












Phosphorus release from decomposing aquatic macrophytes is generally 

higher than nitrogen release and may be related to the internal phosphorus 

content of the plant (Westerdahl 1981). Submersed macrophytes in the Choptank 

River estuary had phosphorus concentrations of 4 mg/g (dry wt) and 35 percent 

was released in 14 days during decomposition (Twilley et al. in press). Thus. 

phosphorus release to the water column from decomposing Hydrilla may be about 

14 to 50 ~g/£/day. which is the same rate estimated for nitrogen release. For 

both nutrients, a major portion may remain in small particulate plant material 

(>80 percent for nitrogen and <50 percent for phosphorus) that accumulates and 

decomposes on the sediment surface. Sediments may also adsorb dissolved 

nutrients, especially phosphorus, from the water column. The turnover rate 

of these nutrients is still uncertain. The significance of these nutrient 

release rates is unclear because information on water depth and water velocity 

relationships is lacking. 

Oxygen-consumption rates for decomposing Potamogeton and Myriophyllum 

under estuarine conditions ranged from 0.15 to 0.36 mg/g (dry wt)/hr. Based 

on an average of 0.26 mg/g (dry wt)/hr. decomposing Hydrilla may consume 0.96 

to 3.12 mg/g (dry wt)/hr. The proper use of herbicides (i.e., recommended 

application rates. timing of application, and the total area of plants treated 

at a given time) will minimize any adverse impacts associated with nutrient 

release and depressed dissolved oxygen concentrations following plant 

decomposition. 

Copper 

Copper complexes are being used alone to control Hydrilla (Guppy 1967, 

Hearne and Pasco 1972). The effective concentrations, which are considerably 

higher than when applied in combination with diquat, are toxic to fish 

(Hearne and Pasco 1972). Sutton et al. (1972) showed that rates of copper 

could be reduced to 1 mg/£ when used with diquat. This combination has been 

used for Hydrilla control in Florida, California, and North and South Carolina. 

Diquat 

Early field tests in South Florida (Mackenzie and Hall 1967) indicated 

that diquat treatments at 0.5 mg/£ gave good control of Hydrilla in nonflowing 

water with low Hydrilla stands (less than 70-percent coverage). For the con

trol of Hydrilla in dense infestations, however, higher treatment rates of 

1 to 2 mg/£ diquat or combinations of diquat plus copper were required 

(Mackenzie and Hall 1967, Blackburn and Weldon 1970). Recently, with improved 
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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 HydriZZa with 25 percent or less of the amount of diquat that would 

be required for the total water column treatment at 1.0 mg/t (Bitting 1974, 

Baker et al. 1975). 

Present recommendations for use of diquat to control HydriZZa 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 HydriZZa 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/t of this herbicide provided 

satisfactory control of HydriZZa 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/t (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/t endothall plus 1.0 mg/t copper on HydriZZa. 

Concentration vs. exposure time 

Herbicides have been used successfully for the management of HydriZZa in 

static and slow-moving water where contact with the herbicide could be main

tained for several days or weeks. The control of HydriZZa 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 HydriZZa was obtained with diquat at 0.5 to 1.0 mg/t 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/t 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/£ 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. 
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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 14C-Iabeled endothall observed uptake 

of the herbicide by both the foliage and root tissues in American pondweed 
14(Potamogeton nodosus). These authors also recorded movement of the C 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 ~M increased endothall absorption but higher concentra

tions of 4.0 to 16.0 ~M inhibited endothall uptake. Uptake was inhibited at 

lower temperatures (100 C) relative to higher temperatures (20 0 and 30 0 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 (LC ) is less than 1.0 mg/£; and (4) the
SO

estimated environmental concentration of the chemical is greater than 1/100 

the LC for specific nontarget organisms.
SO 

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 ~g/£ for Daphnia puZicaria in soft water to 

10,200 ~g/£ 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 IS 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 ~g/£ for early life stage tests with brook trout in soft 

water to 60.4 ~g/£ 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 ~g/£ for the calenoid copepod to 600 ~g/£ 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 ~g/£ 

for summer flounder embryos to S10 ~g/£ for the Florida pompano. In a chronic 
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life-cycle test with mysid shrimp, adverse effects were noted at 77 ~g/£ but 

not at 38 ~g/£. 

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 ~g/£ 

as a 24-hr average and the concentration (in ~g/£) should not exceed the 

numerical value given by (0.94 [£n(hardness)] - 1.23) at any time. For 

example, at a hardness of 50, 100, and 200 mg/£ as CaC0 the concentration
3

, 

of total recoverable copper should not exceed 12, 22, and 43 ~g/£, respec

tively, at any time. For total recoverable copper, the criterion derived 

according to the EPA guidelines to protect saltwater organisms is 4.0 ~g/£ as 

a 24-hr average; the concentration should not exceed 23 ~g/£ 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/£ 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 LC for several
SO 

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 LC values of this herbicide formulation for two species of amphi
SO 

pod, Gammarus fasciatus and G. Zacustris, and the grass shrimp, PaZaemonete 

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 LC values for fish, mortality is pro
50 

duced only at values far in excess of labelled application rates. Field 

S-17
 



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. HyeZeZZa 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 LC was greater than 10 mg/£. The herbicide at a concen50 
tration on 1 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 LC for four species of freshwater fish
50 

(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 EC values
50 

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/£ 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 HydriZZa 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 HydriZZa 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. In 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 HydriZZa, diquat is the only herbicide avail 

able for use in flowing water and was placed in a third category. Diquat is 

effective on HydriZZa 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 

HydriZZa 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 HydriZZa will also kill numerous other species 

within the immediate treated area. 

~. 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: 

•	 Minimum diquat concentration/exposure time required to control 

HydriUa. 

•	 Rate of diquat uptake by HydriZZa. 

•	 Flow velocity range within which diquat can be shown to be effi 

cacious toward HydriZZa. 

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 HydriZZa. The information was based on Jacksonville Dis

trict experiences and a limited literature survey. A tabulation of the infor

mation is contained in Appendix B. 
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Table 1
 

List of Recommended Registered Aquatic Herbicides and Manufacturers
 

TlEe Source 

Copper ion, 
complexes 

Diquat 

Endothall 

Fluridone 

Cutrine-Plus (Liquid, 9% Cu, 
ethanolamine complex) 

K-TEA Algaecide (Liquid, 8% Cu, 
triethanolamine complex) 

Komeen/Koplex (Liquid, 8% Cu, 
ethylenediamine complex) 

Diquat Water Weed Killer 
(Liquid, 35.3%) 

Aquathol (Granular, 10.1% K
2salt) 

Aquathol K (Liquid, 40.3% K2salt) 

Sonar AS (Liquid, 45.2%) 

Sonar 5P (Granular, 5%) 

Applied Biochemists, Inc. 
P. O. Box 25 
Mequon, WI 53092 

Kocide Chemical Corp. 
P. O. Box 45539 
12701 Almeda Road 
Houston, TX 77045 

Kocide Chemical Corp. 
P. O. Box 45539 
12701 almeda Road 
Houston, TX 77045 

Ortho Division 
Chevron Chemical Co. 
940 Hensley St. 
Richmond, CA 94804 

Pennwalt Corporation 
Agchem Division 
P. O. Box 6000 
Concordville, PA 19331 

Pennwalt Corporation 
Agchem Division 
P. O. Box 6000 
Concordville, PA 19331 

Elanco Products Co. 
740 S. Alabama St. 
Indianopolis, IN 46285 

Elanco Products Co. 
740 S. Alabama St. 
Indianopolis, IN 46285 
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Table 2
 

Copper Ion Complexes - Herbicide Information
 

Common and Trade Names:
 

Copper
 

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

K-TEA ALGAECIDE (liquid, 8% Cu, triethanolamine complex)
 

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

KOMEEN (liquid, 8% Cu, ethylenediamine complex)
 

LU.P.A.C. Name:
 

Copper Ion Complex
 

Formula and Structure: 
++CuS0 Cu

4
, 

0" ~VO
 
o/s~o 

Mode of Action: 

+ 

C'~ /L \ 0" 

()I~ 
11011 

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 

K.r (overall) 

t 1
Yz 

Photolysis 

Oxidation 

Hydrolysis 

Volatilization 

Sediment sorption 

Water solubility 

Bioconcentration 

Biotransformation and 
biodegradation 

Infinite persistence 

Stable 

Not volatile 

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

Soluble 

No metabolism 
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Table 4
 

Diquat Dibromide - Herbicide Information
 

Common and Trade Names:
 

Diquat
 

DIQUAT WATER WEED KILLER (liquid, 35.3%)
 

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

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

Formula and Structure: 

C12H12N2X2 where X = Br 

2-t 

211,·[eta] 
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 Rate 

~ (overall) 
overall disappear
ance rate 
coefficient 

t 1 
~ 

Photolysis 

Oxidation 

Hydrolysis 

Volatiliza tion 

Sediment sorption 

Water solubility 

Bioconcentration 

Biotransformation 
and biodegradation 

0.75/day (calculated from Grzenda et ale 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 ale 1972) 

50% 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 ale 1975)
 

Potential alkaline hydrolysis (WSSA 1983)
 

Not significant (Simsiman and Chesters 1976)
 

Kp = 31.2 (calculated from Tucker et ale 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, 10.1%, dipotassium salt) 

AQUATHOL K (liquid, 40.3%, dipotassium salt) 

LU.P.A.C. Name: 

7-0xabicyclo-2,2,1 heptane-2,3-dicarboxylic acid 

Formula and Structure: 

C H 0
S 10 5 II

() COOH11,$'
II, COOl! 

II 

II 

Mode of Action: 

1. Contact herbicide (Ashton and Crafts 19S1). 

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 Rate 

K.r (overall) 

t 1
'i 

Photolysis 

Oxidation 

Hydrolysis 

Volatilization 

Sediment sorption 

Water solubility 
(potassium salt) 

Bioconcentration 

Biotransformation 
and biodegradationon 

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 ale 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)
 

1228 g/t (Pennwalt Corp.)
 

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

Major proc~~s
 

K = 0.1 d (Reinert et al. in press)

1 
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Table 8
 

Fluridone - Herbicide Information
 

Common and Trade Names: 

Fluridone 

SONAR AS (liquid, 45.2%) 

SONAR 5P (granular, 5%) 

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

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

Formula and Structure: 

C19H14F3N 0 
() 

0-0-0 
Coro I 

o~ CH, 

Mode of Action: 

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

2.	 Promotes chlorophyll degradation due to carotenoid loss (McCowen et al. 

1979) . 

5-36
 



Table 9
 

Environmental Fate Rate Constants for Fluridone
 

Process Rate 

K.r (overall) 

t~ 

Photolysis 

Oxidation 

Hydrolysis 

Volatilization 

Sediment sorption 

Water solubility 

Bioconcentration 

Biotransformation 
and biodegradation 

0.15/day (McCowen et ale 1979) 

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

Major process (Elanco Technical Report 1981; McCowen 
et ale 1979) 
0.7 day (calculated from WSSA 1983) 

Stable (Elanco Technical Report 1981; McCowen et ale 
1979) 

7P < 1 x 10- torr at 25°C (Elanco Technical Report 1981) 

Kp = 3.26 (McCowen et ale 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 Method** - Chemical 

Hardness 
(mg/ t as 
CaC0

3
) 

LC50 /EC50 
(~g/ t) 

Species Mean 
Acute Value 

(~gh) 

Worm, 
Limnodrilus hoffmelsteri 

S, U 

Freshwater Species 

Copper 
sulfate 

100 102 

Worm, 
Nals sp. 

S, M - 50 90 

Snail (adult), 
Amnicola sp. 

S, M - 50 900 

Snail, 
Campeloma decisum 

FT, M Copper 
sulfate 

35-55 1,700 

Snail, 
Gyrauius circumstriatus 

S, U Copper 
sulfate 

100 108 

Snail, 
Physa heterostropha 

S, U Copper 
sulfate 

100 69 

Snail, 
Physa integra 

FT, M Copper 
sulfate 

35-55 39 

Cladoceran, 
Daphnia magna 

S, U Copper 
sulfate 

226 200 

(Continued) 

* From USEPA (1980). (Sheet 1 of 21) 
** S = static, FT = flow-through, R = renewal, U = unmeasured, M measured 

Results are expressed as copper, not as the compound. 



Table 10 (Continued) 

Species 

Cladoceran, 
Daphnia magna 

Cladoceran, 
Daphnia magna 

Cladoceran, 
Daphnia magna 

Cladoceran, 
Daphnia magna 

Method** 

R, U 

S, U 

S, U 

S, U 

Chemical 

Copper 
chloride 

Copper 
chloride 

Copper 
chloride 

Copper 
sulfate 

Hardness 
(mg/ £ as 
CaC0

3
) 

45.3 

99 

99 

120 

LC50 /EC 50 
(~g/£) 

9.8 

65 

30 

12.7 

Species Mean 
Acute Value 

(~g/£) 

Cladoceran, 
Daphnia magna 

Cladoceran, 
Daphnia magna 

Cladoceran, 
Daphnia magna 

Cladoceran, 
Daphnia magna 

Cladoceran, 
Daphnia magna 

Cladoceran, 
Daphnia magna 

S, U 

S, M 

S, M 

S, M 

S, M 

S, U 

Copper 
sulfate 

Copper 
chloride 

Copper 
chloride 

Copper 
chloride 

Copper 
chloride 

Copper 
sulfate 

-

52 

105 

106 

201 

45 

100 

26 

30 

38 

69 

10 

(Continued) 
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Table 10 (Continued) 

Species 

Cladoceran. 
Daphnia puZex 

Method** 

S. U 

Chemical 

Copper 
sulfate 

Hardness 
(mg/£ as 
CaC03) 

45 

LC 50 /EC50 
(llg/ £) 

10 

Species Mean 
Acute Value 

(llg/ £) 

Cladoceran. 
Daphnia puZicaria 

R. M - 48 11.4 

Cladoceran. 
Daphnia puUcaria 

R. M - 48 9.06 

Cladoceran. 
Daphnia puZicaria 

R. M - 48 7.24 

Cladoceran. 
Daphnia puZicaria 

R. M - 44 10.8 

Cladoceran. 
Daphnia puZicaria 

R. M - 45 9.3 

Cladoceran. 
Daphnia puZicaria 

R. M - 95 17.8 

Cladoceran. 
Daphnia puZicaria 

R. M - 145 23.7 

Cladoceran. 
Daphnia puZicaria 

R. M - 245 27.3 

Scud. 
Gammarus pseudoZimnaeus 

FT. M Copper 
sulfate 

35-55 20 

(Continued) 

(Sheet 3 of 21) 



Table 10 (Continued) 

Species 

Scud, 
Gammarus sp. 

Method** 

S, M 

Chemical 

-

Hardness 
(mg/£ as 
CaC0

3
) 

50 

LC50 /EC 50 
(~g/ £) 

910 

Species Mean 
Acute Value 

(~g/ £) 

Crayfish, 
Orconectes pusticus 

FT, M Copper 
sulfate 

100-125 3,000 

Stonefly, 
Acroneuria lycorias 

S, M Copper 
sulfate 

40 8,300 

Damselfly, 
Unidentified 

S, M - 50 4,600 

Midge, 
Chironomus sp. 

S, M - 50 30 

Caddisfly, 
Unidentified 

S, M - 50 6,200 

Rotifer, 
philodina acuticornis 

S, M Copper 
sulfate 

40 160 

Rotifer, 
philodina acuticornis 

R, U Copper 
sulfate 

25 700 

Rotifer, 
Philodina acuticornis 

R, M Copper 
sulfate 

81 1,100 

American eel, 
Anguilla rostrata 

S, M Copper 
nitrate 

(Continued) 

53 6,400 
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Table 10 (Continued) 

Species 

American eel, 
Anguilla rostrata 

Method** 

S, M 

Chemical 

-

Hardness 
(mg/t as 
CaC03) 

55 

LC50 /EC50 
(j.lg/ t) 

6,000 

Species Mean 
Acute Value 

(j.lg/t) 

Coho salmon (adult), 
Oncorhynchus kisutch 

FT, M Copper 
chloride 

20 46 

Coho salmon (yearling), 
Oncorhynchus kisutch 

S, M Copper 
chloride 

89-99 74 

Coho salmon (yearling), 
Oncorhynchus kisutch 

S, M Copper 
chloride 

89-99 70 

Coho salmon (smolt), 
Oncorhynchus kisutch 

S, M Copper 
chloride 

89-99 60 

Chinook salmon (alevin), 
Oncorhynchus tshawytscha 

FT, M - 25 26 

Chinook salmon (swim-up), 
Oncorhynchus tshawytscha 

FT, M - 25 19 

Chinook salmon (parr), 
Oncorhynchus tshawytscha 

FT, M - 25 38 

Chinook salmon (smolt), 
Oncorhynchus tshawytscha 

FT, M - 25 26 

Chinook salmon, 
Oncorhynchus tshawytscha 

FT, M - 13 10 

(Continued) 
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Table 10 (Continued) 

Species 

Chinook salmon, 
Oncorhynchus tshawytscha 

Method** 

FT, M 

Chemical 

-

Hardness 
(mg/9, as 
CaC0

3
) 

46 

LCSO/ECSO 
(Ilg/ t) 

22 

Species Mean 
Acute Value 

(Ilg/ t) 

Chinook salmon, 
Oncorhynchus tshawytscha 

FT, M - 182 85 

Chinook salmon, 
Oncorhynchus tshawytscha 

FT, M - 359 130 

Cutthroat trout, 
SaZmo cZarki 

FT, M Copper 
chloride 

205 367 

Cutthroat trout, 
SaZmo cZarki 

FT, M Copper 
chloride 

70 186 

Cutthroat trout, 
SaZmo cZarki 

FT, M Copper 
chloride 

18 36.8 

Cutthroat trout, 
SaZmo cZarki 

FT, M Copper 
chloride 

204 232 

Cutthroat trout, 
SaZmo cZarki 

FT, M Copper 
chloride 

83 162 

Cutthroat trout, 
SaZmo cZarki 

FT, M Copper 
chloride 

31 73.6 

Cutthroat trout, 
SaZmo cZarki 

FT, M Copper 
chloride 

160 91 

(Continued) 
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Table 10 (Continued) 

Species 

Cutthroat trout, 
Salmo clarki 

Method** 

FT, M 

Chemical 

Copper 
chloride 

Hardness 
(mg/ £ as 
CaC0

3
) 

74 

LCSO/EC SO 
(fig/ £) 

44.4 

Species Mean 
Acute Value 

(fig/£) 

Cutthroat trout, 
Salmo clarki 

FT, M Copper 
chloride 

26 15.7 

Rainbow trout, 
Salmo gairdneri 

FT, M Copper 
sulfate 

30 19.9 

Rainbow trout, 
Salmo gairdneri 

FT, M Copper 
sulfate 

32 22.4 

Rainbow trout, 
Salmo gairdneri 

FT, M Copper 
sulfate 

31 28.9 

Rainbow trout, 
Sa Zmo gairdneri 

FT, M Copper 
sulfate 

31 30 

Rainbow trout, 
Salmo gairdneri 

FT, M Copper 
sulfate 

30 30 

Rainbow trout, 
Salmo gairdneri 

FT, M Copper 
sulfate 

101 176 

Rainbow trout, 
Sa Zmo gairdneri 

FT, M Copper 
sulfate 

101 40 

Rainbow trout, 
Salmo gairdneri 

FT, M Copper 
sulfate 

99 33.1 

(Continued) 

(Sheet 7 of 21) 



Species 

Rainbow trout, 
Salmo gairdneri 

Rainbow trout, 
Sa lmo gairdneri 

Rainbow trout, 
Salmo gairdneri 

Rainbow trout, 
Salmo gairdneri 

Rainbow trout, 
Salmo gairdneri 

Rainbow trout, 
Salmo gairdneri 

Rainbow trout, 
Salmo gairdneri 

Rainbow trout, 
Sa lmo gairdneri 

Rainbow trout, 
Salmo gairdneri 

Rainbow trout, 
Salmo gairdneri 

Table 10 (Continued) 

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 

FT, M Copper 
sulfate 

(Continued) 

Hardness 
(mg/ fL as LC50 /EC50CaC0 )3 (~g/ fL) 

102 

101 

99 

100 

100 

98 

370 

366 

371 

361 

30.7 

46.3 

47.9 

48.1 

81.1 

85.9 

232 

70 

82.2 

298 

Species Mean
 
Acute Value
 

(~g/fL) 
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Table 10 (Continued) 

Species Method** Chemical 

Hardness 
(mg/.Q, as 
CaC03) 

LC 50lC50 
(l1g/.Q,) 

Species Mean 
Acute Value 

(l1g/.Q,) 

Rainbow trout, 
SaZmo gairdneri 

FT, M Copper 
chloride 

194 169 

Rainbow trout, 
SaZmo gairdneri 

FT, M Copper 
chloride 

194 85.3 

Rainbow trout, 
SaZmo gairdneri 

FT, M Copper 
chloride 

194 83.3 

Rainbow trout, 
SaZmo gairdneri 

FT, M Copper 
chloride 

194 103 

Rainbow trout, 
SaZmo gairdneri 

FT, M Copper 
chloride 

194 274 

Rainbow trout, 
Sa Zmo gairdneri 

FT, M Copper 
chloride 

194 128 

Rainbow trout, 
SaZmo gairdneri 

FT, M Copper 
chloride 

194 221 

Rainbow trout, 
SaZmo gairdneri 

FT, M Copper 
chloride 

194 165 

Rainbow trout, 
SaZmo gairdneri 

FT, M Copper 
chloride 

194 197 

Rainbow trout, 
SaZmo gairdneri 

FT, M Copper 
chloride 

194 514 

(Continued) 
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Table 10 (Continued) 

Hardness 
Species Mean(mg/ £ as LC50/EC50 Acute ValueCaC0 )Species Method** Chemical 3 (l1g!£) (~g/£) 

Rainbow trout, FT, M Copper 194 243 
Sa Uno gairdneri chloride 

Rainbow trout (alevin), FT, M - 25 28 
SaZmo gairdneri 

Rainbow trout (swim-up), FT, M - 25 17 
SaUno gairdneri 

Rainbow trout (parr), FT, M - 25 18 
Salmo gairdneri 

Rainbow trout (smolt), FT, M - 25 29 
SaZmo gairdneri 

Rainbow trout (adult), FT, M Copper 42 57 
SaZmo 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 gairdneri sulfate 

Rainbow trout, FT, M Copper 125 190 
Salmo gairdneri sulfate 

(Continued) 
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Table 10 (Continued) 

Species 

Rainbow trout, 
Salmo gairdneri 

Method** 

FT, M 

Chemical 

Copper 
sulfate 

Hardness 
(mg/£ as 
CaC0

3
) 

125 

LCSO/CSO 
(gg!i) 

210 

Species Mean 
Acute Value 

('.J.g/£) 

Rainbow trout, 
Salmo gairdneri 

S, M Copper 
sulfate 

290 890 

Atlantic salmon, 
Salmo salar 

FT, M Copper 
sulfate 

20 48 

Atlantic salmon, 
Salmo salar 

S, M - 8-10 125 

Atlantic salmon, 
Salmo salar 

FT, M - 14 32 

Brook trout, 
Salve linus fontinalls 

FT, M Copper 
sulfate 

45 100 

Stoneroller, 
Campostoma anomalum 

FT, M Copper 
sulfate 

200 290 

Goldfish, 
Carassius auratus 

S, U Copper 
sulfate 

20 36 

Goldfish, 
Cyprinus carplo 

FT, M Copper 
sulfate 

52 300 

Carp, 
Cyprinus carplo 

S, M Copper 
nitrate 

S3 810 

(Continued) 
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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 

Table 10 (Continued) 

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/ £ as 
CaC0 )

3


SS
 

221
 

200
 

200
 

200
 

200
 

200
 

200
 

200
 

194
 

LCSO/EC SO
 
(~g/ £)
 

800
 

860
 

790
 

1,900
 

290
 

260
 

260
 

280
 

340
 

210
 

Species Mean 
Acute Value 

(~g/ £) 
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Table 10 (Continued) 

Hardness Species Mean
(mg/ t as LC50 /EC50 Acute Value
CaC0 )Species Method** Chemical 3 (~g/t) (~g/ t) 

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)*** 

Fathead minnow, S, U Copper 20 23 
Pimephales promelas sulfate (4)*** 

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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Species 

Fathead minnow, 
PimephaZes promeZas 

Fathead minnow, 
PimephaZes promeZas 

Fathead minnow, 
PimephaZes promeZas 

Fathead minnow, 
PimephaZes promeZas 

Fathead minnow, 
PimephaZes promeZas 

Fathead minnow, 
PimephaZes promeZas 

Fathead minnow, 
PimephaZes promeZas 

Blacknose dace, 
Rhinichthys atratuZus 

Creek chub, 
SemotiZus atromacuZatus 

Brown bullhead, 
IctaZurus nebuZosus 

Table 10 (Continued) 

Method** Chemical 

S, U Copper 
sulfate 

FT, M Copper 
sulfate 

FT, M Copper 
sulfate 

FT, 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 
CaC0 )

3

31 

31 

200 

200 

48 

45 

46 

200 

200 

202 

LC 50/EC50 
(~g/ £) 

84 

75 

440 

490 

114 

121 

88.5 

320 

310 

180 
(2)*** 

Species Mean 
Acute Value 

(~g/ £) 
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Species 

Brown bullhead, 
Ictalurus nebulosus 

Banded killifish~ 
Fundulus diaphanus 

Banded killifish, 
Fundulus diaphanus 

Flagfish~ 

Jordanella floridae 

Guppy~ 

Poecilla reticulata 

Guppy, 
Poecilla reticulata 

Guppy~ 

Poecilla reticulata 

Whi te perch~ 

Morone americanus 

White perch, 
Morone americanus 

Striped bass~ 

Morone saxatills 

Table 10 (Continued) 

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 

(Can tinued) 

Hardness 
(mg/£ as 
CaC0 )

3


200
 

53
 

55
 

350-375
 

20
 

87.5 

67.2 

53
 

55
 

53
 

LC50/EC50
 
(~g/ £)
 

540
 

860
 

840
 

1,270
 

36
 

112
 

138
 

6~ 200
 

6,400 

4,300 

Species Mean 
Acute Value 

(~g/ £) 
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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 

Orange throat darter, 
Etheostoma spectabile 

Pumpkinseed, 
Lepomis gibbosus 

Pumpkinseed, 
Lepomis gibbosus 

Pumpkinseed~ 
Lepomis gibbosus 

Table 

Method** 

S, 

S, 

S, 

S, 

S, 

FT~ 

FT, 

S, 

S, 

FT~ 

M 

U 

U 

U 

U 

M 

M 

M 

M 

M 

10 (Continued) 

Chemical 

-

Copper
 
sulfate
 

-

-

-

Copper 
sulfate 

Copper
 
sulfate
 

Copper
 
nitrate
 

-


Copper 
sulfate 

(Continued) 

Hardness 
(mg/ £. as 
CaC0 )3

55 

35 

68.4 

68.4 

68.4 

200 

200 

53 

55 

125 

LC 50/EC50 
(~g/ £.) 

4,000 

620 

50 

100 

150 

320 

850 

2,400 

2,700 

1~240 

Species Mean 
Acute Value 

(~g/ £.) 
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Table 10 (Continued) 

Species
-

Pumpkinseed, 
Lepomis gibbosus 

Method** 

FT, M 

Chemical 

Copper 
sulfate 

Hardness 
(mg/ £ as 
CaC0

3
) 

125 

LC 50 /EC 50 
( l1g!£) 

1,300 

Species Mean 
Acute Value 

( l1g!£) 

Pumpkinseed, 
Lepomis gibbosus 

FT, M Copper 
sulfate 

125 1,670 

Pumpkinseed, 
Lepomis gibbosus 

FT, M Copper 
sulfate 

125 1,940 

Pumpkinseed, 
Lepomis gibbosus 

FT, M Copper 
sulfate 

125 1,240 

Pumpkinseed, 
Lepomis gibbosus 

FT, M Copper 
sulfate 

125 1,660 

Pumpkinseed, 
Lepomis gibbosus 

FT, M Copper 
sulfate 

125 1,740 

Bluegill 
Lepomis macrochirus 

FT, M Copper 
sulfate 

45 1,100 

Bluegill 
Lepomis macrochirus 

FT, M Copper 
sulfate 

200 8,300 

Bluegill 
Lepomis macrochirus 

FT, M Copper 
sulfate 

200 10,000 

Bluegill 
Lepomis macrochirus 

S, U Copper 
chloride 

43 1,250 

(Continued) 
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Species 

Bluegill. 
Lepomis macrochirus 

Bluegill. 
Lepomis macrochirus 

Bluegill. 
Lepomis macrochirus 

Largemouth bass. 
Micropterus salmoides 

Polychaete worm, 
Neanthes arenaceodentata 

Polychaete worm, 
Neanthes arenaceodentata 

Polychaete worm. 
Nerels diversicolor 

Polychaete worm. 
Nerels diversicolor 

Polychaete worm. 
Nerels diversicolor 

Table 10 (Continued) 

Method**	 Chemical 

S.	 U Copper
 
sulfate
 

S.	 U Copper
 
sulfate
 

FT.	 M Copper
 
sulfate
 

R.	 U Copper
 
nitrate
 

Saltwater Species 

FT. M Copper 
nitrate 

FT. M Copper 

S.	 U Copper
 
sulfate
 

S.	 U Copper
 
sulfate
 

S.	 U Copper
 
sulfate
 

(Continued) 

Hardness 
(mg/ t as 
CaC0 )

3

20 

360 

35 

100 

77 

-

-

-

-

LC 50 /EC 50 
( llg!t) 

660 

10.200 

2.400 

6.970 

200 

200 

445 

480 

Species Mean
 
Acute Value
 

( llg!t) 

124
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Table 10 (Continued) 

Species 

Polychaete worm, 
NereZs diversicoZor 

Method** 

S, U 

Chemical 

Copper 
sulfate 

Hardness 
(mg/ R., as 
CaC0

3
) 

-

LC50/EC50 
(flg/R.,) 

410 

Species Mean 
Acute Value 

(flg/R.,) 

364 

Polychaete worm, 
PhyZZodoce macuZata 

S, U Copper 
sulfate 

- 120 120 

Pacific oyster, 
Crassostrea gigas 

FT, M Copper 
sulfate 

- 560 560 

American oyster, 
Crassostrea virginica 

S, U Copper 
sulfate 

- 128 128 

Black abalone, 
HaZZotis cracherodii 

S, U Copper 
sulfate 

- 50 50 

Red abalone, 
HaZZotis rufescens 

S, U Copper 
sulfate 

- 65 

Red abalone (larva), 
HaZZotis rufescens 

S, U Copper 
sulfate 

- 114 86 

Soft shelled clam, 
Mya arenaria 

S, U Copper 
chloride 

- 39 39 

Calanoid copepod, 
Acartia cZausi 

S, U Copper 
chloride 

- 52 52 

Calanoid copepod, 
Acartia tonsa 

S, U Copper 
chloride 

- 17 

(Continued) 
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Table 10 (Continued) 

Species 

Calanoid copepod, 
Acartia tonsa 

Method** 

S, U 

Chemical 

Copper 
chloride 

Hardness 
(mg/£ as 
CaC03) 

-

LC50/EC50 
(ug/ £) 

55 

Species Mean 
Acute Value 

(ug/ £) 

Calanoid copepod, 
Acartia tonsa 

S, U Copper 
chloride 

- 31 31 

Copepod, 
Eurytemora affinis 

S, U Copper 
chloride 

- 526 526 

Copepod, 
Pseudodiaptomus coronatus 

S, U Copper 
chloride 

- 138 138 

Copepod, 
Tigriopus japonicus 

S, U Copper 
chloride 

- 487 487 

Mysid shrimp, 
Mysidopsis bahia 

FT, M Copper 
nitrate 

- 181 181 

Mysid shrimp, 
MYsidopsis bigelowi 

FT, M Copper 
nitrate 

- 141 141 

American lobster (larva), 
Homarus ameY'icanus 

S, U Copper 
nitrate 

- 48 

American lobster (adult), 
Homarus americanus 

S, U Copper 
sulfate 

- 100 69 

Brown shrimp, 
Crangon crangon 

S, U Copper 
sulfate 

- 330 330 

(Concluded) 
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Table 10 (Concluded) 

Species 

Shore crab (larva), 
Carcinus maenus 

Florida pompano, 
Trachinotus carolinus 

Florida pompano, 
Trachinotus carolinus 

Florida pompano, 
Trachinotus carolinus 

Atlantic silverside (larva), 
Menidia menidia 

Summer flounder (embryo), 
Paralichthys dentatus 
Winter flounder (embryo), 
Pseudopieuronectes americanus 

Method** 

S, U 

S, U 

S, U 

S, U 

FT, M 

FT, M 

FT, M 

Chemical 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

Copper 
nitrate 

Copper 
chloride 
Copper 
nitrate 

Hardness 
(mg/ i as 
CaC0 )

3


LCSO/ECSO
 
(ug/ g)
 

600
 

360
 

380
 

510
 

136
 
(7) ***
 

28
 
(3) ***
 

129
 
(9) 

Species Mean 
Acute Value 

(ug/ g) 

600
 

412
 

136
 

28
 

129
 

(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 = 8
 
Chinook salmon, Oncorhynchus tshawytscha: slope = 0.67, Intercept = 0.93, r = 0.93, p = 0.01, N = 8
 
Cutthroat trout, Salmo 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 Co~ 

Species 

Snail, 
CampeZoma decisum 

Test** 

LC 

Hardness 
(mg/ £ as 

Chemical CaC03) 
-
Freshwater Species 

Copper 45 
sulfate 

Limits 

~/£) 

8-14.8 

Chronic Value 

(~g/ £) 

10.9 

Snail, 
Physa integra 

LC Copper 
sulfate 

45 8-14.8 10.9 

Cladoceran, 
Daphnia magna 

LC Copper 
chloride 

51 11. 4-16.3 13.6 

Cladoceran, 
Daphnia magna 

LC Copper 
chloride 

104 20-43 29.0 

Cladoceran, 
Daphnia magna 

LC Copper 
chloride 

211 7.2-12.6 9.5 

Scud, 
Gammar>us pseudo Zimnaeus 

LC Copper 
sulfate 

45 4.6-8 6.1 

Rainbow trout, 
SaZmo gairdneri 

ELS Copper 
sulfate 

45.4 11. 4-31. 7 19 

Brown 
SaZmo 

trout, 
tr>utta 

ELS Copper 
sulfate 

45.4 22.0-43.2 30.8 

Brook trout, 
SaZveZinus fontinaZZs 

LC Copper 
sulfate 

(Continued) 

45 9.5-17.4 12.9 

* From USEPA (1980). (Sheet 1 of 3) 
** LC = life cycle or partial life cycle; ELS = early life stage 

Results are expressed as copper, not as the compound. 



Species 

Brook trout, 
SaZveZinus fontinaZZs 

Brook trout, 
SaZveZinus fontinaZZs 

Brook trout, 
SaZveZinus fontinaZZs 

Lake trout, 
SaZveZinus namaycush 

Northern pike, 
Esox Zucius 

Bluntnose minnow, 
PimephaZes notatus 

Fathead minnow, 
PimephaZes promeZas 

Fathead minnow, 
PimephaZes promeZas 

Fathead minnow, 
PimephaZes promeZas 

Fathead minnow, 
PimephaZes promeZas 

Table 

Test** 

ELS 

ELS 

ELS 

ELS 

ELS 

LC 

LC 

LC 

LC 

ELS 

11 (Continued) 

Chemical 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

-

(Concluded) 

Hardness 
(mg! Q, as 
CaC03) 

45.4 

37.5 

187 

45.4 

45.4 

194 

198 

30 

200 

45 

Limits. 

(llg!Q,) 

22.3-43.5 

3-5 

5-8 

22.0-42.3 

34.9-104.4 

4.3-18 

14.5-33 

10.6-18.4 

24-32 

13.1-26.2 

Chronic Value 

(llg!Q,) 

31.1 

3.9 

6.3 

30.5 

60.4 

8.8 

21.9 

14.0 

27.7 

18.5 

(Sheet 2 of 3) 



Table 11 (Concluded) 

Species 

White sucker, 
Catostomus commersoni 

Test** 

ELS 

Chemical 

Copper 
sulfate 

Hardness 
(mg! £. as 
CaC03) 

45.4 

Limits 

( jlg! £.) 

12.9-33.8 

Chronic Value 

(jlg! £.) 

20.9 

Channel catfish, 
Ictalurus punctatus 

ELS Copper 
sulfate 

36 12-18 14.7 

Channel catfish, 
Ictalurus punctatus 

ELS Copper 
sulfate 

186 13-19 15.7 

Bluegill, 
Lepomis macrochirus 

LC Copper 
sulfate 

45 21-40 29.0 

Walleye, 
Stizostedion vitreum 

ELS Copper 
sulfate 

35 13-21 16.5 

Saltwater Species 

Mysid shrimp, 
Mysidopsis bahia 

LC Copper 
nitrate 

54 38-77 54 



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
 

0.5
 

24
 

24
 

(Continued) 

Conditions 

Static
 

"
 

"
 

Flow Through 

Static 

" 

"
 
"
 

Static 

Static 

" 
" 

Static 

"
 
"
 
"
 

"
 
"
 

Static
 

"
 

"
 

LC Value
50

~mg/ £) 

>	 200
 

200
 

320
 

>	 135
 

120-125
 

2,000
 

1,700
 

710
 

145-210
 

170-17 5
 

180-185
 

150
 

110-120
 

480
 

565
 

460
 

105
 

95
 

4,900
 

260
 

155
 

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

5-62
 



Table 12 (Concluded) 

Exposure 
Period LC~O Value 

Species (Reference) (hours) Conditions ~/R.) 

Chinook 48 " 136 

Coho** 96 " > 100 

Rainbow Trout** 96 " 230-450 

Chinook 96 Static 82 

Sunfish 

Bluegill 24 Static 428 

24 " 450 

24 Static, Soft 450 

24 Static, Hard 390 

24 Static < 800 

48 Static 268 

48 " 280 

48 Static, Soft 320 

48 Static, Hard 240 

48 Static > 300 

96 " 125-150 

Redear 96 " 125 

5-63
 



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/ t) Results 

Bass 

Largemouth 7 95-115 Minimum effect level 

Largemouth Fry 3 10-100 90% 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 90% 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 14-day LC
50 

= 62.5 mg/t 

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) 

Exposure Concen-
Period tration 

Species (Reference) (days) ~/R,) Results 

Sunfish 

Bluegill NS* 20 No mortality 

NS** 20 No mortality 

21 100 No mortality 

7 100-105 Minimum effect level 

Bluegill Eggs & Fry 8 10- 25 No mortality 

12 50-100 No mortality 

Bluegill Fry 3 10-100 90% survival 

Green Fry 8 10- 25 No mortality 

Redear 7 100 Minimum effect level 
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Table 14
 

Acute Toxicity Values for the Amine Salts of Endothall*
 

(monamine or diamine salt)
 

Species (Reference) 

Bluegill Sunfish 

Golden Shiner 

Lake Emerald Shiner 

Largemouth Bass 

Redear Sunfish 

Yellow Bullhead 

Exposure
 
Period
 

(hours)
 

24
 

24
 

48
 

48
 

96
 

120
 

120
 

4
 

4
 

24
 

24
 

48
 

48
 

96
 

96
 

96
 

96
 

96
 

LC~O Value 
Conditions mgl £) 

Static 0.8 

" 0.3** 

" 0.8 

" 0.3** 

" 0.06-0.2** 

Flow Through, 1.6 
Soft 

Flow Through, 0.32 
Hard 

Static 0.75 

" 0.29** 

" 0.4 

If 0.12** 

If 0.35 

" 0.10** 

If 0.35 

If 0.08** 

Static 0.1-0.3** 

Static 0.1-0.2** 

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 hr 
72 hr 

48 hr 

12 days 

24 hr 
72 hr 

96 hr 
24 hr 

48 hr 

14 days 

LC Value
50
mg/l1, 

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)
 

Organism (Reference) 

Planktonic Animals 

Amphipods 

Calanoida 

Cladocerans 

Cyclopoida 

Freshwater Scud 

Ostracoda 

Benthic Animals 

Beetle Larvae 

Caddisfly Larvae 

Clams 

Damselfly Larvae 

Dragonfly Larvae 

Leeches 

Mayfly Nymphs 

Concen

tration
 
mg/t Results
 

1-3 No detrimental effects 

5	 No change in species composition 
or generic density 

5	 No change in species composition 
or generic density 

5	 No change in species composition 
or generic density 

2	 800% increase 1st year after 
treatment - 300% increase in 
subsequent years 

5	 Population pulse after treatment 
but returned to control levels 

1-3 No detrimental effects 

5-10 Numbers increased after treatment 

5-10 Numbers increased after treatment 

1-3 No detrimental effects 

5-10 Numbers increased after treatment 

1-3 No detrimental effects 

5-10 Numbers increased after treatment 

5-10 Numbers increased after treatment 

5-10 Numbers increased after treatment 

1-3 No detrimental effects 
(Continued) 

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

Organism (Reference) 

Benthic Animals (Continued) 
Midge Larvae 

Midge Larvae 

Mosquito Larvae 

Oligochaetes 

Stoneroller Fly 
Larvae 

True Bugs 

Water Bugs 

Littoral Animals 

Beetle Adults 

Crayfish 

Horsefly Larvae 

Snails 

Tadpoles 

Water Beetle 

r;oncen
tration 

mg/R, 

1-3 

5-10 

5-10 

5-10 

50 

1-3 

5-10 

1-3 

1-3 

5-10 

5-10 

5-10 

5-10 

Results 

No detrimental effects 

Numbers increased after 

Numbers increased after 

Numbers increased after 

100% hatched normally 

treatment 

treatment 

treatment 

No detrimental effect 

Numbers increased after treatment 

No detrimental effects 

No detrimental effects 

Numbers increased after 

Numbers increased after 

No detrimental effects 

No detrimental effects 

treatment 

treatment 
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Table 17
 

Acute Toxicity of Diquat to Aquatic Organisms
 

Organism 

Chironomidae 

Exposure 
Period 

96 hr 

LC 
50 

Value 
\m,g/ R,) * 

> 100 

Reference 

Wilson and Bond (1969) 

Mayfly, 
CaUibaetis sp. 

96 hr 16.4 Wilson and Bond (1969) 

Caddisfly, 
Limnephilus sp. 

96 hr 33.0 Wilson and Bond (1969) 

Cladoceran, 
Daphnia pulex 

8 day 1.0 Gilderhaus (1967) 

Amphipod, 
Hyale Ua azteca 

96 hr 0.048 Wilson and Bond (1969) 

Amphipod, 
Gammarus fasciatus 

96 hr 
(Hardwater) 

> 100 Johnson and 
(1980) 

Finley 

Cockle, 
Cardiwn edule 

24 hr > 10.0 Portmann and Wilson 
(1971) 

American oyster, 
Crassostrea virginica 

96 hr 1. 0 NTE Butler (1965) 

Damselfly, 
Enallagma sp. 

96 hr > 100 Wilson and Bond (1969) 

Dragonfly, 
Libellula 

96 hr > 100 Wilson and Bond (1969) 

White shrimp, 
Penaeus setiferus 

48 hr 1. 0 NTE Butler (1965) 

Sand shrimp, 
Crangon crangon 

24 hr > 10.0 Portmann and Wilson 
(1971) 

Fathead minnow, 
Pimephales promelas 

96 hr 10.0 NTE Butler (1965) 

Fathead minnow, 
Pimephales promelas 

96 hr 
(Softwater) 

14.0 Surber and 
(1962) 

Pickering 

(Continued) 

* Entry NTE indicates no toxic effect. 

(Sheet 1 of 4) 
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Table 17 (Continued) 

Exposure LC Value
50Organism Period ~m.8./t)* 

Fathead minnow, 
Pimephales promelas 

Longnose killifish, 
Fundulus simi lis 

Goldfish, 
Carassius auratus 

Channel catfish (fry), 
Ictalurus punctatus 

Channel catfish (adult), 
Ictalurus punctatus 

Black bullhead(fingerling), 
Ictalurus melas 

Bluegill (fry), 
L. macrochirus 

Bluegill (fry), 
L. macrochirus 

Bluegill (fingerling), 
L. macrochirus 

Bluegill (fingerling), 
L. macrochirus 

Bluegill (fingerling), 
L. macrochirus 

Bluegill (adult), 
L. macrochirus 

Bluegill (adult), 
L. macrochirus 

Bluegill (adult), 
L. macrochirus 

96 hr 14.0 
(Hardwater) 

48 hr 1.0 NTE 

96 hr 35.0 

72 hr 10.0 NTE 

96 hr 10.0 NTE 

96 hr 170 

12 day 10.0 NTE 

72 hr 4.0 NTE 

24 hr 525 

48 hr 150 

96 hr 245 

96 hr 25.0 

96 hr 10.0 

96 hr 140 
(Softwater) 

(Continued) 

Reference 

Surber and Pickering 
(1962) 

Butler (1965) 

Gilderhaus (1967) 

Jones (1965) 

Lawrence et al. (1962) 

Johnson and Finley 
(1980) 

Hiltibran (1967) 

Jones (1965) 

Hughes and Davis 
(1962)** 

Hughes and Davis 
(1962)** 

Johnson and Finley 
(1980) 

Gilderhaus (1967) 

Lawrence et al. (1965) 

Surber and Pickering 
(1962) 

** Cited by L. C. Folmar. 1977. Technical Paper no. 88, US Fish and 
Wildlife Service, US Department of the Interior, Washington, DC. 

(Sheet 2 of 4) 
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Table 17 (Continued) 

Organism 

Bluegill (adult), 
L. maeroehirus 

Yellow Perch (fingerling), 
Perea flaveseens 

Largemouth Bass, 
Micropterus salmoides 

Largemouth Bass, 
Micropterus salmoides 

Largemouth Bass, 
Micropterus salmoides 

Largemouth Bass, 
Micropterus salmoides 

Striped Bass (Larvae), 
Morone saxatilis 

Striped Bass (Larvae), 
Morone saxatilis 

Striped Bass (Larvae), 
Morone saxatilis 

Striped Bass (Larvae), 
Morone saxatilis 

Striped Bass (fingerlings), 
Morone saxatilis 

Striped Bass (fingerlings), 
Morone saxatilis 

Striped Bass (fingerlings), 
Morone saxatilis 

Striped Bass (fingerlings), 
Morone saxatilis 

Striped Bass (fingerlings), 
Morone saxatilis 

Exposure 
Period 

LC?O Value 
mg/£)* 

96 hr 
(Hardwater) 

140 

96 hr 60 

72 hr 1. 0 NTE 

96 hr 7.8 
(Softwater) 

48 hr 11.0 

96 hr 10.0 NTE 

24 hr 1.0 

48 hr 1.0 

72 hr 1.0 

96 hr 1.0 

24 hr 35.0 

24 hr 25.0 

72 hr 15.0 

96 hr 10.0 

24 hr 315 

(Continued) 

Reference 

Surber and Pickering 
(1962) 

Johnson and Finley 
(1980) 

Jones (1965) 

Surber and Pickering 
( 1962) 

Muirhead-Thompson 
(1971) ** 

Lawrence et al. (1965) 

Hughes (1973)** 

Hughes (1973)** 

Hughes (1973) ** 

Hughes (1973) ** 

Hughes (1969) ** 

Hughes (1969) ** 

Hughes (1969) ** 

Hughes (1969)** 

Welborn (1969) 

(Sheet 3 of 4) 
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Table 17 (Concluded) 

Organism 

Striped Bass (fingerlings), 
Morone saxatilis 

Striped Bass (fingerlings), 
Morone saxati lis 

Walleye, 
Stizostedion vitreum 

Northern Pike, 
Esox lucius 

Chinook salmon, 
Onchorynchus tshawytscha 

Rainbow trout, 
Salmo gairdneri 

Rainbow trout, 
Salmo gairdneri 

Brown trout (fingerlings), 
Salmo trutta 

Exposure 
Period 

48 hr 

96 hr 

96 hr 

96 hr 

48 hr 

96 hr 

96 hr 

96 hr 

LC Value
50
tmg.l R.) * 

155 

80.0 

2.1 

16.0 

29.0 

5.0	 NTE 

11. '2 

20.4 

Reference 

Welborn (1969) 

Welborn (1969) 

Gilderhaus (1967) 

Gilderhaus (1967) 

Muirhead-Thompson 
(1971)** 

Lawrence et al. (1965) 

Gilderhaus (1967) 

Johnson and Finley 
(1980) 

(Sheet 4 of 4) 
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Table 18
 

Considerations for Operational Recommendations of a Herbicide
 

for HydriZZa Management
 

Herbicide 

Acrolein 

Copper complexes 

Copper and Diquat 

Dichlobenil 

Diquat 

Endothall 

Fenac 

Fluridone 

Acceptance or Rejection Criterion 

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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Table 19
 

Summary of Fate Information for Copper Complexes, Diquat, Endothall, and Fluridone
 

Herbicide 
Mode of 
Action 

Kps 
(Sorption) t 1

'2 ---E!! 
Susceptibility to Modification 

Hardness Turbidity Light 

Copper complexes Cellular level, 
electron trans
port inhibition 

Important Remains in 
system 

yes yes yes no 

Diquat Forms free 
radicals in 
cells 

30-40 
Important 

1-4 days yes no yes yes 

Endothall Contact herbi
cide, disrupts 
membrane trans

2-5 1-4 days no no no no 

port 

Fluridone Inhibits caro
tenoid synthe
sis 

3-4 4-55 days no no no yes 



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 G, 198~ 

INFORMATION ABOUT 

ORTHO DIQUAT AND THE EDB ISSUE 

Ortho Diquat, a herbicide used in the United States and abroad for aquatic 
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, is 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 Diquat 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 recornmendat ions 1imit EDB 1eve 1s to 30 ppb 
(parts per billion) in ready-to-eat grain products, 150 ppb in food requiring 
cooklng. and 900 ppb in raw grain intended for human consumption. Certain 
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 detectable 
level. Thus, the estimated 0.057 ppb EDB level in water treated with Diquat 
based on the above-assumption is far below feder~l recommended tolerances. and 
less than even the most stringent state-imposed standards to date. 

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

Diguat 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 est imates that the total amount of EDB 
contributed by use of Diquat is approximately 50 pounds. 

The m.ajor uses of EDB are as an antiknock agent in formula~ion o,f ,leaded 
gaso11ne. as a preplant soil treatment for nematodes. and as an lnsectlclde. 

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

(Continued) 
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ENCLOSURE 1 (CONCLUDED) 

- 2 

Diguat EDB Residues Are Far Below the NCI Study Effect Level 

The controversy over EOB 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 Oiquat 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 EOB 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 i nha1at i on study conducted by Dow Chemi ca1 Company 
demonstrated that approximately 3 ppm is the no-effect observable level for 
EOB in the rat over a 13-week exposure period. 

EOB is neither retained nor accumulated by the animal systems. It is rapidly 
metabolized and excreted. Urinary excretion is the major route of EOB 
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 Oiquat-treated 
water or crops, when OiQuat is used in accordance with the label. 

Diguat 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 lettuce. 
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 is a valuable tool for use in conjunction with mechanical and 
biological 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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\..:"It' '""".0 

O~ar Or. King: (!C; w,b .k,~ 

I was pleased to briefly r:I~et w1th you at the March 9, 1924, Hearing and 
discuss the situation r'!gard1ng ethylene di!:>rrorlde (EO!) ~s it relates to 
th~ use of Ofquat for ~~Jatic ~e~d control. In order to better address the 
questiol"lS you ~1ce1 during the meeting concerninq the eonvironnental fate of 
Ero in surf&c water, its possihle mi9f'at1on into ground water and b1otrllns
famation, I have orepared an outline of thP. 1nfomat1on aval1able on thes~ 
iss~s and attached copies of' the supporting doctnnents and references. 

ErN lQr.'! t:'f ffi'Al FATE nF' £ ['fJ !~ StnFAr.E Y.A~R 

T~ !'mount of EDB contri buted to surface water by !Jse of Oi quat in 8Cluati c 
weed C')nt~l is quite lC1.1. As indicated in Appendi~s 1 and 2, 0.057 ppb
Eoo. t~ approximate 15Vl?ra~ cOTlc~ntrat1on would be pr~ent in water treuted 
with D1quat at the rnu1mun-hhel use rate (2 g;ll1ons/llcre/4'depth). 

Once EDB enters surface \'later, deccrnpos1t1on lmd re:noval by means of hydro
lysfs, ~oto:1egrar1at1on, m1cro~1al deari\dlit1~ and volatllintion or evap':>
ration occurs. Vol Jtl1int1cn aopears- to M a major route of removal of EDLl 
frca1 wrter. Bas~ on the finding!> lUld calculation~ of Dr. Donald Mactay, 
University of Toronto, and OM~ R. V. Tucker and O. S. l1ngenfelt~, Ch>.vron 
C~ical Ccrnpany, approximately 50% of the Em ~lIld ~aporate in 5 J~ days 
fra'll a nond one meter deep and with t~ wind blO'.11ng 10 !!In es per hour 
(1,2,3,4). This calculation docs not tak~ into account any reduction of Em 
t hrougtl photo~oradati011. hydro1vs1 s or r.rl era bi al de!1r adati on. lfngenfeHer 
est1mlrt!!S an £00 half-life of 15' days based on his extrapolation from ethyl
broo1rle ste~flfty fn water. 

CllStro and Belser presented evidence that micro!lhl deqr8dat1on is also 
1nstrtrnentl\1 fn the c!ehalogenat1on of Eon (5). They found thlSt £00 was not 
readfly decol"lDOst'!d when olac~d in sterile m1xtUT"es of soil and water. Hc~-
ever, when nutr1 ents l'n<1 m1 croorgani sms were added to ttr.:! mixture. E03 
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ENCLOSURE 2 (CONTINUED)
 

Or. Stephen H. Kinq - 2 - March 16, 19P4 

WIl5 CO!'lvP.rt~ to ethylp.M nnd B~- w1th1n t"fO w~ks. This finding h cons1s
t~nt 'If1t" t~ estimate of Etren~rg, ~t ~., th~t th'! haH-"fe of EOO in 
grnunr1 wl\ter 15 considerably longer due to the absence of sunlight. m1cro
bhl action and volat111zation (61. 

Furt~r l~1n5ter, et 81., cl aim that at elevated \!filter tl!Tlperatur~ and 
neutr/!l ~1, EDB hyljro1Yi~s to ethylene glycol and brCJ'!)()ethanol, the half
life ~f the reaction being 5-10 days (7). 

!'1tGRATIC1.! Of EOO nrro GROIft!O UATER 

We do not belfp.ve use of Diquat for l!ClUat1c weed control would result in 
contamination of ground water or potable \fater suoplies. The reasons for 
our opinion are pr1marl1y reviewed 1n the attached M"t1cle by Tt-omason llnd 
fo4d\enry which d1sCl.Isses the factors affecting diffusion of chl!IJ1cals. ~pec1
f1cally EOO, through sol1 (8). Bas1clllly, these investigators clair:! that 
h1~h so11 moisture, organic matter, soil particle canpaction and defloccu
l/rtion woald be instn.:menta1 in reducing or blocking the ~oi1 pore spacH. 
This effed, plus dilution and bfr01na of EOB to organic Clatter. would 
decrease its rate of migrut10n throuqh th~ tr.derlyling high moistUTe content 
soil layer of ponds. 

Thus, tt'1e combination of hydrolysis, evaporation, photodeqradat1on Md 
r:rlcrobia1 degraliation in u~ water phase plus blocked son pore spaces 
betwe~n the ponrl and ground wat~r are factors that would prevent significant 
or me~ur~b1e qu~nt1t;p..s of Ern fr~ entering ground wat~. In addition, 
treatmp.nt of potable water by Ii1mic1pa1 water districts, involving charcoal 
01" clay ffltration processes may further reduc~ or r3llOve any ED9. 

In cases where potah1 e water ~tll r1 be taken direct1 y fro:n the D1~Jat

treated water, we b~11evp. the ED3 would undergo ~gradation as discussed 
al)ove, provid;~ that 14 days, as indicated on the product label, have 
elapsed since appl1cation of th~ her"ici~e. 

BIOTRA~SF~I.!ATlQ,'i 

Results of toxiCJ1oryy studies: 1nd1catp. that EOO can be absorbed into the 
systen t"'MUqh the skin contact, inha1 at10n MId ingestion. NachtG'Yl1 demon
strated t~at the ma1nr metabolic patf1;.lay of EOO is conjugation with gluto
th10ne form1nlJ S-{2-hy&oxyethyl) ql utathi one and to a 1essE!" ext(!nt S ,S' 
ethy1elcne-h1s-glutath1one (9). Nacht0011. et al., and EcWards. et al., also 
deteT'l1lfn~d that wtlen r.t1ce and rats were oralfY dosed with EOO,H-acetyl-S
(2-hydroxyethyl)cY$teine and 8-(2-hydroxyethy1)cyst~ine were excreted in the 
uri ne (10, 11). 

The biological h!.lf-11fp- of Em in laboratory animals epnears to be soon. 
fhcht0':Tl1 a!'ld A1tr.:'1ot found that followinq 1.v. injection of EOB in rats end 
C~fC\(5, the !'l101ogical half-life was 2 and 12 hours. respect1~ly (H). 
Edwards, P.t al •• presented data ~tt"!lating the bio10gi cal ha1f-l1fe of C
laheled EOOlOrni~ and guinea pigs to be l~s than 4S hours (11). Plotnick 
and Conn!r have conf1rmerl th~e findings (13). 
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ENCLOSURE 2 (CONTINUED) 

Dr. Stephen H. King - 3 - March 16, 1984 

Although the biotransfonnation 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 
el iminati.on. 

In sUl11Tlary, we believe the small irllount 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 fran hydrolysis, 
photodegradati on, microbi al degradati on and vol ati 1i zat i on. The half-l ife 
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 
moisture content soil below the body of water. 

Should you have any questions. pl ease 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. Donal d MacKay 
University of Toronto 

D. S. l ingenfelter )	 .
B. V. Tucker ) Chevron Chemlcal Company 

bec: R. D. Cavalli 
G. M. Doppe 1t 
R. H. Foe 11 
D. W. Jones - For your information. 
J. N. Ospenson 
l. R. Ste1zer
 
Files - w/attachments
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APPENDI X 1 

EDB CONTE~ OF ANNUAL AMOUNT OF DIQUAT SCl.D IN U.S. 

1.	 One gallon Di quat Water Weed Kill er .. 10.36 pounds 

2.	 Each gallon of D1quat product contai ns O. 003% (30 ppm) ED8 or O. 0003 
pounds EDB/gallon. 

·3.	 150.000 gallons of Diquat product sold in the U.S./year. 

4.	 Amount of EDB in total annual sal es of Diquat product = 

(0.0003 pounds EDB) x (150.000 gallons) ~ 

47 pounds	 EDB 

5.	 Florida 

Appruximately 25.000 gallons Diquat used annually for aquatic weed 
control.
 

(0.0003 pounds EDB) x (25.000 gallons) =
 

8 pounds EDB 
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APPENDIX	 2 

EOB CONTENT CF WAlER TREAlEO WITH DIQUAT 
AT THE LABEL w\XIMJM USE RATE 

1.	 Diquat Label MaximlJl1 Use Rate 2 gallons Oiquat/surface acre/4 1 waterII 

2.	 Conversions: 

1 acre • 43,560 ft 2
 

1 cubic foot = 28.316 1
 

1 gallon =3.785 1
 

3.	 One gallon Oiquat • 10.36 pounds • 4710 gm containing 0.003% (by wt.) 
EOB 

II 0.14 gm EOB/gal.
 
Two Gallons Oiquat 0.28 gm EOB
II 

4.	 Amount of treated water c 

43,560 ft 2 x 4 ft =174,240 ft3 

174,240 ft 3 x 28.316 1 4.933.780 1II 

5.	 Concentration of E08 in treated water = 

0.28 gm E08/4.933.780 1 

II 0.057 ug/~: or ppb 
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Richmond, Cali fornia 
March 13, 1984 

EDB - Calculated Volatilization from and 
Stobili!y in Water 

II D. I V....J. It --L ~lY"L~T;r4.oJ. E. FORD: 

Dr. Donald MacKay, University of Toronto, has published on 'calculating rates at 
which low solubility compounds evaporate from water. I discussed with him on 
the phone his calculation for EDB. His calculations show that 50 percent of the 
EDB will evaporate in 517 days from a pond I meter deep with a 10 mile per hour 
wind blowing. If pond contains organic matter or sediment for EDB adsorption, 
the rate of evaporation will decrease; i.e., will take longer than 517 days for 50 
percent of EDB to evaporate. Two of MacKay's publications are attached. The 
1975 publication explains the equations used and the 1983 publication gives the
data for EDB. 

Dr. D. S. Lingenfelter, a Chevron formulation chemist, estimates the half-life of 
EDB in water at less than 15 days based on extrapolations from ethyl bromide 
stability in water. His report is attached. 

d!ld~ 
B.V. TUCKER 

BVT:ca 

c: H. G. Franke 
J. Abell 

ttachments 

D. MacKay and P. J. Leinonen, Rate of Evaporation of Low-Solubility 
Contaminants from Water Bodies to Atmosphere, Environ. Sci. & Tech., 2,
1178 (1975). 

D. MacKay and A. T. K. Yeun, Mass Transfer Coefficient Correlations for 
Volatilization of Organic Solutes from Water, Environ. Sci. & Tech., il,
21 I (1983). 

D. S. Lingenfelter, Estimated Half-Life of EDB in Water, March 7, 1984 
memo to J. Abell. 
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Eslimut~d ~~lf-Life Df EDD io Wul~L 

Ma r c h 7, 1<:':::4 
. ( (c: #i. .l,,·, ('- III D, I f..;.U~-:oLL-.J[I r·. .J • A t, ~ 1 1 : U 

Yo~ had asl:ed for an estimate of th~ half-l ife of ethylene 
dibromid~ <EDB) in wat~r. Aft~r a brief <4 hour) study ot 
the pr'oblem, I concluded that I was 80% confident that th~ 

half-life in water at room temperatur~ was le~s than 15 
days. 

You then as~~d for a r,(,te d'2scr'ibir,~ th~ n,~thc,d 'J~~d ir, n,-:\I:
in9 th~ ~stimat~. Th~ f,:ollc'lL'ir'9 sto(".Il,j ar,swer' this r,~~d. 

I fir~t as~ed Ms. Milissa Lau to s~arcto our Chemical Ab
str'acts CC,n,F'Jt'2r dato:t t'a~~ f(,r' liter'atJJr'e Fer·tair,"ir'9 t(, thi.' 
h','dr(,lYsis of E[IB. This s~ar'cto wo:ts n,:,t s'Jccessful. 

Wt",i le M'21 issa"'s data t,a"e E'>~ter,d'2d bac~ in tin,e (,nlY t(, 
1965, Ch~vron Research had a data ~ase that e:>: t e r, d edt, a ': I
much furth~r. How~v~r, carrying out a search a t eRe: w(. '.I 1.:1 
h a v ~ t·J. ~: e r, ITI c' r' e tin, '2 t h o:t r, lLlo:t S a v '3 i 1 ::l t, 1e, s (, t his a p p r' c' '3. C ~, 

was abar,d,:,n.?d. 

I th~r, ash::d M~lissa tc, t'~9irl a s.~ar·cto (Ir, a relate,j c(,n,
p("Jr,d, eth·.. l t'r·c,n,id~. Ch<:-TTiic;:,l pr·ir,cipl€.'s s.IJ~gest tho:tt tt",e 
hYdrolytic st.J.bilitY of <:-thvl br0mid~ should be 9r'@ater th~n 

e t to Y 1~ r, e oj i t, r' c' n, ide. T to i ". i s bee o:t use t to e sec (, r, d t, r' (, n, i r, :;. i r, 
E['8 co:tr, a::ist the l,;.".s c.f the fir'st bre.n,ir,e tt,r(·u~h tt",
f (, ,. n, '1 t :I (, r, c' f o:t " t, r (, n, (I r, i un, i c' f! " i n t <:- r· n, e d i o:t t e" ( s corTi e lL' hat s il'l i 
lo:t, tc, tto<:- "pher,c,r,iurTl i(,r," ir,t'2r·n,~diat-::.'s studied bY [I. ,J. 
Cr<lfT' ar,'1 his o:tss(I,:io:ttes iI", tto,,:. 1';'50···c,). 

rThi: tin,~ M", 1 iss o:t s : e o:t r ': h wa ~. "'J ': c <:- 5 " t u 1 • T h ~ lit"T;:JtIJ " 

cit.J. t i (, r, f("Jr,d W'3.5 M. ,I. Pl'3T,d'3rT,er" ,-IAI=::::, 10:~:(';1), :=:L1 j~,. lk, 
cit a t i (, ro i:; pr'('vided as Atto:t,:hn,er,t 1. 

A stud', (,f tto", o:tr·ticl<:- "to':'u''Z:'d tto"lt tto0 r·o:tte" e,f to.,·,~r·(,l·.. "i~, 

c,f etto",'l t,r,:,n,i,j<:- too:td t,,,,,er, n":;''Ol'''Jr~,j at~. r,ulf,b",r' e't c!ff0rer,t 
t"'rT,p,,,r.:it'JI·"'S, r'afl9ifl~ fr'';'rT, 5:~: d",,,r'<:-es CC'r;ti~rad,,' to:, S'l) .](,

9 r' ~ ~ ~. C '2 r, tis r' a oj '" • Us i rl9 t h ~ r' e 1 ;::. t i (, r, ~ to i P , 

.,q;r
"Y - k 

lJ.'~I~TE' T r<:-Fr\.~ser,ts th~ It::llf-lit\.~, i3. r, ,j I' r ~~, Te 5 '" r, t s t I,·" r' ;;I t <= 
c (, r, ". t '3. r, t, t h C' h o:t 1 f - 1 i f ~ c' f ~ tt, ... 1 t,r'';'rT,id',:, at th",se t'':'·TT,,·\.~r·:::

tures w~s c'3.1culated. 

I t h (~ r, <l." I: C' d t"1 r· • ,-I i n, ::: W "l r, ~, t' r, t c' ::: f< Fl·.... hi" c: c' n, F 'J t Eo r C IJ r' v '" 
fit t 1 r, =' t e ': to r, i "i IJ '" s t (, t to ~ ~ '" t (. f to.., 1 i' - 1 i'" 0"S c' t, t <i i rl e.j ') to (, V v 
i fI c' r' d 0 r' t (, e': t: r <l F-' e, 1<l tEo t (, a I, '3 1 f - 1 if·" u t r (,.;, n, ten, F :- r '3 t IJ r e . 
Wto i 1Co.J. r,IJIT'!'2T' ('f clJr'ves lI"2r',,' c·ff0T\.·.j t,·,. t h~ Cr,nil'lJte:;r', ul.' 
c to .;, : ~ t h <:- .;, r, (: ~'i '/ i fI ~ t h", to ,? "t fit (J I, 'L· >:: (, t Tk· h:: I . n,lI,;:, t i .;, r, 
wa S • ';I'C"=J 27:, ) . 

,-I i n, t h ~ r, P r \'~ P':i r t~ d a =' r ::l P to IJ sir, !" t h \.~ CIJr've lI"" to '1 d C to c' ~ e:; II • 
Tto 1" =,r';;;'pto 1 s ~.I'C'Wfi u~ At ta,:t",lfl,C,I,t ", r,r, t t",1? ~ r "r r, i TI ,j i 
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PAOE 2-3

cates. the extrapolated half-life of ethyl to r- Q m 1 d e i s 1~, 

days. 

Thus. it s~ems reasonable to conclude t ~, a t the ~I a 1 f - 1 i f <? C' f 
ED8 in wat~r woul~ be no m0re than the 15 da~s our data SU9

gests for ~thyl bromide. 

David S. Lingenfelter 

Attal:hments 6/d~-
cc: Dr. B. V. Tljcker 
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/fTTACHI'1€Ni L 

AN SUER 2 

AN CA94<?S):20804in
Tl"" Heat capacities of ac.tivation for displaceMents at priMilr'Y and 

secorldary c.arbon centers in water' 
AU BlandaMer, M~~hael Jess~j kob~r1son, Ross,EIMore!' Golding, Peter' 

Vavidj MacNe:\l, Joseph .1arkj Scott, John .1arshal LhLllaM 
CS CheM. Dep., Unlv. Leicester 
L(I leicester, ~ngl.
§O J. ~M. CheM. Soc., 10.5(9), 2415-11-> 
ciC 22··.5 (Physical-(Jrganic CheMistry)
DT J 
CD JACSAT 
IS 0002-78h3 
'y 198 i 
LA- eng - , 
All	 The ['ate~ ~YdrQJvc"js ~f EtFlr and f:1e2CH(J~S~ie were .. exal",d. ~s ~ 

functl0n 0 t elr teMp .. ependence wlth r~':;pecL to ~ f'lt-!r:hanl':;tlc
f'iodels: the clas~ic:al single-step Mf:ochar,isl", and an <llll",r'nclte 
Me c h Cl n iSM in v 0 I v i n 9 ani n t e r 1", e rl i <l t e . The d a 1 a fit t h l:: 1 a t t e r' 1",11 LI e 1 
bf:oiter. . 

I<W hydro-lysis ethyl b,..o",ide heat capac:ityj I",to'thanesulfonate> hydr'ol~'si!> 
MechafllSM 

IT Hydrolysis 
<of E.1 broMide and iso-Pr ME>tharlesulfonate, M€:'chilni!--M of, he.Jt 
capacities in relation to) 

11 Kinetics of hydrolysis
(of' E.t tJr'ol'lide and iso-Pr Methnnesulfona1e, teMr'. o£:'pf-ndenc.p. of)

11 Heat capacity 
<0 f act i vat ion, for' h y d r 01 Y~ is 0 f E t 1I r' 0 Mid e 0 r is 0 - P r 
Methanesulfonate, MechanisM in r·elatior. to)

IT 14-96-4 926-06-7 
<h Yd r 0 1 Ysis 0 f, h edt cap a cit i e sand Me c. h cHti S M for') 
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ENCLOSURE 4
 
C· :'::JJn ...... 

Chevron Chemical CUlllPiHlYORTHO q,!'111!~q\~~ly ):(~IPI nlrillrl1'1 I 1';\ Ij,"", ~'1 

May 2],1984 
HI~·"·.lI" .11 ,.) I J':"I:'UII1I11~1 

1\1111' ~:I\llltl; \.11I'flllColh I·~.v ... , 

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, lei Ltd., that future diquat dibromide wilt contain a maximum of 10 
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 
10 ppm EDB in the product would produce an initial concentration of 0.0 19 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, 

")Il ~ . ;C4 ~-IL ~--l/<.A. 
Nanc . Rachman, Ph.D. 
Regis ation 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 HydPiZZa in Florida or Eurasian 

watermilfoil in the State of Washington or in Canada. The matrix shown in 

Table B1 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 HydPiZZa control in 

the Potomac River. 

The ratings of general feasibility, effectiveness, control over area 

affected, and selectivity given in Table B1 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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Agency contract no. 68-01-5965. 
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Perkins, Michael A. 1980. Evaluations of selected non-chemical alternatives 
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tional reports. Jacksonville, Florida. 

US Army Corps of Engineers Waterways Experiment Station. 1984. Mechanical 
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Table HI 

Comparison of Control Techniques from the Literature 

Control Technique 
General 

Feasibility 
Productivity 

acre/day/work unit 

Control 
Cost/Acre 

Single 
Treatment Effectiveness 

Duration 
of Control 

Per Treatment 

Long-Term 
Maintenance 

Cost 
$/acre/yr 

Control 
Over Area 
Af f ec ted Selectivity 

Biological: 
Grass carp Limi ted $65 Good-excellent 7 yr $10 Poor Poor 

Mechanical: 
Harvester 
Mudcat 
Olver-assisted dredge 
Shoreline rototiller 
Rotovator 

Good 
Fair 

Poor/turbidity 
Limited 

Poor-unknown 

1.3 
0.25-4.9 

0.86 
4.0 
0.5 

$484-1052* 
$3412' 

$2280-2533* 
$42-85" 

$776* 

Good 
Fair 

Poor-excellent 
Fair 
Fair 

2 wk-3 mo 
1-3 rno 
1-3 mo 
1-3 mo 
1-3 mo 

$390-2880 
$3411 

$2300-2500 
$42-170 

$800-1600 

Excellent 
Excellent 

Fair-excellent 
Good-excellent 

Fair-good 

Poor-fair 
Poor 
Poor 
Poor 
Poor 

b::J 
W 

Chemical: 
General 

Diquat 
Copper 
Diquat/Copper 
Aquathol K (liquid) 
Aquathol (granular) 
Hydout 
Hydrothol 191 
Sonar AS (liquid) 
Sonar 5P (pellet) 

Good 
Fair-good 

Limited-good 
Good 
Good 
Good 
Fair 
Fair 
Good 
Good 

4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 

$92-614 
$l3l 

$92-206 
$169 

$lI7-l45 
$200-475 
$l51-614 

$192 
$l7l-307 
$177-318 

Good-excellent 
Fair-good 
Fair-good 

Good-excellent 
Good-exce llent 
Good-excellent 
Good-excellent 
Good-excellent 
Good-excellent 
Good-excellent 

3-18 mo 
2-3 mo 
2-3 mo 
2-3 mo 
2-3 rna 
2-3 rna 
2-3 mo 
2-3 mo 

l2-18 mo 
l2-l8 rna 

$33-1000 
$262 

$184-412 
$338 

$234-290 
$400-950 
$153-1228 

$384 
$86-307 
$86-318 

Poor-fair 
Fair 

Poor-fair 
Fair 

Poor-fair 
Fair 

Poor-fair 
Poor-fair 

Poor 
Poor 

Poor-good 
Fair-good 

Fair 
Fair-good 
Fair-good 
Fair-good 

Fair 
Fair 
Good 
Good 

Bottom-covering material: 
Hypalon 
4-6 mil polyethylene 
Dartek 

Limited 
Limited 

0.5 
0.5 

$16,000* 
$ 4,000" 

? 
? 

l yr 
I yr 

$2l66 
$2l66 

Excellent 
Excellent 

Poor 
Poor 

* Adjusted to 1985 dollars. 




