




















techniques of herbicide placement (McClintock et al. 1974) and with the use
of invert (Gates 1972) or polymer adjuvants (Wortley 1977), it is possible to
control Hydrilla with 25 percent or less of the amount of diquat that would
be required for the total water column treatment at 1.0 mg/f% (Bitting 1974,
Baker et al. 1975).

Present recommendations for use of diquat to control Hydrilla include the
addition of some forms of chelated copper. This combination has been shown
by many authors to be more effective and safer than diquat or copper used
alone (Mackenzie and Hall 1967, Blackburn and Weldon 1970). The increased
phytotoxicity of this combination appeared to be related to increased uptake
of both diquat and copper in the Hydrilla plant tissues (Sutton et al. 1970,
1972).
Endothall

Endothall is available for aquatic use as inorganic or amine salts. The
amine formulation has been found to be most effective (Blackburn et al. 1971).
Blackburn and Weldon (1970) showed that 2 to 4 mg/% of this herbicide provided
satisfactory control of Hydrilla in a series of laboratory and field evalua-
tions. However, the long-chain amine salts are toxic to fish at concentra-
tions of 0.3 to 1.0 mg/¢ (Walker 1963). The dipotassium salt would seem,
therefore, to be more desirable where fishery is the concern. Also, for weed
control in a limited area or for spot or margin treatment, a granular formula-
tion may be preferable. Sutton et al. (1971) reported a synergistic effect
using a combination of 5.0 mg/% endothall plus 1.0 mg/% copper on Hydrilla.

Concentration vs. exposure time

Herbicides have been used successfully for the management of Hydrilla in
static and slow-moving water where contact with the herbicide could be main-
tained for several days or weeks. The control of Hydrilla in flowing water,
however, is far more difficult because the herbicide is rapidly washed away
from the application site and the necessary contact time may not be achieved.

In general, there is very little information on the minimum contact time
required for effective weed control. Mackenzie (1968) observed that control
of Hydrilla was obtained with diquat at 0.5 to 1.0 mg/f only where the water
was static and where heavy rainfall did not dilute the treatment within 48 hr
after application. Barrett (1981) stated that in Britain the recommended
treatment rate of diquat for control of submersed vegetation is 1.0 mg/% with

a minimum contact time of 24 hr. Preliminary results from laboratory
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experiments indicated that 24-hr contact time was also required to control
Hydrilla with 1.0 mg/% diquat (Van, unpublished data¥*).

Studies on three copper formulations showed that a chelated compound
(Komeen ®) was effective as a contact herbicide on Hydrilla at 2.0 mg/% for 4
to 6 hr or at 4.0 mg/2 for 2 to 4 hr (Anderson et al. 1984).

Label recommendations for the use of endothall to control Hydrilla in
irrigation and drainage canals in Florida specify a minimum contact time of
2 hr at 3 to 5 mg a.e.(acid equivalent)/%. Price (1969) applied the amine
salt at 3 to 4 mg/% for 3 hr in canals in western states and reported good
control of several pondweed species for a distance of 30 km downstream. How-
ever, a similar treatment of 6 mg a.e./% of endothall amine for 3 hr provided
only limited control of Elodea canadensis in flowing water in the Berriquin
Irrigation District in Australia (Bowmer et al. 1979). Also, using an expo-
sure time of 3 hr in a static assay on E. canadensis, Bowmer and Smith (1984)
reported that acrolein at 3 mg/% gave 80-percent reduction in biomass, whereas
for endothall this level of control was not reached even by concentrations
exceeding 100 mg/%. For the control of Hydrilla, laboratory experiments on
herbicide concentration with time indicated that the minimum contact time
could be decreased from 48 to 12 hr by increasing the dipotassium endothall
treatment rate from 1.0 to 3.0 mg a.e./% (Van, unpublished data*). To kill
Hydrilla within an approximate 2- to 4-hr contact time as expected in the
tidal Potomac River, the maximum label rate of 5 mg/% endothall would be
required. The 2- to 4-hr contact time was assumed to be the period of time
around low tide during which the flow velocity is minimal (see Chapter 1).

Uptake characteristics

The success of high concentration/short exposure-time treatments in flow-
ing water depends on the relatively rapid uptake and retention of a lethal
quantity of herbicide by the plant. However, information on herbicide uptake
and lethal concentration in plant tissues is extremely limited for aquatic
macrophytes, especially in submersed species.

Generally, the slow-acting translocated herbicides appear to have much
slower uptake rates. For example, a minimum herbicide concentration must be

maintained in the water for several days and sometimes weeks to ensure the

* Thai K. Van, USDA-Aquatic Plant Management Laboratory, Ft. Lauderdale,
Fla., 1984.



effectiveness of fluridone in controlling pondweeds (Anderson 1981) and
Hydrilla (Hall et al. 1984). Contact herbicides, on the other hand, are taken
up rapidly and therefore appear more suitable for use in flowing water.

Davies and Seaman (1968) reported that uptake of diquat by E. canadensis con-
sists of an initial rapid adsorption phase followed by a constant active
uptake phase that continued over a 4.5-hr experiment. Sutton et al. (1972)
observed a linear uptake of diquat in Hydrilla shoots that continued for

9 days. Thomas and Seaman (1968) using lZ.C—labeled endothall observed uptake
of the herbicide by both the foliage and root tissues in American pondweed
(Potamogeton nodosus). These authors also recorded movement of the 14C label
from mature photosynthesizing leaves and accumulation of the herbicide in the
apices and developing secondary shoots. However, there was no movement of the
14C label from the treated roots to the foliage of these plants, possibly
because of the lack of the transpiration stream in submersed aquatic plants.
Haller and Sutton (1973) found endothall to accumulate in the apices of
Hydrilla faster than in lower portions of the stem. The addition of copper
sulfate at 0.4 to 2.0 uM increased endothall absorption but higher concentra-
tions of 4.0 to 16.0 pM inhibited endothall uptake. Uptake was inhibited at
lower temperatures (10° C) relative to higher temperatures (20° and 30° C).
More endothall was absorbed in the light than in darkness.

One major problem with most of the herbicide uptake studies was the lack
of information on the required lethal concentration in plant tissues and the
minimum exposure time required to attain that concentration for effective weed
control. This information is essential for the development of a herbicide

management program to control Hydrilla in flowing water.

Herbicide Effects on Nontarget Organisms

The following discussion concerns primarily the acute and chronic
toxicity of copper, diquat, endothall, and fluridone on nontarget organisms.
Acute toxicity tests involve short-term exposure of the organism to different
concentrations of the chemical. The most commonly measured effect is
lethality (death). Chronic toxicity tests are concerned with evaluating
lethal or sublethal effects resulting from long-term exposure to low concen-
trations of a specific chemical. The sublethal effects may include physio-

logical, biochemical, behavioral, and histological changes; mutagenicity;
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carcinogenicity; or teratogenicity. Generally, chronic studies are conducted
if (1) the mammalian or avian data suggest the chemical may influence
reproduction; (2) the chemical has a high potential for bioaccumulation and
persistence; (3) the acute toxicity (LCSO) is less than 1.0 mg/%; and (4) the
estimated environmental concentration of the chemical is greater than 1/100
the LC for specific nontarget organisms.

50
Acute and chronic toxicity of copper

Acute toxicity tests for copper have been conducted on 18 invertebrate
and 27 fish species. Most of the fish toxicity tests have been conducted with
four salmonid species, fathead minnows, and bluegills.

Freshwater species. The acute toxicity values for freshwater organisms

range from a low of 7.24 ug/% for Daphnia pulicaria in soft water to

10,200 pg/2 for bluegills in hard water (Table 10, reproduced from US Environ-
mental Protection Agency (USEPA) 1980). The toxicity of copper decreases with
an increase in water hardness, alkalinity, and total organic carbon. The
range of acute values indicates that some of the more resistant species could
survive at copper concentrations 100 times greater than those that would be
lethal to the more sensitive species. Among the more sensitive species are
daphnids, scuds, midges, and snails, which form the major food chains for both
warm- and cold-water fishes. The concentrations of copper acutely lethal to
these sensitive organisms in soft water are only slightly above those chroni-
cally toxic to most fish and invertebrate species.

The data on the chronic toxicity of copper to freshwater organisms are
available for 15 freshwater species (4 invertebrates and 11 fish species)
(Table 11, reproduced from USEPA 1980). The chronic toxicity values range
from a low of 3.9 pg/f& for early life stage tests with brook trout in soft
water to 60.4 ug/% for a similar test with northern pike in hard water. Fish
and invertebrate species seem to be about equally sensitive to the chronic
toxicity of copper. Hardness does not appear to affect the chronic toxicity
of copper.

Saltwater species. The acute toxicity of copper to saltwater species

ranges from 17 ug/f% for the calenoid copepod to 600 ug/f& for the shore crab.
The saltwater invertebrate data include investigations with three phyla:
annelids, moluscs, and arthropods (crustaceans). The acute values for salt-
water fish include data for four species. Acute toxicity ranged from 28 ug/2

for summer-flounder embryos to 510 ug/% for the Florida pompano. In a chronic
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life-cycle test with mysid shrimp, adverse effects were noted at 77 ug/L but
not at 38 ug/%.

Mutagenicity, carcinogenicity, and teratogenicity. Copper is not known

to have mutagenic, carcinogenic, or teratogenic properties.

EPA water—quality criteria. For total recoverable copper, the criterion

to protect freshwater aquatic life according to the EPA guidelines is 5.6 ug/ %
as a 24-hr average and the concentration (in ug/4%) should not exceed the
numerical value given by (0.94 [f&n(hardness)] - 1.23) at any time. For

example, at a hardness of 50, 100, and 200 mg/% as CaCO the concentration

’
of total recoverable copper should not exceed 12, 22, aid 43 ug/%, respec-
tively, at any time. For total recoverable copper, the criterion derived
according to the EPA guidelines to protect saltwater organisms is 4.0 ug/% as
a 24-hr average; the concentration should not exceed 23 ug/% at any time.

Acute and chronic toxicity of endothall

Freshwater species. The data on the acute toxicity of endothall

(dipotassium or disodium salt), as described herein, have been summarized
previously (Pennwalt Corp. 1984) and appropriate tables (Tables 12-16),
reproduced and included herein. The acute toxicity ranged from 82 mg/% in
Chinook salmon to 450 mg/f% in rainbow trout (Table 12). These concentrations
are substantially higher than those expected to be found in the field.
Toxicity studies using cancer exposures showed no increase in toxicity

(Table 13). Any toxicity to fish and invertebrates may result indirectly from
oxygen depletion due to decaying vegetation if the herbicide is not applied
correctly.

In contrast to the dipotassium salt of endothall, the N,N'-dimethylal-
kylamine salt of endothall was more toxic to fish; the 96-hr LC50 for several
freshwater fish is less than 1 mg/% (0.14-0.98 mg/%) (Table 14). The N,N'-
dimethylalkylamine salt appears to be highly toxic to aquatic invertebrates;
the 96-hr LC50 values of this herbicide formulation for two species of amphi-
pod, Gammarus fasciatus and G. lacustris, and the grass shrimp, Palaemonete
sp., were 0.51, 0.50, and 0.05 mg/%, respectively (Johnson and Finley 1980).
Though safer to use, the margin of safety is less than with the dipotassium
salt of endothall.

Several LC_, values have been reported for freshwater aquatic inverte-

50

brates (Table 15). As observed with LC50 values for fish, mortality is pro-

duced only at values far in excess of labelled application rates. Field
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observations and laboratory studies have demonstrated no adverse impact on
treatment—area fauna (Table 16).

Saltwater species. Acute toxicity values (Table 15) for dipotassium

endothall are available for only two species, the eggs and larvae of hard
clams and oysters. The data on the toxicity of the herbicide to the adults
of the two species are not available.

The information available on the subchronic or chronic toxicity of endo-
thall to freshwater or saltwater organisms is extremely limited. In a 0.31-ha
pond treated with 5.0 mg/% of dipotassium endothall, the herbicide did not
affect the number of young-of-the-year bluegills produced by the original
adult stock during the year of the treatment and the year following treatment
and did not affect the reproduction of first-generation bluegills. The sur-
vival of adult and first-generation bluegills was not affected (Serns 1977).

The above data indicate that dipotassium endothall has a sufficient
safety margin for the aquatic organisms tested.

Mutagenesis, carcinogenesis, and teratogenesis. There are no data in the

literature to suggest that endothall is mutagenic, carcinogenic, or
teratogenic.

Acute and chronic toxicity of diquat

Freshwater species. Information on the acute toxicity of diquat is

available for nine species of freshwater fish. The toxicity of the herbicide
to these fish ranges from 2.1 mg/% in walleye to 245 mg/% in bluegills
(Table 17).

Like fish, freshwater amphipods show considerable variation in their sen-
sitivity to diquat. Hyelella is extremely sensitive (96-hr mean total lethal-
ity (TLm), 0.048 mg/%) to the herbicide. On the other hand, the Gammarus
(amphipods) and mayfly larvae were quite resistant to the herbicide with a
96-hr LC_., of 16.4 and >100 mg/%, respectively.

50
Saltwater species. Information on the acute toxicity of diquat to salt-

water organisms is available for only two species, shrimp and cockle. In each
case, the 48-hr LC50 was greater than 10 mg/%. The herbicide at a concen-
tration on ! ppm had no effect on white shrimp, oysters, and longnose shrimp
following a 48~hr exposure.

No information is available on the subchronic or chronic toxicity of

diquat (fish early-life stage, aquatic invertebrate life cycle, and fish life

cycle) to freshwater or saltwater organisms under controlled laboratory
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conditions. However, in a chronic study conducted in pools stocked with fin-
gerlings and adult bluegills, applications of 1 or 3 mg/%& diquat at intervals
did not affect the survival of either group of fish (Gilderhaus 1967).

Since a significantly high proportion of diquat applied to water tends
to associate with the sediment, particular consideration should be given to
assessing the effects of the herbicide on benthic organisms.

Mutagenicity, carcinogenicity, and teratogenicity. There is no evidence

in the literature to suggest that diquat has mutagenic, carcinogenic, or tera-
togenic effects.

Acute and chronic toxicity of fluridone

Freshwater species. The 96-hr LC50 for four species of freshwater fish

(trout, bluegills, catfish, and fathead minnows) ranges from 7.6 to 22 mg/%.

The concentration is approximately 76 to 220 times the normal application
rate. Some invertebrates are more sensitive than fish. The 48-hr ECSO values
for Daphnia and midge larvae are 3.4 and 1.3 mg/%, respectively.

Data on the chronic toxicity are available for several species. Several
months of continuous exposure of catfish eggs and the resulting larvae to a
constant concentration of 0.5 mg/f produced no adverse effect. No adverse
effects were noticed during the full life-cycle (egg-to-—egg) test with fathead
minnow at a concentration of 0.48 mg/%. A concentration of 0.6 mg/% had no
effect on the growth or survival of amphipods or on the emergence of the adult
midges. Reproduction of Daphnia was not affected by a concentration of

0.2 mg/% fluridone.

Saltwater species. No information is available on the acute, subchronic,

or chronic toxicity of fluridone to saltwater organisms.

Mutagenicity, carcinogenicity, and teratogenicity. On the basis of the

available data, fluridone does not induce mutagenic, carcinogenic, or terato-

genic effects.
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Conclusions and Recommendations

Herbicides effective on Hydrilla were considered in arriving at prelimi-
nary recommendations. These herbicides are listed and reasons for acceptance
or rejection are summarized in Tables 18 and 19.

The herbicides were grouped into three categories based on the criteria
noted. The first category contained herbicides that are presently not accept-
able for use in the Potomac River. This category included arcolein, dichlo-
benil, and fenac.

Other candidate herbicides were grouped in a second category because they
may lack adequate toxicological testing. This category contained copper com-
plexes, endothall, fluridone, and a tank mix of copper and diquat.

If the water in the areas infested with Hydrilla is soft, the toxicity
of copper to vertebrates and invertebrates would probably be unacceptable.
Copper is not subject to biodegradation and, once introduced to an aquatic
ecosystem, it remains within the sediment, water, or biota until it is
physically transported from the system.

Based on toxicological and fate considerations, endothall was initially
considered a prime candidate for use in the Potomac River. However, endothall
was eliminated as a potential herbicide since it is not registered for use in
flowing water. Additional testing is being conducted by Pennwalt Corporation;
however, it will be approximately 4 yr before the tests will be completed.

Fluridone is an experimental herbicide and unavailable for use in the
Potomac River. 1In addition, the use of fluridone in flowing water may not be
effective since the contact time with the plant may be insufficient to obtain
adequate control.

For operational control of Hydrilla, diquat is the only herbicide avail-
able for use in flowing water and was placed in a third category. Diquat is
effective on Hydrilla and is registered for use in flowing water. However,
there remain a number of questions regarding effectiveness of this herbicide
in the Potomac River, and those questions should be resolved prior to
initiating a large-scale treatment program. With this information and the
in-situ suspended solids and flow velocity data, a decision can be made on
recommending the use of diquat in the Potomac River.

a. The first question concerns the organic/inorganic content of the

suspended particulate within designated treatment areas. The composition of
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the suspended particulate must be determined before the effectiveness of
diquat can be determined for this environment. Specifically, the level of
inorganic matter in the suspended particulate should be determined during the
Hydrilla growing season and the period in which treatment would be most likely
(i.e., late May through early September). If the inorganic portion of the
suspended particulates is high, then diquat probably should not be used due

to adsorption of diquat to the clay particles.

b. Another important question concerns the flow velocity within the
treatment areas. Herbicide concentration/exposure time is dependent on flow
velocity. If the flow velocity is high 2 hr prior to and after low tide slack
water, then diquat would not be considered a good choice. Concentrations of
diquat required to control Hydrilla will also kill numerous other species
within the immediate treated area.

c. A major problem with using diquat in the Potomac River is the poten-
tial for rapid dispersal of the herbicide out of the treated area. Conse-
quently, the following information is needed:

e Minimum diquat concentration/exposure time required to control
Hydrilla.

e Rate of diquat uptake by Hydrilla.

e Flow velocity range within which diquat can be shown to be effi-
cacious toward Hydrilla.

d. At the request of the US Army Engineer District, Baltimore, the
Aquatic Plant Control Operations Support Center of the US Army Engineer Dis-
trict, Jacksonville, compiled information of various control techniques used
to manage dioecious Hydrilla. The information was based on Jacksonville Dis-
trict experiences and a limited literature survey. A tabulation of the infor-

mation i1s contained in Appendix B.
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Table 1

List of Recommended Registered Aquatic Herbicides and Manufacturers

_Type Source
Copper ion, Cutrine-Plus (Liquid, 9% Cu, Applied Biochemists, Inc.
complexes ethanolamine complex) P. 0. Box 25

Mequon, WI 53092

K-TEA Algaecide (Liquid, 87 Cu, Kocide Chemical Corp.
triethanolamine complex) P. 0. Box 45539
12701 Almeda Road
Houston, TX 77045

Komeen/Koplex (Liquid, 8% Cu, Kocide Chemical Corp.
ethylenediamine complex) P. O. Box 45539
12701 almeda Road
Houston, TX 77045

Diquat Diquat Water Weed Killer Ortho Division
(Liquid, 35.3%) Chevron Chemical Co.

940 Hensley St.
Richmond, CA 94804

Endothall Aquathol (Granular, 10.17 K2 Pennwalt Corporation
salt) Agchem Division
P. 0. Box 6000
Concordville, PA 19331
Aquathol K (Liquid, 40.37 K2 Pennwalt Corporation
salt) Agchem Division
P. 0. Box 6000
Concordville, PA 19331
Fluridone Sonar AS (Liquid, 45.2%) Elanco Products Co.
740 S. Alabama St.
Indianopolis, IN 46285
Sonar 5P (Granular, 5%) Elanco Products Co.

740 S. Alabama St.
Indianopolis, IN 46285

5-29




Table 2

Copper Ion Complexes - Herbicide Information

Common and Trade Names:

Copper

CUTRINE-PLUS (1liquid, 9% Cu, ethanolamine complex)

K-TEA ALGAECIDE (liquid, 87 Cu, triethanolamine complex)

KOPLEX AQUATIC HERBICIDE (liquid, 8% Cu, ethylenediamine complex)
KOMEEN (liquid, 87 Cu, ethylenediamine complex)

I.U.P.A.C. Name:

Copper Ion Complex

Formula and Structure: - =
CuSo, , Cu++ \

4

— @]
O\\ ?q/// on OH™
////S\\ Cu -\\\\U”
O//// 0 HOY /////’
o1

Mode of Action: | HOH J

1. Cell toxicant.

++
2. Cu inhibits electron transport system in photosystems I and II
(Cedeno-Maldonado and Swader 1974).

3. Binds cytochrome C in electron transport system.
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Table 3

Environmental Rate Constants for Copper Complexes

’ Process Rate

KT (overall) Infinite persistence

t

2

Photolysis Stable

Oxidation -

Hydrolysis -

Volatilization Not volatile

Sediment sorption Important process for organic sediments,
precipitates on clays, forms insoluble
copper hydroxides, phosphates, or
carbonates.

Water solubility Soluble

Bioconcentration -

Biotransformation and No metabolism

biodegradation
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Table 4

Diquat Dibromide — Herbicide Information

Common and Trade Names:

Diquat
DIQUAT WATER WEED KILLER (liquid, 35.37%)

I.U.P.A.C. Name:

6,7-Dihydrodipyrido (l,2-a:2'-1'-C) pyrazinedinium ion

Formula and Structure:

C,,H, , N,X, where X = Br

127127272
7 N\_ 7 \
arxalna.
\__/

Mode of Action:

1. Acts as electron acceptor during the Hill reaction of photosynthesis;
forms free radicals (Calderbrank 1968)
2. Free radicals oxidize and form hydrogen peroxide, which accumulates and

destroys plant cells (Weed Society of America (WSSA) 1983)
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Table 5

Environmental Fate Rate Constants for Diquat

Process

(overall)
overall disappear-
ance rate
coefficient

t
3

Photolysis

Oxidation

Hydrolysis
Volatilization

Sediment sorption

Water solubility
Bioconcentration

Biotransformation
and biodegradation

Rate

0.75/day (calculated from Grzenda et al. 1966)
0.925/day (calculated from Frank and Comes 1967)
0.43/day (calculated from Yeo 1967)
0.04/day (calculated from Simsiman and

Chesters 1976)

1-2 days (estimated from Hiltbran et al. 1972)

507 loss in 48 hr with ultraviolet radiation
(Zepp et al. 1975)
Major process (WSSA 1983)

Stable (Kearney and Kaufman 1976)
Not significant at pH <9 (Zepp et al. 1975)

Potential alkaline hydrolysis (WSSA 1983)
Not significant (Simsiman and Chesters 1976)

Kp 31.2 (calculated from Tucker et al. 1967)
Kp = 40.5 (calculated from Simsiman and Chesters
1976)
Inactivated by clay and suspended sediment
(WSSA 1983)

Soluble (WSSA 1983)
<1 (Haven 1969)

Not well known; bound diquat is apparently per-
sistent (Summers 1980)

* Kp is the sorption rate coefficient on sediment.
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Table 6

Endothall - Herbicide Information

Common and Trade Names:

Endothall

AQUATHOL GRANULAR AQUATIC HERBICIDE (granular, 10.17, dipotassium salt)
AQUATHOL K (liquid, 40.37, dipotassium salt)

I.U.P.A.C. Name:

7-Oxabicyclo-2,2,1 heptane-2,3-dicarboxylic acid

Formula and Structure:

CSHIOOS i

Hy H
COOH

COOH
Hy H

Mode of Action:

1. Contact herbicide (Ashton and Crafts 1981).

2. Causes desiccation and browning of foliage (Klingman et al. 1975).
3 Inhibits protein synthesis (Haller and Sutton 1973).

4. Reduces respiration (Haller and Sutton 1973).
5

Decreases lipid metabolism (Haller and Sutton 1973).
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Table 7

Environmental Fate Rate Constants for Endothall

Process

KT (overall)

o1
Photolysis
Oxidation

Hydrolysis

Volatilization

Sediment sorption

Water solubility
(potassium salt)

Bioconcentration

Biotransformation
and biodegradationon

Rate

0.27/day (calculated from Hiltibran 1963)
0.17/day (calculated from Holmberg and Lee 1976)
0.095/day (calculated from Yeo 1970)

0.45/day (calculated from Frank and Comes 1967)
1 to 4 days (Rodgers et al. 1984)

Stable (Pennwalt Corp. literature)

Stable (Pennwalt Corp. literature)

Stable (Pennwalt Corp. literature)

Not significant

Kp = 2-5 (Reinert and Rodgers 1984)

Kp = 0.56 (calculated using Neely and Mackay 1981)
Kp 1 (Reinert and Rodgers 1984)

A

1228 g/% (Pennwalt Corp.)

BCF = 1.05 (Audus 1976)
Kow 1.36 (calculated using Neeley and Mackay 1981)

Major process

Kl = 0.1 d = (Reinert et al. in press)
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Table 8

Fluridone - Herbicide Information

Common and Trade Names:

Fluridone

SONAR AS (liquid, 45,27%)
SONAR 5P (granular, 57%)

I.U.P.A.C. Name:

l1-methyl-3-phenyl-5-[3-(trifluromethyl)phenyl]-4(1H)pyridinone

Formula and Structure:

C19M14F3" © i
_ ﬁ
9. P

() lH3

Mode of Action:

1. 1Inhibits carotenoid synthesis (McCowen et al. 1979).

2. Promotes chlorophyll degradation due to carotenoid loss (McCowen et al.
1979).
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Table 9

Environmental Fate Rate Constants for Fluridone

Process

Rate

KT (overall)

t

1
Photolysis
Oxidation
Hydrolysis

Volatilization

Sediment sorption

Water solubility

Bioconcentration

Biotransformation
and biodegradation

0.15/day (McCowen et al. 1979)

21-22 days persistence (Elanco Technical Report 1981)
4-55 days

Major process (Elanco Technical Report 1981; McCowen

et al. 1979)
0.7 day (calculated from WSSA 1983)

Stable (Elanco Technical Report 1981; McCowen et al.
1979)

P <1 x 10_7 torr at 25°C (Elanco Technical Report 1981)

Kp = 3.26 (McCowen et al. 1979)
Strongly sorbed (WSSA 1983)

12 mg/¢% (Elanco Technical Report 1981)

BCF = 0.9-3.7 (Elanco Technical Report 1981)
Kow 74.1 (Elanco Technical Report 1981)

Occurs (Elanco Technical Report 1981)
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Table 10

Acute Toxicity Values for Copper*

Species

Worm,
Limnodrilus hoffmelstert

Worm,
Nals sp.

Snail (adult),
Ammicola sp.

Snail,
Campeloma decisum

Snail,
Gyrauius circumstriatus

Snail,
Physa heterostropha

Snail,
Physa integra

Cladoceran,
Daphnia magna

Method**

Chemical

S,

S,

S,

FT,

S,

FT,

S,

U

Freshwater Species

Copper
sulfate

Copper
sulfate

Copper
sulfate

Copper
sulfate

Copper
sulfate

Copper
sulfate

(Continued)

Hardness Species Mean
(Egéé ?s KC50/5€50  Acute value
3 (ug/ %) (ug/1)

100 102 -

50 90 » -

50 900 -
35-55 1,700 -

100 108 -

100 69 -
35-55 39 -

226 200 _

* From USEPA (1980).

*% § = gtatic, FT = flow-through, R = renewal, U = unmeasured, M = measured

Results are expressed as copper, not as the compound.
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Table 10 (Continued)

. Species Mean
(Egéé ?S LCSO/ECSO Acute Value
Species Method** Chemical 3 (ug/ L) (ug/L)

Cladoceran, R, U Copper 45.3 9.8 -
Daphnia magna chloride
Cladoceran, S, U Copper 99 65 =
Daphnia magna chloride
Cladoceran, S, U Copper 99 30 -
Daphnia magna chloride
Cladoqeran, S, U Copper 120 12.7 -
Daphnia magna sulfate
Cladoceran, S, U Copper — 100 =
Daphnia magna sulfate
Cladoceran, S, M Copper 52 26 -
Daphnia magna chloride
Cladoceran, S, M Copper 105 30 -
Daphnia magna chloride
Cladoceran, S, M Copper 106 38 -
Daphnia magna chloride
Cladoceran, S, M Copper 201 69 —
Daphntia magna chloride
Cladoceran, S, U Copper 45 10 —
Daphnia magna sulfate

(Continued)
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Table 10 (Continued)

Species

Cladoceran,
Daphnia pulex

Cladoceran,
Daphnia pulicaria

Cladoceran,
Daphnia pulicaria

Cladoceran,
Daphnia pulicaria

Cladoceran,
Daphnia pulicaria

Cladoceran,
Daphnia pulicaria

Cladoceran,
Daphnia pulicaria

Cladoceran,
Daphnia pulicaria

Cladoceran,
Daphnia pulicaria

Scud,

Gammarus pseudo limnaeus

Species Mean
Acute Value
(ug/2)

Hardness
(ggéé ?s LCs0/EC50
Method** Chemical a3 (ug/2)
S, U Copper 45 10
sulfate
R, M - 48 11.4
R, M - 48 9.06
R, M - 48 7.24
R, M - 44 10.8
R, M - 45 9.3
R, M - 95 17.8
R, M - 145 23.7
R, M - 245 27.3
FT, M Copper 35-55 20
sulfate
(Continued)
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Table 10 (Continued)

Species

Scud,
Gammarus sSp.

Crayfish,
Orconectes rusticus

Stonefly,
Acroneuria lycorias

Damselfly,
Unidentified

Midge,
Chironomus sp.

Caddisfly,
Unidentified

Rotifer,
Philodina acuticornis

Rotifer,
Philodina acuticornis

Rotifer,
Philodina acuticornis

American eel,
Anguilla rostrata

Metho

d** Chemical

S, M

FT, M

Copper
sulfate

Copper
sulfate

Copper
sulfate

Copper
sulfate

Copper
sulfate

Copper
nitrate

(Continued)

Hardness Species Mean
(Eiéé ?S LCSO/EC50 Acute Value

3 (ng/2) (ug/L)

50 910 -
100-125 3,000 _

40 8,300 -

50 4,600 -

50 30 -

50 6,200 -

40 160 =

25 700 -

81 1,100 -

53 6,400 -
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Table 10 (Continued)

HHCHRE S Species Mean
ézgéﬂ)as LCSO/ECSO Acute Value
Species Method** Chemical 3 (ug/) (ug/2)
American eel, S, M - 55 6,000 -
Anguilla rostrata
Coho salmon (adult), FT, M Copper 20 46 -
Oncorhynchus kisutch chloride
Coho salmon (yearling), S, M Copper 89-99 74 =
Oncorhynchus kisutch chloride
Coho salmon (yearling), S, M Copper 89-99 70 =
Oncorhynchus kisutch chloride
Coho salmon (smolt), S, M Copper 89-99 60 -
Oncorhynchus kisutch chloride
Chinook salmon (alevin), FT, M - 25 26 -
Oncorhynchus tshawytscha
Chinook salmon (swim-up), FT, M - 25 19 -
Oncorhynchus tshawytscha
Chinook salmon (parr), FT, M - 25 38 -
Oncorhynchus tshawytscha
Chinook salmon (smolt), FT, M - 25 26 -
Oncorhynchus tshawytscha
Chinook salmon, FT, M - 13 10 -

Oncorhynchus tshawytscha

(Continued)
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Table 10 (Continued)

Species

Chinook salmon,
Oncorhynchus tshawytscha

Chinook salmon,
Oncorhynchus tshawytscha

Chinook salmon,
Oncorhynchus tshawytscha

Cutthroat trout,
Salmo clarki

Cutthroat trout,
Salmo clarki

Cutthroat trout,
Salmo clarki

Cutthroat trout,
Salmo clarki

Cutthroat trout,
Salmo clarki

Cutthroat trout,
Salmo clarki

Cutthroat trout,
Salmo clarki

Method** Chemical

FT, M -

FT, M -

FT, M ~

FT, M Copper
chloride

FT, M Copper
chloride

FT, M Copper
chloride

FTL, M Copper
chloride

FL, M Copper
chloride

FT, M Copper
chloride

FT, M Copper
chloride
(Continued)

F Species Mean
é:géz)as LCSO/ECSO Acute Value
i (ug/2) (ug/2)
46 22 .
182 85 -
359 130 -
205 367 -
70 186 -
18 36.8 -
204 232 -
83 162 -
31 73.6 -
160 91 -
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Table 10 (Continued)

Species

Cutthroat trout,
Salmo clarki

Cutthroat trout,
Salmo clarki

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Method** Chemical

FT, M Copper
chloride
FT, M Copper
chloride
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
(Continued)

fardness Species Mean
é§§é£>as L€50/EC50  Acute value
3 (ug/%) (ug/4)

74 44 .4 -

26 15.7 -

30 19.9 -

32 22.4 -

31 28.9 -

31 30 -

30 30 -

101 176 -

101 40 -

99 33.1 -
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Table 10 (Continued) .

Hapdaess Species Mean
L
(Eiéo ?s LCSO/ECSO Acute Value
Species Method** Chemical 3 (ug/L) (ug/L)

Rainbow trout, FT, M Copper 102 30.7 -
Salmo gairdneri sulfate
Rainbow trout, FT, M Copper 101 46.3 -
Salmo gairdneri sulfate
Rainbow trout, FT, M Copper 99 47.9 -
Salmo gairdneri sulfate
Rainbow trout, FT, M Copper 100 48.1 -
Salmo gairdnert sulfate
Rainbow trout, FT, M Copper 100 81.1 -
Salmo gairdneri sulfate
Rainbow trout, FT, M Copper 98 85.9 -
Salmo gairdnert sulfate
Rainbow trout, FT, M Copper 370 232 -
Salmo gairdneri sulfate
Rainbow trout, FT, M Copper 366 70 -
Salmo gairdneri sulfate
Rainbow trout, FT, M Copper 371 82.2 -
Salmo gairdneri sulfate
Rainbow trout, FT, M Copper 361 298 -
Salmo gairdneri sulfate

(Continued)
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Table 10 (Continued)

Species

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdnert

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdnert

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo gairdneri

Method** Chemical

FT, M Copper
chloride

FT, M Copper
chloride

FT, M Copper
chloride

FT, M Copper
chloride

FT, M Copper
chloride

FT, M Copper
chloride

FT, M Copper
chloride

FT, M Copper
chloride

FT, M Copper
chloride

FT, M Copper
chloride

(Continued)

(Ha;dness _— Species Mean
Egcé ?S 50/"°50 Acute Value
3 (ug/2) (ug/2)

194 169 -

194 85.3 -

194 83.3 -

194 103 -

194 274 -

194 128 -

194 221 -

194 165 -

194 197 -

194 514 -
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Table 10 (Continued)

Hazdness Species Mean
g/ - LC50/EC50  Acute Value
Species Method** Chemical 3 (ug/8) (ug/g)

Rainbow trout, FT, M Copper 194 243 -
Salmo gairdneri chloride
Rainbow trout (alevin), FT, M - 25 28 -
Salmo gairdneri
Rainbow trout (swim-up), FT, M : - 25 17 -
Salmo gairdneri
Rainbow trout (parr), FT, M - 25 18 -
Salmo gairdneri
Rainbow trout (smolt), FT, M - 25 29 -
Salmo gairdneri
Rainbow trout (adult), FT, M Copper 42 57 —
Salmo gairdneri chloride
Rainbow trout, FT, M Copper 350 102 -
Salmo gairdneri sulfate
Rainbow trout, FT, M Copper 125 200 -
Salmo gairdneri sulfate
Rainbow trout, FT, M Copper 125 200 =
Salmo gairdnert sulfate
Rainbow trout, FT, M Copper 125 190 -
Salmo gairdneri sulfate

(Continued)
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Table 10 (Continued)

Hondarss Species Mean
(Eféé ?S LCs50/EC50  Acute Value
Species Method** Chemical 3 (ug/e) (ug/e)

Rainbow trout, FT, M Copper 125 210 -
Salmo gairdneri sulfate
Rainbow trout, S, M Copper 290 890 -
Salmo gairdnert sulfate
Atlantic salmon, FT, M Copper 20 48 =
Salmo salar sulfate
Atlantic salmon, S, M - 8-10 125 -
Salmo salar
Atlantic salmon, FT, M - 14 32 -
Salmo salar
Brook trout, FT, M Copper 45 100 -
Salvelinus fontinalls sulfate
Stoneroller, FT, M Copper 200 290 -
Campostoma anomalum sulfate
Goldfish, S, U Copper 20 36 -
Carassius auratus sulfate
Goldfish, FT, M Copper 52 300 -
Cyprinus carplo sulfate
Carp, S, M Copper 53 810 -
Cyprinus carplo nitrate

(Continued)
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Table 10 (Continued)

Species

Carp,
Cyprinus carplo

Longfin dace,
Agosia chrysogaster

Striped shiner,
Notropis chrysocephalus

Striped shiner,
Notropis chrysocephalus

Bluntnose minnow,
Pimephales notatus

Bluntnose minnow,
Pimephales notatus

Bluntnose minnow,
Pimephales notatus

Bluntnose minnow,
Pimephales notatus

Bluntnose minnow,
Pimephales notatus

Bluntnose minnow,
Pimephales notatus

Method** Chemical

S, M -

R, M Copper

sulfate

FT, M Copper
sulfate

FT, M Copper
sulfate

FT, M Copper
sulfate

FT, M Copper
sulfate

FT, M Copper
sulfate

FT, M Copper
sulfate

FT, M Copper
sulfate

FT, M Copper
sulfate

(Continued)

Hardness
(mg/ 4 as

CaC03)

55

221

200

200

200

200

200

200

200

194

Loea/ECs0
(ug/ L)

Species Mean
Acute Value
(ug/2)

800

860

790

1,900

290

260

260

280

340

210
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Table 10 (Continued)

Hardness Species Mean
e/ 3 L€50/5¢50  Acute Value
Species Method** Chemical 3 (ug/ %) (ug/L)

Bluntnose minnow, FT, M Copper 194 220 -
Pimephales notatus sulfate
Bluntnose minnow, FT, M Copper 194 270 -
Pimephales notatus sulfate
Fathead minnow, FT, M Copper 202 460 -
Pimephales promelas sulfate
Fathead minnow, FT, M Copper 202 490 -
Pimephales promelas sulfate
Fathead minnow, FT, M - 200 790 -
Pimephales promelas
Fathead minnow, FT, M - 45 200 -
Pimephales promelas
Fathead minnow, S, U Copper 360 1,450 -
Pimephales promelas sulfate § 2) ek
Fathead minnow, S, U Copper 20 23 -
Pimephales promelas sulfate (4)*x*
Fathead minnow, S, U Copper 200 430 -
Pimephales promelas sulfate
Fathead minnow, FT, M Copper 200 470 -
Pimephales promelas sulfate

(Continued)
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Table 10 (Continued)

Species

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Blacknose dace,

Rhinichthys atratulus

Creek chub,

Semotilus atromaculatus

Brown bullhead,
Ietalurus nebulosus

Method** Chemical
S, U Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
FL, M Copper
sulfate
FT, M -
FT, M -
FT, M -
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
(Continued)

Hardness
(mg/ % as

CaCO3)

31

31

200

200

48

45

46

200

200

202

LCsa/ECsp
(ug/4)

Species Mean
Acute Value
(ug/2)

84

75

440

490

114

121

88.5

320

310

180
(2) **%
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Table 10 (Continued)

Species

Brown bullhead,
Ietalurus nebulosus

Banded killifish,
Fundulus diaphanus

Banded killifish,
Fundulus diaphanus

Flagfish,
Jordanella floridae

Guppy .
Poecilla reticulata

Guppy, .
Poecilla reticulata

Guppy.,
Poecilla reticulata

White perch,
Morone americanus

White perch,
Morone americanus

Striped bass,
Morone saxatills

Method** Chemical
FT, M sulfate
S, M Copper

nitrate

S, M -

FT, M -
S, U Copper
sulfate

FT, M -

FT, M -
S, M Copper
nitrate

S, M -
S, M Copper
nitrate
(Continued)

Hardness
(mg/4% as

CaCO3)

200

98

55

350-375

20

87.5

67.2

53

55

53

LCen#ECsy
(ug/2)

Species Mean
Acute Value
(ug/2)

540

860

840

1,270

36

112

138

6,200

6,400

4,300
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Table 10 (Continued)

Species

Striped bass,
Morone saxatills

Striped bass,
Morone saxatills

Striped bass (larva),
Morone saxatills

Striped bass (larva),
Morone saxatills

Striped bass (fingerling),
Morone saxatills

Rainbow darter,
Etheostoma caeruleum

Orangethroat darter,
Etheostoma spectabile

Pumpkinseed,
Lepomis gibbosus

Pumpkinseed,
Lepomis gibbosus

Pumpkinseed,
Lepomis gibbosus

Method** Chemical
S, M -
S, U Copper
sulfate
S, U -
S, U -
S, U -
FT, M Copper
sulfate
FT, M Copper
sulfate
S, M Copper
nitrate
S, M -
FT, M Copper
sulfate
(Continued)

Hardness
(mg/% as

CaCO3)

55

35

68.4

68.4

68.4

200

200

53

55

125

Species Mean
LCSO/ECSO Acute Value
(ug/2) (ug/ L)

4,000 -

620 -

50 -

100 —

150 =

320 -

850 =

2,400 -

2,700 =

1,240 -

(Sheet 16 of 21)



Table 10 (Continued)

Species

Pumpkinseed,
Lepomis gibbosus

Pumpkinseed,
Lepomis gibbosus

Pumpkinseed,
Lepomis gibbosus

Pumpkinseed,
Lepomis gibbosus

Pumpkinseed,
Lepomis gibbosus

Pumpkinseed,
Lepomis gibbosus

Bluegill
Lepomis macrochirus

Bluegill
Lepomis macrochirus

Bluegill
Lepomis macrochirus

Bluegill
Lepomis macrochirus

Method** Chemical
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
FT, M Copper
sulfate
S, U Copper
chloride
(Continued)

e nase Species Mean
(mg/t as  1050/%C50  acute Value
3 (ug/2) (ug/2)
125 1,300 —
125 1,670 -
125 1,940 -
125 1,240 -
125 1,660 -
125 1,740 -
45 1,100 -
200 8,300 -
200 10,000 -
43 1,250 -
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Table 10 (Continued)

ARG Species Mean
(giéé ?S LCSO/ECSO Acute Value
Species Method#** Chemical 3 (ug/g) (ug/2)

Bluegill, S, U Copper 20 660 -
Lepomis macrochirus sulfate

Bluegill, S, U Copper 360 10,200 -
Lepomis macrochirus sulfate

Bluegill, FT, M Copper 35 2,400 =
Lepomis macrochirus sulfate

Largemouth bass, R, U Copper 100 6,970 -
Micropterus salmoides nitrate

Saltwater Species

Polychaete worm, FT, M Copper 77 = =
Neanthes arenaceodentata nitrate

Polychaete worm, FT, M Copper - 200 124
Neanthes arenaceodentata

Polychaete worm, S, U Copper - 200 -
Nerels diversicolor sulfate

Polychaete worm, S, U Copper - 445 -
Nerels diversicolor sulfate

Polychaete worm, S, U Copper - 480 =
Nerels diversicolor sulfate

(Continued)
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Table 10 (Continued)

Species

Polychaete worm,
Nerels diversicolor

Polychaete worm,
Phyllodoce maculata

Pacific oyster,
Crassostrea gigas

American oyster,
Crassostrea virginica

Black abalone,
Hallotis eracherodii

Red abalone,
Hallotis rufescens

Red abalone (larva),
Hallotis rufescens

Soft shelled clam,
Mya arenaria

Calanoid copepod,
Acartia claust

Calanoid copepod,
Aecartia tonsa

Method** Chemical
S, U Copper
sulfate
S, U Copper
sulfate
FT, M Copper
sulfate
S, U Copper
sulfate
S, U Copper
sulfate
S, U Copper
sulfate
S, U Copper
sulfate
S, U Copper
chloride
S, U Copper
chloride
S, U Copper
chloride
(Continued)

Hardness
(mg/% as

CaCOB)

Species Mean

LcSO/ECSO Acute Value

(ug/R) (ug/2)
410 364
120 120
560 560
128 128
50 50
65 =
114 86
39 39
52 52
17 =
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Table 10 (Continued)

Hatdpess Species Mean
(Eiéé ?S LCSO/ECSO Acute Value

Species Method** Chemical 3 (ue/g) (ye/g)
Calanoid copepod, S, U Copper - 55 =
Acartia tonsa chloride
Calanoid copepod, S, U Copper - 31 31
Acartia tonsa chloride
Copepod, S, U Copper - 526 526
Eurytemora affinis chloride
Copepod, S, U Copper - 138 138
Pseudodiaptomus coronatus chloride
Copepod, S, U Copper - 487 487
Tigriopus japonicus chloride
Mysid shrimp, FT, M Copper - 181 181
Mysidopsis bahia nitrate
Mysid shrimp, FT, M Copper - 141 141
Mysidopsis bigelowi nitrate
American lobster (larva), S, U Copper - 48 -
Homarus americanus nitrate
American lobster (adult), S,y U Copper . - 100 69
Homarus americanus sulfate
Brown shrimp, S, U Copper - 330 330
Crangon crangon sulfate

(Concluded)
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Table 10 (Concluded)

Hardness Species Mean
(Egéé ?s LCSO/ECSO Acute Value
Species Method** Chemical 3 (ug/ ) (ug/ )
Shore crab (larva), S, U Copper - 600 600
Carcinus maenus sulfate
Florida pompano, S, U Copper - 360 -
Trachinotus carolinus sulfate
Florida pompano, S, U Copper - 380 -
Trachinotus carolinus sulfate
Florida pompano, S, U Copper - 510 412
Trachinotus carolinus sulfate
Atlantic silverside (larva), FT, M Copper - 136 136
Menidia menidia nitrate (7) **%
Summer flounder (embryo), FT, M Copper - 28 28
Paralichthys dentatus chloride (3) %%k
Winter flounder (embryo), FT, M Copper - 129 129
Pseudopieuronectes americanus nitrate (9)
(Sheet 21 of 21)
Arithmetic mean of (N) results.

NOTE: Freshwater acute toxicity vs hardness:

Cladoceran, Daphnia magna: slope = 1.34, Intercept = -2.64, r = 0.80, p = 0.01, N = 10

Cladoceran, Daphnia pullcaria: slope = 0.70, Intercept = -0.40, r = 0.94, p = 0.01, N =38

Chinook salmon, Oncorhynchus tshawytscha: slope = 0.67, Intercept = 0.93, r = 0.93, p = 0.0, N =38

Cutthroat trout, Sglmo clarki: slope = 0.88, Intercept = 0.79, r = 0.78, p = 0.01, N =9

Rainbow trout, Salmo gairdneri: slope = 0.87, Intercept = 0.33, r = 0.78, p = 0.01, N = 39

Fathead minnow, Pimephales promelas: slope = 1.12, Intercept = 0.38, r = 0.96, p = 0.01, N =15

Bluegill, Lepomis macrochirus: slope = 1.00, Intercept = 3.60, r = 0.95, p = 0.01, N =7
Arithmetic mean acute slope = 0.94



Table 11

Chronic Values for Copper¥*

Species

Snail, .
Campeloma decisum

Snail,
Physa integra

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Scud,
Gammarus pseudolimnaeus

Rainbow trout,
Salmo gairdneri

Brown trout,
Salmo trutta

Brook trout,
Salvelinus fontinalls

Test**

LC

LC

LC

LC

LC

LC

ELS

ELS

LC

Hardness
(mg/2 as
Chemical CaCOB)
Freshwater Species
Copper 45
sulfate
Copper 45
sulfate
Copper 51
chloride
Copper 104
chloride
Copper 211
chloride
Copper 45
sulfate
Copper 45.4
sulfate
Copper 45.4
sulfate
Copper 45
sulfate
(Continued)

Limits Chronic Value
(ng/2) (ug/ L)
8-14.8 10.9
8-14.8 10.9
11.4-16.3 13.6
20-43 29.0
742=12 .6 9.5
4.6-8 6.1
11.4-31.7 19
22.0-43.2 30.8
9.5-17.4 12.9

* From USEPA (1980).

*% LC = life cycle or partial life cycle; ELS

= early life stage

Results are expressed as copper, not as the compound.
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Table 11 (Continued)

Hardness
(mg/ 2 as Limits . Chronic Value

Species Test** Chemical tatlyy (ug/2) (ug/2)
Brook trout, ELS Copper 45.4 22.3-43.5 31.1
Salvelinus fontinalls sulfate
Brook trout, ELS Copper 37.5 3-5 3%9
Salvelinus fontinalls sulfate
Brook trout, ELS Copper 187 5-8 6.3
Salvelinus fontinalls sulfate
Lake trout, ELS Copper 45.4 22.0-42.3 30.5
Salvelinus namaycush sulfate
Northern pike, ELS Copper 45.4 34.9-104.4 60.4
Esox lucius sulfate :
Bluntnose minnow, LC Copper 194 4.3-18 8.8
Pimephales notatus sulfate
Fathead minnow, LC Copper 198 14.5-33 219
Pimephales promelas sulfate
Fathead minnow, LC Copper 30 10.6-18.4 14.0
Pimephales promelas sulfate
Fathead minnow, LC Copper 200 24-32 270
Pimephales promelas sulfate
Fathead minnow, ELS - 45 13.1-26.2 18.5

Pimephales promelas
(Concluded)
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Table 11 (Concluded)

Species

White sucker,
Catostomus commersont

Channel catfish,
Ictalurus punctatus

Channel catfish,
Ictalurus punctatus

Bluegill,
Lepomis macrochirus

Walleye,
Stizostedion vitreun

Mysid shrimp,
Mysidopsts bahia

Hardness
(mg/ 4% as Limits Chronic Value
Test** Chemical CaCO3) (ug/2) (ug/8)
ELS Copper 45.4 12.9-33.8 20.9
sulfate
ELS Copper 36 12-18 14.7
sulfate
ELS Copper 186 13-19 15.7
sulfate
LC Copper 45 21-40 29.0
sulfate
ELS Copper 35 13-21 16.5
sulfate
Saltwater Species
LC Copper 54 38-77 54
nitrate




Table 12

Acute Toxicity Values for the Inorganic Salts of Endothall*

(dipotassium or disodium endothall)

Species (Reference)

Bass

Largemouth

Striped

Carp
Carp-Goldfish Hybrid

Catfish

Yellow Bullhead
Black Bullhead
Channel Catfish#*%*
Minnows

Bluntnose

Fathead

Harlequin

Red Shiner
Redfin Shiner
Salmonid

Chinook

Exposure
Period
(hours)

24
48
48
96
96
24
48
96

96

96
96
96

96
48
24
48
96
96

24
24

(Continued)

Conditions

Static

Flow Through

Static

"
1

Static

Static

Static

Static

1

LC 0 Value
mg/ L)

> 200
200
320
> 135
120-125
2,000
1,700
710

145-210

170-175
180-185
150

110-120
480
565
460
105
95

4,900
260
155

* Pennwalt Corporation (1984).
**  From Johnson and Finley (1980).
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Table 12 (Concluded)

Species (Reference)

Chinook

Coho**

Rainbow Trout#*#*
Chinook

Sunfish
Bluegill

Redear

Exposure
Period
(hours)

48
96
96
96

24
24
24
24
24
48
48
48
48
48
96
96

Conditions

Static

Static

"
Static, Soft
Static, Hard
Static
Static

"
Static, Soft
Static, Hard

Static

LC Value
0
mg/ %)
136

> 100
230-450
82

428
450
450
390
< 800
268
280
320
240
> 300
125-150
125
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Table 13
Effects of Repeated Exposure of Fish to the Inorganic Salts of Endothall*%

(dipotassium or disodium endothall)

Exposure Concen-
Period tration
Species (Reference) (days) (mg/ %) Results
Bass
Largemouth 7 95-115 Minimum effect level
Largemouth Fry 3 10-100 907 survival
Smallmouth Fry 8 10- 25 No mortality (newly
hatched)

Unspecified NS* 10 No mortality

21 10 No mortality
Carp
Carp-Goldfish Hybrid 7 110-150 Minimum effect level
Catfish
Black Bullhead 7 10-100 907 survival
Channel 3 10-25 No mortality (newly

hatched)

Yellow Bullhead 7 110-120 Minimum effect level
Minnows
Bluntnose 21 40 No mortality

7 70-90 Minimum effect level
Fathead NS* 10 No mortality
Red Shiner 21 40 No mortality

7 60 Minimum effect level
Redfin Shiner 21 40 No mortality

7 60 Minimum effect level
Salmonids
Chinook Salmon 14 10-105 l4-day LCyy = 62.5 mg/4
Rainbow Trout 21 10 No mortality
Unspecified Salmon 21 10 No mortality

(Continued)

* From Pennwalt Corporation (1984).
** NS = Not Specified.
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Table 13 (Concluded)

Species (Reference)

Sunfish
Bluegill

Bluegill Eggs & Fry

Bluegill Fry
Green Fry

Redear

Exposure
Period

(days)

NS*
NS**
21

7

8

Concen-~
tration

(mg/ )

20
20
100
100-105
10- 25

50-100
10-100
10- 25
100

Results

No mortality
No mortality
No mortality
Minimum effect level

No mortality

No mortality
90Z survival
No mortality

Minimum effect level
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Table 14
Acute Toxicity Values for the Amine Salts of Endothall*

(monamine or diamine salt)

Exposure
Period LC 0 Value
Species (Reference) (hours) Conditions %mg/ﬂ)
Bluegill Sunfish 24 Static 0.8
24 LY 0.3%%
48 " 0.8
48 o 0.3%%
96 L 0.06-0.2%%*
Golden Shiner 120 Flow Through, 1.6
Soft
120 Flow Through, 0.32
Hard
Lake Emerald Shiner 4 Static Q.75
4 " 0.29%%*
24 " 0.4
24 i 0.12%%
48 i 0.35
48 " 0.10%*
96 " 0.35
96 . 0.08%*
Largemouth Bass 96 Static 0.1-0.3*%
Redear Sunfish 96 Static 0.1-0,2%%
Yellow Bullhead 96 Static 0.2-0.4%%

* From Pennwalt Corporation (1984).
** Diamine salt.
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Table 15

Toxicity Determinations on Aquatic Invertebrates

Exposed to the Inorganic Salts of Endothall%*

(dipotassium or disodium endothall)

Species (Reference)

Chironomus tentans
(midge larvae)

Clam Eggs
Clam Larvae

Cypretta kawatai
(ostracod)

Gammarus lacustris
(freshwater scud)

Oyster Eggs

Oyster Larvae

Exposure

Period

24
72

48

12

24
72

96
24

48

14

hr
hr

hr
days

hr
hr

hr
hr

hr

days

LC50 Value

mg/ L

205
120

51
12.5

249
173

> 320
> 100

28.2

48.1

* From Pennwalt Corporation (1984).
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Table 16
Effect of Inorganic Endothall Salts

on Nontarget Animals*

(dipotassium or disodium endothall)
Concen-
tration
Organism (Reference) mg/ g Results
Planktonic Animals
Amphipods 1-3 No detrimental effects
Calanoida 5 No change in species composition
or generic density
Cladocerans 5 No change in species composition
or generic density
Cyclopoida 5 No change in species composition
or generic density
Freshwater Scud 2 800% increase lst year after
treatment - 3007 increase in
subsequent years
Ostracoda 5 Population pulse after treatment
but returned to control levels
Benthic Animals
Beetle Larvae 1-3 No detrimental effects
Caddisfly Larvae 5-10 Numbers increased after treatment
Clams 5-10 Numbers increased after treatment
Damselfly Larvae 1-3 No detrimental effects
5-10 Numbers increased after treatment
Dragonfly Larvae 1-3 No detrimental effects
5-10 Numbers increased after treatment
Leeches 5-10 Numbers increased after treatment
Mayfly Nymphs 5-10 Numbers increased after treatment
1-3 No detrimental effects
(Continued)

* From Pennwalt Corporation (1984).
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Table 16 (Concluded)

Concen-
tration
Organism (Reference) mg/ % Results

Benthic Animals (Continued)
Midge Larvae 1-3 No detrimental effects
Midge Larvae 5-10 Numbers increased after treatment
Mosquito Larvae 5-10 Numbers increased after treatment
Oligochaetes 5-10 Numbers increased after treatment
Stoneroller Fly 50 100% hatched normally
Larvae
True Bugs 1-3 No detrimental effect
Water Bugs 5-10 Numbers increased after treatment
Littoral Animals
Beetle Adults 1-3 No detrimental effects
Crayfish 1-3 No detrimental effects
Horsefly Larvae 5~10 Numbers increased after treatment
Snails 5-10 Numbers increased after treatment
Tadpoles 5-10 No detrimental effects
Water Beetle 5-10 No detrimental effects
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Table 17

Acute Toxicity of Diquat to Aquatic Organisms

Exposure LC 0 Value
Organism Period ?mg/l)* Reference
Chironomidae 96 hr > 100 Wilson and Bond (1969)
Mayfly, 96 hr 16.4 Wilson and Bond (1969)
Callibaetis sp.
Caddisfly, 96 hr 33.0 Wilson and Bond (1969)
Limnephilus sp.
Cladoceran, 8 day 1.0 Gilderhaus (1967)
Daphnia pulex
Amphipod, 96 hr 0.048 Wilson and Bond (1969)
Hyalella azteca
Amphipod, 96 hr > 100 Johnson and Finley
Gammarus fasciatus (Hardwater) (1980)
Cockle, 24 hr > 10.0 Portmann and Wilson
Cardium edule (1971)
American oyster, 96 hr 1.0 NTE Butler (1965)
Crassostrea virginica
Damselfly, 96 hr > 100 Wilson and Bond (1969)
Enallagma sp.
Dragonfly, 96 hr > 100 Wilson and Bond (1969)
Libellula
White shrimp, 48 hr 1.0 NTE Butler (1965)
Penaeus setiferus
Sand shrimp, 24 hr > 10,0 Portmann and Wilson
Crangon crangon (1971)
Fathead minnow, 96 hr 10.0 NTE Butler (1965)
Pimephales promelas
Fathead minnow, 96 hr 14,0 Surber and Pickering
Pimephales promelas (Softwater) (1962)
(Continued)

* Entry NTE indicates no

toxic effect.

5-70

(Sheet 1 of 4)



Table 17 (Continued)

Exposure LC 0 Value

Organism Period Emg/ﬂ)* Reference
Fathead minnow, 96 hr 14.0 Surber and Pickering
Pimephales promelas (Hardwater) (1962)
Longnose killifish, 48 hr 1.0 NTE Butler (1965)
Fundulus similis
Goldfish, 96 hr 35.0 Gilderhaus (1967)
Carassius auratus
Channel catfish (fry), 72 hr 10.0 NTE Jones (1965)
Ictalurus punctatus
Channel catfish (adult), 96 hr 10.0 NTE Lawrence et al. (1962)
Ictalurus punctatus
Black bullhead(fingerling), 96 hr 170 Johnson and Finley
Icetalurus melas (1980)
Bluegill (fry), 12 day 10.0 NTE Hiltibran (1967)
L. macrochirus
Bluegill (fry), 72 hr 4.0 NTE Jones (1965)
L. macrochirus
Bluegill (fingerling), 24 hr 525 Hughes and Davis
L. macrochirus (1962) **
Bluegill (fingerling), 48 hr 150 Hughes and Davis
L. macrochirus (1962) **
Bluegill (fingerling), 96 hr 245 Johnson and Finley
L. macrochirus (1980)
Bluegill (adult), 96 hr 25.0 Gilderhaus (1967)
L. macrochirus
Bluegill (adult), 96 hr 10.0 Lawrence et al. (1965)
L. macrochirus
Bluegill (gdult), 96 hr 140 Surber and Pickering
L. macrochirus (Softwater) (1962)

(Continued)

*% (Cited by L. C. Folmar. 1977. Technical Paper no. 88, US Fish and

Wildlife Service, US Department of the Interior, Washington, DC.
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Table 17 (Continued)

Exposure LC 0 Value

Organism Period ?mg/l)* Reference
Bluegill (adult), 96 hr 140 Surber and Pickering
L. macrochirus (Hardwater) (1962)
Yellow Perch (fingerling), 96 hr 60 Johnson and Finley
Perca flavescens (1980)
Largemouth Bass, 72 hr 1.0 NTE Jones (1965)
Micropterus salmoides
Largemouth Bass, 96 hr 7.8 Surber and Pickering
Micropterus salmoides (Softwater) (1962)
Largemouth Bass, 48 hr 11.0 Muirhead-Thompson
Micropterus salmoides (1971) **
Largemouth Bass, 96 hr 10.0 NTE Lawrence et al. (1965)
Micropterus salmoides
Striped Bass (Larvae), 24 hr 1.0 Hughes (1973)*%
Morone saxatilis
Striped Bass (Larvae), 48 hr 1.0 Hughes (1973)%*%
Morone saxatilis
Striped Bass (Larvae), 72 hr 1.0 Hughes (1973)*%
Morone saxatilis
Striped Bass (Larvae), 96 hr 1.0 Hughes (1973)%*%*
Morone saxatilis
Striped Bass (fingerlings), 24 hr 35.0 Hughes (1969)**
Morone saxatilis
Striped Bass (fingerlings), 24 hr 25.0 Hughes (1969)**
Morone saxatilis
Striped Bass (fingerlings), 72 hr 15.0 Hughes (1969)**
Morone saxatilis
Striped Bass (fingerlings), 96 hr 10.0 Hughes (1969)**
Morone saxatilis
Striped Bass (fingerlings), 24 hr 315 Welborn (1969)

Morone saxatilis

(Continued)
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Table 17 (Concluded)

Exposure LC 0 Value

Organism Period ?mg/k)* Reference
Striped Bass (fingerlings), 48 hr 155 Welborn (1969)
Morone saxatilis
Striped Bass (fingerlings), 96 hr 80.0 Welborn (1969)
Morone saxatilis
Walleye, 96 hr 251 Gilderhaus (1967)
Stizostedion vitreum
Northern Pike, 96 hr 16.0 Gilderhaus (1967)
Esox lucius
Chinook salmon, 48 hr 29.0 Muirhead-Thompson
Onchorynchus tshawytscha (1971) **
Rainbow trout, 96 hr 5.0 NTE Lawrence et al. (1965)
Salmo gairdneri
Rainbow trout, 96 hr 11.2 Gilderhaus (1967)
Salmo gairdneri
Brown trout (fingerlings), 96 hr 20.4 Johnson and Finley

Salmo trutta

(1980)
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Table 18

Considerations for Operational Recommendations of a Herbicide

for Hydrilla Management

Herbicide

Acceptance or Rejection Criterion

Acrolein

Copper complexes
Copper and Diquat
Dichlobenil

Diquat

Endothall
Fenac

Fluridone

Generally toxic to fish, invertebrates, and other
wildlife

Concern regarding hardness and toxicity
Concerns same as for copper complexes and diquat
90-day water-use restriction

Concern regarding suspended and settled (on plants)
particulates

Not registered for use in flowing waters
Must be applied to vegetation after drawdown

Experimental-use herbicide; concern regarding contact
time
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Summary of Fate Information

Table 19

for Copper Complexes, Diquat, Endothall, and Fluridone

Mode of Kps . Susceptibility to Modification
Herbicide Action (Sorption) L pH Hardness Turbidity Light
Copper complexes Cellular level, Important Remains in yes yes yes no
electron trans-— system
port inhibition
Diquat Forms free 30-40 1-4 days yes no yes yes
radicals in Important
cells
Endothall Contact herbi- 2-5 I-4 days no no no no
cide, disrupts
membrane trans-
port
Fluridone Inhibits caro- 3-4 4-55 days no no no yes

tenoid synthe-
sis




APPENDIX A: EDB IN DIQUAT

The information contained in this appendix pertains specifically to
Chapter V: Chemical Control Technology. Environmental concerns about ethylene
dibromide (EDB) contents in diquat warranted enclosing correspondence from
Chevron to the State of Florida involving the environmental fate and EDB

content of diquat.
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ENCLOSURE 1 (CHEVRON CORPORATION)

March 6, 1984

INFORMATION ABOUT

ORTHO DIQUAT AND THE EDB ISSUE

Ortho Diquat, a herbicide used in the United States and abroad for aquatjc
weed control, contains trace quantities of ethylene dibromide (EDB). This
paper has been prepared to address questions raised about Diquat as a result
of recent regulatory actions and public concern regarding EDB.

The manufacturing process of Diquat requires the use of EDB as an intermediate
chemical. Although the manufacturing specification sets a maximum of 100 ppm
EDB, chemical analyses, which are run on each batch of Diquat produced, show
that the product contains not more than 30 ppm (parts per million), and recent
production shows levels as low as 10 ppm.

More significantly, however, 1is the fact that EDB levels are reduced
drastically when Diquat is diluted in normal use.

The Diquat label, as registered by EPA for aquatic weed control, calls for a
maximum usage rate of two gallons formulated product per surface acre of
water. Assuming 30 parts per million EDB in formulated Digquat and a four foot
water depth, this dilution rate would produce 0.057 parts per billion EDB in
treated water (.000057 parts per million).

The recently issued federal EPA recommendations 1limit EDB levels to 3Q ppb
(parts per billion) in ready-to-eat grain products, 150 ppb in food requiring
cooking, and 900 ppb in raw grain intended for human consumption. Cgrta1n
states such as Florida have elected to establish the much more stringent
tolerance of 0.1 part per billion, which is regarded as the minimum detec?able
level. Thus, the estimated 0.057 ppb EDB level in water treated with Diquat
based on the above-assumption is far below federa)] recommended tolerances, and
less than even the most stringent state-imposed standards to date.

There are additional environmental factors which lower the actua1.EQB level in
Diquat-treated water even further. These include the high volatility of EDB,
ultraviolet  photodegradation, microbial degradation, evaporation, and
dilution.

Diquat is Not a Major EDB Contributor

It is estimated that approximately 300,000,000 pounds of EDB are used in the
United States each year. Chevron estimates that the total amount of EDB
contributed by use of Diquat is approximately 50 pounds.

The major uses of EDB are as an antiknock agent in formulagion of _Ieaded
gasoline, as a preplant soil treatment for nematodes, and as an insecticide.

This specification was amended on March 9, 1984 by reducing the maximum level of
EDB to 50 ppm.

(Continued)
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Diquat EDB Residues Are Far Below the NCI Study Effect Level

The controversy over EDB stems from toxicology investigations indicating
cancer, birth defects, and sterility occurred in laboratory animals, treated
with EDB. A review of the data reveals that rats and mice receiving daily
exposures of EDB either by drinking, breathing or skin absorption over 40 to
103 weeks developed various type of carcinomas. Data on reproductive effects
is inconclusive at this time on a no-effect level.

The National Cancer Institute (NCI) data from a Gavage rat study demonstrated
that animals receiving a dose of EDB of 40 mg/kg of body weight per day for 49
weeks (males) displayed evidence of cancer (females 61 weeks).

Utilizing the NCI data and assuming a label application rate of Diquat at two
gallons/surface acre/four foot water depth, it can be calculated that the
maximum dose of EDB received by a 60 and 20 kg person would be approximately
0.02 and 0.054 ug/kg/day, respectively. These EDB doses are 2,000,000 and
740,000 times lower, respectively, than the low dose of the NCI study.

It may also be noted an inhalation study conducted by Dow Chemical Company
demonstrated that approximately 3 ppm is the no-effect observable level for
EDB in the rat over a 13-week exposure period.

EDB is neither retained nor accumulated by the animal systems. It is rapidly
metabolized and excreted. Urinary excretion is the major route of EDB
elimination. Based on the very low exposure to EDB through use of Diquat, and
in addition to its rapid elimination from the body, no unreasonable risks to
man or the environment are expected to result from exposure to Diguat-treated
water or crops, when Diquat is used in accordance with the label.

Diquat Is a Valuable Tool

Diquat is a unique and important aquatic plant management tool, especially in
areas such as Florida which have acute water weed problems. Diquat is used in
canals, lakes, ponds, irrigation channels and some other waterways for control
of non-native weeds such as hydrilla, water hyacinths and water Tlettuce.
These weeds, unless controlled, can reduce or destroy the value of a waterway
for recreational uses such as boating, swimming and fishing; for agricultural
uses such as irrigation; and for purposes such as flood control.

Diquat s a valuable tool for use in conjunction with mechanical and
bfological weed control methods. Its use is carefully governed and regulated
by state and federal agencies. In Florida, as in most states, it is used
under a permit system by certified applicators and public agency personnel who
are trained and licensed to work with such chemical tools.

Since scientific research is always continuing, be sure to refer to the most

current information and label available. Always use strictly in accordance
with the label and with applicable state and federal regulations.
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|

HC Cyine

JK. OiMaten l L
(_')Q 0.f. Dya \

FX. Kariensi’

J K Kodams

oW, Memty

Dr. Stephen H. Xing $H Yoo
Health Program Off{ce [ 1 tasveu
1323 Winewood Blvd. —
Tallahassee, Florida 32201 /

RLD files

Dear Dr. King: aC: w-h MC&

I was pleased to briefly meet with you at the March 9, 1984, Hearing and
discuss the situatfon regarding ethylene dibroaide (ED3) as it relates to
the use of Diguat for 2quatic weed control. In order to better address the
questions you asked during the meeting concerning the envirommental fate of
EC3 in surface water, its possible migration into ground water and biotrans-
formation, ! have prepared an outline of the fnformation available on these
fssu2s and attached copies of the supporting documents and references.

ENVIRCUMZHTAL FATE OF EDG 1M SURFACE HATER

The wmmount of ED3 contributed to surface water by use of Diquat in aquatic
weed ontrol is quite lov. As indicated in Appendices 1 and 2, 0.057 ppb
E08, the approximate averaze concentration would be present in water treated
with Diquat at the maximum label use rate (2 gallons/acre/a'depth).

Once EDB enters surface water, deccmposition and removal by means of hydro-
1ysis, photodegradation, microbial deoradstion and volatilization or evapo-
ratfon occurs. Volatilizaticn appears to be 2 major route of removal of ED3
from water. Based on the findings and calculations of Dr. Donald Mackay,
University of Toronto, and Drs. B. V. Tucker and D. S. Lingenfelter, Chavron
Chemfcal Company, approximstely 50% of the Ef8 would evaporate in 5% days
from a pond one meter deep and with the wind blowing 10 miles per hour
(1,2,3,8). This calculatinn does not take into account any reduction of ECB
throuach photodacradation, hydrolysis or microbial degradation. Lingenfelter
estimates an ED3 half-11fe of 15 days based on his extrapolation from ethyl-
bromide stabtlity in water.

Castro and Belser presented evidence that microbial degradation is also
{nstrymental fn the dehalogenation of EDB (5). They found that EDB was not
readily decomposed when placed in sterile mixtures of soil and water. How-
ever, when nutrients and microorganisms were addad to the mixture, ED3
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Dr. Stephen H. King -2 - march 16, 19p4

was converted to ethylene and Br~™ within two weeks., This finding s consts-
tent with the estimate of Ehrenberg, ot al., that the half-1ife of ED8 4n
ground water 1s considerably longer due to the absence of sunlight, micro-
bial action and volatilization (6).

Further Lefnster, et al., claim that at elevated water temperatures and
neutral pi, E0B hydrofyses to ethylene glycol and bromoethanol, the half-
1ife of the reaction being 5-10 days (7).

MICRATION NF ED3 INTO GROUND WATER

We do not belfeve use of Diguat for amatic weed control would result fin
contamination of ground water or potable water supplies. The reasons for
our opinion are primarily reviewed §n the asttached article by Thomason and
MXenry which discusses the factors affecting diffusion of chemlcals, speci-
fically EDB, through soil (8). Basically, these investigators claim that
hiah so01l mofsture, oroanic matter, sofl particle compaction and defloccu-
1ation would be finstrumental 4n reducing or blocking the soil pore spaces.
This effect, plus dilution and bindina of EDB to organic matter, would
decrease {ts rate of migration through the underlyling high moisture content
soil layer of ponds.

Thus, the combinatfon of hydrolysis, evaooration, photodegradation and
microbial degradation in the water phase plus blocked sofl pore spaces
between the pond and ground water are factors that would prevent significant
or measurable quantities of E[3 frcm entering ground water. In addition,
treatment of potable water by municinal water districts, fnvolving charcoal
or clay filtration processes may further reduce or ramove any EDS.

In cases where potahle water would be taken directly from the Diquat-
treated water, we believe the ED3 would undergo degradation as discussed
above, providing that 14 days, as 1irdicated on the product label, have
elapsed since application of the herhicide.

BINTRANSFCRFATION

Results of toxicoleqy studies indicate that EIB can be absorbed into the
system through the skin contact, inhalation and {ngestion. Nachtecm demon-
strated that the major metabolic pathway of EDB s conjugation with qluta-
thione forming S-{2-hydroxyethyl) glutathfone and to a lesser extent S,S'-
ethylelene-his-glutathione (9). Rachtomi, et al., and Edwards, et al., also
determined that when mice and rats were orally dosed with ED3, N-acetyl-S-
(2-hydroxyethyl)cysteine and 8-(2-hydroxyethyl)cysteine were excreted in the
urine (10, 11),

The bifologfcal half-1ife of EDB {n laboratory animals apnears to be short.
Hachtom! and Alumot foumd that following i.v. injection of EDB in rats and
chicks, the hiological half-1ife was 2 and 12 hours, respectively (]2).
Edwards, et al., presented data estinating the biological half-1ife of “"C-
laheled €03 1n mice and quinea pigs to be less than 48 hours (11). Plotnick
and Conner have confirmed these findings (13).
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Although the biotransformation of EDB has not been studied in man, it seems
reasonable, based on the available data and findings from animal investiga-
tions, that the chemical would undergo similar metabolism and rate of

elimination.

In summary, we believe the small amount of EDB released in surface water,
through aquatic weed control with Diquat, would not pose a risk to human
health or adversely affect the environment. This opinion is based on the
fact that removal and degradation of EDB occurs in water fram hydrolysis,
photodegradation, microbial degradation and volatilization. The half-1life
of this action is calculated to occur between 5% - 15 days. In addition,
migration or diffusion of EDB into ground water would be negligible due to
binding to organic matter, dilution and reduction of pore space in high
mofisture content soil below the body of water.

Should you have any questions, please do not hesitate to contact me at
(415) 231-6002 or (415) 233-3737.

Very truly yours,

J. E. Ford, Ph.D.
Supervisor, Product
Evaluation, Pesticides

JEF: kdm-16
Attachments

cc: Dr. Donald MacKay
University of Toronto

D. S. Li fel .
B. V. T;ggg: elker ; Chevron Chemical Company

bcc: R. D. Cavalli
G. M. Doppelt
R. H. Foelil
D. W. Jones - For your information.
J. N. Ospenson
L. R. Stelzer
Files - w/attachments

A7



1.
2.

3.

ENCLOSURE 2 (CONTINUED)
-4 -

APPENDIX 1

EDB CONTENT OF ANNUAL AMOUNT OF DIQUAT SOLD IN U.S.

One gallon Diquat Water Weed Killer = 10.36 pounds

Each gallon of Diquat product contains 0.003% (30 ppm) EDB or 0.0003
pounds EDB/gallon.

150,000 gallons of Diquat product sold in the U.S./year.

Amount of EDB 1n total annual sales of Diquat product =

(0.0003 pounds EDB) x (150,000 gallons) =

Florida

47 pounds EDB

Appruximately 26,000 gallons Diquat used annually for aquatic weed

control.

(0.0003 pounds EDB) x (26,000 gallons) =

8 pounds EDB

A8



ENCLOSURE 2 (CONTINUED)

o 5

APPENDIX 2

EDB CONTENT OF WATER TREATED WITH DIQUAT
AT THE LABEL MAXIMUM USE RATE

Diquat Label Maximum Use Rate = 2 gallons Diquat/surface acre/4' water

Conversions:

1 acre = 43,560 ft2

1 cubic foot = 28.316 1

1 gallon = 3.785 1

One gallon Diquat = 10.36 pounds = 4710 gm containing 0.003% (by wt.)

EDB
= 0.14 gm EDB/gal.

Two Gallons Diquat = 0.28 gm EDB

Amount of treated water =
43,560 ft2 x 4 ft = 174,240 ft3
174,240 ft3 x 28.316 1 = 4,933,780 1

Concentration of EDB in treated water =

0.28 gm EDB/4,933,780 1

= 0.057 ug/J- or ppb
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owy “ mids oM CCRXZ ORI March 13, 1984
4.1 KEmaes
4. K. KDOAMA
J. A MacGRECOR ]
o 4. Mot gy
a 1.C SR
EF- - -
L 1” EDB - Calculated Volatilization from and
Mo T oe ] il Stability in Water
. - el
|10.1 UJVOUAJ\ A0
v |5
< |z J. E. FORD:
< |8 . )
s 7\1.‘:’ Dr. Donald MacKay, University of Toronto, has published on colculchqg rates at
- < which low solubility compounds evaporate from water. | discussed with him on
& the phone his calculation for EDB. His calculations show that 50 percent of the
2 s EDB will evaporate in 5% days from a pond | meter deep with a |0 mile per h.our
R LA wind blowing. If pond contains organic matter or sediment for EDB adsorption,
S = the rate of evaporation will decrease; i.e., will take longer than 5% days for 50
o] © percent of EDB to evaporate. Two of MacKay's publications are ot.foch?d. The
>l &| 0 1975 publication explains the equations used and the 1983 publication gives the
:R -2 data for EDB.
g g 2:_‘-5 Dr. D. S. Lingenfelter, a Chevron formulation chemist, estimates the holf—life.of
z Viyo- EDB in water at less than I5 days based on extrapolations from ethyl bromide
g vy gm stability in water. His report is attached.
Wl |w
-
eS8 Y Tecte_
B. V. TUCKER
L
2 '3 BVT:ca
F 0
Y cc: M. G. Franke
A | J. Abell
x 33
Attachments
D. MacKay and P. J. Leinonen, Rate of Evaporation of Low-Solubility
Contaminants from Water Bodies to Afmosphere, Environ. Sci. & Tech., 2,
A 1178 (1975).
le &
é ‘i@ 5 2 D. MacKay and A. T. K. Yeun, Mass Transfer Coefficient Correlations for
1 8|3 Volatilization of Organi¢ Solutes from Water, Environ. Sci. & Tech., 17,
& NeSlz 211 (1983).

3. D.Ss. Lingenfelter,

Estimated Half-Life of EDB in Water, March 7, 1984
memo to J. Abell.
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ENCLOSURE 3 (CONTINUED)
-2~ PAGE 1

Estimated Half-{ife of EDU io Wateco
March 7, 1%z4

Dr. J. Atell: HO.I‘:/’LJ“‘\O‘C"'J~ oo

You had asked for an estimate of the half—-life of ethvlene
ditremide (EDR) in  water. After a brief (4 hour) study of
the pPrablem, I  concluded that I was S04 confident that the
haltf=life in water at raoem  tempPerature was lees than 15
dawve.

You then asked foar a note decscribing the method wused in mak-
ing the e¢stimate. The followine shouwld answer this need.

I firet askked Ms. Milissa tfau to search cur Chemical Ab-
ctracte comruter data bacse far literature rFertainina to the
tevdralvsis of EDER, This scarch was not successful.

While Meglissa“s data tace extended back i time c¢nlv to
1965, Chevron Research had a  data base that extended tack
much further. Howsver, carrvina aut a search at CRC would
have taben mare timz than was availatle, s¢  this arFpPraach
was abandoned.,

I thern asked Melissa tea begoin a search on a related com-
Fround, ethvl tremide, Chemical principles suogecst that the
tevdralwtic stability of ethvl bromide should te greater than
ethvlene JdJitromide. Thic is because the eecand brominz 1n
ELE can ascsist the lues of the first bromine throuah the
ftormatian of a "bromonium 1on" intermediate” (somewhat sipi-
lar ta the "pPhenonaium icn” intermediatzs studied bw [ L
Cram and hiz ascaciates in the 19207s),

Thie time Meliscsa’s eearch wae successtul, The literature
citation found was M. Jd. Elandamer, JACE, 102(9), Z455. Thea
citation 12 pPravided as Attachment 1.

A studw af the article shoawed that the rates of hodrralveis
of ethvl bromide had been mzacsured at a number of different

tempPeratures, raneing from S22 dearees Centigrade to 90 de-
ereees Centicrade. Ileine the relaticoncshie-

ﬂ?’ . €2
uvhere T reercsents the half=life. and | revrecents the rate

cancstant, the half-life of e¢thyvl bromide at theee temrpera-
tures was caleoculated.

I then acked Mr. dim Swanson te arply his  computer curve
tittina techniwuge to the et of hale=1livee cbtained above
in order to evtrarclate to a h3l1f=-life at roaem tempzrature.
While a rnumbze of curves were  offeced be the computer, we
choce the ane sivine {he beet 1t (Tudex  of Determination
was ,¥eyz7%),

Jdim o then  preepared a2 sraeph usine the curve we had chocen.
Thie araph 1:& chaown at Attachment 2°, s the ararh 1rnd1-=
Al
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P
cates, the extrarclated half-life «af
d A9'S .
Thus, 1t seems reascnable to conclude
ELB in water would be no mare than the
agsts for e¢thvl bromide.
Attachments
cct Or. B, V. Ticker
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ATTAcHMevr 1

ANSUWER 2

AN
Tl
AU

CS
LQ

28
DT
CO
18
'Y
CA—
Al

KW
IT

I1
11

IT

CA94(25) : 206044n _ _ , .

Heat capacities of activation for displacements at primary and

secondary carbon centers in water . ]

Blandamer, Michael Jesse; Robertison, Ross Elmure; Golding, Feter

David; MacNeil, Joseph ilark; Scott, John iMarshall Witlian

Chem. Dep., Univ. Leicester

Leicester, hngl.

J. Am. Chem. Soc., 103(9), 24§S
istr

: it
2:-4% (Physical-Organic Chem )’

Yy

I D
-

7863

| oal FNRSD)

CdJ2:;ﬁdL{Fuh:&lg&i&_ﬁﬁ_Llﬁn and Me2CHUSSMe were examd. as a
nction of their temp. dependence with respect to & mechanistic
iodels: the classical single-step mechanism and an alternate
gechanxsn involving an intermediate. The data fit the latter model
etlter,
hydrolysis ethyl bromide heat capacity; methanesulfonate hydrolysis
mechanism
Hydrolysis . _
(of E1 bromide and iso-Pr methanesulfonate, mechanism of, heot
capacities in relation to)
Kinetics of hydrolysis
(of Et bromide and iso-Pr methanesulfonate, temp. dependence of)
Heat capacity
(of activation, for hrdrolyﬁis of Et bromide or iso-Pr
methanesulfonate, mechanism in relation to)
74-96-4 926 -06-7
(hydrolysis of, heat capacities and mechanism for)

Y =1 T X
Tomon

A
0
9
n
h
v

>
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ENCLOSURE 4

0 R]‘H n Chevron Chenncal Cumpany
e ! ' [ \ ; f .l

May 23, 1984

v Devainopnner

sial Chenmueals {Tivise s

DIQUAT

Dear :

On March 28, 1984, we sent you some information about ORTHO DIQUAT
Herbicide-H/A, EPA Reg. No 239-1663. The calculations regarding potential
levels of EDB in water from aquatic herbicide use were based on typical EDB
levels of 30 ppm in technical diquat.

Subsequent to the mailing of that package, we have been advised by our
supplier, ICI Ltd., that future diquat dibromide will contain a maximum of |0
ppm EDB. This means that our calculations should be revised downward by at
least one-third. For example, the maximum aquatic use rate of 2 gallons
formulated product per surface acre of water, assuming 4-foot water depth and
[0 ppm EDB in the product would produce an initial concentration of 0.019 ppb
EDB in the treated water.

We will be filing an amended specification with EPA as soon as the required
analytical documentation is completed. The first of these tests show EDB at
about 7 ppm in the technical material.

Sincerely yours,

WM . e ctioan__

Nancy/ J. Rachman, Ph.D.
Registfation Specialist
and State Liasion
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APPENDIX B: COMPARISON OF CONTROL TECHNIQUES FROM THE LITERATURE

Information on the effectiveness of various control techniques was com-
piled by the US Army Engineer District, Jacksonville. With the exception of
a small amount of mechanical control data generated by the US Army Engineer
Waterways Experiment Station in the fall of 1984, the subjects of the source
publications were the control of dioecious Hydrilla in Florida or Eurasian
watermilfoil in the State of Washington or in Canada. The matrix shown in
Table Bl was developed from easily accessible publications and the experience
of the Jacksonville District's Aquatic Plant Control Operations Support Cen-
ter (APCOSC) to compare the various potential methods of Hydrilla control in
the Potomac River.

The ratings of general feasibility, effectiveness, control over area
affected, and selectivity given in Table Bl were based on literature inter-
pretations and experience of the APCOSC. Productivity, control cost, and
duration of control were cited from the literature or taken directly from
operation control programs. The long-term maintenance costs were computed by
applying the single treatment cost per acre to the duration of control to

maintain acceptable small boat navigation over a three-month growing period.
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Table Bl

Comparison of Control Techniques from the Literature

Control Long-Term
Cost/Acre Duration Maintenance Control
General Productivity Single of Control Cost Over Area
Control Technique Feasibility acre/day/work unit Treatment Effectiveness Per Treatment _$/acre/yr Affected Selectivity
Biological:
Grass carp Limited $65 Good-excellent 7 yr $10 Poor Poor
Mechanical:

Harvester Good 1.3 $484-1052* Good 2 wk-3 mo $390-2880 Excellent Poor-fair

Mudcat Fair 0.25-4.9 $3412* Fair 1-3 mo $3411 Excellent Poor

Diver-assisted dredge Poor/turbidity 0.86 $2280-2533% Poor-excellent 1-3 mo $2300-2500 Fair-excellent Poor

Shoreline rototiller Limited 4.0 $42-85% Fair 1-3 mo $42-170  Good-excellent Poor

Rotovator Poor-unknown 0.5 $776% Fair 1-3 mo $800-1600 Fair-good Poor

Chemical:

General Good 4.3 $92-614 Good-excellent 3-18 mo $33-1000 Poor-fair Poor-good
Diquat Fair-good 4.3 $131 Fair-good 2-3 mo $262 Fair Fair-good
Copper Limited-good 4.3 $92-206 Fair-good 2-3 mo $184-412 Poor-fair Fair
Diquat/Copper Good 4.3 $169 Good-excellent 2-3 mo $338 Fair Fair-good
Aquathol K (liquid) Good 4.3 $117-145 Good-excellent 2-3 mo $234-290 Poor-fair Fair~good
Aquathol (granular) Good 4.3 $200-475 Good-excellent 2-3 mo $400-950 Fair Fair-good
Hydout Fair 4.3 $151-614 Good-excellent 2-3 mo $153-1228 Poor-fair Fair
Hydrothol 191 Fair 4,3 $192 Good-excellent 2-3 mo $384 Poor-fair Fair
Sonar AS (liquid) Good 4.3 $171-307 Good-excellent 12-18 mo $86~307 Poor Good
Sonar 5P (pellet) Good 4.3 $177-318 Good-excellent 12-18 mo $86-318 Poor Good

Bottom-covering material:

Hypalon Limited 0.5 $16,000% ? I yr $2166 Excellent Poor
4~6 mil polyethylene Limited 0.5 $ 4,000% ? 1 yr $2166 Excellent Poor
Dartek

* Adjusted to 1985 dollars.





