ 1% (+ 20 wk)

37 £ 2% (+ 10 wk)

21 % 3% (+ 20 wk)

- Application o Residues :
* (% organic matter; : rate : ~ " Soil depths (mgkg! except ) " . Results and .
pH: moisture content) (as % ai) " measured when noléd) ) : comment - ) Reference
Regina, Sask.:_ 0.75 kgha' 05cm ‘ % remaining (averages t+ Herbicide incorporated . Smith 1979
Regina heavy clay May 77 (emul- : i ’ " “standard deviation) - - into soil, but procedure NR.
(physical character- isifiable: concentrate 30 £0% (+ 10 wk) . .
istics NR) i 399.1 kg-m™) . o
‘ : 19 0% (+ 20 wk)
" As above but mixed 34 % 1% (+ 10 wk)
with triallate in , ' o
a 1:2 ratio by weight 31 +.3% (+ 20 wk)
0.75 kg ha 23 + 2% (+ 10 wk)
May 78 (emul- - J
sifiable concentrate 16 + 4% (+ 20 wk)
399.1 kg-m®) i o -
As above but mixed 22 £ 1% (+ 10 wk)
with triallate in :
a 1:2 ratio by weight 12 £ 1% (+-20 wk)
White City sandy 0.75 kgha' 31.1 4% (+ 10 wk)
loam (physical - May 77 (emul- Co o
characteristics . sifiable concentrate 9t 2% (+ 20 wk)
NR) 399.1 kg-m™) .




Table C-1. Continued

. Location/soil type
(% organic matter;
"pH; moisture content)

Application S
rate . _, Soil depths
(as % ai) . measured

Residues
(mgkg' except
when noted)

Results and
comment

Reference

Nashville, Tenn.:
Egam loam

(141% OM.,

pH 6.15, 1.5% slope
and moderate to
good permeability,
9% soil mixture -

air dry soil weight
basis at time of
herbicide: application)

17

Beason clay
(1.69% OM.,
pH 6.0, 0% slope
with impeded drain-
age, soil moist
15% at time of

" application)

© 0.84 kgha'  0-305cm
. (emulsifiable -

concenﬁ'@e
479.3 kg’-m" )

127 kgha' - ~

(June 19)

1.68 kg-ha'
(Juoe 19)

0.12kgha'. -~ - - 0-30.5.cm
(June 19) :

0.077 (June: 28)
0,037 Guly 14)
0.008 (Aug. 28)

© 0.007 (Sept. 28)
0.002. (Nov.. 17) .
0.109 (Jt‘l\ne 28)

_ 0.037 (July 14)
0:033 (Aug: 28)
0.011 (Sept. 28)
0004 (Nov. 17
0,134 (June 26)
0.02 (Jul'yl 14y
0.027 (Aug. 28)

- 0.026 (Sept. 28)
0.009 (Nov. 17)
'0.065 (June 28)

0.045 (July 14)

© 0.004:(Aug. 28)

'0.003 (Sept: 28)

0 (Nov. 17)

Herbicide incorporated
to 9.8-cm depth immediately

" following:application and

soybean planted June 20.
The growing season was
recorded to be wetter than

" normal, -alihough August and

September received sub-
normal precipitation. '

Until August, daily temper-
atures were slightly below .
normal, but 3°Fito 6°F above
normal ‘later in the season.
Dissipation described by

" first-order kinetics. with

calculated half-life of
35.8 d, although this value
is not supported by the
raw data. :

At an application rate of
1.68 kg ai -ha’, 29.1%
residue- persisted after

9 d and:2.0% after 21 wk
(based on theoretical
concentration :at time 0
(1e., 0.46 mgékg"). .

Half-life of 25.7 d not
supported by raw data. -
At an application rate.

of 1.68 kg aiha™,

18.3% residue persisted

after 9d and 0.5% after

21 wk (based on theoretical
concentration at time 0

(ie., 042 mg-kg").
Longevity: basically the-

Duseja, Akunuri, and Holmes 1980 -

e
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Tablé C-1. Conﬁnped

Location/soil type . Application- . . : Residues )
(% organic matter; { rate : Soil depths (mgkg" except . Results and
pH: moisture content) - (as- % ai) measured when noted) - » . comment Reference
" 1.68 kg-ha'l o . 0.077 (June 28) ‘ " same in each soil although
(June 19) : . the clay soil was treated
0.020 (July.14) - . at higher rates of herbicide
" application. - S -
0.009 (Aug. 28) . ’
0.013 (Sept. 28)
0:002 (Nov. 17)
24 kgaiha' - : © 0.188 (June 28) B
(June 19) ' - A )
0.042 (July 14)
0.039 (Aug. 28)
0.008 (Sept. 28)
" 0003 (Nov. 17) . )
Nashville, Tenn.: _ : 0:84 kg ai-ha - ) . 0.272Uune 11) _ Herbicide incorporated ' Duseja, Akunuri, and Holmes 1980
Egam loam : (emulsifiable . ) . . . to 9.8-cm depth immediately :
(same plots - ) " concentrate: 0.092 (July 12) following -application -and
used as in above 479.3 kg-m™) _ ‘soybeans planted June 14.
study but physical ~ (June 11) V ~ 0014 (Aug. 23) The growing season was B
characteristics of . : ' i o ) _ ~ recorded to be wetter than
soil NR) . : i o - . 0.007 (Oct. 15) -normal and the average e
' - ' : o _ ' daily temperatures were.
- 1,27 kg-ha' o v 0.337 (June 11) . --sub-normal. Degradation
" (June 11) ) ; . : described by first-
0.123 (July 10)° order kinetics with - _
. o half-life of 27.1d, » - N
0.045 (Aug. 23) although tliis value is not

supported by the raw data.

- 0.019 (Oct. 15)
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Location/soil type
(% organic maiter;
pH: moisture content)

Application

- rate

(as % ai)

Soil depths
measured

Table C-1. Continued.

Residues
(mgkg' except
. when noted)

Results' and

© comment

Reference

Beason clay
(same as for
Egam loam)

Bushland, Tex.:

Pullman silty clay

(1.6% O.M.)

1.68 kg-ha

(June 11)

1.12 kgtha™*
(June_11) "

1.68 kgha'
(June 11)

2.24 kgha
(June 11)

(spring)

0-30.5 cm

(onbeds) -
0-15.2 cm
(in furrows)

' 0:614 (June 11)

0180 Quly 12)
0,049 (Aug. 23)
0018 (Oct. 15)

' 0:459 (June 11)
0.102 (Jﬁl); 12)

0.027 (Aug. 23)

© 0.009 (Oct. 15)

0.602 (June 11)
0.141 (July 12)
0031 (Aug. 23)
0.012 (Oct. 15)
0.914 (June 11)
(;. 176 (July 12).
0.044 (Aug. 23)

. 0.017 (Oct. 15) -

36% (+ 6 wk)

14% (+ 3 mo)

At an ap];licatibn rate of

1.68 kg-ha™, 29.3%
residue persisted after
31-d and:2:.9% after 18 wk
(based on actual concen-
tration at time 0, June 11)

. - Half-life of 27.0 d not.
" supported by raw data.

At.an application rate
of 1.68 kgha'; 23:4%
residue persisted:

- after 31 d and 2:.0% after
. I8 wk (based on actual

concentration at.time 0, .
June 11). Temperatures

. in 1978 study warmer

and first 2 mo. -
(June/Tuly) received more
rainfall (31.75 cm) than

in 1980 study (22.1 cm).
These climatic factors con-
sidered to contribute to
higher residue levels. in

" 1980 study.

Axe, Mathers, and Weise 1969
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Table C-1. Continued

Residues

Location/soil type Application .
(% organic matter; rate - Soil depths (mgkg™ except Results and -
p_H;: moisture content) (as % ai) measured when noted) comment Reference
Shafter, Calif. 1.7 kgtha™ " 0-30 cm 0.06 (year 1 at harvest) Each year of study Miller et al. 1978
Panoche loam (each year for (average of i cotton plants shredded and -
(<1% OM.) 6 years during last 2 top I5-cm 0.10 (year 4 at harvest) returned to soil by disking.
: : week of June or depth in- ' ] Applied as direct spray to
first week of July) . crements) - 0.105 (year 5 at harvest) base of cotton plants at
; ' e - time of last cultivation and
. 0.075 (year:6 at harvest) incorporated same day with
two passes of arolling
i . ciltivator. Two furrow
0.03 (1 yr after 1st irrigations per year
-application) " (first within a few days
0015 (1 yr after of .application). Chemical ~
* 2nd application) -analysis at harvest
- -0.01 (1 yr after 3rd of cotton, From 30 to
application) B 120 cm depth, residue
0.07 (1 yr after was not detectable
4th application) (limit of detection was about
-0.045 (1 yr after 5th 0.02 mgkg™ for year 4 for
application) each 15-cm depth increment
-0.02 (1t yrafter-6th * below 30 cm and for year |
application) where: analyses not obtained
. . i below 30 cm (this refers to
0.8 kgha' -0.015 (1 yr after 3cd analysis at harvest). Harvest
application) approximately 6 mo after
- “0.015 (1 yr after application: For -
4th application) - 0.8 kg-ha™ application,
-0.045 (1 yr after 5th samples were not taken for
N application) 1 yr after each of first
=not detectable (1 yr - and second yr application.
after 6th yr application) o
Nashville, Tenn.: 15 cm (used Lab study (soil with Duseja 1982
Etowah silt loam for lab :study) stated propertics removed
(1.79% O.M., . from field, dried, ground,
pH 64, 64% i . ‘ passed through sieve and -
ficld capacity) _ "spiked" with herbicide); -

-40 g incubated in styrofoam
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"Table C-1. Continued

© 35.0°C

Location/soil type , . Application -

) Residites . .
(% organic matter; ‘ rate: Soil depths (mgkg! except. Results and
pH: 'moistire Vcontcnt)v ) " (as % ai) measured' when noted) © comment Reference
pH 5.3, 50% soil .- 0.5 mgkg”' - 10 g of cups -and moisture replenished
moisture . o each 40 g _ every 24 h. Soil )
22.8°C ! per replicate 873% (+ 7d) moistures maintiined
: ’ o in the lab as 50% and 100%
35.0°C of the field capacity.

100% soil moisture

- 350°C

pH 6.4, 50% soil
moisture
22.8°C .

35.0°C N

100% soil moisture

pH 7.5, 50% soil

" moisture

22.8°C

35.0°C

100% soil moisture
35.0°C

69.’7% +74d)
34.7% (+ 17 d)
348% (+ 7 d)

25:5% (+ 17 &)

%0.0% *7d)
57.6% (+7 d;
2% (+17d)
24.2% (+7d)

20.0% (+ 17 d)

89.7% (+ 7d)
A% 1)
37.9%-(+ 17 d)
48.5% (+7 d)

" 303% (+17 )

Residue values followed by
same letter within same time
interval are not signifi-
cantly different at. 1% level
according to Duncan multiple
range test.




~ Table C-1. Continued .

Location/soil type Application Residues -
(% organic matter; . rate Soil depths " (mgkg! except Results and
pH: moisture content) (as. % ai) measured when noted) comment Reference -
Kentville, N.S:: 1.0 kg-ha™ 0-10cm 0.42 (Nov.. 26/77) Incorporated to approx- Jensen and Kimball
Berwick loamy sand’ (Nov. 26, 1977) . (20-g sub- imately 10 cm immediately 1980
(4.2% O:M., pH 5.2) : samples) 0.26 (Apr. 16/78) after application with-a :
T ’ : . rototiller. Following
0.18 (May 16/78) spring -application,
: entire plot tilled
0.16 (June 20/78) and planted to peas;
' No difference (P = 0:5%)
0.14 (Aug. 29/78) between soils: in terms of
) overwinter losses (i.e. -
- 0.12 (Nov. 23/78) from Nov. 26/77 to Apr. 16/78).
Reported that "the relatively
0.75 kg-ha'! 0.34 (May 16/78) long period of high soil

€S

[
N

Somerset loamy
sand (1.3% O.M.,”
(pH 5.3)

(May 16, 1978)

1.0 kgha'
(Nov. 26, 1977)

0.75 kg-ha™
- (May 16, 1978) .

0.24 (June 20/78)
0.19 (July 20/78)
0.20 (Aug. 29/78)
0.15 (Nov. 23/78)
0.36 (Nov. 26/77)
0.2 (Apr. 16/T8) '
0.23 V(May 16/78)
0.17 (June. 20/78)
0.7 (Aug. 29/78)
0.17 (Nov. 23/78)
0.38 (May 16/78)
0:40 (June 2oné§-
0.30 (July 20/78)
0.32 (Aug. 29/78)

0.28: (Nov. 23/78)

moisture following the spring

‘thaw may favour” the: measured

overwinter losses. Half-life
of 126 d following the
spring application on’
Berwick loatny sand.

Over the 190-d spring test -
period, the herbicide level

. did not dissipate to 50%

in the Somerset. loamy sand
despite organic matter
content lower than the
Berwick loamy sand.




“Location/soil type

‘Table C-1. Continued

Residues

N

Application - . p
. (% organic matter; rate . Soil depths .~ (mg kg except "Results and B
pH; moisture content) (as: %, ai) : ~ measured - when noted) comment Reference
Buchland, Tex.: 0.8 kg'-ha" 0-7.5cm 0.15 (Aug. 1/81) -Sprayed broadcast'and . . Warner, Winter, and Weise 1987
Sand (1.3% OM.,, (2 wk before late - incorporated with a rolling T »
pH 5.3) o May/81 - preplant 0:04 (Oct. 15/81) cultivator approximately
incorporated) : : 2 wk before planting soybeans
: ' 0.08: (Feb. 18/82) _in late May (preplant
N - ) . incorporated). Sprayed
0.8 kgha' - 0.22 (Aug. 1/81) ibroadcast at layby -
“(mid-July-layby) on soybeans- and incorpor-
. 0.10 (Oct. 15/81) ated as above in mid-July.
: Received preplant irri-
0,06 (Feb, 18/82) gation, rainfall and four
: . - additional imrigations
0.8 kgha 0.36 (Aug. 20/82) during the summer (total ,
(2 wk before: late ' : of 50 cm irrigated water
- May/82 - preplant 0,22 (Oct. 15/82) . each yr). -
iincorporated) - ’ ) Experiment.repeated the fol-
] 0.14 (Mar. 15/83) lowing: yr:(i.e., May/81 and ~
g‘; _ . . Méy/82);, 24.6 cm rainfall '
0.8 kgha _ - 0.40 (Aug. 20/82) in the 2nd week of Aug.
(mid-July-layby) , - 1981, shortly after imi- - -
. . . 0.36 (Oct. 15/82) gation. and flooded the level
: o - borders for 3 d (believed -
0.32 (Mar. 15/83) that the anaerobic condi- -
: tions probably caused
rapid breakdown of the herbi-
‘cide). ‘The residue decrease
was not as great in 1982
experiment where: flooding
: o did not. occur.
Woodslee, Ont.: 1.0 kg aiha™ 0-10 cm 50% (+ 116-173 d) - Applied with metribuzin Gaynor. 1985
Brookston. clay loar - (0.5 kg ai-ha™) preplant o

(3:6% O:M., pH 6.6)

May .23, 1979

June 21, 1980

35% (+ 110 d) -

incorporated (to 10 cm

. with a disc in 2 direc-

tions) to soybeans; 1st
order rate of loss identified
t 1/2 (half-life in days)= -
In 2/K;

k(regression cocfficient) =

-0.005 £ 0.001 and R¥(coefficient”
‘of determination) = 0.70

for Brookston clay loam, 1979; .

" k= 0.005 + 0,003 and R* =:0.39
for 1980. :
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‘Table C-1. Continued

Location/soil type Applicatit.m "Residues :
(% organic matter; rate Soil depths {mgkg™ except Results and
pH_: ‘moisture content) (as % ai) measured when noted) comment Reference
Fox sandy loam 2.0 kg aiha™ - Applied with metribuzin
Brookston clay loam (April 17, 1980) (0.75 kg ai-ha™) and
(3.6% O.M,, pH 6.6) . P . incorporated to 10 cm
) A E in 2 directions ‘with a disc;

0-10 cm 50% (+ 63-77 d) k = 0.010_% 0.001 and R* =:0.92;

10-20 cm 50% (+ 69-116 ci) k= 0.008 + 0.002 and R? = 0.78.

“Full depth 35% (+ % d) These depths were sampled, but

the- tabuilated data. for each
were not specifically desig-
nated to them, therefore, the

- residue-depth matchups for.the

2.0 kg -ai-ha™ are assumed.

Gaynor (1985) attempted to
assess.soil persistence in
southwestern Ontario soils as
compared to those of the
prairies and the maritimes

o

~ {average tcinperaturcs: are

2°C4°C higher in southwestern
Ontario, and this area receives
59% more rainfall than south
Saskatchewan, but. 219%—25% less
than the Maritimes), but sug-
gests that soil type. docs not

have an effect on persistence

in this-case (the data do

not support his.conclusion)

" and may be related to the

low organic matter content
(less than 4%).




Table C-1. Continued

' Location/soil type Application Residues ? o
(% organic matter; rate Soil depths (mgkg™ except _ Results: and .
pH: moistire content) (as % ai) measured when noted) - _ comment 7 Reference
Regina, ‘Sask. . 1kgha' 0-5cm 16% (+ 10 wk) Incorporated to 5-cm depth 7 - - Hayden and Smith 1980 -
Regina heavy clay May 4, 1977 with a small fork. Less - : -
. (physical character- C 9% (+ 20-wk) than 2% of the applicd.
- istics NR) ' herbicide was-found in the
6% (+ 52 wk) 5-10 cm soil depth; over
. ' : 64% lost in first 10 wk;
May 4, 1978 27% (+ 10 wk) Minimal overwifitering losses.
Slower losses from the-soils:
16% (+ 20 wk) . in 1979 attributed to later
" application date and drier
~ © 10% (+ 55 wk): conditions (10.8 cm precip-
- . itation compared to 254 cm
" May 31, 1979 36% (+ 10 wk) and 27.8 cm for 1977 and 1978,
| - ) respectively, from :time of
‘ 29% (+ 20 wk) _ application until freeze-up), .
o \ o . which would reduce volitiliza-
: 20% (+ 48 wk) tion (considered to be the
s _ : h most important means of
: White City sandy May 4, 1977 20% (+ 10 wk) dissipation).
loam (physical ~ - ) _
characteristics - 7% (+ 20 wk) i
NR) : - .
7% (+ 52 wk)
May 4, 1978 34% (+ 10 wk) |
19% (+ 20 wk)
" 13% (+ 55 wk)
May 31, 1979 30% (+ 10 wk)
" 25% (+ 20 wk)
" 15% (+ 48 wk) ,
Manitoba NR NR 17%—26% (+ 50 wk) Review. paper Smith 1983
(physical char- (May application) . ’ :

- acteristics NR)




LS

Table C-1. Continued

Application

(4.2% OM., pH 7.3,

‘ field capacity 40%)

Jameson, Sask.:

" Asquith sandy loam

(32% OM., pH 6.7,
field: capacity 12%)

Melfort, Sask.:
Melfort silty loam
(11.7% O.M., pH 6.2,
field capacity 35%)

-and 1974)

May 1972, 1973

May 197_2', 1973

1.1kgha'
(May 1972, 1973

and 1974) -

May 1972, 1973

1.1 kgha'

(avg. 10% £ 2%) + Smo

- 16% £5%, 5% + 0%
+ 12 mo ‘

3% t 0%, 3% £+ 0%
+ _17 mo '

14% + 1%, 14% + 6%, 11% + 4%
(avg. 13% % 2%) + 5 mo

17% + 4%, 9% + 3%
+ 12 mo

7% * 2%, 2% + 0%
+ 17 mo

31% t 1%, 24% & 6%, 15% +4%
(avg. 23% + 8%) + Smo

35% + 3%, 19% + 3%
+ 12 mo .

16% t 3%, 14% + 2%
+ 17 mo

small fork.

<2% of the herbicide
-applied was recovered
from the 5-10 cm soil
depths.

Incorpm"ation to S-<cm

depth for 2 min. with.
small fork.
<2% of the herbicide

~ applied was recovered
from the 510 cm soil

depths.

Incorporation to 5<m
depth for 2 min with

small fork.

<2% of the herbicide

applied was recovered

from the 5-10 cm soil
depths.

- Location/soil type ‘ Rcsnducs ' ‘
(% organic matter; . rate -Soil depths (mgkg' except Results and
pH; moisture_ content) (as % ai) ’ measured * when noted)’ commerit Reference
Saskatchewan NR _ NR 8%-53% (following October).
" (physical char- (Spring " application)
acteristics NR)
NR NR " 17%~T1% (following spring)
(Fall application) [
Nova Scotia NR | 44%-74% (+ 28 wk)
(physical char- {(May application) ' ’
acteristics NR) ™ T :
NR ) '60% (following spring)
(Fall application)
Regina, Sask.: l.1kgha' . 0-5cm : . Incorporation to 5 cm Smith and Hayden 1976
Regina heavy clay (May 1972, 1973 12% t 4%, 8% + 2%, 11% + 3% depth for 2 min. with ' » N




Table C-1. Continued

" Locationfsoil type -

Application

Residues
(% organic matter; C rate Soil depths (mgkg" except Results and
pH: moisture. content) (as % ai) measured when noted) comment Reference
Saskatchéwan: 0.75 kg-ha' 0-5 cm- S Incorporation to Scm-  Smith and Hayden 1982a
Sandy loam (soil 2nd wk May 1979 - 33% t 3% + 22 wk depth with a small fork. .
conditions NR) . : - Plots left fallow and
2nd wk May 1980 39% + 4%-+ 22 wk hand weeded.
V ' S No residues found below
- 2nd wk May 1981 13% + 2% + 22 wk ~ 5-cm depth: .
T o ' Losses of trifluralin
. 0.75 kgha not significantly affected
C+20 kgha by the addition of
chloramben ] ' chioramben.
- 2nd wk May 1979 25% t 2% + 22 wk : /
2nd wk May 1980 40% + 2% + 22 wk !
2nd wk May 1981 13% £ 2% + 22 wk
Heavy clay 0.75'kg<ha'i ) .
0  (soil conditions 2nd wk ‘May 1979 40% + 4% + 22 wk
. NR) . .
2nd wk May 1980 53% + 3% + 22 wk
2nd wk May 1981 16% % 11% + 22 wk
0.75 kgha
+2.0kgha'! -
. chloramben B ‘
2nd wk May 1979 47% t 5% + 22 wk
2nd wk May 1980 - 45% + 6% + 22 wk
> ‘ .
’ 2nd wk May 1981 15%. +.3% + 22 wk .
Stoneville, Miss.: 0.84 kg-ha" Full depth © 0.10-+ 8 wk * Half-gallon cartons - Savage and Barnentihc
‘Bosket silt loam (10 cm) (1.3 cm incorporation filled with 2000 g of soil; 1969
(physical char- : depth) " appropriate depth of soil T
* acteristics NR) ) . -removed and .thoroughly
Full depth ‘0.16 + 8 wk mixed- with trifluralin
(10:cm) (3.8 em incorporation to achieve application
T depth) rate of 0:84 kg:ha'.
) . Planted with cotton and
Full depth 0.22 + 8 wk mominglory for 3 wk,
(10 cm) (7.6 cm incorporation chipped and planted with
depth) :

oats. Grown in greenhouse.




Table C-1. ‘Cohdnued

Location/soil type Applicatim, B Residues
(% organic matter; rate . Soil depths (mgkg! except : Results -and' B
pH: moisture content) (as % ai) measured’ " when noted) i comment Reference
Moisture maintained 112 kgtha' Full depth 0.19 + 8 wk As above but no plants:
at field capacity (10 cm) (1.3 cm incorporation .’ grown. - :
(NR) : depth)
Full depth 025+ 8 wk
(10 cm) (3.8 cm incorporation.
depth)
Full depth 0.30 + 8 wk
(10 cm) . (7.6 cm incorporation
- depth)
As above, but soil 0.84 kgha' July 28, 1967 (+ 12 wk) Herbicide applied in
moisture NR . May 12, 1967 } : ‘ _field to.a 51-cm band on
: : top.of preformed rows.
0-10.cm 0.015 (surface application) - Incorporation treatment
. ST S . _ includes surface applica-
0-10-cm . 0.18 , tion, incorporation to o
: (2.5-5 cm incorporation 2.5-5 cm using a double ~
depth) lawn mower reel incorporator
o : and incorporation to '
0-10 cm . 0.305 7.6-10 cm with a power
_ {7.6~10-cm incorporation cultivator.
depth)
Ianuary 22, 1968 (+ 40 wk) -
0-10 cm _ 0.015 (surface application) .
0-10.cm - 0.055 ) .
. A N (2.5-5 cm incorporation depth)
- 0~10-cm 0.020 ' )
: { - (7.6-10 cm incorporation depth)
4.48 kgha' January 28, 1967 (+ 12 wk)
~ May 12, 1967 ‘ S _
' 0-10 cm 0.06 (surface application) —
) 0-10cm 0.735 o - \
- : (2.5~5 cm ‘incorporation depth)

0-10cm . - 103
: (7.6-10-cm incorporation depth)
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- Table C-1. Coatinued

Residues

Location/soil: type ‘Application o
(% organic matter: rate. . - Soil depths (mgkg” except Results and
pH:: moisﬁlrp content) (as % at) measured when noted) - comment Reference -
-December 19, 1967 (+ 36-wk)
0-10-cm 0.02 (surface application)
0-10 cm : (()22
(2.5~5 cm incorporatibn depth)
0-10 cm S 0415 -
A - ' . (7.6-10 cm incorporation depth) _
. Regina, Sask:: 1.25 kg ha' “ : , Incorporation to S-cm Smith and Hayden 1982b
Heavy clay 1st wk September 0-5cm : " 37% 20d wk of following . ‘dépth with a small fork. : L
. (physical char- ' ' May (average for 5 yr) - With exception of one-
acteristics NR) : ‘ R application years, all
’ 1st wk October 0-5 cm o 38.6% 2nd wk of follow- data within other applica- .
s ing May (average for 5 yr) tion years not significanily
’ N different at the 0.01 level
1st'wk November 0-5 cm : .38.6% 2nd wk of follow- (Duncan’s multiple range
ing May (average for 5 yr) test) whether different soil
: . . ‘ type or'different month of
Sandy loam 1st wk September 0-5cm : - 31.2% 2nd wk of follow- application. This suggests
(physifal char- ) ing May. (average for 6 yr) that the difference between
acteristics NR) . : - _ the average values is also
1st wk October . 0-5cm ’ 33.3%2nd wk of follow- .quite small.
i ing May (average for 6 yr) Less-than 2% of the applied - ~
: o herbicide detected in the
Ist wk November . 0=5cm 34,3% 2nd wk of follow- 5-10 cm depths.
- ' - ing May (average for 6 yr) - - -
Haifa, Israel: 4.0 mgkg NR B 2.4 mgkg' (10°C) ©  Soil sieved; mixed Horowitz, Hulin, and Blumenfled,
1974 : _ - ) . -
Newe la’ar soil : with trifluralin, and 1 kg
(2:5% O.M., 50% of 4.0 mgkg NR 1.6:mgkg™ (20°C) placed in a double poly-
field capacity, ‘ cthylene bag. Incubated
pH NR) ) 4.0 mgkg NR 0.8.mgkg” (30°C) in the dark at’
— ) 10°C, 20°C, 30°C, or 40°C.
4.0 mgkg NR 0.5 mgkg" (40°C) Water lost by evaporation,
) ) ) - - was replaced to initial
8.0.mgkg NR. - 6.4 mgkg' (10°C) moisture level.
, Incubated for 2.mo.
8.0 mgkg. NR 3.5 mgkg™ (20°C)
8.0 mgkg - NR 1.2 mgkg™ (30°C)
8.0 mgkg NR 0.8 mgkg™ (40°C)
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Table D-1. .Observed or Calculated Trifluralin Bloconcentration Factors in Aquatic Biota

Species/ . Exposure medium. Formulation o ‘Treatment

tissue” . (single, continuous) (% ai) BCF duration * ©  Comments o Reférence
Fish o Static exposure to’ Trifluralin 1000 1d Static microcosm study with * Yockim, Isensee, and
(Gambusia affinis) waler containing >97%) 3140 3d “C_-triﬂilrili'n introduced Walker 1980
. . 0.21t0 0.9 pgl?* | 750 7d " adsotbed to soil. Continuous- o
. over 30-d period ‘5750 - 154 flow microcosms received .
- 2630 30d trifluralin dissolved in water
] ) via acetone carrier, BCF based -
Static exposure to Trifluralin 30  1d . on ratios of C in water -
water containing (>97%) 1080 3d and tissue. No discrimination
340 9.1pgl?! . : 380 7d of metabolites.
. over 30-d period 500 15d » : o
: R 300 30 d ) TN
Static exposure to 'i‘riﬂuralin ' 690 - 1d
water containing 97%) 1150 3d
36.9 to 160.1 gL . 350 7d
over 30-d period ’ 80 15d ) .
) 70 30d S
Continuous-flow Trifluralin 11000 1d
1 exposure to water >97%) 3000 3d .
‘ containing 0.1 to s 6000 7d . a v
0.8 jigL'! over e 1800 15d
, 30-d_period 3250 30d
Continuous-flow - Trifluralin 2200 © 1d
exposire to water C(>97%) 2670 3d
containing 0.5 to : 5710 74
2.6 pg'L" over - 2080 154
_30dperiod . 5080 304d
Continum_xs—lﬂow Triffuralin 1190 1d
; exposure to Water (>97%) 1910 3d
: containing 9.3 to s ) 3960 7d
29.8.ugL! over 4050 15d : ) .
30-d period 3810 30d L T
Snail Static exposure to . Trifluralin 1000 - 1d ‘Static micfocosm study with
(Helisoma sp.) water containing 97%) o 140 34 UC-trifluralin introduced
' o 0.2t 0.9 pgL?! _ v ) adsorbed to soil. Continious-
over 30-d period v : flow microcosms received
. trifluralin dissolved in water
. : . . via acetone carrier. BCF based
Static exposure to Trifluralin 150 1d on ratios of “C in water
o watér containing (>97%) 200 . 3d and tissue. No discrimination
. : . 34 to 9.1 pg L B 40 15d * of metabolites.
i over 30-d period : : ‘10 30d :
Stitic exposure to Trifluralin 150 1d .
4  water containing (>97%) 140 3d-
36.9 to 160.1 pgL! 40 7d
over 30-d period 20 15d .
_ —_— .20 . 304
BCF = concentration in organism or tissue/coricentration in medium (water or dief),
NR = not reported - ’ i
!
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Table D-1. Continued

Exposure medium

i

30d

Species/ Formulation Treatment - .
tissue (single, con;inuous) (% ai) . BCF duration Commerits Reference
Continuous-flow , Trifluralin 2000 - 1d
exposure to water/ . (>97%) 500 3d
containing 0.1 to ’ - 1000. 7d !
0.8 pgL"! over 600 . 15.d
30-d period 130 30d
Continuous-flow Trifliralin - 270 1d
exposure to water (>97%) 1110 3d
containing 9.3 to . 1590 74
29.8 pg L’ over 1090 15d -
30-d period . 870 30d
Green, filamentous ‘Static exbosuxe to Trifluralin 1000 1d Static microcosm study with
“algas watér containing L 97%) 290 3d UC_rifluralin introduced
(Oedogonium 0.2 10 0.9 pgL’! » 250 15d _adsorbed to soil. Corntinuous-
ca'rdi'aa'«m)/ over 30-d period ' flow microcosms received
- i ‘trifluralin dissolved in water ,
. . ‘ R via acetone carrier. BCF based
.  Static exposure to Trifliiralis 500 - 1d on ratios of '“C in water
" water containing (>97%) - 240 3d ~ and tissue, No discrimination
34 t0 9.1 pgL” - 240 - 7d " of metabolites.
over 30-d period 210 15d :
] 230 30d
Static exposure to Trifluralin © 1030 1d
water containing (>97%) - 160 3d
369 to 160.1 pgL™ ‘ 280 14
over 30-d period 210 15d:
. 220 30d
Continuous-flow Trifluralin 4500 3d
exposure to water >97%) 20000 7d
* containing 0.1 to . 2600 15d-
0.8 pgL* over , 1880 30d .
30d period ! ’ :
Continuous-flow Trifluralin . 1000 . 1d4-
_exposure to water - (>97%) 1560 - ©3d
containing 0.5 to 23640 7d
’ 2.6 pgL* over 4270 15d
30-d period 1240 304d
Continuous-flow Trifluralin 280 1d
exposure to water (>97%). 2560 3d R
containing 9.3 to o 4630 | 7d )
29.8 jig L™ over 3770 15d
30-d period 4730 304
Water flea Static exposure to Trifluralin 1000 1d Static microcosm study with
‘ (quMia magna) water containing (>97%) 140 3d “C-trifluralin introduced: -
' - 0.2 to 0.9 pg-L“ - 1250 7d adsorbed to soil. BCF based
over 30-d period 110 30d on ratios of C in water
: - and tissue. No discrimination
. - of metabolites.
- Static exposure to Trifluralin 560 . 1d
water containing (>97%) 1080 3d’
34 o0 9.1 pg L ) 280 7d
over 30-d period 20 15d
‘ 40
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Table D-1. Continued

Species/ Exposure medium Formulation - ‘Treatment )
tissue (single, continuous) (%o ai) BCF- duration Comments - Refm-mje B
Static exposure to . Trifluralin 530 1d
" water containing >97%) 630 3d
36.9 to 160.1 gL S 250 74
over 30-d period 40 154
) 30 30d
Fathead minnow Static exposure to Reagent grade 2361 40h _Spacie and Hamelink
(Pimephales water containing (NR) - ) o 1979
promelas) 20 gL' for 40 h R
Fish . River water NR 18006000 - NR It was reported that Thierren-Richards and
(various species) - (concentration of » : trifluralin is accumulated Williamson 1987
0.0018 mg L) by direct uptake from o
. : ‘ _water; fish residues
were proportional to ¢oncén-
tration in the.river water.
Fish Water NR 7200 NR - Water concentration refers Williamson 1984
(concentration of . o ‘ to that for trifluralin
1.8 x 10* mgL") plus métabolites. -
Snails Water NR 157000 . NR Water concentration refers
(concentration of ) to that for trifluralin
1.8 x 104 mg L") plus metabolites.
Algae Static water NR o 276 33d " 4 L aquatic microcosris con- Keamey, Isensee and
(Oedogonium microcosms ' g taining “C-triflirralin Konston 1977
cardiacum) adsorbed to soil. Daphnia,
snails, algae, and "oid
aquarium water" added
immediately. After 30 d,
. Daphnia rémoved and two .
fish added. All organisms .=~
harvested 3 d later.
Snails " Static water "NR 400 33d 4 L aquatic microcosms con-
(Helisoma sp.) microcosms taining "C-triflaralin
N adsorbed to soil. Daphnia,
snails, algae, and "old
aquarium water" added
immediatcly. After 30 d,
Daphnia removed and two
fish added. All organisms
harvested 3 d later.
Cladoceran Static water NR 92 30d 4 L aquatic microcosms con-
(Daphnia magna) microcosms ’ taining "C-trifluralin

" adsorbed to soil. Daphnia,

snails, algae, and "old
aquarium ‘water" added
immediately. After 30 d,
Daphnia removed and two-.
fish adsed. . All organisms
harvested 3 d later.
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 Table D-1. Continued

Exposure miediiitn

Species/ . Forh;ﬁlation, . . Tleatment ) Lo ) N
‘tissue (single, continuous) (% ai) ’ BCF dumiop,_ . Comme,n,ts; Reference
Mosquitofish Static water  NR C 33 3d 4L aquatic microcosms con-
(Gambusia affinis) microcosms : taining "C-trifluralin
: adsorbed to soil. Ddphnia,
- snails, algae, and "old.
- aquarium water” added
: immediately. After 30 d,
‘ "Daphnia removed and two -
N ; fish added. All organisms
harvested 3 d later.

Fathead n_ﬁhnow "Continuous exposure  Technmical - 961  425d Macek et al. 1976
(Pimephales to water containing,  (99).
promelas) 5.1 pgL"! (mean conc.) :
(eviscerated carcass)

Continuous exposure - Technical 1333 4254

to water containing (99) .

1.9 pgL’ (mean conc.)

Continuous exposﬁ . _Teghﬁiga;l : 389 425d

to witer containing |~ (99) : ,

1.5 ugL! (mean conc.)

N
.
o
\
. % -
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Table E-1. Acute Toxicity of Trifluralin to Aquatic Organisms
)] N . .
- ' : - LCo/EC,, (mg L")
: . Temperature Hardness - Formulation Zh B hH % h X
_Species Test gonditions"‘ °C) pH (mg CaCO, L") - (% ai) : : (confidence interval) ) Reference
" Saimo gairdneri S, M _ 20 74 a4 Technical © 560 330 . Mayer and Ellersicck 1986
- (Rainbow trout) ; : (95.9) @71-666)  (281-387) :
' . SM o 70° 74 4“ Technical 250 120
. _ , : . (95.9) S @187 (98-147)
S, M e 74 - a4 " Technical 167 9
: _ © . (95.9) (149-188)
S, M 180 7.4 a4 Technical = 100 <14
: (95.9) C T (79-127)
S, M 120 74 44 Emul. conc. 13.5 10
(46) O (113-162)  (7.2-14)
S, M 20 7.4 44 - Emulconc. 210 - 76
' : @46 .. (161-273) - (52-111) .
SM 2o 74 44 Emul. conc. 120
) (6) (86-161.3)
S, M 120 74 4 " Emulconc. 135 98
' . o : - (46) (92.5-1968)  (71.5-134:1)
S M- ' 120 . 74 4“ Emulconc. - 9% . 28
. , : ) (66-144) (18-42)
. s, M 120 74 ry Emul. conc. % 50
: . - (6) (67-136) (34-74)
M 120 74 44) Emul. conc. 78 - 41
- - (46) (S1-118) (26-62)
S M 120 74 320 . Emul. conc. 92 _ 43
/ : (46) L (63-134) (28-66)
S M 20 75 : 1 "Emul. conc: 86 42 -
. ’ _(@6) (58-126) (27-65)
S, M 120 6.5 a4 . Emul. conc. 56 33
o o @6 - (38-83) (24-46)
sSM - 120 8.5 44 Emul.conc. - 43 25
: . (46) (25-73) (15-41)

Note: Trifluralin acute toxicity data reported by Johnson.and Findley (1980) was also reported in Mayer and Ellersieck (1986).
*Test conditions: S = static : . ’ ’ _
" F = flow-measured . ' - - ’ N
M = measured ) ) ’
V' = unmeasured
NR = not reported
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Table E-1. Continued

LCEC,, (ng 1)

Temperature Hardness ‘Formulation » 24k 48 h %h ‘
Species Test-conditions* ©C) pH (mg CaCO,-L") . (%-ai) (confidence -interval) ‘ Reéference
S. M 70 74 M Emul. conc. 100
s (46) (58-172)
S, M 120 74 4 * Emul. conc. 0
- (46) (37-98)
§M 170 74 4 Emul..conc. 2.
: " (46) (16-30)
S, M ‘120 7.6 42 Emul. conc. . 53 51
. : (46) 39-72) (36-73)
(fingerling) S, M 120 74 a4 Emuil. conc. 130 86
; : (46) (96-180) (61-120)
(swimup fry) S, M 120 74 4 ~ Emul. conc. >1800. 83
. 46) . (53-130)
-s, M 120 74 40 Emul. conc. >1000 140
: : (46) . . (80-240)
S, M 120 74 4 Emul. conc. 370 170
o @6) (270-510) (160-280) ! i
s, M 120 74 0 Emul. conc. 430 - 160 :
- . (46) : .(310-500) - (96-270)
(yolk-sac fry) . S, M 120 74 -« Emul. conc. ' >1000 1600
. : 46) . (1200-2100)
Carassius auratus S.M 18.0 7.4 4 . Emul: conc. 700 -, . 145 Mayer and Ellersieck 1986
(Goldfish) - (46) (459-1068)  (108-195)
Pimephales promelas S, M 180 74 44 Technical 350 . 160 Mayer.and Ellersieck 1986
(Fathead minnow) : (95.9) (268456) - (116-220) _ o
i S, M 180 74 a“ Technical 05 0 124
‘ . [(95.9) (167-251) (95-162)
S, M 180 < 74 4 Technical 48 105 ~
- - -(95.9) (121-182) (83-134)
Ictalurus punctatus SM 180" 74 s Technical. 500 - Mayer and Ellersicck 1986
(Channel catfish) 4 : : (959) ~ (424-589) :
' o M 18:0 74 4“4 Technical 650 . 440 —
~(95.9) (436-969) (361-536)
' s, M %0 74 4@ Technical w00 210 -
: . (95.9) (198-809)  (135-375) -
s, M 20 94 44 " Technical 4400 . 2200
(95.9) (2460-7860)  (1420-3410)

)




Table E-1. Continued

LCW/ECy, (mg L")

Temperature Hardness ‘Formulation 24h 48 h 96 h
Species. Test conditions'_' °C) pl.-l (mg CaCO, L") (% ai) . -(confidence ‘interval) Reference
(swimup fry) 5, M 220 7.4 40 Techinical 330 )
R - (95:9) (213-511)
(yolk-sac fry) S, M 20 74 - 40 Technical 660
, (95.9) (520-830)
Lepomis macrochirus SSM 24 74 744 : Technical 225 18.5 Mayer and Ellersieck 1986
~ (Blucgill) 4 (95.9) (19-9-252)  (16.8-19.9) : B
N s, M 7 7.4 44 " Technical 1300 280 .
- (95.9) (1000-1700)  (240-330)
. S, M - 12 7.4 . 44 Technical 530 210
(95.9) (460-610) (170-250)
~ S, M 18" 74 44 Technical . 360 135
. (95.9) (300-430) . (120-160)
S, M % 74 44 “Technical 120 47 .
_ (95:9) (100-140) (40-55) —
~ = ' .
- S, M 29 74 44 Technical 10 8.4
. (9519) . (8-13) 6.5-11)
- S, M n 74 . 4. Technical 77 60
, : _ (95.9) (62.7-94.6).  (48.7-73.9) R
. SM 2 74 44 Technical 69 8
, o (95.9) (54-87) 47-70
SM 120 7.4 44 Technical 5600 w00
) » (95.9) . (300-540)
s, M 170 . 7.4 44 Technical 240
(95.9) © (170-330)
s, M 20 7.4 4“4 Technical 460 190
: (95.9) (340-630) (130-280)
s, M 20 6.5 40 “Technical 100"
. (95:9) (64-144)
S, M 20 7.5 40. Technical 260
. ’ (95.9) “(169-399)
S, M 22,0 8.5 40 Technical 120
(95.9) . (87-163)
S, M 20 1.5 40 Technical 440 140
- : - , (295-541) ~ (45-206)

(95.9)
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Table E-1. Continued

LC,/EC,, (mgL™

. Temperature. _ ‘Hardness Formulation 24h 48h ) 96 h —
Species: ) Test conditions* °C) pH (mg.CaCO, L") (% -ai) (cénﬁd_ence interval) . Reference -
SSM 2o T4 . 320 Technical . 400 70
N ' ’ : (95.9) (302-530) 47-104).
vMicroplerus.saln.mides S,\M 180 - 74" 272 ‘ Technical 120 75 Mayer and Ellersieck 1986
(Largemouth bass) : o (95.9)° T(92-157) - (65-87) :
Stizostedium vitreum -S, M 18.0 14 7 44 . Techniclal . 180" . Mayer and Ellersieck 1986
vitreum ) . (95.9) (125-260)
(Walleye) _ ) ) . B
Bufo woodhousei fowleri | s, M 150 74 ' 44 Technical L2000 115 Mayer and Ellersieck 1986 . -
(Fowler's toad) : ' ’ (95.9) - (151-266) | . (82-161) : :
(tadpole) - _ : . :
' S, M 150 74 4“4 Technical " - 180 1w -
(95.9) (108-300) (66-183)
Gambusia daffinis S, U 23-25 NR NR . Trifluralin 28 12 Naqvi‘and Leung 1983
(Mosquito fish) : (NR) (30-35) - . (11-13) . '
Gambusia affinis 8, U . 21 NR NR ‘NR 2.00: Fabacher and Chambers 1974
(Mosquito fish) S (
("susceptible”) -~
("resistant™ S, U 21 ‘NR NR NR 4.10
Lepomis macrochirus S, U 21-23 NR 60 Triflan 58.2 Parka and Worth 1965 .
(Bluegitl) » . . _ (46) (11-13)-
Piméphale& promelas S, U 21-23 NR 60 Triflan 785.8—10"3.8 "Parka and Worth 1965
(Fathead minnow) - . (46) . d
Carassius auratus- S, U 21-23 ) NR 60 Triflan ’ 585 . Parka and Worth 1965 »
(Go'ldfish) . 46) . . ;
vLepomis‘macrochims. S, U 4. NR NR NR 0.019 - Cope 1966
(Bluegill) . = o
 Salmo gairdneri S, U 13 "NR NR NR 0.011 Cope 1966
{Rainbow trout) o
Rasbora heterororpha  F, U 0 72 250 Treflan 0.6 Alabaster 1969 -
(Harlequin fish) g .o (46) .
Fctalurus punctatus S, U 20-21 '8.2. .22 Trifluralin 0:417 . McCorkle, Chambers, and
(Channel catfish) - ’ ’ . (NR) (0.380-0.447) Yarbrough 1977
(fingerling) ) '

e
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Table E-1. _ Continued

(st instar)

LC,/ECy, (mg:L) ;
) : : Temperature Hardness " Formulation 24h " 48h  9%h
Species " Test conditions* ©C)’ pH (mg CaCO,-L_") (% ai) {confidence interval) Reference -
Lepomis macrochirus S, U 12.7 7.1 NR Trifluralin 540 - 190 Macek, Hutchinson, and
(Bluegill) : ) (NR) (460-640) - (160-230) Cope 1969
' 8, U 183 7.1 NR Trifluralin 60 120 '
) (NR) (300-430) (100-140)
S.U X 7.1 NR Trifluralin 130 47
. (NR) (110~150) (40-55)
Salmo gairdneri S, U 7.2 71 ~NR Trifluralin 239 . 152 Macek, Hutchinson; and
{Rainbow trout) : (NR)- (196-267) (132-175) Cope 1969
S, U 12.7 7.1 NR Trifluralin 98 42
~ (NR) (85-113) (38-46)
S, U 1.6 A NR Trifluralin- ' 210
: ' (NR) , (270-375)
" Lepomis macrochirus ~ NR 294 NR NR Trifluralin 0010 - 0.0084 - 0.0084 Cope 1965
(Biuegill) : (NR) . :
NR 239 NR NR Trifluralin 0.120 © 0:066 d;047
(NR)- - - ) ) _
NR 18.3 NR NR Trifluralin 0360 0200 0.135
v : (NR) :
" NR 12.8 NR NR Trifluralin . 0530 0.380 0.210
NR 18.3 NR NR Trifluralin 1.300 - 0:.590 0.280
. ) (NR) v
Saimo gairdneri NR NR NR . NR Trifluralin 0.014-0210 .Cope 1965
(Rainbow trout). ’ (NR)
INVERTEBRATES
Daphnia magna. S, M 210 74 272 / Technical 560 . Mayer and Ellersieck 1986
~ (Cladoceran) (95.9) (320--1000) i
" (lst instar) . . . .
Daphnia pulex S M 15.0 74 4 Technical - 625 = ‘Mayer and Ellersieck 1986
- (Cladoceran) : (95.9) (446-876)
.(1st instar) . _
Simocephalus S\ M 15.0 74 44 Techn‘ica.l 900 MayefandElle:sicck 1986
serrulatus : (95.9) (651-1245)
{Cladoceran) -
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‘ . Temperature Hardness Formulation 24h 48 h T 9%h
Species: Test conditions® - (°C). pH (g CaCo,.L") (% ai) (confidence interval) ‘Reference
Asellus brevicaudus S, M - _ 150 74 2712 Technical >1800 >1000 " Mayer and Ellersieck 1986
(Isopod) (95.9) : L :
(early instar) ~ o _ -
Gammans fasciatus S, M 15.0 74 4 * Technical " 8700 2200 Mayer and Ellersieck 1986
(Amphipod) : (95.9) - (620012 200) (1400-3400) :
(immature) ) : . » i
Pt.zlgenionvete.\' ‘S, M - 21.0: 7.4 n Technical: 210 37 Mayerand Ellersieck 1986
kidiakensis : ' (95.9) (162-273) (26-54) o i
(Shrimp) ~ -
(immature) ' _ )
Pteronarcys S.M 15.0 74 4 ~—  Teclinical 13000 2800 Mayer.and Ellersieck 1986
californica (95.9) * (8400-20-000) (2100-3700) . S :
(Stonefly) . .
(20d year class), ) . |
Alonella sp. S, U 17-23 78 . 15 Emul. conc.. 0.06 Naqvi, Hawkins, .and Nagvi
" (Cladoceran) : i _ (46) - 1987 _ }
Diaptom;;s sp. . 78U 17-23 738 15- Eﬁul; conc. 0.08 Naqvi, Hawkins, and Nagvi
(Calanoid copepode) - : 46) 1987
Eucyclops sp. A S, U 17-23 78 15 Emul. conc. 0.05 Naqvi, Hawkins, and Naqv: :
- (Cyclopoid copepode) ’ ) (46) - 1987
) Cypﬁa sp. ] 5, U 17-23 7.8 15 Emul. conc. 0.06 Nagvi, Hawkins, and Naqvi * -
" (Ostracod) - (46) 1987 ]
Simocephalus s, U 15-16 74-78 60 Trifluralin . 450 -Sanders and Cope 1966
serrulatus (NR) (330-620) - i
(Cladoceran) ) .
{1st instar) )
" Daphnia.pulex S, U 15-16 74-78 60 Trifluralin 240 Sanders and: Cope 1966
(Cladoceran) - (NR) (160-360)
(1st instar) . ) .
Procambarus clarkii - .‘ S, U 23-25 NR ,\NR Trifluralin 13 - 12 Naqvi and' Leung 1983
~ (Crawfish) - - (NR) (12-14) (11-13) :
(juvenile) . . ) )
(adult) s, U 21-27 6.8 NR Trifluralin - 26 Naqvi, Hawkins; and Naqvi.
: ' ‘(NR) - (23.8-28.9) 1987
(juvenile) S,U 21-37 6.8 NR Trifhiralin 13 :
: - . - (NR) (12:1-15.0)
Daphnia magna ° 5, U 21 7.4 272 “Technical 0.56 Sanders 1970
(Cladoceran) . (NR) . : e
—— —_— e —————— e e e+ — Y
e « - v .

TableE-l. Continued

" LCs/ECy (mgL?)
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Table E-1, Confinued’

LC,/ECy, (mg L")
: . Temperature Hardness “Formulation 24h 48 h 96 h
Species “Test conditions* (°C) pH (mg CaCO,-L‘"')‘ _ (% ai) _ (confidence interval) Reference
Cypridbpsis vidua S, U’ - 21 74 272 ~ Technical 0.25 Sanders 1970
(Ostracod) : (NR)
Asellus brevicaudus S, U 15.5 74 272 Technical 20 ‘ Sanders 1970
(Isopod) : aR) -

- Palaemonetes S, U : 21 74 272 Technical 1.2 Sanders 1970
- kadiakensis : (NR)

_ (Shrimp) R ) '

\Orconectes nais S, U v ' 15 74 - 272 - . Technical 50.0 Sanders 1970
(Crayfish) ‘ » : _ _ (NR): . S
Gammarus fasciatus - S, U o 15.5 74 272 Technical 3.2 18 1.0 Sanders 1970
(Amphipod) : - - - (NR) (1.9-17)  © (1.6-12) (0.3-3.6) . -
Pteronarcys california S, U : 21 NR NR . NR 40 Cope: 1966
(Stonefly nymph) . . :
zg,hnia pulex S, U 21, NR NR NR 0.24 Cope. 1966

adoceran) : . - .

" Simocephalis su ., 21 " NR NR NR' -045 - Cope 1966
serrulatus - ’ : o . B ‘
(Cladoceran) - R
Mytilus edulis S, M NR : Trifluralin * - 0.12 035 © ' Liu and Lee 1975

. (Mussel) (Sal =25 gLY) - (99) (mortality)  (attachment) :
{embroyo) - ‘ . . ‘ B

! - ¢
(adult) S, M NR : Trifluralin 024 -
. _ ) (Sal = 25 gL ©9 (mortality)

Daphnia magna S, M 19-21 6872 -34-39 Trifluralin 0.193 - Macek et al. 1976
(Cladoceran) : (99) (0.115-0.327)
(<24 h old)
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Table F-1.. Chronic Toxkity of Trifturalin to Aquatic Organisms

: Test
Temperature Hardness - Salinity Formulation duration )
Species Test conditions* (°C) pH (mgL™) L") (% ai) (d) " Effect Reference
VERTEBRATES §
Cyprinodon variegatus FM 30 NR NR Trifluralin 28 5.54g 1" caused extreme Couch et al. 1979
(Sheepshead minnow) : (NR) dysplasia of vertebrae;
(Zygote) 2.7 pg-L! apparently
i ] ~ had no effect.
Cyprinodon variegatus EF M 30 NR NR Trifluralin . 570 1-5 pgL"' caused diffuse Couch, Courtney, and Foss 1981;
(Sheepshead minnow) ) : ' ®R) vertebral dysplasia in 17 of Couch 1984
(Zygote) ' - 20 fish, focal hyperostosis
- of vertebrae in 7 of 20 fish,
— and combined pituitary
enlargement plus other
. histopathologicai changes in
S / 10 of 20 fish.
(30 d old) F,M 30 NR NR Trifluralin 540 1-5 pgL" caused diffuse
(NR) vertebral dysplasia in 18 of
20 fish, focal hyperostosis
of vertebraein 11 of 20 fish,
and combined pituitary
enlargement plus other
histopathological changes in-
- 11 of 20 fish. >
Pimephales promelas EM 24-26 © 6.6-72  23-39 “Trifluralin 12 Incipient LCy, = 115 pg L' Macek et al. 1976
(Fathead minnow) ) 99) (95% confidence interval =
© (44 d.old) : 48-211 pg L")
(26 d old) . FEM. 24-26 6.6-72  23-39 Trifluralin - 425 Maximum acceptable toxicant
: o : 99 : concentration (MATC) =
© >1.95, <5.1 pg L -
~ INVERTEBRATES
Cancer magister F.M 12-14 7.30-8.1 32-34.5 Technical ‘80 31% of larvae exposed to " Caldwell et al. 1979
(Dungeness crab) 93) 220 pg L™ survived to :
(Zocal stage) day 5; 100% mortality by day 8:
26-and 3.1 pg-L" had no.
- effect on survival in the
. period day 10-50.
NR = not rcported
*Test conditions:: S = stati
Co F = flow-through
M

R I |

measured
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Table F-1. Continued

: o Test
_ : Temperatpre Hardness Salinity Formulation duration . .

Species Test.conditions* - (°C) pH (mgL™) L") (% ai) ' D Effect Reference

(Juvenile stage) . F, M- 12-14 7.30—8.1_ 32-34.5 ‘chh:iic_al 80 - Survival not affected by'
©3). 590 pg LT

(Adult) F, M 12-14 -7.30-8.1 . 32-34.5 Technical 85 Survival, _nitzaffectéd by
93) 300 pg L. :

“Limnodrilus ‘SSM - NR NR NR Analyti'éal 80 Survival and functioning ‘ ~ Karickhoff and Moms
hoffmeisteri (>90%) o : : Reference Std. of worms not affected by 1985
Tubifex tubifex (<10%) (NR) sediment conc. of 1.2,mgkg" '
(Oligochaetes) . .

' - ’ ' N
Daphnia magna S, M . 19-21 6.8—-7.2 34-39 Trifluralin 64 'MTC =>2.4, <72 pgL"! Macek ef al. 1976
(Cladoceran) 99 S .

).
Id
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Table G-1. Summary of Selected Trifluralin Phytotoxicity Data

_P
!

. Response
Species Dosage (relative to control) Conditions Reference:
Cabbage 1.12 kg ha' 12%-19% increasé in number Field cultivated Cassidy 1972
(Brassica oleracea) . of plants grown from seeds
- (seeds) " (time NR)
" Cauliflower 1.12 kg-ha"' 14% {mmase in number of Field cultivéted C;ssidy 1972
(Brassica oleracea) plants grown from seeds; .
(seeds) 90% increase in fresh weight
(time NR) - '
Broccoli ) . 1.7 kgha' 14% decrease in fresh weight Field cultivated - Ivany and Cutcliffe 1973
(Brassica oleracea) . N of plants (tithe NR) ’ Co
 (seeds) :
) Lo » N
1.7 kgha'! 9% increase ‘in fresh weight Field cultivated
: of plants (time NR)
Bruss;:ls sprout 1.7 kgha No effect on fresh weight Field cultivated "Ivany and Cutcliffe 1973
(Brassica oleracea) of plants (time NR) ) : - :
(seeds) - &,
Cauliflower 1.7 ykg-ha" 21% fresh weight decrease Field cultivated Ivany and Cutcliffe 1973
(Brdssica oleracea) in plants (time NR) . '
(seeds) '
Soybean 168 kgha! 6%-23% of plants injured; Field cultivated Parochetti 1975
(Glycine max) plant number decreased by ' .
© (seeds) 6% at 37 d
0.84 kgha!’ . No effect on plant growth Field cultivated
“at37d o
“Tomato ‘ . 0.56 kgha! 3% of plants injured and Field cultivated Brown and Swingle 1977
(Lycqpersicbn esculenitum) 14% decrease in fresh ~
(seeds) : weight at maturity (time NR)
“Tommato 1.0 kg ha' ‘ 5% increase in fruit yield - Field cultivated - Henine 1977
(Lycopersicon esculeritum) by weight at harvest at :
(seedlings) 105d
Soybean 0:56 kg ha! 14% of mature plants injured Field cultivated ‘Hartnétt 1975
(Glycine max) after 120 d; 10% of scedlings '
(seeds) “injured after 21 d
~ Potato 1./ 12 kgha™ 26% decrease in tubers at Field cultivated Sanok 1974 -
(Solanim tuberosur) harvest at 3 mo ' '
(scedlings) '
Cabbage. 0.56 kg ha™! No effect on plants . Field cultivated Selleck and Sanok 1977
(Brassica oleracea) (time NR) ’ :
(seeds)
Cucumber .<.‘ 0.84 kg ha'! 30% of plants injured 55 d Field cultivated Ashley 1973a
(Cucumis. sativus) i . . ‘
.(sceds)
Summer squash 084 kgha’  40% of plants injured 57 d Field cultivated Ashley 1973a
(Cucurbita pepo condensa) ' : ’
(seeds) .
Field bean S 0.56 kgha' 9% increase in plant Field cultivated Fenster and Wicks 1971
(Phaseolus vulgaris) number; 11% increase in bean :
(seeds) : " yield at harvest. 96 d ‘

NR =rot reported

“
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Table G-1. Continued

_ (Lycopersicon esculentiim)
(seedlings)

posttreatment

o "‘Response . _
Spqci_es Dosage (relative to control) ) Copdi;tjgps Reference
Baby lima bean 1.12 kg ha™ 13% of seedlings inj_ureﬂ . Field cultivated Beste 1975
. (Phaseolus lunatus) . * 28 d after exposure; all :
(seeds) plants recovered by 77°d -
0.56 kg ha' *7% of mature plants Ficld cultivated
injiired 77 d
Pea : 0.6 kgha' 30% fresh wﬁight of v . Field cultivated ' Harvey, Gritton, and Doersch
(Pisum sativiem) mature plants 1 mo : : 1972 ‘
(mature plants) ) :
. Soybean 3.4 kgha' 23% of piants injin-ed Field cultivated Le Baron, Wilson, and Taylor
- (Glycine max) ) (time NR) s 1971 :
(seeds) ,
Cabbage. . 0.84 kgha! " No effect on seédlihy Field cultivatéd Selleck and Sanok. 1.976
(Brassica oleracea) .after 19d :
(seeds) ) |
* Grape "1.12 kgha' 27% of plants injured " Field cultivated Lange ef al. 1969
s Injure ang
(Vitis sp.) ' : ) (time NR) .
(lifestage NR)
Potato - 084 kg hat }0% increase in tubers ’\at‘ Field cultivated B Milrph_yv and Goven i976
(Solanum tiberosum)’ ' harvest. (time NR) . -
(mature plants).
Tomato o 0.56 kg ha '14% injury of plants after Field cultivated - Beste 1974 .
(Lycopesicon esculentum) 33 d posttreatment
(seedlings) ' ' : )
. Soybean 1L12kgha' 90% increase in dry weight Ficld cultivated- Burnside. 1968
(Glyéine max) i ’ of .shoots (time NR) i :
(sceds) : : .
Wild cane. -~ . 1 L2 kghg" 76% decrease in dry weight Field cultivated Bumside 1968.
(Sorghum bicolor) of shoots (time NR) ‘
(seeds) :
Slash pine 2.2 kgha! No effect on survival or dry Field cultivated Dill and Carter 1973
(Pinus elliottii) weight after 3 d : o i
- (seedlings) - ] S
Loblolly piné © 22kgha No effect on survival or dry Field cultivated- Dill and Carter 1973
(Pinus taeda) ) weight after 3 d.
(seedlings) ‘
' Sorghul{'n 4 mglL! - 96% shoot fresh weight Greenhouse study ‘Horowitz, Hulin, and Blumenfcid
(Sorghum vulgare) i decrease; 97% decrease. in : 1974
(seeds) leaf size after 1 mo :
Carrot ) 1.12 kghra"‘ 11% decrease in plant number; Field :c_u_l_tivatcd. ’ Noll 1975
(Daucas carota sativa)  34% fresh weight decrease : :
* (seeds) in root (time NR)
Soybean ‘ 0.84 kghat" 6% of plaﬂts injured after Field ciltivated _ Johnson 1971
(Glycine max) ~ : 30d ) . N '
(seeds) P
Tomato 056 kgha' 15% plant injury after 28 d Field caltivated Grande and Ombrello 1975
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_Table G-1. Continued

At

S Response
Species Dosage (rela:ive to control) Conditions v Refergnge
Soybean 0.9 kgha' Plant number decrease Field cultivated "Hamilton and Arle 1972
(Glycine max) (numbers NR) after 10d - ) i
(seeds) o :
 Cucumber 2mgL! _ 100% decrease in germination . Greenhouse study Barrentine and. Warren'
(Cucumis sativus) = o . after 96 h with silica sand 1971
(seeds) . o
245 mg L™ 50% decrease in shoot size Lab, study with
: after 96 h silica sand
. 16 mgL™! 50% decrease in root size: . Lab study with
after 96 h silica sand )
Soybean 14 mgl! 50% decrease in root size Lab study with Barrentine and Warren 1971
(Glycine max) : after 96 h " silica sand ‘ '
(sceds) ‘ ' - ‘ _ .
16 mgL*! 100% decrease in germination - Greenhouse study
after 96 h - with silica sand "~
. 16 mgLf' 50% decrease in shoot size Lgb study with
: “after 96 h : silica sand
5.8 mgL*! 50% decrease in shoot size Greenhouse study
E after 96 h with silica sand
, 3.5 mgl! 50% decrease in root size Greenhouse study
! : after9% h with silica sand
Cotton 16 mgL! 100% ‘decrease in germination ‘Glécnhqu_sje study , ‘Barrentine and Warren 1971
" (Gossypium hirsutum) - after 96 h with silica sand -
(seeds) .
16 mgL! 50% decrease in shoot and Lab study with
root size after 96 h silica sand
lv.6‘n_lg-L"' 50% decrease in shoot size . Greenhouse study
© . after9%h ' with silica sand
122 mgL?! 50% giecrcase in root size Greenhouse study
: after 96 h with silica sand
Barley 16 mgL! 160% decnase in gthadon Greenhouse study " Barrentine and Warren 1971
(Hordeum vulgare) . after 96 h ' ' * with silica sand ' ;
(seeds) : :
, 3.5 mgl! 50% decrease in root size " Greenhouse study
S after 96 h with silica sand
0.,09.mg-L'l 50% decrease in root size Lab study with
after 96 h \ silica sand
)
35 mgl! 50% decrease in shoot size Lab study with
after 96 h silica sand
N \\ . R . - /; - .
Rice 0.17 mg L. 50% decrease in shoot size Greenhouse study- Barrentine and Warren 1971
(Oryza sativa) S after 96 h with silica sand
(seeds) ) ] '
’ 0.40 mg L 50% decrease in root size Lab study with
' ' after 96 h silica sand -

i ¥
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i
Table G-1. Continued |

“mature plants-at 115 d

| Response ‘ .
Species Dosage - ~ (relative to C_thr(‘)l)i Conditions .. Reference
1'mgL?* 100% decrease in germination’ Greenhouse stl;dy
) " after 96 h : with silica sand -
. ) /
0.5 mgL* - 50% decrease in shoot size Lab study with ,
‘( : after 96 h silica sand
0.18 mgL" . 50% decrease in root size - Greenhouse study .
after 96 h with silica sand
Pea 8 mgL" 50% decrease in shoot size Lab study with Barrentine and Warren 1971
(Pisum sativum) o - after 96 h silica sand '
(seeds) o ‘ S ,
» 6 mgL?t 50% decreasé in root size “Lab study with
after 96 h silica sand
Cotton ) 0.6 kgha' ' 5% reduction in number . Field caltivated Miller; Carater, and Carter 1983
(Gossypium hirsutum) .of seedlings ‘ '
Shortleaf piﬁe 1.12 kgha' 35% decrease in fresh Field cultivated South 1977
(Pinus echinata) ' - _weight (time NR)
(seeds) i
Tomato . 100 tagm* 20% of plants exhibited Greenhouse study Zilkah, Bocion, and Gressel 1977
. (Lycopersicon esculentum) deforimed leaves and stems . ’ i
(mature plant) : ’
" Soybean 0.8 kgha' © 56% decrease in yicld of Field cultivated McNevin and Harvey 1982
] y
(Glycine max) seeds at harvest (time NR) ) - C
" (seeds) i
Pea 0.8 kgha' . 12% decrease in yield of - Field cultivated McNevin and Harvey 1982
gha : ves 2
(Pisum sativum) seeds at harvest; 60 d ' S .
Sugar cane o 448 kg-hn‘l 5% of pia’nl"s injured after Field cultivated . Reeves 1977 -
(Saccharum officinarim) 8 wk ’ : o . : R
(seeds) ‘ ‘ _ ' N : .
Shortleaf pine 1.1 kgha 51% decrease in fresh * Field cultivated Gierstad and South 1981
(Pinus echinata) ' wieight of scedlings (time NR) -
(seeds) : '
A Wy -
Slash Pine ' 1.1 kgha . No effect on fresh weight Field cultivated Gijerstad and South 1981
" (Pinus elliottii) i — " of seedlings (time NR) -
" (seeds) . _— ,
Loblolly pine L1 kgha' 83% decrease in fresh weight | Field cultivated " Gjerstad and South 1981
(Pinus taeda)  of seedlings (time NR)
(seeds). : -
Potato 12 kgha "85% decrease in number of Field cultivated Lutman 1977
(Solanum tuberosum) of tubers in 8 mo :
(mature plants) ) ' -
_Kidney bean 1.1 kgha' 11% injiry to seedlings Field cultivated Hatfield, Warholic, and Sweet . -
(Phaseolus sp.) C at 4_»8 d 1978
(seeds) : : .
. 0.84 kgha™ 15% decrease in beans from Field cultivated

J
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Table G-1. Continued

Species

Dosage

Response

(relative to control) - -

- Conditions

Reference

Cabbage
(Brassica oleracea)

(seeds)

Snap bean . )
(Phaseolus vulgaris)
(seeds)

Pea -
(Pisum sativum)
(seeds)

Soybean
(Glycinie max)

(sceds)

Cotton ]
(Gos.sjvpiym hirsutum)
(sceds)

0.56 kgha™

- 0.84 kgha'

34 kgha! .

1.12 kg ha

1.68 kgha'”

335 mg o

335 mgl’

0.5 mg-Li'1
1 mgkg!
4 mg-kg“
8 mgkg!

4 mgkg /

19% injury to scédlings at

.34 d posttreatment; 21%

decrease in yield at harvest
(103 d)

22% injury to seedlings at
34 d posttreatrienit; 6% .
decrease in yicld at harvest
(103 d) -
Cellular injury observed

in seedlings; vascular dis-
ruption and swelling of stem

~at 15d

18% decrease in mature
plants; 1% fresh weight
decrease at 54 d

50% decrease in fatire
plants; 25% fresh weight
decrease at 54 d

7% decrease in germination;

25% décrease in fresh weight;
64% decrease_ in root size;
74% decrease in shoot size at
5d

40% decrease in dry weight

S at28d

25% root injury; 9% decrease
in root dry weight; 13%
decrease of plant fresh
weight and dry weight at
34d '

35% root injury; 20% decrease
in root dfy weight; 18%

.decrease in plant fresh

weight; 16% decrease in plant
dry weight at 34d

75% root ifijury; 66% decrease

in root-dry weight; 51%
decrease in plant fresh

weight; 53% decrease in plant

dry weight at 34 d

85% root injury: 78% decrease

- in root dry weight; 61%

decrease in plant fresh
weight; 65% decrease in plant
dry weight at 34 d

82% root injury; 65% decrease
in root dry weight; 39%
decreasé in plant fresh

weight; 33% decrease in plant’

dry weight at 34 d

Field cultivated
1978

Field cultivated

Greenhouse study

. Field cultivaﬁoh

Field cultivation

Lab study; no soil
c/
Greenhouse study

Lab study, environ-
mental chamber with
soil o

L_ab study, environmental
chamber with soil

Lab study, environmental

.chamber with soil

Lab study, environmental- ._ .

chamber with soil

Lab study, environmental.

éhar_nb_er with soil

Hatfield, Warholic, and Sweet

* Struckmeyer, Binning; and Harvey

1976

Teasdale, Harvey, and Hegedom
1978 ] ;

Harvey 1973

Mhrry et al. 1979

Murry et al. 1979
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Table G-1. ‘Continued

Species

.

(relative to control)

Conditibns , .

Rsfe'r'ehc'e

Qat ‘
(Avena sativa)
(seeds) )

Soybean )
(Glycin_e max)
(‘maturc plants)

'C9tt<‘>_n ' ‘
(Goissypium hirsutum
(mature pl;nts)

Dosage

1mgkg'

0.5 mgkg’

0.25 mgkg*

dpgg’
(pgg of soil*

2 ugg’

(ng-g of soil'™)

Tpgg’
(ug-g of soil'")

0.5 g3
(ng-g of soil”)

1 mgL!

2 mg L

3 mgl!

1.12kg hat
1.68 kg ha™

0.56 kg ha'

58% root injury: 41% decrease
in root dry weight; 10%
decrease in plant fresh

weight and dry wéight at

34d :

~ 54% root injury; 28% decrease

in root dry weight; 12%
decrease in plant fresh

- weight; no change in dry

weight at 34 d

28% root injury; 9% decrease '
in root dry weight; 4%
decrease in plant fresh

weight; no change in dry
weight at 34 d

: 57% decrease in root dry -

weight; 86% decrease in shoot
dry yveight at19d

" 41% decrease in root dry

weight; 65% decrease in shoot

_dry weight at 19-d

34% decrease in root dry
weight; 44% decrease in shoot

dry weight at 19 d

19% decrease in root dry

weight; 28% decrease in shoot

dry weight at 19 d

No leaf chlorosis; 9%

~ decrease in plant dry weight; -

6% increase in root dry
weight 28 d after spray
application .

No leaf chiorosis; 36% .
decrease in plant dry weight;
no change in root dry
weight 28 d after spray
application

.49% leaf chlorosis; 66%

decrease in plant dry weight;
65% decrease in root dry

 weight 28 d after spray

application - -

. No plant injury after 16d  ~ E

7% plant injury after 16 d

No plant injury after 16 d

Lab study, environméntal

- chamber with soil

Lab study, environmental -
chamber with soil

Lab study, environmental
. chamber with soil

- Greenhouse study

Greenhioiise stady

‘Greenhouse study

s

Greenhouse study

Greenhouse study

" - Greenhouse study

' Greenhouse study

Field cultivated

Field cultivated

Field cultivated

Bucholtz and Lavy 1979

Behran ef al, 1979

Murry, Santlemann, and Greer
1973

- Murry Santlemann, and Greer
1973 -
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Table G-1. Continued

)

300 mgL!

ation at post-spray

Response’ S
Species Dosage (relative to control) Conditions Reference
1.12 kg ha™ . 13% plant injury after 16 d Field cultivated
1.68 kg ha'' 20% plant injury after 16 d N Field cultivated
Soybean 1 mgL! plant di’y weight increase; " Greenhouse study . ' Basler and Santlemann
(Glycine max) . (figures NR) 1975
(seedlings) o '
' "2 mgl! plant dry weight decrease; Greenhouse study
s (figures NR) '
Comn 3.35 mgL" ‘ 0 to 5% decrease in root Lab study, no soil Lignowski and Scott 1971
' (Zea mays) : protein content at.3 h . :
(seedlings) ‘ C . : ‘
1.34 mgL? 19% decrease in root size; “Lab study, no soil
20% decrease in root dry '
weight; 29% root swelling
at6h :
1.34 mgL™ 38% decrease in root size; Lab study, no soil
. 25% decrease in root dry :
weight, 56% root swelling -
at9h
1.34 mgL! 46% decrease in root size;' Lab study, no soil -
: 51% decrease in root dry
weight; 86% root swelling
-at12h
Cotton 0.1 mgL! 9% decrease in root size .-LabAstud).', no soil . Rizk 1973
(Gossypium hirsutum) ".. at 48 h posttreatment; 13% o
(scedlings) decrease in root size and
: . 47% decreass in root tissue
. mitosis rate at 72 h
0.5 mgL* 22% decrease in root size Lab study, no soil
at 48 h posttreatment; 41% .
decrease in root size and
50% decrease in root tissue
mitosis rate at 72 h
Snap béan . 0.84 kgha! 10% injury to pli‘mﬁ Field cultivated Ashley 1973b
(Phaseolus vulgaris (time NR) -
humilis) :
(sceds) /
Cauliflower - 1.1 kgha' 26% decrease at barvest Field culﬁvqtpd Roberts 1972
(Brassica aleracea) : (time NR) ' «
(stage NR)
Lima bean 0.56 kgha'! 8% plant injury (time NR) Field cultivated Glaze 1971
(Phaseolus limensis) ’ = C .
(seeds) =
Snap bean . 0.84 kgha'! 5% plant iﬁjury atd wk - - Field cultivated Marr and Swingle 1970
(Phaseolus vilgaris) e o :
(seeds) -
L . 10% decrease in transpir- Lab study Smith and Bucholtz 1964
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Table G:1. Con’tlﬁl’l‘e’d

: ) Response . ) :
Species . Dosage. V(re!aftive to control) . Conditions Reference
Pea 0.56 kgha™ 19% decrease in pea pros ‘Field cultivated Glaze 1970
(Vigna sinensis) duction at harvest -
(seeds) ? (time NR)
Pea 335 mgl? . 47% decrease in plant ‘Greenhouse study Harvey and Jacques 1977
(Pisum sativion) : ’ number; 51% decrease in -
(seeds) r shoot dry weight at 21 d -
Lettuce 112 kgha* 32% decrosse in plant Field cultivated Bradley and Hargreaves
(Lactuca sativa) ' : number at 48 d ' : 1977 '
‘(seeds) :
Snap bean 3_.;3,5’mg-L" 27% decrease in secondary . Lab study, no soil Ashton et al. 1977
(Phaseolus vulgaris) metabolism at 2 h ' : ' :
(seedlings) _ '
16.75 mgL? 80% in protein synthesis; Lab study, no soil
L '85% decrease in RNA synthesis . '
rate; 90% decrease in photo-
- synthesis; 70% decrease in
\ secondary metabolism at 2 h
 Soybean 6.7 mglL? 21% decrease in protein Lab study, no soil Moreland et al. 1969
(Glycine max) synthesis in hypocotyl at o : ’
(scedlings) 6h '
Soybean 2.2 kghd 16% decrease in plant size; Field cultivated Banks and Santlemann 1978
(Glycine max) . 35% decrease in fruit yield '
(sceds) at harvest; 74 d
Tomato ) 100 mgm™? 25% leaf 'dcfor_miﬁes’;v ~ Greenhouse study; Zilkah, Bocion, and Gressel 1977
{Lycopersicon esculentum) o 25% stem deformities at applied as spray. '
(scedlings) 2 wk A '
'debem - © 0.8 kgha' 11% phﬁt inijury with Field cultivated Moomaw and Martin 1978
.(Glycine max) b chlorosis and necrotic . . .
(mature plants) ’ lesions; 16% decrease in
harvest yield at 5 wk IR
1.7 kgha 21% plant injury with Figld ‘cultivased
' chlorosis and.pecrotic
lesions; 18% decreasé it
_plant dry weight at 5wk’
Cotton 0.28—84‘kgh§" ld}‘b_-ﬁ% decrease in shoot size Greenhouse study Andetson, Richards, and
(Gossypium hirsutum) . ' at15d Whitwoith 1980
(sceds) '
Cucumber ‘ 1-5 gL * 35%-50% decreasc in shoot Greenhouse study Barrentine and Warren
(Cucumis. sativus) (applied to mer- si_Ze at7 d, . : 1971
(secdlings) istem)
1-5 gL! 109%—-25% decrease in shoot Greenhouse study .
(applied to stem)  sizeat7d o { o
Oat 1.8-5.4 pgg’ 10%—46% decrease in plant dry Greenhouse study B B;(I'Choltz“ and Lavy 1978
(Avena sativd) ' weight at 18 d :
(seedlings) ! _
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Table G-1. Continued

J

(sceds)

91

1

) Response .
Species Dosage (relative to control) _ Conditions Reference
: Ca_ri(alpu’pe. 34 kgha! . No éffect on fruit number or Field cultivated Lange et al. 1968
(Cucumis malo) fresh weight at 59 d ‘
(scedlings) v '
Soybean 0.335 mgL* 48% decrease in mitochq’ixdriak. ‘ " Lab study, no soil . Negi et al. 1968
(Glycine max) (seedlings dipped  respiration; 71% decrease in i N
(seedlings) into solution) ATPatlh
Bérléy 24 mgkg! 50% decrease in oot number; Greenhouse study ‘O’Sullivan and
(Hordeum vulgare) (as slow release  50% decrease in root size Prendeville 1974
(seedlings) formulation) . ‘at72h
Soybean 45 kgha'! 7% decrease harvest yield Field cultivated Hagood, Williams, and Bauman
(Glycine max) ' . (time NR) 1980
(seeds)
Watermelon 1.68 kgha " 589% plant injury at 32 d Field cultivated Elmstrom and Locascio
(Citrullus lanatis) o o S 1974 ] i
(seeds) -
Squash 0.5 mgL?! 41% decrease in cétyledon Lab study, no soil __~Ashton, Penner, and Hoffman -
(Cucurbita maxima) (dipped into enzyme activity; 50% decréase - 1968 - T
(seeds) solution) in pldnt size at 3 d : .
Squash’ 5pglt 27% decrease in root protein Lab stiidy, no soil Schultz, Funderburk, and Negi
(Cucurbita maxima) - (dipped into synthesis; 18% decrease in 1968
(seeds) ‘solution) root RNA ;ynth'esi‘s_ rate;
’ stunted roots and shoots;
31% decrease in root DNA
, " synthesis rate at 3 d !
' Cotton ‘ : 1.68 kgha! 100% decrease in lateral root Greenhouse study Jordan, Baker, and Bamentme
(Gossypium hirsutum) ) production; 37% decrease in : ' ' 1978
(seedlings) shoot fresh weight; 33%
_decrease in root size
1.12 kgha* 89% decrease in lateral root .Greenhouse study
production; 24% decrease in o
shoot fresh weight; 27%
- decrease in root size
084 kgha' 89% decrease in lateral root Greenhouse study
S ’ production; 22% decrease in,
shoot fresh weight; 19%
decrease in root size -
0.56 k'g‘,-ha" : 8% decrease in ratio of - Greenhouse study ‘ Mitchell and Bourland .
: cotyledon weight to stem 1986 i
weight in 12 d old seedlings; S
35% decrease in lateral roots
Oat 1.0 pg g’ soil 35% decrease in plant fresh . Greenhouse study Nyffeler et al. 1982 )
(Avend sativa) weight at 14 d : ’
(sceds) a ' i : .
‘ 0.5 pgg! soil 25% decrease in plant fresh Gréenhouse study
weight at 14 d
. l ) . . )
Soybean 1.1 kgha™! 54% decrease in N, Field cultivated Bollich ef al. 1988
(Glycine ma) . fixation (time NR) ' L



_ Table G-1. Continued

Response . : .
:Sifc{éies Dosage A(relative to control) Condit{ons Reference .
© 1.7 kgha 70% decrease in N, Field cultivated
' fixation (time NR)
Cotton 0.84 kg ha' .19% decrease in tap root Field cultivated Cranfill and Rhodes 1987
(Gossypium hirsutum) . length; 89% decrease in. .
(sceds) number of lateral roots
(time NR)
1.12 kg ha™ . 27% decrease in tap root Field cultivated ~
L ' length; 89% docreas'evin (
number of lateral roots )
- * (time NR)
1.68 kgha' ‘ -33% decmase in tap root " Field cultivated

length; 100% decrease in
number of lateral roots
(time NR)
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