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INTRODUCTION 

Eurasian watermilfoil is a rooted aquatic weed 
that is creating serious problems for the man- 
agement and use of water in reservoirs and other 
impoundments in the United States and else- 
where in the world. In responding to the need for 
an effective and acceptable herbicidal control 
technique, an interagency effort between the 
USBR (Bureau of Reclamation) and the COE 
(U.S. Army Corps of Engineers) was initiated to 
amend established 2,4-D tolerances and regis- 
trations. Such an amendment would permit na- 
tionwide use of this herbicide in conjunction 
with water level management and other meas- 
ures in integrated programs for the control of 
eruasian watermilfoil in multiple-use reservoirs 
managed by Federal, state, or local government 
agencies or by certified applicators under con- 
tract to these agencies. 

To accomplish this goal, a study was initiated to 
obtain residue data from experimental small-plot 
applications of two formulations of 2,4-D under 
EUP’s (Experimental Use Permits) 11683-EUP-2 
(liquid amine formulation) and 11683-EUP-3 
(granular butoxyethanol ester formulation) 
granted by the EPA (U.S. Environmental Protec- 
tion Agency) to the USBR and the COE with ef- 
fective dates July 10, 1980, to February 28, 
1982. This herbicide registration project was 
conducted with the cooperation of the Agricul- 
tural Products Company of Union Carbide Cor- 
poration. Union Carbide has a registered product 
for a similar use pattern for eruasian watermilfoil 
control on reservoirs managed by the Tennessee 
Valley Authority. 

This is the final report on that portion of the 
study under the USBR’s jurisdiction. Although 
the EUP became effective July 10, 1980, 
neither agency was able to initiate the studies 
until 1981 because of administrative problems. 
Each agency is reporting study results independ- 
ently in support of this proposed registration. 

APPLICATION 

This study provides data that demonstrates the 
herbicide’s dispersion characteristics and envir- 
onmental effects of 24-D butoxy ethanol ester 
and dimethylamine formulations when applied to 
reservoirs for control of eruasian watermilfoil. 
Information in this report is being used to sup- 
port a petition to obtain legal herbicide registra- 
tion of 2,4-D for eruasian watermilfoil control. 

The data in these investigations demonstrated 
that these experimental treatments did not ad- 

versely affect nontarget aquatic organisms or 
the aquatic ecosystem. The herbicide residues 
were considerably below established water, fish 
flesh, and crop residue tolerances for this herbi- 
cide’s proposed use pattern. 

These two 2,4-D herbicide formulations appear to 
be effective and environmentally acceptable for 
control of eurasian watermilfoil in USBR and 
similar reservoirs, when applied with consideration 
of water use patterns and at safe distances from 
potable and irrigation water inlets. The eventual 
use of the herbicide will depend on the establish- 
ment of legal tolerances and herbicide labeling by 
Federal and state regulatory agencies. 

MATERIALS AND METHODS 

Reservoir Application Sites 

The experimental treatments were made on test 
plots located at Banks Lake, Washington, and 
Fort Cobb Reservoir, Oklahoma. 

Banks Lake is a 43-km (27-mile) long reservoir 
with an active storage capacity of 881 945 000 m3 
(7 15 000 acre-ft). It was designed as an irriga- 
tion water-equalizing reservoir feeding Columbia 
River water into an irrigated area of 212 900 ha 
(526 000 acres). This reservoir is operated 
under the jurisdiction of the USBR’s Columbia 
Basin Project. The reservoir also provides return- 
flow water to produce power during discharges 
into pump generators located at Franklin Delano 
Roosevelt Lake. 

Fort Cobb Dam and Reservoir are located on the 
Washita River Basin in south-western Oklahoma 
approximately 97 km (60 mi) southwest of 
Oklahoma City near the town of Fort Cobb. This 
reservoir, with a maximum length of 10.6 km 
(6.6 mi), has a total capacity of 177 302 000 m3 
(143 740 acre-ft) at full flood control level and 
was designed as a multipurpose facility to pro- 
vide municipal and industrial water to the cities 
of Fort Cobb and Anadarko and to the Western 
Farmers Electric Cooperative. The city of Chick- 
asha, southeast of Fort Cobb Reservoir, has its 
own pumping plant near the east abutment of 
the dam. The reservoir, which does not supply 
water for irrigation purposes, is operated under 
the jurisdiction of the Fort Cobb Master Con- 
servancy District. 

Experimental Treatments 

Herbicide formulations used were a liquid DMA 
(dimethylamine formulation of 2,4-D), Amchem 
Corporation’s Weedar 64’“, EPA Registration 
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No. 264-2; and granular BEE (butoxyethanol 
ester formulation of 2,4-D), Amchem Corpora- 
tion’s Aqua-Kleen’“, EPA Registration No. 
264-109. Applications were made at two rates 
22.5 and 45 kg/ha (20 and 40 lb/acre) to a 
total of four plots at each of the two geographic 
locations. 

Applications were originally scheduled to coin- 
cide with a period of operational treatment, i.e., 
late spring, to obtain maximum efficacy. The 
Banks Lake treatments were accomplished close 
to this desired timing. However, the experimen- 
tal applications at Fort Cobb Reservoir were de- 
layed until late August because of legal actions 
initiated by local citizens during the environ- 
mental assessment process. Litigation was ev- 
entually ruled upon by a Federal Court, and 
clearance was given for treatment in mid-August 
1981. 

The experimental herbicides were applied to 
Banks Lake by helicopter, using a hydraulic pres- 
sure boom sprayer for the DMA liquid formula- 
tion and a rotary centrifugal applicator for the 
BEE formulations. Surface applications were 
made at Fort Cobb Reservoir using a boat- 
mounted hydraulic sprayer for the liquid, and a 
granular-dropping spreader applicator for the 
ester formulation. 

Figures 1 and 2 illustrate the herbicide plot loca- 
tions on the two reservoirs. Rates of herbicide ap- 
plication, plot sizes, and treatment dates were as 
follows: 

Banks Lake 
Plot 1 

Size : 14.8 ha (36.9 acres) 
Formulation : DMA, lot No. S-75-154 
Rate : 22.5 kg/ha, ae (20 per 

acre, acid equivalent) 
Treatment date: July 8, 1981 

Plot 2 
Size : 16.0 ha (39.9 acres) 
Formulation : DMA, lot No. S-75-154 
Rate : 45 kg/ha, ae (40 Ibs per 

acre, acid equivalent) 
Treatment date: July 8, 1981 

Plot 3 
Size : 16 ha (40 acres) 
Formulation : BEE, lots No. A 09006-1, 

-2, and A 0900-7-I 
Rate : 45 kg/ha, ae (40 Ibs per 

acre, acid equivalent) 
Treatment date: July 8, 1981 

Plot 4 
Size : 16 ha (40 acres) 
Formulation : BEE, lots No. A 08088-2 

and -3 
Rate : 22.5 kg/ha, ae) (20 Ibs per 

acre, acid equivalent) 
Treatment date: July 8, 1981 

Fort Cobb Reservoir 
Plot 1 

Size : 12.8 ha (32.1 acres) 
Formulation : BEE, lot No. 41929 
Rate : 22.5 kg/ha, ae) (20 Ibs 

per acre, acid equivalent) 
Treatment date: August 24, 1981 

Plot 2 
Size : 5.8 ha (14.4 acres) 
Formulation : BEE, lot No. 41929 
Rate : 45 kg/ha, ae (40 Ibs per 

acre, acid equivalent) 
Treatment date: August 25, 1981 

Plot 3 
Size : 12.8 ha (32.1 acres) 
Formulation : DMA, lot No. 41440 S 

68075 
Rate : 45 kg/ha, ae (40 Ibs per 

acre, acid equivalent) 
Treatment date: August 20, 1981 

Plot 4 
Size : 7.6 ha (18.9 acres) 
Formulation : DMA, lot No. 41440 S 

68075 
Rate : 22.5 kg/ha, ae (20 Ibs per 

acre, acid equivalent) 
Treatment date: August 19, 1981 

Sample Collection 

Samples of water hydrosoil, and fish were col- 
lected for chemical analysis 1 -day pretreatment, 
and I-, 4-, 7-, 14-, 28-, and 56-days 
posttreatment. 

Two replicated sample sites were established 
within the treated plots. Three sample sites were 
established outside of the herbicide treated area 
to determine herbicide movement out of the 
plot. Invertebrate animal population samples 
were also collected at the same time water quali- 
ty determinations were made. A summary of the 
field sampling schedule is given in table 1. The 
detailed study protocol is presented in the ap- 
pendix A of this report and includes copies of the 
supplemental labeling for the EUP and Weedar 
64’” and Aqua-Kleen’” labels. Reservoir water, 
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hydrosoil, and fish fillet samples were stored in 
ice immediately upon collection and transported 
for deep freezing within 4 to 5 hours of collec- 
tion. These frozen samples were transported by 
airfreight to the USBR analytical laboratory in 
Denver, Colorado using insulated shipping cases 
containing dry ice. Samples were received at the 
Denver laboratory within 12 to 24 hours after 
shipment. All samples were maintained in frozen 
condition until ready for analysis. 

Invertebrate animal samples were collected in 
vertical hauls utilizing a Wisconsin plankton 
sampling net. Samples were immediately pre- 
served in formalin solution for subsequent 
organism identification and enumeration by pro- 
cedures published in Standard Methods for Ex- 
amination of Water and Wastewater [l I”. Di- 
versity indices were calculated using Wilhm and 
Dorris’ formula for determining d /21. 

Observations were made of existing rooted 
macrophytes within the treated plots by “grab 
sampling” techniques. Samples were identified 
and empirical estimates of relative density were 
made. In situ determinations of water quality 
parameters were made including pH, dissolved 
oxygen, conductivity, and temperature at each 
sampling site. A Hydrolab Corporation model 
4000 data acquisition system was used to 
measure these parameters. 

Additional water samples were collected and 
frozen for water chemistry analysis to determine 
pH, all major ions, conductivity, and total dis- 
solved solids according to procedures in the Na- 
tional Handbook of Recommended Methods for 
Water Data Acquisition 131. The results in- 
cluded in appendix B, were used to determine 
possible limnological changes that might occur 
as a result of the experimental treatments. 

Determination of 2,4-D and Product Residues 

Water samples were analyzed for 2,4-D acid res- 
idues and 2,4dichlorophenol in simultaneous 
sample runs usiny Waters Associates Sep-Pak 
Cl 8’” cartridges for concentration of compon- 
ents, followed by analysis on a Waters Associ- 
ates HPLC (high performance liquid chromato- 
graph) [41. On completion of HPLC analysis, 
aliquots of representative samples were anal- 
yzed using a gas-liquid chromatograph to 
authenticate the comparability of the two 
techniques. Also, 2,4-D chromatograms were 
authenticated using comparative standards in 

* Numbers in brackets refer to entries in the bibliog- 
raphy. 

mass spectrophotometric analysis. Separate 
analyses were made to determine the possible 
occurrence of dimethylnitrosamines (Appendix 
A, attachment 4). Hydrosoils were extracted, 
and possible residues of 2,4-D acid and any 
dichlorophenol were determined using HPLC 
analytical procedures developed by the authors 
as given in the Appendix, Attachment 5. Fish 
flesh analysis used HPLC modified procedures 
published by Hesselburg and Johnson 151. 

Detailed residue analysis procedures are in- 
cluded in the “Protocol for 2,4-D Residue Dissi- 
pation Studies” in the appendix. Also included 
are analytical traces typical of water, hydrosoil, 
and fish flesh analytical techniques. The 
2,4-dichlorophenol content of each water sam- 
ple was determined in conjunction with parent 
2,4-D acid determinations. 

RESULT!3 AND DISCUSSION 

2,4-D Residues in Water 

Sample collection through 56 days’ posttreat- 
ment was completed at Banks Lake on Septem- 
ber 2, 1981, and at Fort Cobb Reservoir on Oc- 
tober 15, 1981. Residue determinations of 
2,4-D in water were completed on all samples 
through 14 days’ posttreatment using HPLC 
analytical procedures. The methodology and a 
typical chromatogram are presented in the 
Study Protocol in appendix A of this report. As a 
result of low residue levels found in 1Cday 
posttreatment samples, later samples were not 
analyzed except for some profile data represent- 
ing typical 28- and 56-day residue levels. The 
resulting residues of 2,4-D found in each of the 
samples collected are presented in tables 2 
through 9. 

Pretreatment water samples collected from 
Banks Lake had no detectable 2,4-D residues. 
However, trace amounts of 2,4-D residue at 
levels of one microgram per liter (PglL) or less 
were found at Fort Cobb Reservoir. It is assumed 
that because Fort Cobb Reservoir is located in an 
intensive agricultural area that some surface 
drainage contamination could account for this 
minor background residue. Banks Lake is more 
remote from an intensively cultivated area and 
would be less apt to have a 2,4-D residue back- 
ground. 

Dissipation of 2,4-D in Water 

The data in tables 2 through 9 are presented in fig- 
ures 3 through 10. Figures 3 through 6 depict 
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Table 1 .- 1981 2,4-D study, Fort Cobb Reservoir, Oklahoma, and Banks lake, 
Washington, summary of field sampling schedule. 

Samples to be collected per plot at each sample time 
Total 

number of 
samples 

In or near each herbicide plot: 
1. Water.-Collect triplicate 1 -liter samples from 0.3-m (l-ft) below the surface 

and near the bottom from two separate stations (designated as sample site 
numbers 1 and 21 within each of the treated plots. 

In addition, collect triplicate 1-L samples from two depths at three separate 
sampling stations adjacent to each plot. These sampling sites at Banks Lake 
are designated sample site numbers 9, 12 and 3. Sample sites outside of the 
treated plots at Fort Cobb Reservoir were arranged in a row on the reservoir 
side outside of the treated bays and were designated as sample site numbers 
1 :00, 3:00, and 5:00 on BEE and 6:00, 8:00 and 1O:OO on DMA plots. (See 
figs. 1 and 2) 

2. Hydrosoils. -Using the same two stations within each treated plot, select two 
random sampling sites within a 9- to 18-m (lo- to 20-yd) radius. Obtain a 
single sample from each of the two stations within the treated plot and from 
each of the two random sites. 

3. Invertebrates.-Sample with a Wisconsin net using vertical hauls from a depth 
of 3-m (lo-ft) to the water surface. Collect duplicate samples from one site 
within each plot. Also, collect duplicate samples from one site outside each 
plot, but within 90- to 180-m (loo- to 200- yd). 

4. Water quality.-Obtain a 1-L water sample for total chemical analysis. Sample, 
analyze, and record while on the plot (using Hydrolab) the DO (dissolved ox- 
ygen), pH, conductivity, and water temperature. 

5. Fish.-In the vicinity of the treated plots, obtain six samples of two to five 
species of resident game fish, each of which are 178- to 254-mm (7- to 1 O-in) 
length, using gill net or electrofishing. (Duplicate nets may be required to col- 
lect selected species at different depths). 

At or near the outlet works: 
1. Water. -Collect triplicate 1 -L samples at middepth. 

2. Invertebrates.-Collect duplicate samples from one location near the water sam- 
pling station. Collect samples with vertical hauls from a depth of 3-m (1 Oft) 
to the water surface. 

3. Water quality.-Obtain a 1 -L water sample for total chemical analysis. Sample 
and record DO, pH, conductivity, temperature, and ORP (oxidation/reduction 
potential). 

4. Hydrosoils. -None. 

5. Fish.-Obtain six samples of two to five species of resident game fish, each 
178- to 254-mm (7- to lo-in) in length, using gill net or electrofishing in the 
vicinity of the outlet works. (Duplicate nets may be required to collect 
selected species at different depths. 

30 
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2,4-D dissipation patterns for the four experi- 
mental plots at Banks Lake. Figures 7 through 10 
illustrate 2,4-D dissipation patterns in water at the 
Fort Cobb Reservoir study sites. The plotted 
values given in these graphs are the means of the 
three sample replications. Data from sample sites 
1 and 2 collected within each herbicide treated 
plot were combined into one graph. Also, data 
from samples taken from outside each plot are in- 
cluded to show the characteristics of herbicide 
movement outside of the study plots. Surface to 
0.3 m (1-h) samples are plotted separately from 
near-bottom samples to illustrate possible differ- 
ences in dissipation in the treated water column 
over 14 days. In addition, the statistical computa- 
tion of the combined replicates within treated plots 
(sites 1 and 2) was developed to determine con- 
centration versus time to demonstrate a concen- 
tration decay curve for each treatment. The re 
gression equation and the correlation coefficients 
are given on each figure. Each herbicide treatment 
and rate of application is discussed individually. 

BANKS LAKE, plot 1, 22.5 kg/ha, ae (20 
lb/acre), DMA (table 2, fig. 31. -Surface water 
residues within the treated plot l-day posttreat- 
ment averaged 199.8 pg/L (199.8 p/b) with 
one sample reaching 227.0 pg/L. This level, 
although exceeding the 100 pg/L (0.1 p/m) 
established water tolerance for 2,4-D in potable 
water and the 100 pg/L (0.1 p/m) level ac- 
cepted in irrigation canal water, rapidly declined 
to an average near 5 pg/L (5 p/b) in 4 days 
and dissipated to levels averaging 2 pg/L 
(2 p/b) by 14 days. At 28 days, this level 
dropped to 1 PgIL (1 p/b) or less. Bottom 
water sample residues were very low with 
means never exceeding 3 pg/L (3 p/b), declin- 
ing to a low at 14 days’ posttreatment of 1.9 
pg/L (1.9 p/b), similar to the surface samples. 

The residue decay curves for the treated plots 
show rapid decline within four days, with only 
trace amounts detectable at 7 and 14 days. This 
decline suggests that DMA dissipation is by sim- 
ple diffusion throughout the water column, with 
movement in a fairly uniform pattern to areas 
outside the treated plot. 

This diffusion was shown in untreated sample 
sites 3, 9, and 12. The higher concentrations at 
sites 3 and 12 were similar at surface l-day 
posttreatment to the within-plot sites. This 
result can be attributed to a strong posttreat- 
ment prevailing wind from the southwest. 

Regression curves for the surface samples show 
an excellent correlation of time versus concen- 
tration, with an FL* = 0.909, indicating uniform 

diffusion of the 2,4-D residue. The bottom 
samples demonstrated more variability, but with 
a good correlation of RZ = 0.678. Both decay 
curves could be considered useful for predictive 
purposes. It should be emphasized that the resi- 
due degradation mechanism within this plot 
would be primarily dispersion through wind ac- 
tion and convective mixing. Sorption loss would 
be minor because of minimal aquatic weed 
stands at the time of treatment. No temperature 
profile thermocline activity was expected in this 
plot because of the shallow depths, from 
0.76- to 1.22-m (2.5- to 4-ft). 

BANKS LAKE, plot 2, 45 kg/ha, ae (40 lb/acre) 
DMA (table 3, fig. 4). -The within-plot surface 
water residues treated at the 45 kg/ha rate 
averaged 96.9 pg/L (96.9 p/b) with a 
single maximum of 113 pg/L. Similar to the 
22.5 kg/ha (20-lb/acre) treatment rate in plot 
1, the 2,4-D residue rapidly decreased to an 
average level of 6.8 PglL and declined to 2.6 
pg/L in 14 days. This 2-pg/L level continued 
through 28 days, but no residue was detectable 
at 56 days. Bottom water samples exhibited 
considerably higher residue values l-day post- 
treatment with a mean of 24.4 pg/L, and a 
single high value of 55 pg/L. After this time, 
however, the dissipation rate was similar to the 
22.5 kg/ha rate except for a slight increase 
from 1.4 pg/L at 7 days to 2.4 pg/L at 14 
days. A slight persistence was suggested by a 
56-day posttreatment bottom water sample 
residue value of 2 pg/L. The surface water 
decay curve was very similar for the 22.5- and 
45-kg/ha rates. The 45-kg/ha application rate 
produced a higher residue level initially in the 
bottom water, but there was little difference at 
the surface. 

Untreated sample sites 3, 9 and 12 exhibited 
dissipation curves similar to the treated-plot 
area, indicating similar outward dispersion from 
the treated areas as found in plot 1. Some in- 
crease in the bottom water 2,4-D residues was 
observed at sample site 12 after 7 days, which 
follows the treated-plot trend. The waterflow 
pattern in the reservoir, which is from north to 
south in this equalizing reservoir, may have car- 
ried higher residue concentrations toward site 
12. However, the residue was very low at 
8.5 pg/L. 

Water depths in the treated-plot area averaged 
1 - to 1.5-m (3- to 5-ft) and vegetation standing 
crop was minimal, similar to plot 1. 

Regression curves of dissipation levels over the 
14-day period show excellent correlation with 
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Table 2. -Banks Lake, Washington, Plot la, 2,4-D residue levels (mg/L) 
l-, 4; 7-, and 14-days, posttreatment. 

Site Depthd 
m (ft) 

1 days 

Residue levels 

4 day 7 day 14 day 

b 1 .3. .3. .3. .3 0.2120 0.0060 0.0042 0.0034 
(1. 1. 1. 1) 0.1639 ( f 0.0167) 0.0054 ( *0.0016) 0.0035 ( *0.0007) 0.0013 (*0.0017) 

0.1765 0.0046 0.0050 0.0012 

1 .76, 1.2, 1, 1 0.0060 0.0060 0.0065 0.0016 
(2.5. 4, 3, 3) O.Oj52 (~0.0006) - (*0.0030) 0.0015 ( * 0.0035) 0.0034 ( f 0.0009) 

0.0037 0.0020 

b 2 .3, .3. .3. .3 0.2270 0.0046 0.0047 
(1, 1. 1, 1) 0.2079 (*0.0177) 0.0051 ( f 0.0006) 0.0041 ( rt 0.0007) 0.0;26 ( f 0.0006) 

0.1917 0.0036 0.0056 0.0015 

2 1, 1, 1.2, 1 0.0219 0.0031 0.0012 0.0015 
(3. 3, 4. 3) 0.0167 (+0.0026) 0.0039 (*0.0006) 0.0021 (*0.0006) 0.0012 ( f 0.0003) 

0.0164 0.0043 0.0023 0.0019 

c3 .3. .3, .3. .3 0.0140 0.0067 0.0053 0.0029 .. 
(1. 1. 1. 1) 0.0154 (kO.0011) 0.0060 (*0.0007) 0.0034 (kO.0011) 0.0026 ( f 0.0005) 

0.0163 0.0077 0.0054 0.0019 

3 9.1, 3. 2.7, 3 0.0004 0.0001 0.0047 0.0009 
(30, 10, 9, 10) 

0.0006 
(*0.0001) O.oDOl ( f 0.0003) ( f 0.0009) 0.0009 ( f 0.0000) 

0.0006 0.0034 0.0006 

c9 .3, .3. .3, .3 0.1166 0.0073 0.0046 0.0015 
(l,l, 1. II 0.0041 (*0.0795) 0.0073 (rtO.00101 0.0042 (*0.00051 0.0020 (*0.0003) 

0.0090 0.0037 

9 2.4, 1.5, 1.5, 2.1 0.0006 0.0092 0.0027 0.0010 
(6, 5. 5. 7) 0.0004 (*0.0025) 0.0064 (*0.0020) 0.0026 (iO.0004) 0.0023 ( f 0.0006) 

0.0009 0.0033 0.0007 

Cl2 .3, .3, .3, .3 0.1555 0.0073 0.0046 0.0024 
(1. 1. 1. 1) 0.1570 ( f 0.0061) 0.0060 (*0.0007) 0.0034 (*0.0009) 0.0029 ( f 0.0003) ._. 

0.1456 0.0073 0.0029 

12 9.1, 3.1, 5, 1.2 0.0004 0.0006 0.0016 0.0024 
(30. 10, 5. 4) 0.0000 ( f 0.0002) O.oDOl ( f 0.0004) 0.0021 ( f 0.0003) 0.0015 ( f 0.0005) 

0.0000 0.0001 0.0016 0.0014 

a Treated with DMA at 22.5 kg/ha, aa (20 lb/acre, eal 
b Within treated plot sampling site. 
c Outside of treated plot sampling site. 
d The first depth was the depth from which the 1 -day residual samples ware taken; the second depth wes for the 4-day residual samples; the 

third depth was the 7-day residual samples; and the fourth depth for the 1 4-day residual samples. 
e Pretreatment 10 day) residue level 0.0000 mg/L. 
f Hyphen indicates no sample was taken or the sample was lost during handling. 

8 



o 60.4 

15 

12 

0 x,._ 
0 4 6 12 16 

DAYS 
SAMPLE SITE 9 

15 

12 

c: 
R9 

$6 

a 

3 

0 

15 

12 

s 9 

n; 

< 6 
0) 

*3 

0 152.7 

0 4 6 12 16 

DAYS 
SAMPLE SITE 12 

o 199.8 

OOW 

DAYS 
MEAN VALUES OF 

SPM>LE SITES 1 AN) 2 

SAMPLE SITE LOCATIONS 
MAP FOR PLOT 1 

‘0 4 6 12 I6 

DAYS 
SAMPLE SITE 3 

227.00- 

204.40 - Y - 138.903<X)-1~806 
181.80 - 

159.20 - 

2 136.60 - 

1’200 2 4 6 6 IO 12 I4 

DAYS 
SURFACE SPMPLES 

21.90 r X 
19.83 

17.76 

15.69 

s 13.62 

cu^ 11.55 

< 9.48 
“i 7.41 

5.34 

3.27 

1.20 

Figure 3. -Banks Lake 2,4-D dissipation in water, plot 1. 

Dissipation of 22.5 kg/ha (20 lb/acre) DMA, in water over a 14-day period following treatment. 
0 = water aampkxl near the surface. l = water sampled near the bottom. 

- x Y = 11.237<X>-o.721 

0 2 4 6 DAY: IO 12 14 

BOTTOM SAMPLES 



Table 3.-Banks Lake, Washington, Plot 28, 2,4-D residue levels fmg/L) 
I; 4s 7-, and 14-days, posttreatment. 

Residue levels 

Site De@hd 1 days 4 day 7 day 14 day 
m (ft) 

b 1 .3, .3, .3, .3 0.0874 0.0049 0.0032 0.0019 
(1. 1, 1, 1) 0.0970 

0.0880 
(*o.w54) yo;g ( f 0.0023) ;.~DO~ 1 kO.0015) 0.0027 ( f 0.0005) 

0.0027 

1 1, 1.5, 1.5, 1.2 0.0550 0.0031 i:g 0.0027 
(3, 5, 5,4) 0.0455 (*0.0142) ~.004; (*o.W14) (iO.0014) 0.0016 ~*0.0010) 

0.0271 0.0036 

b 2 .3, .3, .3, .3 0.1135 0.0063 0.0050 0.0026 
(1, 1, 1, 1) 0.1020 ~*0.0010~ pooo~ ( f 0.0003) 0.0033 ( f 0.0008) 0.0026 ~*0.0001) 

0.0941 . 0.0043 0.0026 

2 1.2, 1.2, 1.2, 1.2 0.0047 0.0028 0.0028 0.0021 
14, 4,4, 4) 0.0040 I *O.W34) p&x3; (a0.0018) 0.0008 (~0.0011) 0.0026 I f 0.ooo4) 

0.0102 0.0009 O.Wl8 

= 3 .3. .3. .3. .3 0.0842 0.0042 0.0033 0.0033 
(iI ii.i,i~ 0.0880 (iO.0058) 0.0050 (*0.0005~ 

pot 
(*O.WlO) 0.0028 (*o.o004) 

0.0751 0.0041 0.0025 
3 1.2, 1.5, 1.2, 1.5 0.0641 0.0016 0.0009 0.0013 

(4. 5, 4, 5) 0.0332 ( f 0.0281) 0.0026 (iO.0006) 0.0019 ( f 0.0006) 0.0030 (*o.w12) 
0.0122 0.0028 0.0020 

c 9 .3, .3, .3, .3 0.1106 0.0067 0.0050 0.0035 
(1, 1. 1, 1) 0.0498 ( f 0.0320) ($6; ( f 0.00201 yo4~ ( f 0.0005) 0.0028 ( f 0.0005) 

0.0978 

9 2.0,1.5,1.2, 1.5 O.Wll f 0.0013 0.0030 
(6.5. 504, 5) 0.0025 (~0.0023~ O.&O8 

0.0056 0.0020 
( f 0.0008) g.O$;; (iO.0003) yKH~ ( i 0.0006~ 

Cl2 .3, .3, .3, .3 0.0718 0.0054 0.0037 0.0020 
(1, 1, 1. 1) 0.0846 

0.0757 
( i 0.0056) ;.003; ( f 0.0008) ;.OO;~ ( f 0.0003) po;~ ( f 0.0006~ 

12 3.3.3.4.3 0.0013 0.0014 0.0006 O.WlO 
cio,~io,ii, 10) 0.0032 (*O.OOlO) yo;; (*o.ow3) 0.0017 (*O.W07) 0.0006 (*0.0002) 

0.0025 0.0020 0.0010 

a Treatad with DMA at 46 kg/ha, aa (40 lb/acre, a81 
b Within treated plot sampling site. 
c outside of treated plot sampling aim 
d Ths fii depth WII the depth from whkh tha l-dry midwl samples were taken; the second depth was for the 4-day residual samples; the 

thirddrpthwlr~‘tdry~~;ilnd~fourthckpthfor~14-dsyrresiduelIrem~. 
e Pmtraatment (0 dsy) raaidua level o.oDo WL. 
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RZ = 0.932 in the surface waters. The bottom 
water dissipation curves are less well correlated 
with an RZ = 0.338 because of a slight increase 
in residue levels between 7- and 14-days post- 
treatment. However, both statistical treatments 
suggest residue levels near or approaching zero 
at 14 days posttreatment. These regressions are 
similar to those found in the 22.5-kg/ha rate 
treatment. 

BANKS LAKE, plot 3, 45 kg/ha, ae (40 lb/acre, 
ae), BEE (table 4, fig. 5). -Residue levels result- 
ing from this ester formulation treatment ex- 
hibited a rapid decline through a 4 day period in 
both surface and bottom waters. A maximum 
individual sample value of 137.5 pg/L was 
observed with an average of 76.9 pg/L within 
the treated plot at the l-day posttreatment sam- 
pling. The bottom sample residues showed an 
increase ranging from a mean 4.6 pg/L level at 
7 days to an average of 10.8 pg/L at 14 days. 
This upward trend then reversed, with a decline 
to lpg/L at 28- and 56-days after treatment. 
This upsurge of concentration seemed to occur 
in several of the BEE plots near the 7-day post- 
treatment sampling and could be related to herb- 
icide release characteristics of the granular for- 
mulation. This is discussed further in the soil 
residue section of this report. 

Sample sites 3, 9 and 12 demonstrated an out- 
ward diffusion pattern similar to the treated plot 
area, both at the surface and the bottom. 

Statistical computation of surface water residue 
levels demonstrated a decay curve similar to 
plots 1 and 2 with residues declining to near 
zero at 14 days. This correlation was RZ = 
0.775. Bottom water samples were less well 
time correlated with residues of near 7 pg/L at 
14 days and an RZ = 0.429. Plot 3 was one of 
the shallower plots with depths ranging from 
0.6- to 1.2-m (2- to 4-ft). This shallow depth 
provided less water in the treated column and, 
therefore, higher residue levels than those found 
in deeper water. Possible anomalies in the 
uniform decay curve might be expected as a 
result. However, the total residue level at any 
one time was not greatly different than that 
found in DMA-treated plots. 

BANKS LAKE, plot 4, 22.5 kg/ha, ae, (20 
lb/acre, ae), BEE (table 5, fig. 61. -Residue 
levels in this plot treated with 2,4-D BEE exhib- 
ited a somewhat less rapid decline in residue 
from 1 to 4 days after treatment than occurred 
with the 45 kg/ha rate in plot 3. However, the 
maximum concentration found 1 -day posttreat- 
ment was 28 pg/L which was significantly less 

than the 137.5 pg/L found in the higher rate 
BEE plot. Seven-day samples showed a pro- 
nounced increase in residue levels, as was found 
in plot 3. The residue decreased rapidly to 3.7 
pg/L at the 14-day sampling and continued to 
decline to 1 pg/L at 56 days. The bottom sam- 
ples did not reflect a 7-day increase in residue, 
but declined steadily from a l-day posttreat- 
ment mean level of 25.4 to 8.0 pg/L at 
14 days followed by a 28- and 56-day level of 
1 /.lglL. 

Sampling sites outside the treated plot demon- 
strated considerable variability from the residue 
dissipation pattern in the treated plot sites 1 and 
2. Trends in upstream site 3 were similar to the 
treated plots, but downstream sample site 9 and 
offshore site 12 showed very low concentra- 
tions at 1 day, increasing at 7 days, followed by 
declines in surface water residues and increases 
in bottom water residues. These characteristics 
may reflect a concentration of this granular BEE 
formulation at the reservoir bottom followed by 
some outward dispersion from the treated area. 
All values found in DMA and BEE dissipation 
curves from Banks Lake are of a level that would 
not be expected to adversely affect nontarget 
organisms and fall well within established 
tolerances for 2,4-D in multiple-use waters. 

The regression curves calculated for surface 
water show a less sharp drop from 1 through 7 
days and more of a steady decay curve. Statisti- 
cal curve fit for this regression was R2 = 0.803, 
not greatly different than the Number 3 plot R2 
of 0.775. The bottom water statistical curve fit 
was similar in nature to the surface with an R2 of 
0.703. 

FORT COBB, plot 1, 22.5 kg/ha, ae, (20 
lb/acre, ael, BEE (table 6, fig. 71. -This ester 
formulation showed a more rapid decline in 
residues both at the surface and the bottom than 
did the similar treatment at Banks Lake. Peak 
concentrations of any one replication of surface 
water were 39.8 pg/L while the bottom was 
64.8 pg/L. The mean combined values of sam- 
ple sites 1 and 2 were 18.0 and 27.4 pg/L for 
the surface and bottom, respectively. These 
values declined to a level near 2.0 pg/L at 4 
days’ posttreatment, followed by a slight in- 
crease to approximately 5 fig/L at the 7-day 
posttreatment interval. This low residue level 
could, in part, be attributed to some herbicide 
absorption by a heavy eurasian watermilfoil in- 
festation in this plot and not dispersion alone. 

The outside sampling areas of sites l:OO, 3:00, 
and 5:00 were characterized by uniform dissipa- 
tion loss with minor 7-day increases. 
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Table 4. -Banks Lake, Washington, Plot 38, 2,4-D residue levels (mg/L) 
I-, 4; 7-, and 14-days, posttreatment. 

Site Depthd 
m (ft) 

1 daye 

Residue levels 

4 day 7 day 14 day 

b 1 .3, .3, .3. .3 0.0431 0.0015 0.0057 0.0049 
(1. 1, 1, 1) 0.0550 (rtO.0072) 0.0026 1 kO.0018) 0.0045 1 f 0.0008) 0.0026 

0.0560 
(*o.ooll) 

0.0050 0.0060 0.0039 

1 .6, 1.2, .6, .6 0.0180 0.0204 0.0024 0.0103 
(2. 4. 2. 2) 0.0176 (*0.0043) 0.2000 ( kO.0012) 0.0036 (rtO.0010) 0.0063 

0.0253 
( f 0.0020) 

0.0181 0.0042 0.0088 

b 2 .3, .3 I. 3 ,. 3 0.1375 0.0060 0.0059 0.0025 
(1, 1. 1. 1) 0.1302 (kO.0544) 0.0052 (*0.0007~ 0.0057 ( f 0.0004) 0.0015 1 f 0.0005) 

0.0398 0.0067 0.0064 0.0018 

2 .6, .6 .6, 1 0.0270 0.0068 
(2. 2. 2. 3) 0.0-332 (kO.0027) 0.0062 (iO.0008) 0.0067 

0.0139 
(*0.0020) 0.0119 (*o.ooll) 

0.0052 0.0040 0.0136 

C3 .3, .3, .3, .3 0.1945 0.0060 0.0070 0.0017 
(1. 1, 1. 1) 0.1704 (ztO.0122) 0.0068 (kO.0005) 0.0056 (*0.0007) 0.0029 (*0.0007) 

0.1855 0.0068 0.0066 0.0029 

3 2.4, 3, 1, 1.2 0.0120 0.0047 0.0029 0.0027 
(8, 10, 3, 4) 0.0102 ( f 0.0012) 0.0009 ( *0.0019) 0.0030 (kO.0007) 0.0032 ( f 0.0006) 

0.0126 0.0036 0.0042 0.0039 

c9 .3. .3, .3, .3 0.0283 0.0018 0.0031 0.0034 
(1. 1, 1. 1) 0.0292 (kO.0016) 0.0027 (*0.0005) 0.0039 ( f 0.0004) 0.0027 ( f 0.0005) 

0.0313 0.0028 0.0033 0.0036 

9 1.2, .6, 1.5, .6 0.0010 0.0042 0.0026 0.0053 
(4. 2. 5, 2) 0.0009 ~*0.0005~ 0.0017 (*0.0012) 0.0020 ( f 0.0003) 0.0070 ( f 0.0012) 

0.0001 0.0030 0.0021 0.0077 

c12 .3, .3. .3, .3 0.1092 0.0040 0.0046 0.0025 
(1. 1. 1. 1) 0.1090 ( f 0.0021) 0.0054 ( f 0.0008) 0.0046 ( *o.oooo) 0.0019 (kO.0006) 

0.1055 0.0055 0.0046 0.0032 

12 3,3,3,3 0.0003 0.0005 0.0014 0.0011 
(10, 10, 10, 10) 0.0004 (*0.0001) 0.0000 (*0.0003~ 0.0013 (*0.0001) 0.0010 (*0.0003) 

0.0001 0.0012 0.0016 

a Treated with DMA at 45 kg/ha, ae (40 lb/acre, ae) 
b Within treated plot sampling site. 
i Outside of treated plot sampling site. 

The first depth was the depth from which the l-day residual samples were taken; the second depth was for the 4-day residual samples; the 
third depth was the 7-day residual samples; and the fourth depth for the 14-day residual samples. 

y Pretreatment (0 day) residue level 0.0000 mg/L. 
Hyphen indicates no sample was taken or the sample was lost during handling. 
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Statistical handling of the data in combined plots 
1 and 2 produced a decay curve showing rapid 
decreases from 1 to 4 days’ posttreatment 
declining to near zero by 14 days. The correla- 
tion R* for this regression was 0.579. This was 
not as good a fit to the curve as with some other 
treatments at Banks Lake due, in part, to the ap- 
parent 7-day rerelease of herbicide from the 
granular formulation. 

FORT COBB, plot 2, 45 kg/ha, ae, 140 lb/acre, 
ael, BEE (table 7, fig. 8). -Comparison of 
replicates from sample sites 1 and 2 produced a 
mean value of 46.6 pg/L at the surface and 
35.6 pg/L near the obttom. Seven-day post- 
treatment residues approached the zero level fol- 
lowed by an apparent herbicide rerelease with 
resultant increases to 10 and 5 pg/L at the 
surface and bottom, respectively. These herb- 
icide concentrations did, however, again decline 
to levels of 3 and 1 pg/L at the surface and- 
bottom by 28 days after treatment. Again, this 
formulation reflected the previously noted 
characteristic of a 7-day increase in residue level 
following a rapid decline 1 day following the ap- 
plication. 

The regression of concentration plotted over the 
14-day reporting period showed a less rapid 
decline over the 7-day period than was observed 
with the 22.5 kg/ha (20-lb/acre) rate in plot 1, 
but reached the zero point at lo-day posttreat- 
ment. The R* of the calculation was only 0.430, 
not a significant indicator for predictive pur- 
poses. As expected, residue levels outside the 
treated areas seem to follow the treated-plot 
pattern. 

FORT COBB, plot 3, 45 kg/ha, se, 140 lb/acre, 
ae), DMA (table 8, fig. 91. -The character of the 
herbicide dissipation curve observed with this 
DMA treatment at Fort Cobb is similar to that 
from Banks Lake, although maximum values dif- 
fered at 1 day. At Banks Lake, the observed 
maximum was 90.8 pg/L at the surface and at 
Fort Cobb it was 164.9 PglL at the surface. 
The l-day bottom samples at Banks Lake were 
much different at 1 day with mean surface 
values of 24.7 PglL while Fort Cobb bottom 
values were 176.2 pg/L. At Fort Cobb, both 
surface and bottom concentrations followed 
similar residue level decay patterns followed by 
decreases to near zero at 14 days after treat- 
ment. Banks Lake values did not reach the zero 
level but showed some residue remaining with 
approximately 2 PglL at 56 days. The sta- 
tistical calculation of combined sample sites 1 
and 2 at Fort Cobb showed a steady uniform 
decrease in residue concentration to zero in ap- 

proximately 11 days. The R* of the regression 
was 0.896 which is a very significant fit and 
suggests some predictive utility in routine field 
treatments. The observed fit of the data is quite 
similar to that of the 45-kg/ha (40-lb/acre) 
DMA treatment at Banks Lake where the R* was 
0.932. These data suggest that the DMA 
treatments performed similarly with regard to 
dispersion, except that the treatment did not 
move downward in the water column as rapidly 
at Banks Lake as it did at Fort Cobb. 

The sampling sites outside of the Fort Cobb plot 
3 treated area followed a pattern very similar to 
the treated bay area, suggesting very uniform 
outward movment toward the main reservoir 
body. Peak values at 1 day from these outside 
sampling sites were lower than within the 
treated plots but, at 7 and 14 days, were not 
greatly different. 

FORT COBB, plot 4, 122.5 kg/ha, ae, (20 
lb/acre, ae), DMA (table 9, fig. 10). -The 1 -day 
posttreatment samples collected contained very 
low residue levels with mean values in sites 1 
and 2 all below 16 pg/L. The residue levels 
were very erratic in this treatment with an in- 
dication of more rapid setting of the herbicide in 
the treated water column than has been evident 
in other DMA-treated plots. The maximum single 
replicate residue level found was 8.7 pg/L in 
surface water and 7.1 PglL in bottom water. 
The high variability found in plot 4 may have 
been due to a combination of factors: (1) the 
treatment was distributed over a 2-day period 
because of application equipment failure; and 
(2) this was a small plot of only 18.9 acres, 
quite shallow, and heavily infested with eurasian 
watermilfoil. The residue data through 7 days 
were erratic, but dissipation to low or near zero 
levels occurred by 14 days’ posttreatment. 

Statistical analysis of data from the treated plot 
indicates the lack of correlation between con- 
centration and time after treatment, R* = 0.242. 
This computed decay curve, although similar to 
others, lacks confidence as a predictive tool, 
unlike many of the other treatments made in 
these studies. Fortunately, the overall levels of 
residue found were well below established 
2,4-D tolerances or acceptable levels in potable 
water, irrigation water, and edible fish flesh. 

Dissipation of 2,4-D residues outside the treated 
plots into sample sites 6:00, 8:00, and 10:00 
showed a general trend of significant decline 
through 7 days. Some increases were noted 
from 7 to 14 days, but the levels were below 
10 pg/L. 
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Table 5. -Banks Lake, Washington, Plot 4a, 2,4-D residue levels (mg/L) 
I-, 4-, 7-, and 14-days, posttreatment. 

Residue levels 
Site Depthd 

m (ft) 
1 daye 4 day 7 day 14 day 

b 1 .3, .3, .3. .3 0.0252 0.0100 0.0123 0.0030 
(1. 1. 1. 1) 0.0230 ( f 0.0025) 0.0105 ( rtO.0004) 0.0195 (*0.0040) 0.0033 ( f 0.0002) 

0.0280 0.0108 0.0130 0.0030 

1 .8, .8, .8, .6 0.0284 0.0065 0.0124 0.0106 
(2, 2, 2. a 0.0238 ( f 0.0024) 0.0086 (~0.0018) 0.0175 ( kO.0028) 0.0100 (*o.ooll) 

0.0250 0.0100 0.0131 0.0085 
b2 .3, .3. .3, .3 0.0217 0.0100 0.0166 0.0042 

(1. 1. 1. 1) 0.0214 ~*0.0001) 0.0100 ( f 0.0000) 0.0149 (*0.0009) 0.0047 ( f 0.0004) 
0.0215 0.0099 0.0152 0.0040 

2 .6, .6, .6. 0.0234 0.0125 0.0038 0.0057 
(2, 2, 2, 2i6 0.0266 ( f 0.0023) 0.0112 (+0.0008) 0.0030 (kO.0022) 0.0064 (*0.0007) 

0.0110 0.0071 0.0072 
c3 .3, .3. .3, .3 0.0126 0.0037 0.0064 0.0030 

(1. 1. 1. 1) 0.0124 
0.0107 

( f 0.0010) yo;; ( f 0.0009) 0.0048 ( f 0.0008) 0.0027 ( f 0.0003) 
0.0054 0.0024 

3 .6, .6, 1.8, .6 0.0094 0.0045 0.0033 0.0066 
(2, 2. 6. 2) 0.0120 (rtO.0013) 0.0058 ( *0.0013) 0.0032 (*0.0009) 0.0053 ( f 0.0008) 

0.0103 0.007 1 0.0017 0.0052 
c9 .3. .3. .3. .3 0.0063 0.0064 0.0161 0.0025 

(1. 1. 1. 1) 0.0033 ( f 0.0015) 0.0073 (*0.0005) 0.0155 ( f 0.0052) 0.0028 ( f 0.0001) 
0.0042 0.0071 0.0068 0.0027 

9 1.5, 1, 1.2, 1.2 0.0008 0.0077 
0.0049 

0.0074 
(5. 3. 4. 4) 0.0001 ( f 0.0004) 0.0082 (*0.0003) ( f 0.0014) 0.0054 (*0.0014) 

o.oow 0.0083 0.0029 0.0082 
Cl2 .3, .3. .3, .3 0.0020 0.0027 0.0048 0.0044 

(1, 1. 1. 1) 0.0036 ( zt 0.0008) 0.0031 1 f 0.0003) 0.0040 (*0.0004) 0.0029 ( f 0.0008) 
0.0024 0.0024 0.0041 0.0030 

12 2.1, 1, 1.8, 1 0.0007 0.0020 0.0021 0.0051 
(7. 3. 6. 3) 0.0000 (*0.0007) 0.0019 ( f 0.0003) 0.0020 (*0.0006) 0.0096 ( f 0.0023) 

0.0014 0.0014 O.WlO 0.0080 

a Treated with BEE at 22.5 kg/ha, ae 120 lb/acre, ae) 
b Within treated plot sampling she. 
c Outside of treated plot sampling she. 
d The first depth was the depth from which the l-day residual samples were taken; the second depth was for the 4-day residual samples; the 

third depth was the 7-day residual samples; and the fourth depth for the 14-day residual samples. 
e Pretreatment (0 day) residue level 0.000 mg/L. 
f Hyphen indicates no sample was taken or the sample was lost during handling. 
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Table 6. -Fort Cobb, Oklahoma, Plot Ia, 2,4-D residue levels (mg/L) 
I-, 4-, 7-, and 14-days, posttreatment. 

Residue levels 

Site Depth 1 day’ 4 day 7 day 14 day 

b 1 Surface 0.0101 0.0026 0.0163 0.0013 
0.0141 (*0.0040) 0.0015 ( f 0.0005) 0.0024 1 f 0.00691 0.0003 ( f 0.0006) 
0.0046 0.0020 0.0099 0.0001 
0.0079 

1 Bottom 0.0129 0.0007 0.0179 0.0003 
0.0318 (*O.W96) 0.0014 (*0.00061 0.0036 ( f 0.0092) o.ww (*o.Wol) 
0.0196 0.0020 0.0036 0.0001 

b2 Surface 0.0145 0.0723 0.0002 0.0001 
0.0275 (~0.0069) 0.0006 ( f 0.0408) 0.0003 (*0.0001) 0.0001 ( i 0.0006) 
0.0249 0.0025 0.0001 0.0015 
0.0396 

2 Bottom 0.0319 0.0014 0.0015 0.0645 ( f 0.0302) 0.0026 (~0.0014) 0.0027 (*o.wlo) :*EE (*O.WOl) 
0.0042 0.0042 0.0006 0:0002 

c l:oo Surface 0.0344 o.ooo9 0.0034 0.0000 
0.0626 ( f 0.0296) o.oy9 ( f o.oooo1 o.oooo (*O.W19) 0.0004 (*0.0002~ 
0.0125 0.0001 0.0001 

1 :w Bottom 0.0091 0.0008 
0.0160 (kO.0035) 0.0000 
0.0067 0.0020 
0.0117 

c 3:oo Surface 0.0063 -d 

0.0063 (0.01311 0.0012 - 
0.0290 0.0026 

3:w Bottom 0.0072 0.0021 0.0049 0.0123 (*O.W61) 0.0115 (*O.W60) 0.0046 (*0.0027) :titi - 
0.0144 0.0004 0.0000 0:0000 
0.0219 

c 5:oo Surface 0.0234 0.0166 0.0001 0.0001 
0.0139 ( zt 0.0334) 0.0006 ( f 0.0090) 0.0090 ( f 0.0050) O.OWl 1 f 0.0006) 
0.0744 0.0073 0.0004 0.0012 
0.0779 

5:oo Bottom 0.0345 0.0001 0.0002 0.0002 
0.0266 (kO.0041) -d ( f 0.0003) o.oooo (*0.00011 0.0001 - 
0.0330 0.0005 0.0000 O.oool 

a Treated with BEE at 22.5 kg/ha, 88 (20 lb/acre, ae) 
b Within treated plot sampling she. 
c Outside of treated plot sampling site. 
d Hyphen indicates no sample was taken or the sample was lost during handling. 
e Pretreatment (0 day) residue level 0.0000 n-q/L. 
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Table 7. -Fort Cobb, Oklahoma, Plot 2a, 2,4-D residue levels lmg/LI 
I-, 4-, 7-, and 14-days, posttreatment. 

Residue levels 
Site 

b 1 

1 

b2 

2 

Depth 

Surface 

Bottom 

Surface 

Bottom 

1 day0 4 day 7 day 14 day 

0.0350 0.0005 0.0000 0.0264 
0.0332 ( f 0.0011) 0.0009 (*0.0003) 0.0000 - 0.0211 (iO.0067) 
0.0351 0.0012 0.0000 0.0131 

-d 0.0004 0.0000 0.0118 
0.0074 ( f 0.0039) 0.0005 (*0.0003) 0.0000 - 0.0124 ( f 0.0043) 
0.0129 0.0000 0.0000 0.0047 
0.0552 0.0004 0.0000 0.0000 
0.0585 ( f 0.0036) 0.0025 (*0.0012) 0.0000 - 0.0000 - 
0.0624 0.0005 0.0000 0.0000 

0.051 68 0.0004 0.0013 0.0000 
0.0607 (kO.0044) 0.0008 ( f 0.0003) 0.0000 (*0.0007) 0.0000 - 
0.0656 0.0009 0.0000 0.0000 

c 1.nf-l Surface 0.0067 0.0011 0.0010 0.0000 
0.0153 (*0.0088) 0.0009 (*0.0004) 0.0000 ( *0.0006) 0.0000 - 
0.0243 0.0016 0.0010 0.0000 

1 zoo Bottom 0.0080 0.0013 0.0233 0.0000 
0.0136 ( f 0.0029) 0.0010 (*0.0003) 0.0077 (*0.0118) 0.0000 - 
0.0097 0.0006 0.0001 0.0000 

c 3:oo Surface 0.0545 0.0011 0.0006 0.0000 
0.0606 (kO.0032) 0.0011 ( f 0.0005) 0.0005 (*0.0019) 0.0011 ( f 0.0008) 
0.0591 0.0020 0.0039 

3:oo Bottom 0.0231 0.0000 0.0032 
0.0351 (*0.0125) 0.0003 ( f 0.0002) O.&o0 ( f 0.0012) 0.0000 (*0.0017) 
n n1nn -.- .-- 0.0003 0.0017 0.0028 

c 5:oo Surface 0.0460 0.0007 0.0032 0.0000 
0.0602 (*0.0150) 0.0018 (*0.0006) 0.0033 (*0.0002) 0.0000 - 
0.0301 0.0017 0.0029 

5:oo Bottom 0.0274 0.0008 0.0036 0.0575 (f 0.0167) 0.0000 (*0.0004) 0.0021 (*o.ooll) 0.0000 - 
0.0297 0.0001 0.0000 

a Treated with BEE at 45 kg/ha, ae (40 lb/acre, ae) 
b Within treated plot sampling site. 
’ Outside of treated plot sampling site. 
d Hyphen indicates no sample was taken or the sample was lost during handling. 
a Pretreatment (0 day) residue level 0.0000 mg/L. 
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Table 8. -Fort Cobb, Oklahoma, Plot 38, 2,4-D residue levels (mg/l) 
I-, 4-, 7-, and 14-days, posttreatment. 

Residue levels 

Site Depth 1 daye 4 day 7 day 14 day 

b 1 Surface 0.1438 0.0882 0.0225 0.0015 
0.1437 ( *0.0187) 0.0427 ( f 0.0234) 0.0160 1 f 0.0033) 0.0002 ( f 0.0008) 
0.1114 0.0752 0.0183 0.0008 

1 Bottom 0.1453 0.0447 0.0370 0.0012 
0.1916 ( f 0.0262) 0.0474 (iO.0046) 0.0292 (*0.0062) 0.0012 ( f 0.0006) 
0.1896 0.0536 0.0248 o.oooo 

b2 Surface 0.1945 0.0420 0.0523 0.0005 
0.1894 ( f 0.0090) 0.0472 (*0.0155) 0.0317 (*0.0129) 0.0002 ( f 0.0003) 
0.2069 0.0181 0.0285 0.0009 

2 Bottom 0.1453 0.0451 0.0175 o.ooo9 
0.1674 ( f 0.0372) 0.0335 ( f 0.0066) 0.0111 ( f 0.0037) o.ww (rtO.WO4) 
0.2179 0.0336 0.0177 0.0004 

cl 0:oo Surface 9.1201 0.0201 0.0160 0.0043 
0.069gd (rtO.0375) 0.0226 (ztO.0015) 0.0172 (kO.0026) 0.0020 ( f 0.0013) 
0.0357 0.0200 0.0122 0.0022 
0.1038 

lo:oo Bottom 0.0994 0.0279 0.0083 0.0007 
0.1240 ( f 0.0204) 0.0299 (*O.W14) 0.0067 (*o.w39) 0.0011 (*o.w03) 
0.1399 0.0272 0.0141 0.0014 

’ 8:00 Surface 0.1139 0.0175 
o*“Jf32 

0.0008 
0.0501d ( f 0.0351) 0.0452 (kO.0183) 

- 
0.0020 ( f 0.0006) 

0.0463 0.0106 0.0132 0.0014 
0.0372 

8:00 Bottom 0.0422 0.0308 0.0117 0.0006 
0.1231 (kO.0405) 0.0224 (kO.0043) 0.0132 (*o.wlo) O.WlO (*0.0003) 
0.0869 0.0286 0.0113 0.0012 

' 6:00 Surface 0.0712d 0.0330 0.0199 0.0009 
0.0484 (kO.0269) 0.0179 (*0.0081) 0.0146 (*0.0041) 0.0029 (*0.0010~ 
0.1118 0.0306 0.0117 0.0019 
0.0655 

6:00 Bottom 0.0783 0.0246 0.0124 0.0017 
0.0950 (*0.0165) 0.0247 (*O.W37) 0.0153 (kO.00261 0.0005 ( f 0.0007) 
0.0549 0.0311 O.OlW 0.0006 
0.0722d 

a Treated with DMA at 45 kg/ha, ae (40 lb/acre, ae) 
b Within treated plot sampling site. 
’ Outside of treated plot sampling site. 
d Sample reanalyzed to confirm 
e Pretreatment (0 day) residue level 0.0000 me/L. 
f Hyphen indicates no sample wee taken or the sample wes lost during hendling. 
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Table 9. -Fort Cobb, Oklahoma, Plot 4a, 2,4-D residue levels (mg/L) 
I-, 4-, 7-, and lCdays, posttreatment. 

Residue levels 

Site Depth 1 daye 4 day 7 day 14 day 

b 1 Surface 0.0064 0.0117 0.0060 0.0002 
0.0038 (kO.0013) 0.0123 (*0.00441 0.0112 ( f 0.0027) 0.0000 (rtO.0015) 
0.0054 0.0041 0.0072 0.0027 

1 Bottom 0.0048 0.0045 0.0000 0.0004 
0.0071d (*0.0142) 0.0137 ( f 0.0050) 0.0010 ( f 0.0006) 0.0000 ( f 0.0003) 
0.0235 0.0057 o.oooo 0.0007 
0.0348 

b2 Surface 0.0087 0.0227 0.0167 0.0033 
0.0067 ( f 0.0033) 0.0168 ( f 0.0068) -f ( f 0.0043) 0.0039 (*0.0015) 
0.0022 0.0091 0.0228 0.0011 

2 Bottom 0.0180 0.0052 0.0018 0.0001 
0.0015 
0.0040d 

( f 0.0064) 0.0030 (iO.0011) 0.0067 ( f 0.0033) 0.0008 ( f 0.0004) 
0.0047 0.0003 0.0000 

0.0060 
0.0053d 

Cl 0:oo Surface 0.0126 0.0026 0.0035 0.0015 
0.0067 ( f 0.0039) 0.0050 f *O.OOlZ) 0.0067 (*0.0016) 0.0101 ( f 0.0043) 
0.0141 0.0037 0.0047 0.0064 

lo:oo Bottom 0.0059 0.0031 0.0005 0.0102 
0.0007 ( f 0.0026) 0.0068 (rtO.0022) 0.0019 ~*0.0010~ 0.0077 (*0.0033) 
0.0033 0.0070 0.0000 0.0036 

c 8:00 Surface 0.0502 0.0037 0.0065 0.0036 
0.0372 (ztO.0217) 0.0025 f*0.0010~ 0.0071 (*0.0020) 0.0029 ( f 0.00061 
0.0078 0.0046 0.0033 0.0041 

8:00 Bottom 0.0055d 0.0055 0.0018 0.0024 
0.0030 (iO.0047) 0.0104’ (&0.0025) 0.0016 ( f 0.0010) 0.0021 ( f 0.0013) 
0.0122 0.0087 0.0001 0.0000 
0.0103 

’ 6:00 Surface 0.0195 0.0039 0.0091 0.0006 
0.0164 ( f 0.0040) 0.0027 ( f 0.0006) 0.0097 (*0.0016) 0.0017 ~*0.0010~ 
0.0107 0.0035 0.0062 0.0024 
0.0122d 

6:00 Bottom 0.0048 0.0096 0.0016 0.0009 
0.0050 (*0.0008) 

0.Tf61 
( f 0.0025) 0.0012 (iO.0006) 0.0010 (*0.0018) 

0.0035 0.0004 0.0040 

a Treated with DMA at 22.5 kg/ha, ae 120 lb/acre, ae) 
b Within treated plot sampling site. 
c Outside of treated plot sampling site. 
d Sample reanalyzed to confirm. 
e Pretreatment (0 day) residue level O.oooO mg/L. 
f Hyphen indicates no sample was taken or the sample was lost during handling. 
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o = water sampled near the surface. l = water sampled near the bottom. 



Herbicide Residues at Reservoir Outlets 

The 2,4-D residue data in table 10 detail one of 
the most important aspects of this study. This 
table lists the residue levels found at the reser- 
voir outlet works delivering water for multiple 
uses in these two geographical locations. 

The distribution of the three replications for 
sampling dates 1 through 14 days was very 
close. The highest outlet level found at Banks 
Lake was 7.6 PglL, a level which is not consid- 
ered hazardous for any proposed irrigation or 
potable water use. This is well below the estab- 
lished experimental tolerance for experimental 
permits granted for this study 161 as well as es- 
tablished tolerances for 2,4-D in the Tennessee 
Valley River system for control of eurasian 
watermilfoil 171 and for use of DMA in control of 
ditchbank weeds in Western United States ir- 
rigation systems [61 [91. 

The two outlets at Fort Cobb, Chickasha and 
Anadarko municipal and industrial use, were 
similar to those found at Banks Lake. The max- 
imum value found there was 14.9 rg/L at the 
Chickasha outlet 4 days’ posttreatment. 

The State of Oklahoma Department of Health 
also monitored the potable water from Fort Cobb 
discharges in cooperation with the Bureau of 
Reclamation and the Fort Cobb Master Water 
Conservancy District. This was done to ensure 
safe chemical concentrations in this water dur- 
ing the study period. These data, given in table 
11, are included to provide additional confirma- 
tion of the residue levels at the study site. One 
value of 62 PglL was found, but this was sus- 
pected of being a contaminated sample. Most of 
the other values fell well within the ranges found 
by our investigations. 

The Oklahoma State Department of Health data 
support the hypothesis that residue levels from 
these experimental treatments did not approach 
established experimental tolerance for 2,4-D 
and safety for multiple use of these treated 
waters was demonstrated. 

Results of these studies demonstrate that when 
DMA or BEE formulations are applied no closer 
than 0.75 km (one-half mile) from a reservoir or 
lake outlet, the residue levels would not be 
hazardous for multiple water use. This distance 
from an outlet works appears to provide a safety 
factor for sufficient dissipation of the herbicide 
through a combination of dilution, absorption, 
hydrolysis, or other decomposition and time for 
these factors to function. The authors hypoth- 
esize that in smaller water bodies where these 

distances from outlets works cannot be at- 
tained, subdividing the reservoir areas into a 
number of sections (i.e. 4 to 8) and waiting at 
least 4 days between herbicide treatments 
would provide sufficient opportunity for dissipa- 
tion of the herbicide to levels acceptable for 
multiple use. 

2,4-D Residues iv Hydrosoil 

Determinations of 2,4-D residues in hydrosoil 
were completed through 56 days’ posttreat- 
ment. Residue data resulting from analysis of 
hydrosoil samples are presented in tables 1,2 and 
13 and figures 11 through 18. Hydrosoil sam- 
ples were collected only within the treated plot 
at sampling sites 1 and 2. For discussion pur- 
poses, within plot residues determined from 
these two sites were averaged. However, in fig- 
ures 11 through 18, they were graphed 
separately. 

Pretreatment hydrosoil samples collected from 
Banks Lake indicated no detectable 2,4-D resi- 
due. However, as was observed with pretreat- 
ment water samples from Fort Cobb Reservoir, 
trace 2,4-D residues were detected in some Fort 
Cobb Reservoir pretreatment hydrosoil samples. 
A possible explanation is the proximity of Fort 
Cobb Reservoir to areas of intensive agricultural 
activity with the related possibility for surface 
drainage contamination. 

As with the water residue discussion, herbicide 
formulations and rates of application are 
discussed individually in chronological order of 
plot number and geographic location. 

BANKS LAKE, plot 1, 22.5 kg/ha, ae 120 
lb/acre, ae), DMA (table 12, fig. 1 II. -The 
highest average residue level detected in plot 1 
was 0.0709 rg/g at 14 days’ posttreatment. 
Residues increased from 1 to 4 days’ posttreat- 
ment followed by a decline to 7 days (fig. 11 I. A 
residue increase from 7 to 14 days occurred, 
followed by another decline to 56 days’ post- 
treatment. Residue values were less than 0.10 
pg/L throughout the entire sampling period. 
The low hydrosoil residues provided further con- 
firmation of the uniform dispersion throughout 
the water column. 

BANKS LAKE, plot 2, 45 k&ha, ae, 140 lb/acre, 
ael, DMA (table 12, fig. 121. -The maximum 
observed residue in plot 2 was 0.1723 pg/g at 
28 days’ posttreatment. A residue increase from 
1 to 4 days occurred, followed by a decline to 7 
days’ posttreatment. An increase in 2,4-D resi- 
due levels was observed during the 7- to 28-day 
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Table 10. -Residue Levels at Outlets, Banks Lake, Washington, and 
Fort Cobb Reservoir, Oklahoma. 

!i 

bite Depth 1 day 
Residue levels (mg/L) 

4 day 7 dav 14 dav 

Banks Lake 
- 4m 

7-8-91 pretreatment 

Fort Cobb Reservoir 
Chickasha 

outlet Mid 

o.oow 0.0062 
o.WO3 ( f 0.0005) 0.0078 
O.Wll 0.0062 
o.woD - 

O.DWO 0.0099 
0.0002 ~~0.0001) 0.0124 

-a 0.0149 

Anardarko 
outlet Mid 

8- 18-8 1 pretreatment 0.0030 - 

0.0084 
0.0073 
O.DW4 

0.0076 0.0028 
(~0.0008) 0.0054 1 *o.w15) 0.0026 (iO.0007~ 

0.0047 0.0039 

o.owo 
(rtO.0025) O.OWO - 

(*o.w43) I 

a Hyphen indicates no samples were taken. 
All values in ppm (mg/L). 

Table 1 1 . -2,4-D Residue Levels at Fort Cobb Reservoir, August 198 1’. 

Fort Cobb Anardarko Chickasha 

Date Midpoint Intake Finished Intake Finished Comments 

18 Aug 81 l 0.500 0.630 l 0.506 l 0.500 l 0.500 Prior to application 
19 Aug 81 1.690 l 0.500 l 0.500 l 0.500 l 0.500 

20 Aug 81 l 0.500 4.200 l 0.500 62.000 1.000 First application 
21 Aug 81 1.600 11.500 l 0.500 1.430 0.580 
22 Aug 81 1 .ooo 1.300 l 0.500 1 .ow 0.530 
23 Aug 81 0.680 1.300 l 0.500 + 0.500 1.970 

25 Aug 81 2.600 7.000 4.000 11.300 1.030 Second application 
26 Aug 81 7.900 3.700 1.830 5.000 1.000 
27 Aug 81 1.860 4.630 4.340 3.380 1.460 
28 Aug 81 l 0.500 1.630 1.250 1.050 0.750 
31 Aug 81 0.6W l 0.500 l 0.500 1.190 l 0.500 
2 Sept 81 l 0.500 l 0.500 l 0.500 l 0.500 l 0.500 

All values in ppb(&L); 2,4-D Standard = ppb. 
l = lass then detection limit of analysis. 
* Data on this table were produced by the Oklahoma State Department of Health, loo0 Northeast 1Dth Street, PO Box 6361, Oklahoma City, 

Oklahoma 73152 
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interval followed by a decline to 56 days’ post- 
treatment. The hydrosoil dissipation pattern in 
plot 2 was very similar to that observed in plot 1 
with the exception of the slight residue increase 
of the 14- and 28-day sampling intervals. Aver- 
age within-plot residue levels were less than 
0.20 pg/g for the entire 56-day sampling 
period. Again, low residue levels are probably at- 
tributable to uniform dispersion throughout the 
water column. 

BANKS LAKE, plot 3, 45 kg/ha, ae, (40 lb/acre, 
aei, BEE (table 12, fig. 13). -Plot 3 at Banks 
Lake showed a maxknum hydrosoil residue level 
of 25.526 pglg at the 7-day posttreatment 
sampling. Residue levels decreased from 1 to 4 
days but increased substantially from 4 to 7 
days’ posttreatment (fig. 13). From this 7-day 
peak, levels decreased through 56 days. The 
7-day posttreatment peak is of particular in- 
terest in view of the fact that a similar occur- 
rence was noted in water samples from BEE for- 
mulation treated plots. It is most likely at- 
tributable to a rerelease from the herbicide 
pellet. 

BANKS LAKE, plot 4, 22.5 kg/ha, ae, (20 
lb/acre, ae) BEE (table 12, fig. 14). -Banks 
Lake, plot 4 was treated with BEE. The highest 
observed hydrosoil residue levels occurred at 7 
days’ posttreatment (fig. I41 where a within- 
treated plot average of 11.224 pglg was 
noted. Residue levels in the hydrosoil increased 
from 1 to 7 days posttreatment followed by a 
gradual decline to 56 days’ posttreatment. The 
overall observed hydrosoil dissipation rates were 
similar to those observed in plot 3 with indica- 
tion of the same 7-day additional release of her- 
bicide from the granular formulation. 

FORT COBB RESERVOIR, plot 1, 22.5 kg/ha, 
ae, (20 lb/acre, ae), BEE (table 13, fig. 151. - 
Plot 1 at Fort Cobb Reservoir, Oklahoma, was 
treated with the granular 2,4-D BEE formulation 
and the maximum hydrosoil residue levels oc- 
curred at 4 days’ posttreatment when a within- 
plot average of 1.433 pglg was noted (fig. 
15). The overall dissipation pattern was similar 
to that observed with plot 4 at Banks Lake ex- 
cept that the rerelease peak occurred at 4 days’ 
posttreatment rather than 7 days. Overall, 
hydrosoil residue levels were lower at Fort Cobb 
Reservoir than at Banks Lake for the entire 
56-day sampling period. Numerous factors 
might have contributed to this observed con- 
trast, but a heavier eurasian watermilfoil infesta- 
tion with accompanying absorption of 2,4-D by 
the plant material is probably one of the most 
significant ones, as discussed by Gangstad in 

the article on dissipation of 2,4-D in large reser- 
voirs [lOI. Also, water temperatures at Fort 
Cobb were higher, as were conductivity values. 
The water quality parameters, both physical and 
chemical, are discussed in the Environmental Ef- 
fects of Herbicide Treatment section. 

FORT COBB RESERVOIR, plot 2, 45 kg/ha, ae, 
(40 lb/acre, ael, BEE (table 13, fig. 16). -The 
maximum 2,4-D hydrosoil residue level detected 
in Fort Cobb, plot 2 was 3.942 pglg at l-day 
posttreatment. Residues decreased from l- to 
4-day posttreatment, then increased from 4 to 
14 days. Residue levels decined from 14 to 56 
days. Comparison of figures 13 and 16 reveals 
that the residue dissipation trend was similar to 
that of Banks Lake, plot 3, except that Fort Cobb 
residue levels were lower. This lower residue 
level is attributable at least in part to the heavier 
infestations of eurasian watermilfoil at Fort 
Cobb. The apparent rerelease from the granular 
BEE formulation observed at Banks Lake also oc- 
curred at Fort Cobb between 4- and 1Cdays 
posttreatment. 

FORT COBB RESERVOIR, plot 3, 45 kg/ha, ae, 
(40 lb/acre, ae), DMA (table 13, fig. 171. -Plot 
3 at Fort Cobb Reservoir had a maximum aver- 
age hydrosoil residue of 0.172 pglg at 7-days’ 
posttreatment. Residues increased from l- to 
7-days’ posttreatment, followed by a decrease 
through 56 days (fig. 17). This prolonged in- 
crease in residues through 7-days posttreatment 
could be attributable to an initial uptake of 2,4-D 
by aquatic plant populations followed by a sub- 
sequent release of adsorbed herbicide upon on- 
set of vegetation decomposition. Throughout 
the 56-day sampling period, residue values were 
less than 0.20 pglg. Comparison of figures 11 
and 12, Banks Lake, plots 1 and 2, with figure 
17, shows that the same uniform dispersion 
throughout the water column was in evidence at 
both geographic locations. 

FORT COBB RESERVOIR, plot 4, 22.5 kg/ha, 
ae, (20 lb/acre, ae), DMA (table 13, fig. 18). - 
The highest average residue level found in hy- 
drosoil from within plot 4 was 0.133 pg/g at 7 
days’ posttreatment. Residues increased from 1 
to 7 days’ posttreatment, at which time a 
decline from 7 to 56 days’ posttreatment oc- 
curred. Hydrosoil 2,4-D residues were less than 
0.15 pglg throughout the 56-day sampling 
period. The 2,4-D water residues were quite 
variable in Fort Cobb, plot 4, while the hydrosoil 
residue for plots 3 and 4 (figs. 17 and 18) show 
a similar pattern of a -/-day residue peak, fol- 
lowed by a sharp decline from 7 to 14 days’ 
posttreatment with a more gradual decline to 56 
days. 
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Table 12.-Banks Lake 2,4-D hydrosoil residues. 

Posttreatment 
sampling day 

1 day 

Site Rep. 
No. No. 

1 1 
1 2 

Plot 1 
22.5 kglha 
(20 lb/acre) 

DMA 

Wcl) 

0.0078 
0.0000 

Plot 2 
45 kglha 

(40 lb/acre) 
DMA 

km 

0.0000 
0.2318 

Plot 3 
45 kglha 

(40 lb/acre) 
BEE 

balla) 

31.5334 
24.7367 

Plot 4 
22.5 kg/ha 
(20 lb/acre) 

BEE 
Wcl) 

5.6603 
6.3544 

2 1 0.0000 0.0468 23.3904 0.9366 
2 2 0.0424 0.0548 19.3058 5.4292 

4 days 1 1 0.0000 0.1654 7.4653 
1 2 0.1428 0.1846 5.2934 5.9574 

2 1 0.0000 0.0000 6.0405 0.3248 
2 2 0.0831 0.0000 9.7605 

________________________________________--------------------------------------------------- 

7 days 1 1 0.0000 0.0000 20.3921 8.8453 
1 2 0.0000 0.0463 11.7604 7.8418 

2 1 0.0146 0.1038 32.8690 16.4253 
2 2 0.0000 0.0739 37.0826 11.7851 

_____---______-_____----------------------------------------------------------------------- 

14 days 1 1 0.0744 0.0686 19.1702 5.4735 
1 2 0.096 1 0.0351 29.4324 6.3728 

2 1 0.0325 0.1376 10.4282 3.6608 
2 2 0.0808 0.0664 35.7335 7.1751 

__----__----__---------~--------~~--------~~~~--------~~~-----------~~~~~~------~~~~~~~~~~~ 

28 days 1 1 0.0726 0.2011 2.1777 0.9064 
1 2 0.0803 0.2412 9.5725 1.1085 

2 1 0.1627 0.1479 3.0993 1.3704 
2 2 0.0785 0.0993 4.1169 1.9750 

56 days 1 1 0.0244 0.2117 0.0006 0.0000 
1 2 0.0542 0.1414 0.0004 0.0040 

2 1 0.0401 0.0678 0.0004 0.6812 
2 2 0.0323 0.1294 0.0009 0.6096 
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Figures 11 end 12.-Banks Lake 2,4-D dissipation in hydrosoil over a 56-day period following treatment. 
0 = hydrosoil sampled in site 1. l = hydrosoil sampled in site 2. 
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Figures 13 and 14.-Banks Lake 2.4-D dissipation in hydrosoil over a S6-day perkyd following treatment. 
0 = hvdrosoil sampled in site 1. l = hydrosoil sampled in site 2. 
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Table 13. -Fort Cobb Reservoir 2,4-D h ydrosoil residues. 

Posttreatment 
sampling day 

1 day 

Site Rep. 
No. No. 

1 1 
1 1 
1 2 

Plot 1 
22.5 kg/ha 
(20 lb/acre) 

BEE 
bdg) 

0.1430 
1.1760 
3.3540 

Plot 2 
45 kglha 

(40 lb/acre) 
BEE 

We) 

0.6866 
2.2261 

Plot 3 
45 kg/ha 

(40 lb/acre) 
DMA 

b&l) 

0.0000 
0.0000 

Plot 4 
22.5 kg/ha 
(20 lb/acre) 

DMA 
hdd 

0.0000 
0.0000 

2 1 0.2901 6.3603 0.0000 0.0000 
2 2 0.5950 6.5938 0.1433 

4 days 1 1 2.3520 0.4666 0.0971 0.0693 
1 2 0.4653 0.2758 

2 1 0.5021 0.4497 0.0825 0.1516 
2 2 0.6093 0.4824 0.1103 
2 0.0926 

______________-_--------------------------------------------------------------------------- 

7 days 1 1 0.6447 1.0344 0.3166 0.0000 
1 2 0.6829 0.9063 0.1136 0.1495 

2 1 0.0841 0.1943 0.1410 
2 2 1.2967 0.0641 0.0943 

1 0.2840 
_________-__-_----------------------------------------------------------------------------- 

14 days 1 1 0.7585 1.6230 0.0252 0.0334 
1 2 1.0966 7.6420 0.0232 - 

1 0.0401 

2 1 0.4244 0.1420 - 

2 2 0.3619 0.8137 0.0566 0.0081 
________________________________________--------------------------------------------------- 

28 days 1 1 0.2714 0.8561 0.0000 0.0135 
1 2 0.3067 0.8302 0.0164 

2 1 0.428 1 0.8546 0.0000 
2 2 0.3863 0.4759 0.0000 0.0602 

_-------------_-____~~~--------~~~~~~~~~~~~~~~--------------------------------------------- 

56 days 1 1 0.0967 0.1304 0.0000 
1 2 0.1191 0.0992 0.0000 
1 0.1546 

2 1 0.0179 0.0000 0.0000 
2 2 0.1262 0.0764 0.0000 0.0024 
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Figures 15 and l&-Fort Cobb 2,4-D dissipation in hydrosoil over a 56-day period following treatment. 
0 = hydrosoil sampled in site 1. l = hydrosoil sampled in site 2. 
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Figures 17 and 18.-Fort Cobb 2,4-D dissipation in hydrosoil over a 56-day period following treatment. 
0 = hydrosoil sampled in site 1. l = nydrosoil sampled in site 2. 
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Decomposition hoducts of 2,4-D 

Banks Lake, 2,4-Dichlorophanol (table 14). -No 
2,4-D Dichlorophenol was found in Banks Lake 
pretreatment hydrosoil samples from any of 
the four plots. Hydrosoil residues throughout 
the 56- day sampling period were less than 
0.3000 pg/g, with one exception. A residue of 
4.5460 pg/g was detected in plot 3 treated at 
the 45 kg/ha (40-lb/acre) rate with BEE at l-day 
posttreatment. 

Residues within plots 1 and 2 treated at 22.5 
and 45 kg/ha (20 and 40 lb/acre) with DMA, 
respectively, throughout the 56-day sampling 
period were less than 0.0500 pglg. 

Residues within plots 3 and 4 treated at 45 and 
22.5 kg/ha (40 and 20 lb/acre), respectively, 
with BEE were distributed throughout the 
14-through 56-day posttreatment interval. 

Banks Lake dimeth ylnitrosamines (table 15). - 
Trace levels of dimethylnitrosamines were found 
in Banks Lake pretreat water samples collected 
in plots 1, 2, 3, and at the outlet. Residue levels 
in pretreatment samples were less than 1 .O pg/L. 

Naturally occurring amines and nitrogen in water 
could form dimethylnitrosamines resulting in 
trace levels as observed in pretreatment 
samples. 

In water samples analyzed from l- day to 
14-days posttreatment, only three dimethyl- 
nitrosamine residues were observed. Plot 1 was 
treated at 22.5 kg/ha (20 lb/acre) with DMA 
residues of 0.2000 and 0.3000 pg/L were 
observed within the plot and at the outlet, 
respectively. At 7-days posttreatment, a residue 
of 0.1000 pg/L was observed in plot 4, which 
had been treated at 22.5 kg/ha (20 lb/acre) 
with BEE. 

Fort Cobb Reservoir 2,4-Dichlorophenol (table 
16). -Trace levels of 2,CDichlorophenol were 
found in Fort Cobb Reservoir pretreatment hy- 
drosoil samples in plots 1 and 2. Residue levels 
in plots 1 and 2 were 0.0234 and 0.0114 
pg/g, respectively. 

As with Banks Lake, hydrosoil residues through- 
out the 56-day sampling period were less than 
0.3000 PgIg. Phenol residues found in plots 1 
and 2, treated at 22.5 and 45 kg/ha (20 and 
40 lb/acre) with BEE, respectively, were uni- 
formly distributed throughout the 56-day sam- 
pling period. The maximum phenol residue found 
in BEE treated plots was 0.2133 pglg found in 
plot 1 at 56 days’ posttreatment. 

Fort Cobb Reservoir dimeth ylnitrosamine (table 
171. -Trace levels of dimethylnitrosamines 

were found in Fort Cobb Reservoir pretreatment 
water samples in plot 4 and at the outlet. 
Pretreatment residues in plot 4 and at the outlet 
were 0.2000 and 1 .OOO PgIL, respectively. 

As found at Banks Lake, naturally occurring 
amines and nitrogen in water could form dimethyl- 
nitrosamines resulting in trace levels as observed 
in some pretreatment samples. Dimethylnitrosa- 
mine residues were generally low and did not ex- 
ceed 2.0 pg/L over the 1Cday posttreatment 
sampling. At 4-days posttreatment, residues were 
the highest for all four plots. In plots 1 and 2, 
treated at 22.5 and 45 kg/ha (20 and 40 
lb/acre) with BEE, residues were 1.2000 and 
1.6000 pg/L, respectively, while plots 3 and 
4-treated at 45 and 22.5 kg/ha (40 and 20 
lb/acre) with DMA- had residues of 1.6000 and 
1 .OOO rg/L, respectively. In plot 1 at 14-days 
posttreatment, a residue of 0.2000 PgIL was 
detected. 

Environmental Effects of Herbicide 
Treatments 

2,4-D Residues in Fiih Flesh 

The fish flesh 2,4-D residue study was designed 
to be conducted concurrently with the water dis- 
sipation evaluation as an aid in supporting the 
proposed tolerance for 2,4-D use in western res- 
ervoirs. Determinations of residues in fish flesh 
resulting from the application of DMA and BEE 
formulations applied for eurasian watermilfoil 
control in Western United States reservoirs are 
required. The United States Environmental Pro- 
tection Agency established a temporary toler- 
ance of 1 mg/L for residues of the herbicide 
2,4-D applied as either the dimethylamine salt or 
the butoxyl-ethanol ester formulation in edible 
flesh and in or on various crop commodity 
groupings [61. These temporary tolerances, in 
addition to one of 0.1 mg/L in potable water, 
were terminated February 28, 1982, on expira- 
tion of the Experimental Use Permits. 

In terrestrial chemical weed control studies on 
standing crops, possible damage is generally 
reflected in stand or yield reduction, both of 
which are directly measurable. Evaluation of the 
effects of aquatic chemical applications on non- 
target mobile organisms such as fish and ben- 
thos is much more difficult. In this study, it was 
determined that the most valid fish flesh residue 
data could be obtained by sampling resident 
populations. The desired sample was specified 
in the protocol as being at least two species at 
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Table 14. -Banks Lake 2,4-D Dichlorophenol h ydrosoil residue. 

Posttreatment 
sampling day 

Pretreat 

1 day 

Site Rep. 
No. No. 

1 1 
1 2 
2 1 
2 2 

Plot 1 
22.5 kglha 
(20 lb/acre) 

DMA 
~Pdcl) 

0.0000 

0.0078 
0.0000 
0.0000 
0.0424 

Plot 2 Plot 3 Plot 4 
45 kglha 45 kg/ha 22.5 kglha 

(40 lb/acre) (40 lb/acre) (20 lb/acre) 
DMA BEE BEE 
1PSkl) hdg) bal) 

0.0000 0.0000 0.0000 

0.0000 0.0023 0.0000 
0.0000 4.5460 0.0000 
0.0000 0.0000 0.0000 

’ 0.0000 0.0000 0.0000 

4 days 

7 days 

1 1 0.0000 0.0000 0.0000 
1 2 0.0000 0.0000 0.0000 0.0173 
2 1 0.0000 0.0000 0.0000 0.0000 
2 2 0.0000 0.0000 0.0000 

1 1 0.0000 0.0000 0.0000 0.0000 
1 2 0.0000 0.0000 0.0000 0.0000 
2 1 0.0217 0.0000 0.0000 0.0000 
2 2 0.0000 0.0000 0.0000 0.0000 

14 days 1 1 0.0000 0.0014 0.2746 0.0000 
1 2 0.0108 0.0000 0.0000 0.0136 
2 1 0.0000 0.0014 0.0000 0.0062 
2 2 0.0113 0.0000 0.0592 0.0989 

28 days 1 1 0.0000 0.0000 0.0629 0.0090 
1 2 0.0000 0.0000 0.1008 0.0041 
2 1 0.0000 0.0000 0.0199 0.0624 
2 2 0.0000 0.0000 0.0104 0.0113 

56 days 1 1 0.0000 0.0000 0.0931 0.0017 
1 2 0.0054 0.0000 0.0000 0.0003 
2 1 0.0000 0.0000 0.0004 0.0000 
2 2 0.0000 0.0070 0.0959 0.0000 

Table 15. -Banks Lake dimeth ylnitrosamine residues in water. 

Posttreatment 
sampling day 

Plot 1 
22.5 kglha 
(20 lb/acre) 

DMA 

Plot 2 
45 kglha 

(40 lb/acre) 
DMA 

Plot 3 
45 kglha 

(40 lb/acre) 
BEE 

Plot 4 
22.5 kglha 
(20 lb/acre) 

BEE Outlet 

Pretreat ’ 

(pg/L) @g/L) &J/L) (CcglL) bLg/L) 

0.4000 0.3000 0.6000 0.4000 

1 day o.oDoo 0.0000 0.0000 0.0000 0.0000 

4 days 0.2000 0.0000 0.0000 0.3000 

7 days 0.0000 0.0000 0.0000 0.1000 0.0000 

14 days 0.0000 0.0000 0.0000 

- not determined. 
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Table 16. -Fort Cobb Reservoir 2,4-D dichlorophenol h ydrosoil residue. 

Posttreatment 
sampling day 

Pretreat 

Site Rep. 
No. No. 

Plot 1 
22.5 kg/ha 
(20 lb/acre) 

BEE 

b!m 

0.0234 

Plot 2 
45 kg/ha 

(40 lb/acre) 
BEE 

W0) 

0.0000 

Plot 3 
45 kg/ha 

(40 lb/acre) 
DMA 

hlb3) 

0.0000 

Plot 4 
22.5 kg/ha 
(20 lb/acre) 

DMA 

W0) 

0.0114 

1 day 1 1 0.0000 
1 1 0.0242 0.0050 0.0000 0.0000 
1 2 0.0335 0.0323 0.0000 0.0000 
2 1 0.0000 0.0612 0.0000 0.0000 
2 2 0.0000 0.0000 0.0000 

4 days 

7 days 

14 days 

1 1 0.0878 0.0000 0.0000 0.0686 
1 2 0.0000 0.0000 
2 1 0.0000 0.0000 0.0000 0.0000 
2 2 0.0000 0.0591 0.0000 
2 0.0000 

1 1 0.0000 0.0912 0.0155 0.0000 
1 2 0.0000 0.0000 0.0000 0.0000 
2 1 0.0534 0.0259 0.0000 
2 2 0.0893 0.0000 0.0000 
-a 1 0.0000 

1 1 0.0000 0.1135 o.oDoo 0.0000 
1 2 0.0000 0.0618 0.0000 
1 0.0000 
2 1 0.0000 0.0000 
2 2 0.0000 0.0069 0.0694 0.0000 

28 days 1 1 0.1078 0.0000 0.0000 0.0000 
1 2 0.0000 0.0286 0.0000 
2 1 0.0000 0.0000 0.0000 
2 2 0.0000 0.0000 0.0036 0.0000 

56 days 1 1 0.0000 0.0000 0.0000 
1 2 0.0000 0.0675 0.0000 
1 0.2133 
2 1 0.0000 0.0000 0.0000 
2 2 0.0000 0.0000 0.0000 0.0000 

a Site number data missing from sample. 
- Not determined. 

Table 17, -Fort Cobb dimeth ylnitrosemine residues in water. 

Posttreatment 
sampling day 

Pretreat 

Plot 1 
22.5 kg/ha 
(20 lb/acre) 

BEE 
(jLg/L) 

o.oDoo 

Plot 2 
45 kglha 

(40 lb/acre) 
BEE 

(pg/L) 
o.oooo 

Plot 3 
45 kglha 

(40 lb/acre) 
DMA 
(pg/L) 

0.0000 

Plot 4 
22.5 kglha 
(20 lb/acre) 

DMA 
(pg/L) 

0.2000 

Outlet 

(pg/L) 
1.1000 

1 day 0.0000 1.6000 0.0000 0.0000 

4 days 1.2000 1.6000 1.6000 1 .oooo 

7 days 0.0000 0.0000 0.0000 o.opDo 0.0000 

14 days 0.2000 0.0000 0.0000 0.0000 

- Not determined. 
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two trophic levels in the 178- to 254-mm (7- to 
lo-in) sizes. Both eiectrofishing and gill net sam- 
pling techniques were employed. This method of 
sampling was used instead of caged fish to more 
closely simulate an actual exposure. Fish can 
readily move out of treatment areas and, thus, 
minimize the probability of continuous exposure. 

Fish flesh residue from Banks Lake, plots 1 and 
2, 22.5 and 45 kg/ha, ae (20 and 40 lb/acre, 
ae), DMA (table 1B). -The dominant Banks Lake 
resident fish species used for chemical analysis 
were white sucker (Catostomus commersonll, 
whitefish (Coregonus lupeaformis), and carp 
(Cyprinus carpio). Length of fish averaged 
343 mm (13.5 in) for white sucker, 317 mm 
(12.5 in) for whitefish and 409 mm (16.1 in) for 
carp. 

No trace levels of DMA were found in pretreat 
fish samples collected on July 8, 1981, from 
plots 1 and 2. This confirms pretreatment water 

Table 18. -Banks Lake DMA residues in fish 
(individual and average). 

Sampling Rep. Average 
date Plot No. Fish type PclkJ P&l 

(* S.D.2) 

Pretreat 

1 day 

7 days 

14 days 

1 

2 
2 
2 
2 
2 
2 

1 
1 
1 
2 
2 
2 
2 

1 
1 
2 
2 
2 

1 
1 
1 
2 
2 
2 

2 
3 

2 
3 
4 

1 
2 

2 
3 

1 
2 
3 

2 
3 

Carp 

Carp 
Carp 
Carp 
Carp 
Carp 
Carp 

0.0000 0.0000 
( f 0.0000) 

0.0000 
0.0000 
0.0000 0.0000 
0.0000 ( f 0.0000) 
0.0000 
0.0000 

Carp 0.1938 
Carp 0.0000 0.646 
Carp 0.0000 (*0.11191 

Whitefish 0.0000 
White sucker 0.0000 0.0000 
White sucker 0.0000 0.0000 
White sucker 0.0000 

Carp 0.0495 0.0495 
Carp -9 ( f 0.0000) 
Carp 0.0000 
Carp 0.1053 0.512 
Carp 0.0484 ( f 0.0527) 

Carp 0.0000 
Carp 0.0000 0.0405 
Carp 0.1217 (kO.0702) 
Carp 0.2592 
Carp 0.0000 0.0864 
Carp 0.0000 (k0.1496) 

’ Sample not analyzed. 
2 Standard deviation of mean. 

and hydrosoil data which was free of back- 
ground 2,4-D. 

Over the 1Cday sampling period, little or no 
DMA residues were found in fish collected in 
plots 1 and 2 which were treated at 22.5 and 
45 kg/ha (20 and 40 lb/acre), respectively 
(table 18). Residues throughout the 1Cday 
sampling period never exceeded 0.3000 pglg. 
The lack of 2,4-D residues in the majority of fish 
analyzed up to 14-days’ posttreatment could be 
attributed to minimal exposure time within the 
treated area due to movement in and out of 
these areas. 

Fish flesh residue from Banks Lake, plots 3 and 
4, 45 and 22.5 kg/ha, ae (40 and 20 lb/acre, 
ae), BEE (table 191.-The dominant Banks Lake 
resident fish species used for chemical analysis 
was common carp (Cyprinus carpio). Carp 
ranged from 200- to 550-mm (8- to 22-in) 
length. 

No trace levels of BEE were found in pretreat fish 
samples collected on July 8, 1981, from plots 3 
and 4. This confirms pretreatment water and 
hydrosoil data which were free of background 
2,4-D. 

Table 19. -Banks Lake BEE residues in fish 
(individual and average). 

Sampling 
date 

Plot Fish 
tVDe 

dg Ave. 
da 

7 days 

Pretreat 3 
3 
3 

Carp 
Carp 
Carp 

0.0000 
0.0000 
0.0000 

1 day 3 Carp 0.0000 
Outlet Sucker 0.0000 

4 days 3 Carp 0.0000 
3 Carp 0.0000 
4 Carp 0.0000 
4 Carp 0.0000 
4 Carp 0.0000 
4 Carp 0.0000 

3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 

Carp 
Carp 
Carp 
Carp 
Carp 
Carp 
Carp 
Carp 
Carp 
Carp 
Carp 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

14 days 3 Carp 0.0072 
4 Carp 0.0000 
4 Carp 0.0000 

0.0000 

0.0000 
0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0072 
0.0000 
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Over the 14-day sampling period, little or no BEE 
residues were found in fish collected in plots 3 
and 4 which were treated at 45 and 22.5 kg/ha 
(40 and 20 lb/acre), respectively (table 19). 
The lack of 2,4-D residues in the majority of fish 
analyzed up to 14 days’ posttreatment could be 
attributed to minimal exposure time within the 
treated areas due to movement in and out of 
these areas. 

Fish population in Banks Lake was extremely 
sparse in the study site area during 198 1. This 
was caused by two factors: (1) 2 previous years 
of drawdown to attempt to control eurasian 
watermilfoil influenced the population and, (2) 
the shallow areas selected for the study site 
probably did not attract any species but the 
common carp. 

Fish flesh residues from Fort Cobb Reservoir, 
plots 7 and 2, 22.5 and 45 kg/ha, ae (20 and 
40 lb/acre, ael BEE (table 20). -The dominant 
resident fish species selected for chemical 
analysis were common carp (Cyprinus carpio) 
and largemouth bass (Micropterus salmoides). 
Occasionally, bluegill Uepomis macrochirus) 
was used to substitute for lack of largemouth 
bass samples. Largemouth bass averaged ap- 
proximately 300-mm (12-in) length while carp 
averaged 350-mm (14-in) length. 

Table 20 illustrates the fact that trace levels of BEE 
were found in pretreatment fish samples taken on 
August 18, 1981, from plot 1. This confirms that 
trace amounts of 24-D were present in the pre- 
treated water and hydrosoil samples. Pretreatment 
residue levels in carp were 0.0083 pg/g and 
0.0003 pg/g in largemouth bass. 

Fish samples were analyzed up to 14 days’ post- 
treatment in plots 1 and 2 which were treated at 
22.5 and 45 kg/ha (20 and 40 lb/acre) with 
BEE, respectively. Residue levels over the 
1Cday sampling period indicate higher levels in 
carp than in largemouth bass. Residues in carp 
and largemouth bass were higher in plot 1 
treated at 22.5 kg/ha (20 lb/acre) with BEE 
than in plot 2 treated at 45 kg/ha (40 lb/acre) 
with BEE throughout the 1Cday sampling 
period. With one exception, loss of 2,4-D in fish 
in plots 1 and 2 occurred in both species over 
the 14-day sampling period. In plot 1, residues 
in carp increased from 0.0216 pg/g on 1 -day 
posttreatment to 0.0417 pg/g on 14-day 
posttreatment. Overall BEE residues were less 
than 0.05 pg/g in both plots 1 and 2 over the 
14-day sampling period. 

Higher residues in carp occur because the species 
is a bottom feeder (detritus) and could ingest 

granular ester pellets from the hydrosoil. Lower 
residues in largemouth bass may occur because 
the species is a fish predator (piscivorous), not 
feeding on fish at the hydrosoil level. Apparently 
no bioaccumulation occurred. 

Table 20. -Fort Cobb Reservoir BEE residues 
in fish (individual and average). 

Sampling Rep. Average 
date Plot No. Fish type de &J 

(i SD.)* 

Pretreats 1 
1 
1 
1 
1 
1 
1 

1 day 1 
1 
1 
2 
2 
2 
2 
2 
2 

7 days 1 
1 
1 
1 
1 
2 
2 
2 
2 

14days 1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 

3 
2 
1 
1 
2 
2 
3 

1 
2 
3 
1 
2 
3 
1 
2 
3 

1 
2 
3 
1 
2 

1 
2 
3 

1 
2 
3 
1 
2 
3 
1 
2 
1 
2 
3 

LMB” 
LMB 
LMB 
Carp 
Carp 
LMB 
LMB 

o.owo 
O.WOO 0.0003 
0.0009 (*0.0005) 
0.0062 0.0083 
0.0103 f 0.0028) 
o.oooo 0.0265 
0.0531 f 0.0376) 

Carp 0.0666 
Carp 0.0025 
Carp 0.0207 
LMB 0.0055 
LMB 0.0025 
LMB o.wo9 
Carp 0.0138 
Carp 0.0266 
Carp 0.0543 

LMB 
LMB 
LMB 
Carp 
Carp 

Bluegill 
Carp 
Carp 
Carp 

0.0083 
0.0066 
0.0059 (*o.w12) 
0.0469 0.0301 
0.0297 ( f 0.0120) 

o.ww 0.0004 
o.ooDo 
0.0051 
0.0385 

LMB 
LMB 

Bluegill 
Carp 
Carp 
Carp 
LMB 
LMB 
Carp 
Carp 
Carp 

0.0018 
0.0027 
o.oow 
o.woo 
0.0002 0.0417 
0.1498 (kO.0864) 
O.OWO 0.0005 
0.0016 fiO.0011) 
0.0059 
O.OWO o.ooDo 
o.owo 

0.0216 
f 0.0329) 

0.0027 
f 0.0023) 

0.0233 
f 0.0207) 

0.0066 

f O.woD) 
0.0063 

*0.0210) 

0.0012 
iO.0014) 

l Average rg/g = values with bsckground subtracted. 
+* LMB = largemouth baas. 

SD = Standard deviation of mean. 

Fish flesh residue from Fort Cobb Reservoir, 
plots 3 and 4, 45 and 22.5 kg/ha, ae (40 and 
20 lb/acre, ae), LIMA (table 2 1). -The domi- 
nant resident fish species selected for chemical 
analyses were common carp (Cyprinus carpio) 
and largemouth bass (Micropterus salmoides). 
Carp averaged approximately 380-mm (15-in) in 
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length while largemouth bass averaged 300-mm 
(12-in) in length. 

Examination of table 21 indicates a trace level of 
0.0084 pglg DMA was observed in one pre- 
treat carp specimen taken from plot 4. This is a 
confirmation that trace amounts of 2,4-D are 
present in pretreatment water, and that water 
hydrosoil samples contained trace levels of 
2,4-D. 

Fish samples were analyzed up to 1Cdays 
posttreatment in plots 3 and 4 treated at 45 and 
22 kg/ha (40 and 20 lb/acre) with DMA, re- 
spectively. Residue levels at l-day posttreat- 
ment indicate that residues in plot 3 for carp and 
largemouth bass were higher than plot 4 for 
both fish species. 

At 4-days’ posttreatment, residues were ob- 
served only in largemouth bass samples col- 
lected in plot 4. Residues at 1Cdays posttreat- 
ment were higher in carp samples taken from 
plot 4 than in carp and largemouth bass samples 
in plot 3. Overall, DMA residues were less than 
0.35 pglg in plots 3 and 4 over the 1Cday 
sampling period and did not exceed the food ad- 
ditive tolerance of 1 .O mg/L (1 .O p/m). 

Residues in both species can be attributed to the 
uniform distribution of DMA throughout the 
water column and longer exposure times due to 
treatments being in sheltered bays. 

Effects of Herbicide Residue on 
Plankton Populations 

Plankton samples collected at the two reservoir 
sites throughout the study period were proc- 
essed at the Denver laboratory using three repli- 
cated subsample volumes of 1 .O mL each to de- 
termine cell numbers and cell identifications. 
Sedgewick-Rafter or Palmer counting cells were 
utilized for microscopic examination. The result- 
ing plankton data were analyzed and compared 
with water and hydrosoil 2,4-D residue data. 

Banks Lake plankton. -Plankton identified from 
this study site are identified in table 22. 

The dominant algae during the study was the 
filamentous green algae Ulothrix sp. Zooplank- 
ton populations were dominated by copepods 
(fig. 19). 

Abundance of zooplankton and phytoplankton in 
shown in figure 20. The total numbers of 
planktors showed some seasonal increase 
throughout the 56-day study period. This may 

be related to normal seasonal increases in 
populations resulting from an increase in tem- 
perature, light, and environmental factors other 
than herbicide. 

No changes in population distribution or abun- 
dance of plankton in Banks Lake occurred within 

Table 2 1. -Fort Cobb Reservoir DMA residues 
in fish (individual and average). 

Sampling Rep. Average 
date Plot No. Fish type cdg crslg 

(k S.D.)” 
Pretreats 4 

4 
4 
4 
4 
4 

1 day 3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 

4 days 3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 

14days 3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 

1 

2 
3 
1 
2 
3 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
4 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

LMB” 
LMB 
LMB 
Carp 
Carp 
Carp 

LMB 
LMB 
LMB 
Carp 
Carp 
Carp 
LMB 
LMB 
LMB 
Carp 
Carp 
Carp 

o.oow 
o.owo 0.0000 
o.ww (*o.oooo) 
0.0084 
o.woo 0.0028 
0.0000 (ltO.0048) 

0.0584 0.0663 
0.0742 (ctO.0111 I 

0.0316 
O.WW 0.0105 
0.0000 (kO.0182) 
o.woo 
0.0088 0.0001 
o.owo ( f 0.0022) 
o.woo 
o.owo 0.0031 
0.0179 (iO.0075) 

LMB o.woo 
LMB -*c o.oow 
LMB o.woo (*0.00001 
Carp o.oow 
Carp o.owo o.woo 
Carp o.ww (*O.woD) 
LMB 0.0064 
LMB O.DOW 0.0140 
LMB 0.0421 ( f 0.0195) 
Carp o.oow 
Carp O.OWO o.oow 
Carp o.oow (*0.0000) 
Carp O.OOW 

LMB 0.0268 
LMB o.oow 0.0143 
LMB 0.0162 (kO.0135) 
Carp 0.3266 
Carp 0.0000 0.1088 
Carp O.WW (*0.1885) 
LMB o.oow 
LMB o.oow 
LMB ( f O.WW) 
Carp 0.0989 
Carp 0.0914 
Carp 0.0895 ( f 0.0094) 

l LMS = largemouth bass. 

l * - = sample not analyzed. 
SD = Standard deviation of mean. 
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Figure 19. -Banks Lake zooplanktoir composition. 
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Table 22. -Banks lake Plankton genera. 

Copepods 

Diaptomus 
Cyclops 

Zooplankton 

Cladocerans 

Daphnia 
Sida 
Bosmina 
LeDtodora 

Rotifers Green algae 

Kerateile Ulothrix 
Kellicottie Sphaerocystis 
Asplanchna Wrogva 

Phytoplankton 

Blue-green algae Diatoms 

Anabaene Fregiieria 

Dinoflagellates 

Dinobryon 
Ceratium 

the study period which could be directly related 
to determined herbicide residues. The popula- 
tions within and outside of treated plots were 
found to be quite similar, and the slight fluctua- 
tions of populations noted are not easily at- 
tributed to any determined effects from the 
herbicides. 

The resulting diversity indices were plotted from 
samples taken inside and outside the treated 
plots (fig. 21). This figure shows that very little 
difference can be seen between the herbicide 
treated areas and those outside the treatment 
plots. 

Fort Cobb plankton.-The dominant algae in 
Fort Cobb Reservoir was the blue-green algae 
Aphanizomenon. Zooplankton populations were 
predominantly cladocerans. Table 23 lists plank- 
ton genera found at the study site. 

Figure 22 shows the composition of the zoo- 
plankton community throughout the study. 
There appeared to be no significant change 
throughout the study period in the plankton 
composition either inside or outside the herbi- 
cide treated areas. 

Plankton population abundance was much 
higher than that found in Banks Lake (fig. 23). 
Some differences in the zooplankton, and partic- 
ularly phytoplankton, populations appeared to 
occur when comparing samples from inside and 
outside of the treated plots. These population 
abundances do not seem to show much relation- 
ship to herbicide residues found in the water dur- 
ing the course of the study. Efforts were made 
to treat the data statistically, but no significant 
relationships emerged that might be related to 
herbicide exposures. These observed variations 
may well be microenvironmental effects but, 
more likely, are experimental error related to 
field or laboratory sampling. Since this portion of 
the overall study was designed to demonstrate 
any major responses of these aquatic organisms 
to herbicide exposure, only minimal replication 
of field sampling was conducted. 

The diversity indices calculated for the plankton 
samples collected from Fort Cobb Reservoir are 
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shown in figure 24. Similar to Banks Lake, the 
diversity of species found within and outside the 
treated plot areas shows very little difference. 

In conclusion, analyses of plankton populations 
as possible indicators of environmental effects 
resulting from the experimental herbicide plot 
treatments showed no readily discernible 
adverse effects. This was especially evident at 
Banks Lake. If any adverse effects occurred dur- 
ing the study, they did not correlate well with 
measured 2,4-D water residues and were of 
very short duration. The general conclusion from 
this portion of the study is that no significant 
changes in the plankton populations occurred as 
the result of experimental herbicide treatments. 

Table 23. -Fort Cobb Reservoir plankton specks 
(observed in samples dudng 198 1). 

Zooplankton Phytoplankton 
Copepods Cladocerans Rotiiers Green Bbgreen 

alsae als= 

W-h= Daphnia Asplanchna Ulothrix Allabaena 
Diaptcmus Bosmina Polyarthra Aphanizomswn 

Sda 

Environmental Effects on Water Quality 

One-liter water samples were collected at mid- 
depth both within each of the treated plots and 
at the outlets of each reservoir throughout the 
period of study. These samples were preserved 
by freezing and transported to the laboratory for 
analysis. 

In addition, in situ physical-chemical water quali- 
ty parameters were collected periodically 
throughout the study in treated and nontreated 
areas utilizing a Model 4000 Hydrolab Corpora- 
tion electronic multiparameter instrument. 

The resulting physical-chemical water measure- 
ments collected from 0- through 56-days, post- 
treatment, are given for Banks Lake (table 24) 
and Fort Cobb Reservoir (table 25). 

Comparing temperature, pH, DO (dissolved ox- 
ygen), and conductivity between the treated 
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Table 24. -Banks Lake in situ’ physical-chemical water quality parameters. 

Chemical/physical 
parameters 0 1 

Days, posttreatment 

4 7 14 28 56 

Herbicide DMA application rate 
22.5 kg/ha (20 lb/acre), ae 
Herbicide plot No. 1, site 1, 

within treated plot 

Temperature, OC 16.1 16.7 17.0 19.5 19.6 18.4 
PH 7.8 7.8 7.7 7.3 7.1 7.6 
Dissolved mg/L oxygen, 9.8 10.0 9.4 9.1 9.5 7.5 
Conductivity, @cm 150 150 139 148 153 125 
_______________---------------------------------------------------------------------------- 

Herbicide DMA application rate 
45 kglha (40 lb/acre), ae 

Herbicide plot No. 2, site 1, 
within treated plot 

Temperature, OC 15.7 16.5 16.7 17.0 19.5 19.2 18.4 
PH 7.8 7.8 7.7 7.7 7.7 7.2 7.6 
Dissolved oxygen, mg/L 9.4 10.0 9.7 9.3 9.2 9.3 7.7 
Conductivity, $S/cm 147 150 149 135 144 159 141 

Herbicide BEE application rate 
45 kg/ha (40 lb/acre), ae 

Herbicide plot No. 3, site 2, 
within treated plot 

Temperature, OC 16.1 16.0 17.4 20.4 18.5 18.3 
PH 7.7 7.6 7.8 7.7 7.1 7.7 
Dissolved mg/L oxygen, 9.6 9.6 9.4 9.1 9.2 7.0 
Conductivity, pS/cm 147 148 136 149 156 139 
__________________------------------------------------------------------------------------- 

Herbicide BEE application rate 
22.5 kglha (20 lb/acre), ae 
Herbicide plot No. 4, site 2, 

within treated plot 

Temperature, “C 16.7 16.4 17.3 21.7 18.9 18.2 
PH 7.8 7.7 7.7 7.7 7.1 7.5 
Dissolved oxygen, mg/L 9.8 9.8 9.5 8.7 9.4 7.4 
Conductivity, pS/cm 145 152 140 145 158 140 

________________________________________--------------------------------------------------- 

Water sample site: Near reservoir outlet 

Temperature, “C 15.8 16.6 19.4 20.1 18.3 
PH 7.7 7.8 7.8 7.3 7.5 
Dissolved oxygen, mg/L 9.8 10.0 9.2 9.3 7.5 
Conductivity, AS/cm 151 153 144 162 146 

’ In situ data obtained by use of Model 4000 Hydrolab. 
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Table 2 5. -Fort Cobb Rgservoir in situ’ physical-chemical water quality parameters. 

Chemical/physical 
parameters 0 

Days, posttreatment 

1 4 7 14 28 56 

Herbicide BEE application rate 
22.5 kg/ha (20 lb/acre), ae 
Herbicide plot No. 1, site 2, 

within treated plot 

Temperature, OC 25.6 22.1 20.7 
PH 8.3 8.3 8.0 
Dissolved oxygen, mg/L 3.1 7.2 6.6 
Conductivity, pS/cm 601 263 550 

________________________________________-------------------------------------------- 

Herbicide BEE application rate 
45 kg/ha (40 lb/acre), ae 

Herbicide plot No. 2, site 2, 
within treated plot 

Temperature, OC 25.6 20.7 19.5 
PH 7.5 8.1 8.1 
Dissolved oxygen, mg/L 3.1 6.2 6.6 
Conductivity, $3/cm 604 549 510 

_____________--__-------------------------------------------------------------------------- 

Herbicide DMA application rate 
45 kg/ha (40 lb/acre), ae 

Herbicide plot No. 3, site 2, 
within treated plot 

Temperature, OC 25.5 21.7 19.3 
PH 7.4 7.7 7.3 
Dissolved mg/L oxygen, 3.0 5.4 6.0 
Conductivity, pS/cm 598 508 410 

Herbicide DMA application rate 
22.5 kg/ha (20 lb/acre), ae 
Herbicide plot No. 4, site 2, 

within treated plot 

Temperature, OC 25.5 26.0 23.2 19.5 
PH 7.9 7.6 8.1 8.0 
Dissolved mg/L oxygen, 3.2 3.8 5.6 6.1 
Conductivity, $j/crn 608 590 558 560 

Water sample site: Near Chickasha Reservoir outlet 

Temperature, OC 23.7 19.4 
PH 8.6 7.9 
Dissolved mg/L oxygen, 7.0 5.8 
Conductivity, pS/cm 558 560 

Water sample site: Near Anadarko Reservoir outlet 

Temperature, “C 24.0 
PH 8.6 
Dissolved oxygen, mg/L 7.1 
Conductivity, pS/cm 558 

’ In situ data obtained by use of Model 4006 Hydrolab. 
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plots and untreated area at the reservoir outlet 
showed few significant differences occurring 
between the sample site areas. Unfortunately, 
data were not available at the Fort Cobb site l- 
through 14-days’ posttreatment because of 
equipment failure. However, the differences be- 
tween pretreatment and 28-and 56-day post- 
treatment data at Fort Cobb were minimal. 

The overall physical-chemical environmental 
conditions at the two reservoirs were quite dif- 
ferent during the study. Banks Lake was treated 
earlier in the year than Fort Cobb Reservoir and, 
therefore, water temperatures were much 
cooler. Banks Lake functions as a water equaliz- 
ing reservoir and, thus, has more flow-through 
characteristics than the Oklahoma site which 
stores mainly summer surface runoff precipita- 
tion. This flushing would cause mineral content 
to be lower at Banks Lake. Hydrogen ion (pH) 
characteristics follow conductivity, resulting in 
Banks Lake having a lower pH than Fort Cobb. 
Low dissolved oxygen is one of the indicators of 
environmental stress which could result from 
the herbicidal treatments. Decomposing macro- 
phytes killed by 2,4-D might be expected to 
reduce DO values, thus causing some unde- 
sirable effects on aquatic animals. DO was at or 
above saturation in Banks Lake. Aquatic weed 
growths at this study site were minimal. This 
fact coupled with cooler water temperatures and 
a continuous flow-through pattern of water be- 
ing delivered for irrigation purposes would have 
contributed to this condition. 

Fort Cobb Reservoir treatments were made in 
shallow back bay areas which may have had 
some influence in producing lower DO values 
shown at the O-day sample point. Lack of data 
during the more critical periods of l-through 
14-days’ posttreatment prevented an assess- 
ment of any adverse influence of herbicidal 
treatment on this parameter. Observations of 
heavy eurasian watermilfoil infestations made 
during and after the treatments did not indicate 
any undesirable effects on the fish populations 
of Fort Cobb. Also, plankton data reported 
previously did not indicate any adverse condi- 
tions and it is unlikely that DO stress occurred. 

The results of water chemical analyses are sum- 
marized for the study period at Banks Lake (table 
26). Individual data collected at each herbicide 
treatment site and at the outlet throughout each 
sampling time are presented in the appendix of 
this report for each geographical site. These 
data would illustrate any change during the 
study period occurring from the treatment as 
well as normal seasonal shifts. Examination of 

these data throughout the study at both geo- 
graphical locations did not indicate any signifi- 
cant changes in total water chemistry or ionic 
composition which could be interpreted as being 
directly related to herbicidal treatment of test 
plots. 

Water quality data obtained during these studies 
at both Banks Lake and Fort Cobb Reservoir do 
not indicate that any undesirable effects oc- 
curred as a result of the experimental herbicide 
treatments. The treatments made on plots at 
Banks Lake would not have been expected to 
have any significant influence on the water 
quality because of their exposure to the general 
flow patterns and being in the general open body 
of the main reservoir. At Fort Cobb Reservoir, 
treatment of cove areas not as well exposed to 
the main body of the reservoir and effects of her- 
bicidal treatments on heavy weed growth ob- 
served might indicate some environmental 
stress on the chemical-physical environment. 
However, measurements did not indicate that 
this occurred. These studies suggest that 2,4-D 
treatments of this size and nature did not have 
any measurable undesirable effects on water 
quality through the 28- to 56-day period. Pesti- 
cides are biological poisons and materials like 
2,4-D additions to an aquatic ecosystem must 
have had some influence on that system. Ob- 
viously, destruction of the macrophyte popula- 
tion is going to have some immediate adverse ef- 
fect; however, this study of water quality did 
not indicate any significant influence on 
chemical-physical characteristics of water quali- 
ty. The amount of organic additions (2,4-D 
formulations) and the herbicide’s characteristics 
apparently was not of sufficient magnitude or 
toxicity to overcome the reservoir’s ecosystem 
resilience for absorbing and stabilizing such 
materials. 

SUMMARY AND CONCLUSIONS 

2,4-D Residues in Water 

The temporary potable water tolerances of 
0.1 mg/L (p/m) established under the EUP was 
exceeded in only a few of individual water sam- 
ples during the course of these studies. Data 
from the studies support the previously estab- 
lished EPA potable water tolerances of 
0.1 mg/L 2,4-D and water quality criteria 18, 
111 and the raw agricultural commodities toler- 
ance of 0.1 mg/L 2,4-D 171 resulting from 
ditchbank weed control herbicide applications. 
Residues in this study were also well below the 
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Table 26. -Chemical analyses of water samples collected at Banks Lake, Washington- 
! summary of replicated pretreatment and posttreatment samples from 0- through 28-days. 

Water quality Sample locations 

parameter Outlet Plot 1 Plot 2 Plot 3 Plot 4 

Conductivity, pm/c 126.1 129.2 115.2 113.6 113.2 
Pf-f 6.3 6.3 6.3 8.2 8.4 
Total dissolved solids, 105 “C 92.0 64.1 79.7 59.3 68.1 
Calcium, mg/L 16.5 17.7 18.6 15.6 18.0 
Magnesium, mg/L 3.1 3.9 2.0 4.2 2.3 
Sodium, mg/L 2.4 2.3 2.2 2.1 2.1 
Potassium, mg/L 0.9 0.8 0.8 0.8 0.9 
Carbonate, mg/L 0.0 0.2 1.8 0.8 2.7 
Bicarbonate, mg/L 46.0 57.2 48.4 51.2 45.1 
Sulfate, mg/L 17.5 17.1 16.2 12.0 16.8 
Chloride, mg/L 0.7 0.7 0.7 0.7 0.7 
Anion and cation, mg/L 89.0 100.0 91.1 91.5 88.7 

established tolerances for raw agricultural com- 
modities when residues result from water hya- 
cinth control and eurasion watermilfoil control 
[7, 12, 131. The three instances that exceeded 
the 0.1 mg/L value occurred during the l-day 
posttreatment sampling, where an average 
water surface value of 0.199 mg/L was deter- 
mined within the 22.5 kg/ha (20-lb/ acre) 
DMA plot at Banks Lake, while 0.183 and 
0.197 mg/L average surface levels were found 
outside the 45 kg/ha (40-lb/acre) BEE plot at 
Banks Lake and within the 45 kg/ha (40-lb/ 
acre) DMA plot at Fort Cobb Reservoir, respec- 
tively. However, it should be emphasized that 
this occurred in 3 of 1680 water samples 
analyzed or 0.18 percent of the total. All her- 
bicidal treatments at both reservoirs exhibited 
rapid l- to 1Cday dissipation rates with trace 
levels of 2 to 3 pg/L (p/b) being reached by 14 
days’ posttreatment. 

A comparison of surface to near bottom col- 
lected water samples showed similar trends in 
herbicide residue levels, but with more variabili- 
ty being seen in the near bottom samples. The 
dimethylamine formulation showed some ten- 
dency to sink more slowly throughout the water 
column than did the ester formulation. 

Statistical computation of water residue data 
disclosed a smooth decay curve from the 
1 -through 14-day posttreatment period. 
Concentrations of 2,4-D were generally zero or 
of only trace quantities after 14 days. Tests for 
curve fits resulted in good correlation with R2 
values ranging from 0.49 to 0.96. Most of the 
coefficients were in the 0.80 to 0.90 range, 
suggesting that these data might be useful for 
herbicide dissipation predictions. Dispersion 
throughout the water column seemed to be the 

predominant factor in herbicide dissipation. Out- 
ward movement from the treated plot also 
seemed to be a result of local dispersion factors. 
Convection, reservoir turnover, or wind currents 
seemed to have little or no influence in these 
studies. 

One of the more critical findings in the study of 
herbicide residues in water was reflected in 
sampling at the reservoir outlets, which in all in- 
stances were over 0.75 km (0.50 mi) from any 
treated area. Only trace amounts of 2,4-D were 
found at either reservoir’s outlet works. The 
greatest concentrations found in our studies 
were 7.6 pg/L at Banks Lake and 9.9 pg/L at 
Fort Cobb Reservoir. All the values are one magni- 
tude below the 0.1 mg/L temporary tolerance. 

Because water from Fort Cobb Reservoir was 
being routinely used for potable purposes, the 
Oklahoma Health Department continually moni- 
tored outlet residue levels. The only value to 
cause any concern was 62.0 pg/L. Health 
department officials felt that this was very likely 
an anomaly resulting from contamination during 
sampling or handling. 

Herbicide Residues in the Hydrosoil 

Generally, low residue values were found in the 
hydrosoils. In DMA-treated areas, concentra- 
tions of 2,4-D ranged from 0 to 0.241 pg/g at 
Banks Lake and 0 to 0.316 pg/g at Fort Cobb. 
The maximum values were generally 1 day after 
treatment. The ester formulation produced the 
highest residue, as reflected in a value 
of 37 pg/g resulting from a 45-kg/ha 
(40-lb/acre) application at Banks Lake. Fort 
Cobb Reservoir residue levels were routinely 
much lower with a maximum of 7.6 pg/g 
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resulting from a 45-kg/ha BEE application. It is 
likely that the more eutrophic soils, heavier in- 
festations of eurasian watermilfoil, and warmer 
temperatures at Fort Cobb provided more ab- 
sorption sites and an environment for more rapid 
microbiological decomposition than occurred at 
Banks Lake. 

Soil residue dissipation curves in a few instances 
showed some concentrations increasing from O- 
to 28-days following herbicide application, fol- 
lowed by a decline to trace or zero amounts by 
28- to 56-days, depending on site and rate of 
application. There was some suggestion of a 
7-day posttreatment herbicide residue level in- 
crease possibly resulting from a rerelease of her- 
bicide from the BEE pelleted formulation. This 
could have been due to a delayed physical 
decomposition of the clay carrier or from the 
pellet surface. These 7-day increases were not 
reflected in the water residue data. 

2,4-D Decomposition Product Monitoring 

Trace amounts of 2,4-D dichlorophenol were oc- 
casionally found in hydrosoils, predominantly in 
plots treated with the ester formulation. These 
residues were in the pg/L range. Some pre- 
treatment soil samples were found to contain 
traces of the dichlorophenols from a contamina- 
tion source other than these herbicide treat- 
ments. No dichlorophenols were found in water 
samples, so they were likely bound to soil col- 
loids. 

Dimethylnitrosamine in the pg/L range was 
found in a few water samples from both sites. 
Pretreatment samples also were found to have 
nitrosamines. It is not likely that these trace 
levels were related to herbicide treatments, but 

were naturally occurring from organic sources 
other than the herbicides. 

None of the decomposition products was of 
other than a trace amount and would not be con- 
sidered of significant environmental concern. 
They are, in all probability, not the result of 
2,4-D and its formulation decomposition. 

Fish Flesh Residues of 2,4-D 

Residues found in fish fillet samples, considered 
to be the portion most representative of food for 
human consumption, were well within the es- 
tablished food additive tolerance of 1 .O p/m [7, 
13, 141. No evidence of bioaccumulation was 
noted during the course of these studies. This 
was confirmed by similar observations by Ten- 
nessee Valley Authority in their eurasian water- 
milfoil control program [161. 

Effects of 2,4-D on Plankton Populations 

Plankton populations representing both phyto- 
plankton and invertebrate organism populations 
showed little or no discernible adverse effect 
from exposure to the 2,4-D treatments. Meas- 
urements of organism abundance, composition, 
and species diversity in the water columns 
treated with herbicide were not significantly 
different from nontreated check areas on the 
reservoirs. Robinson and Morley made similar 
observations on nontarget organisms including 
phytoplankton when BEE was used for eurasian 
watermilfoil control [151. 

Effect of Treatments on Water Quality 

The two reservoirs were considerably different 
in their physical-chemical composition. Fort 
Cobb is more representative of a eutrophic 

Table 27. - Chemical analyses of water samples collected at Fort Cobb Reservoir, Oklahoma - 
summary of replicated pretreatment and posttreatment samples from 0- through 56-days. 

Water quality 
parameter 

Conductivity, pm/c 
PH 
TDS, 105 ‘C 
Calcium, mg/L 
Magnesium, mg/L 
Sodium, mg/L 
Potassium, mg/L 
Carbonate, mg/L 
Bicarbonate, mg/L 
Sulfate, mg/L 
Chloride, mg/L 
Anion and cation, mg/L 

Outlet Plot 1 

382 424 
8.0 8.0 

270 279 
31.5 29.2 
17.3 19.9 
20.5 30.5 

6.2 8.4 
0.0 0.0 

81.7 81.6 
109.3 127.0 

12.4 13.6 
279.0 313.0 

Sample locations 

Plot 2 

425 
8.0 

292 
33.8 
18.5 
26.5 

8.3 
0.1 

94.3 
121.6 

12.8 
316.0 

Plot 3 Plot 4 

450 366 
8.0 8.0 

318 231 
31.3 29.2 
21 .o 18.5 
30.3 27.6 

8.9 7.8 
0.0 0.0 

99.0 84.3 
132.0 118.2 

13.9 12.1 
336.5 297.0 
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habitat and Banks Lake an oligotrophic or meso- 
trophic aquatic environment. The study data as- 
sociated with these parameters suggest that 
none of the 2,4-D treatments at either reservoir 
significantly affected water quality. Both reser- 
voirs showed considerable resilience to the her- 
bicide exposure and conditions remained quite 
stable during the period of study. 

In conclusion, the data resulting from these 
studies support the potential environmentally 
safe use of DMA or BEE for controlling eurasian 
watermilfoil in reservoirs when proper precau- 
tions in treatment and usage are employed. The 
established tolerances for potable water and irri- 

gation water use were not exceeded at the reser- 
voir outlets. No significant amounts of herbicide 
residue were persistent in the hydrosoils with 
only trace concentrations being detected. Poten- 
tial carcinogens such as dichlorophenol or nitro- 
soamine were found only in extremely low trace 
concentrations and where they occurred, in pre- 
treatment samples, were probably natural con- 
taminants. The fish flesh residues found were in 
all cases within the established food additive 
tolerance. Plankton indicator organisms showed 
little or no effects from the herbicide exposure. 
Water quality was not altered to any extent 
based on the physical-chemical measurements 
made throughout the study period. 

53 



BIBLIOGRAPHY 

Ill “Standard Methods for Examination of 
Water and Wastewater,” American Public 
Health Association, American Waterworks 
Association, and Water Pollution Control 
Federation, Washington, D.C., 1193 pp., 
15th Edition, 1980. 

[?I Wilhm, J. L., and T. C. Dorris, “Biological 
Parameters for Water Quality Criteria,” 
Bioscience, vol. 18, No. 6, pp. 477-481, 
1968. 

[31 “National Handbook of Recommended 
Methods for Water Data Acquisition,” U.S. 
Geological Survey, Reston, .Va., 1977. 

[41 “Half Hour Determination Method for 
Chlorophenoxy Acids and Esters Using Liq- 
uid Chromatography,” Waters Associates, 
Milford, Mass., 1978. 

[51 Hesselburg, R. J., and J. C. Johnson, “Col- 
umn Extraction of Pesticides From Fish, 
Fish Food, and Mud,” Bulletin of Environ- 
mental Contamination and Toxicology, vol. 
7, No. 2/3, Springer-Verlag, Inc., New 
York, N.Y., 1972. 

[61 Federal Register, vol. 45, No. 160, p. 54427, 
August 15, 1980. 

171 Code of Federal Regulations, Title 21, Sub- 
section 193.100. 

[81 Federal Register, vol. 37, No. 121, p. 12311, 
June 22, 1972. 

191 Federal Register, vol. 37, No. 82, pp. 8460- 
8461, April 27, 1972. 

[lOI Gangstad, E. O., “Dissipation of 2,4-D 
Residues in Large Reservoirs,” Journal 
Plant Management, 20, pp. 13-l 6, 1982. 

[l 11 Quality Criteria for Water, Chlorophenoxy 
Herbicides, U.S. Environmental Protection 
Agency , pp. 137-138, July 1976. 

[121 Code of Federal Regulations, Title 40, 
Subsection 180.142. 

1131 Federal Register, vol. 49, No. 3, pp. 620- 
621, January 6, 1982. 

[141 Control of Eurasian Watermilfoil in Ten- 
nessee Valley Reservoirs, Office of Health 
and Environmental Sciences, Tennessee 
Valley Authority, Environmental Impact 
Statement, September 29, 1972. 

1151 Robinson, M. C., and R. C. Morley, “A 
Monitoring Study of the Effects of 2,4-D 
on Fish and Waterfowl as Applied in Lakes 
of the Okanagan Valley,” Eurasian Water- 
milfoil Studies, vol. II, Ministry of Environ- 
ment, British Columbia, Inventory and En- 
gineering Branch Report No. 2918, 35 pp., 
1980. 

54 



Attachment 1 

Attachment 2 

Attachment 3 

Attachment 4 

Attachment 5 

Attachment 6 

Attachment 7 

Attachment 8 
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APPENDIX A 

Protocol for 2,4-D Residue Dissi- 
pation Studies for Experimental 
Use Permits Numbered 
11 683-EUP-2 and 
11683-EUP-3. 

General Protocol for Analysis of 
DMA (2,4-D Dimethylamine), 
2,CDichlorophenol, BEE (2,4-D 
Butoxy Ethanol Ester), and 
Dimethylnitrosamine. 

Protocol for Extraction and 
Analysis of DMA (2,4-D Di- 
methylamine) 2,4-Dichloro- 
phenol, and BEE (2,4-D Butoxy 
Ethanol Ester) from Water Using 
HPLC (High Pressure Liquid Chro- 
matography). 

Protocol for Extraction and 
Analysis of Dimethylnitrosamine 
from Water Using HPLC (High 
Pressure Liquid Chromatography) 

Protocol for Extraction and 
Analysis of DMA (2,4-D Dimeth- 
ylamine), 2,CDichrophenol, and 
BEE (2,4-D Butoxy Ethanol Ester) 
from Hydrosoil Using HPLC (High 
Pressure Liquid Chromatography) 

GC/MS (Gas Chromatog- 
raphy/Mass Spectrometry) Con- 
firmation 

Protocol for Fish Collections for 
2,4-D Residue Analyses 

Extraction and Analysis of BEE 
(2,4-D Butoxy Ethanol Ester) and 
DMA (2,4-D Dimethylamine) 
from Fish Tissue by Gas Chro- 
matography 

Protocol for Monitoring Aquatic 
Invertebrates 

Attachment 10 Supplemental Labeling for Ex- 
perimental Use with Aqua-Klee& 
EPA Registration No. 254-109 

Attachment 11 Supplemental Labeling for Ex- 
perimental Use with Weedar 64R 
Herbicide-EPA Registration 254-2 
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Attachment 1 

PROTOCOL FOR 2 4-D RESIDUE DISSIPATION STUDIES 
FOR EXPERIMENTAL USk yf%RJ&IIW& 3NUMBERED 11683-EUP-2 AND 

I I 

1. Purpose of Study 

Information is needed on the dissipation characteristics of BEE (2,4-D Butoxy Ethanol Ester) and 
DMA (2,4-D Dimethyamine Salt) when applied for control of eurasian watermilfoil in western reser- 
voirs. This study is designed to obtain pretreatment (baseline) and posttreatment 2,4-D residue 
levels in treated and untreated portions of water bodies representing typical geographic and 
climatological conditions in the United States. In addition, responses of existing aquatic weeds 
(primarily eurasian watermilfoil) will be determined. The following procedures are designed to be ap- 
plicable to any reservoir or lake. However, specific plans and timetables must be developed for each 
test location in order to accommodate the size, hydrologic characteristics, water-use and 
climatological conditions. 

Definition of sample collection terminology. 

- Geographic Location(s): 

Ft. Cobb Reservoir, Oklahoma (Bureau of Reclamation) Banks Lake, Washington (Bureau of 
Reclamation) Lake Seminole, Florida-Georgia (Corps of Engineers) 

- Plots: Located within geographic location, and comprised of 10 to 16 ha (25 to 40 acres) 

- Stations: Located within and outside of plots 

- Sites: Sample collection points located around stations 

2. Application (Note: All applications will be made under the supervision of a Certified Pesticide 
Applicator.) 

A. Plot Selection 

Select suitable plots that are known to support stands of eurasian watermilfoil and mark with 
anchored, floating buoys. (Note: Size must conform to EPA (US Environmental Protection 
Agency) regulations for experimental plots or to “conditional label”, if appropriate.) Size will 
range from 10 to 16 ha (25 to 40 acres) in total. If possible, plots must be no less than 0.8 km 
(one-half mi) from any potable, agricultural or industrial water outlet. Each plot to be treated will 
vary according to local conditions but preferably select plots with similar weed distribution. 

B. Rates/Methods of Application 

(1) Two rates of each formulation are to be applied: 22 .5 and 45 kg/ha, ae (20 and 40 lb/acre, 
ae) providing a total of four treatments per geographic location. 

(2) If possible, each plot must be at least 0.8 km (% mi) from adjacent treated plots. 

(3) Follow product label and supplemental directions for method of application. 

C. Data to be recorded (See fig. A-l) 

(1 I Geographic location (reservoir, lake) 

(2) Plots (Indicate size and location of plots on a reservoir map) 

(3) Date, time, weather conditions at time of treatment, water temperature, air temperature 

(4) Herbicide application rates, formulation, manufacturer’s batch number, method of ap- 
plication, duration of application. 
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(5) Distance of sampling stations from treated plots (See fig. A-l I 

3. Sampling 

A. Sampling Station Locations 

(1) Within treated plots: Select and mark with buoys two (21 stations, one in each half of the 
plot. 

(2) Outside treated plots: Select three (3) stations 90 to 180 m (100 to 200 yds) (preferably 
the more distant) from the midpoint of three sides of each plot and mark with a buoy. 

(31 Sample water at reservoir outlets to multiple-use systems to determine background 2,4-D 
levels. Sample as close to outlets as practical. 

a. Triplicate middepth water samples are to be taken. 

b. Samples are to be taken on same days as those in treated and outside the treated area. 

B. Sampling Method 

(1) Water- (Attachments 3 and 4) 

a. Triplicate l-liter samples are to be taken from 0.3 m (1 ft) below the surface and at the 
bottom for both BEE and DMA treatments using an appropriate water sampling device 
(KemmererNan Dorn Sampler, 12 volt Jabsco Water Puppy pump, or similar instrument). 
Sample two stations within the treated plots and three stations adjacent to the treated plots. 
Triplicate middepth samples shall be taken within 0.8 km (‘/2 mi) of the outlets to multiple-use 
systems (See fig. A-l I. 

b. Sampling Schedule-One day pretreatment water samples are to be taken. After treat- 
ment, the following schedule is used: 

1 day posttreatment 
4 day 
7 day 

14 day 
28 day 
56 day 
More as needed (To determine by residue analysis) 

Summary of required number of samples from each BEE plot at each sampling time: 
6 samples per station per collection day 

6 x 5 stations = 30 samples/plot/collection day 
30 x 2 plots = 60 samples/geographic location/collection day 

60 x 7 sampling dates = 420 samples/geographic location 
420 x 2 geographic locations = 840 samples total 

Summary of required samples from each DMA plot at each sampling time: 6 samples per 
station per collection day 

6 x 5 stations = 30 samples/plot/collection day 
30 x 2 plots = 60 samples/geographic location/collection day 

60 x 7 sampling dates = 420 samples/geographic location 
420 x 2 geographic locations = 840 samples total 
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Figure A-l. 
2.4-D PLOT DIAGRAM 

Water Sampling Identification Codes: 
a. Inside stations - Label Yl , 12 
b. Outside stationa - Label #3, #0, #9, #12 in clockwise order, with 6 o’clock oriented toward nea!uat water outlet 

Example of Labal for Water and Hydrosoil- 

Site: Banks Lake 
Date treated: 26 June 1979 
Bates/Formulation: 22.6 kg/ha (20 lb/acre) BEE 
Date Sampled: 27 June 1979 
I.D. I1 (within treated plot) 

Note: Outside statkms at Bank8 Lake were labeled according to fii. A-l; however, outside 8tationr at Fort Cobb Reeervoir 
were labeled differently due to the size of the plots which encompassed the treated cove& Out&e rtationr at plot 1 
andplot2etFortCobbwcHelabeled1:00,3:00,~S:Wwhileoutvidertrtionrrtplat3edplot4we~Ia~ld 
1O:OO. 8:OO. end 6:DD. Stations at 5:oO and &DO were oriented closest to neareat water outlet. 
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Summary of required samples from the outlet sampling stations at each sampling time: 
3 samples per station per collection day 

3 x 1 station = 3 samples/outlet station/collection day 
3 x 7 sampling dates = 21 samples/outlet station 

21 x 2 geographic locations = 42 samples total 

(2) Hydrosoil-(Attachments 5 and 6) 

a. Sampling Sites-Use the two (2) within-plot water sampling stations as reference 
points. Using a 9- to 18-m (lo- to 20-yd) radius from each marker, locate two random sites 
around each marker. 

b. Method-An appropriate sampling device (Ekman dredge, pipe dredge, or similar instru- 
ment) will be used to obtain hydrosoil samples. Place in plastic bags and freeze as soon as 
possible. Ship to analytical lab as with water samples. 

c. Sampling Schedule-One day pretreatment sample will be taken, as will 4, 7, 28, 56, 
and 90 days posttreatment samples. 

Summary of required number of hydrosoil samples at each sampling time: 2 samples per 
station per collection day 

2 x 2 stations = 4 samples/plot/collection day 
4 x 4 plots = 16 samples/location/collection day 

16 x 6 sampling dates = 96 samples/location 
96 x 2 geographic locations = 192 samples total 

(3) Ecological Effects-(Attachments 7 and 8) 

a. Fish Flesh Residue: See attached protocol for fish collection and analysis for DMA and 
BEE 

b. Aquatic Invertebrate Populations: See attachment 9 for study protocol 

(4) All water and hydrosoil samples collected by Bureau of Reclamation will be shipped air 
freight to USBR Denver Lab (use dry ice for all except chemically preserved biological samples.) 
Shipping containers and sample bottles will be supplied by the Denver Laboratory. Notify the 
Denver laboratory of shipment date, flight number, and airline. Fish samples will be frozen and 
shipped air freight to laboratory sites to be determined. Samples collected by Corps of 
Engineers are to be processed as determined by that agency. Air freight shipment of samples 
containing dry ice requires appropriate labeling and approval from each airline handling the 
samples. 

4. Efficacy evaluation 

A. Pretreatment 

(1) After plot is marked, the approximate percent coverage and composition of aquatic weed 
communities should be determined by visual observation and recorded. 

B. Posttreatment 

(1) The approximate percent coverage and composition of aquatic weed communities as 
related to the pretreatment weed population determined as in paragraph IV.A.( 1) above, should 
be evaluated 7 days, 28 days, and 56 days posttreatment. 
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C. Control (untreated) Sites 

An untreated plot should be selected as far from the treated plots as possible (at least 0.4 km 
(% mi) away) with about the same aquatic plant composition. Observations of approximate per- 
cent coverage and composition of aquatic weed communities should be made as with treated 
sites, and photos should be taken. 

5. Water Quality 

Dissolved oxygen, pH, conductivity, hardness, and temperature will be determined at each sampling 
site and interval with analytical equipment supplied and operated by USBR Denver laboratory per- 
sonnel. The Denver laboratory will provide guidance on methods and equipment for physical/ 
chemical analyses and will periodically conduct total water quality analysis. 

6. Extraction and Analysis of DMA, BEE, 2,4-Dichlorophenol and Dimethylnitrosamine in water 
and DMA and BEE in hydrosoil and fish flesh. (See attached protocols and example chromatograms.) 

7. Example of plot layout and sample label: See Figure A-l. 
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Attachment 2 

GENERAL PROTOCOL FOR ANALYSIS OF DMA, 
2,4-DICHLOROPHENOL, BEE, AND DIMETHYLNITROSAMINE 

Waters Sep-Pak C$ cartridges will be used for analysis of DMA (2,4-D Dimethylamine) 
2,4-Dichlorophenol, BEE (2,4-D Butoxy Ethanol Ester) and dimethylnitrosamine using High Pressure 
Liquid Chromatography. 

Analysis of the four components will be accomplished in two phases: 

1. Phase I-Clean up and concentration of DMA, 2,4-Dichlorophenol and BEE. 

A. Trace enrichment from water and elution from precolumn (Sep-Pak C,?,) cartridge. 

B. Isocratic elution (accomplished in minutes). 

2. Phase II- Partitioning and concentration of dimethylnitrosamine 

A. Partitioning eluant from Phase I or fresh sample. 

B. Concentrate dimethylnitrosamine by evaporation. 

C. Isocratic elution. 

Samples will be analyzed utilizing Waters Associates Radial Compression Module with a 10 cm x 
8 mm i.d., lop, PBondapak C,! column. 

Solvent systems will be delivered by two constant flow, nonpulsed, high pressure pumps (Waters Asso- 
ciates Model 6000). A model U6K universal injector with a Waters Model 440 U.V. detector will be 
employed. Gradient programming will be controlled by a Waters Model 660 solvent programmer. A 
280 nm filter will be used for DMA, 2,4-Dichlorophenol, and BEE analysis while a 254-nm filter will be 
used for the dimethylnitrosamine analysis. Chromatograms will be recorded using a Hewlett-Packard 
Model 3885 integrator. Gradient programming will be controlled by a Waters 660 solvent programmer. 
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Attachment 3 

PROTOCOL FOR EXTRACTION AND ANALYSIS OF DMA 
(2,4-D DIMETHYLAMINE), 2,4-DICHLOROPHENOL, 

AND BEE (2,4-D BUTOXY ETHANOL ESTER) 
FROM WATER USING HPLC (HIGH PRESSURE LIQUID 

CHROMATOGRAPHY) 

I. Shake samples thoroughly. 

2. Pour 250-mL samples into a 500-mL Erlenmeyer flask. 

3. Samples taken from plots treated with DMA are treated as follows: 

A. Lower pH to approximately 2.25 to 2.50 with 5N sulfuric acid (HzS04). 

B. Mix well for 1 minute.* 

4. Samples taken from plots treated with BEE and outlet samples are treated as follows: 

A. Adjust pH to approximately 12.25 to 12.50 using 1 ON sodium hydroxide (NaOH). 

B. Stir well and shake for 30 minutes on a mechanical shaker. 

C. Lower pH to approximately 2.20 to 2.50 with 1 ON hydrochloric acid (HCL).* * 

5. Filter and concentrate samples through the following described aparatus: 

A. Vacuum filter samples through a Buchner funnel (4.7 cm-diameter) containing a No. 1 What- 
man filter. Tapered end of Buchner funnel is passed through a No. 4 rubber stopper which is fitted 
onto a 30 cm3 syringe. Luered end of syringe fits into short end of Sep-Pak C?, cartridge. Long 
end of Sep-Pak fits into glass tubing extending through a No. 8 stopper fitting onto a 2-liter 
Erlenmeyer flask. 

8. Sep-Pak Cp, should be preconditioned with 10 mL of acetonitrile (CHXN) followed by 10 mL 
of distilled water. 

C. Vacuum during filtering and concentrating should be approximately 10 to 15 cm Hg for 30 to 
40 minutes. 

6. 2,4-D is then eluted from Sep-Pak using 2 mL of 100% acetonitrile (CH&N) as follows: 

Use 1 mL of 100% acetonitrile to rinse off sides of Buchner funnel and filter paper. Use remaining 
1 mL to rinse off sides of glass syringe. 

7. Catch 2,4-D in a 15-mL centrifuge tube for HPLC analysis. Final volume should be approxi- 
mately 2 to 2.5 mL. 

8. Analyze DMA, BEE, and 2,CDichlorophenol with HPLC using an isocratic system consisting of: 
40% Acetonitrile/GO percent Hz0 (1 percent acetic acid) at 2.5 mL/min. 

Anticipated Recovery Levels 
l Recovery of DMA 90-95 percent 

l l Recovery of BEE 80-85 percent 
Recovery of 2,4-Dichlorophenol 75 to 80 percent for DMA and BEE samples 
spiked with 2,4-Dichlorophenol 
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2,4-D Acid Standard 
5OpL 2.50 wm 2,4-DCP 

- 0.49 

2.43 - 2,4-D 

3.30+2,4-DCP 

HP RUN # 21 
ID: 40-60-2.5 
ESTD 

RT EXP RT 

2.43 2.40 
3.30 3.32 

SEP/08/81 TIME 13:15:51 

AREA CAL # AMT 

12250 (R) 1 124.390 
18570 2 129.390 

DIL FACTOR: 1.0000 E+ 0 2,4-D Acid Standard 
5OpL 1.25 wm 2,4-DCp 

START 
IF s 

w - 0.49 

ST 

IIP RUN # 22 
ID: 40-60-2.5 
ESTD 

RT EXP RT 

2.45 2.40 
3.32 3.34 

SEP/08/81 

AREA CAL # AMT 

5973 (R) 1 60.652 
9116 2 63.517 

l.IME 13:25:27 

Figure A-2. -Standard HPLC. 
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50 +L Ranks Lake 1 DAY (7/9/f!1) 
Water Sample PLOT 2 Rep #3 4M 
Final vol 2.2 ml 

START 7 
IF 

0.36 

y2.05 

2.80 
- 2.46- 2,4-D 

ST 

Ill-’ RUN # 20 OCT/14/81 TIME 13:19:21 
ID: 40-60-2.5 
ESTD 

KT EXP RT 

2.46 2.51 
3.28 3.27 

AREA LI‘\L I+ AMT 

5659 (R) 1 53.711 
38 2 0.24&? 

DIL FACTOR: 1.000 E+ 0 
50 FL same Rep 2 

START- 0.03 

0.36 

ST 

HI RUN # 21 
ID: 40-60-2.5 

OCT/14/81 TIME 13:24:35 

ESTD 

RT EXP RT AREA CAL H AMT 

2.47 2.51 5711 (R) 1 54.205 

DIL FACTOR: 1.000 Et 0 
5OpL Banks Lake 1 Day (7/g/81) 
Water Sample PLOT 4 Rep#2 2M 
Final vol. 2.1 ml 

START r 

s 0.3F: 

ss 
2 2.43-c 2.93 2,4-D 

3.25 

ST 

Figure A-3. -Banks Lake Water Sample HPLC. 
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Attachment 4 

PROTOCOL FOR EXTRACTION AND ANALYSIS 
OF DIMETHYLNITROSAMINJ3 FROM WATER 

USING HPLC (HIGH PRE!BURE LIQUID CHROMATOGRAPHY) 

1. Shake sample thoroughly. 

2. Pour 250-mL sample into a 500-mL Erlenmeyer flask. 

3. Extract water two times with 50 mL of methylene chloride. 

4. Pool both methylene chloride extracts into a 150-mL beaker and evaporate down to approximately 
5 mL using a warm water bath. 

5. Transfer to a 15-mL centrifuge tube using an additional 5 mL of methylene chloride to rinse 150-mL 
beaker. 

6. Evaporate methylene chloride down to approximately 0.5 mL and then add 1 mL of acetonitrile 
(CH,CN). 

7. Evaporate down to 0.5 mL and then bring up to 2 mL with 50 percent acetonitrile/50 percent dis- 
tilled water. 

8. Analyze for dimethylnitrosamine using an isocratic system consisting of:* 10 percent 
acetonitrilel90 percent water at 1 .O mUmin. 

l Anticipated Recovery levels 
40-50 percent Recovery of Dimethylnitroeemine from water. 
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START ( - 
25 PL 0.625 ppm DMNA Standard 

2.54.- DMNA 

Ill' RUN # 1 JUL/O6/82 
ID: 10-90-1.0 
ESTD 

RT EXP RT AREA 

2.54 2.52 12700 

TIME 10:50:22 

CAL R AMT 

(R) 1 15.774 

DIL FACTOR: 1.0000 Et 0 

25,~ L same 

0.91 

K-F 

1.85 
2.05 

- 2.54 - DMNA 

Figure A-4. -Standard HPLC. 
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25 PL same 
START 

HP RUN # 24 JUL/O6/82 TIME 14:37:34 
ID: 10-90-1.0 
ESTD 

RT EXP RT AREA CAL # AMT 

2.57 2.54 1313 (R) 1 1.631 

DIL FACTOR: 1.000 E+ 0 

STA!?T 

O-72.,4 

1.71 

25 FL Ft. Cobb 7 Day 8/3/81 
Water Plot #l Bottom Rep 1 
Stat 2 Final vol 2.0 ml 

-No DMNA 

HP RUN # 25 
ID: 10-90-1.0 
NO PEAKS IN WDOS 

JUL/D6/82 TIME 15:11:55 

Figure A-B.--R. Cobb Res. Water Sample HPLC. 
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Attachment 5 

PROTOCOL FOR EXTRACTION AND ANALYSIS OF 
DMA (2,4-D DIMETHYLAMINE), 2,4-DICHLOROPHENOL, AND 
BEE (2,4-D BUTOXY ETHANOL ESTER) FROM HYDROSOIL 

USING HPLC (HIGH PRESSURE LIQUID CHROMATOGRAPHY) 

1. Air dry hydrosoil for 72 hours. 

2. Grind the soil in a mortar and pestle, throughly mix, screen through a 20-mesh sieve, and weigh 
out a 20-gram subsample. 

3. Add the soil sample to a 1 00-mL beaker and slurry with 15 mL distilled water and allow to 
equilibrate for 15 minutes. 

4. Extract the sample with 50 mL methanol using an ultrasonic probe and sonify 1 minute at 50 
watts. 

5. After initial sonification, wait % hour for soil to sediment before decanting the solvent and suc- 
tion filtering into a lOOO-mL Erlenmeyer flask. 

6. Suction filtrate using a 7-cm Buchner funnel containing a 7-cm No. 50 Whatman filter. 

7. Re-extract the remaining sediment with another 50 mL of methanol using the same sonification 
process. Suction filter this extract combining it with the first 50 mL of methanol. Rinse out beaker 
and Buchner funnel two times with 10 mL methanol and add to lOO-mL methanol extract. Transfer 
methanol extract to a 500-mL flat-bottom boiling flask. 

8. Reduce sample extract to 5 to 10 mL by rotary evaporation. 

9. Add 100 mL distilled HzO. 

10. Lower pH to 1.5 using 18N H&O4 and pass through a Sep-Pak cartridge to concentrate low 
polarity organics including 2,4-D components. Use a No. 2 Whatman filter during this step to pre- 
vent small particulates from plugging Sep-Pak C$ . 

11. Elute the 2,4-D components from the Sep-Pak C 5 cartridge with 3 mL 100 percent 
acetonitrile. * HPLC analysis requires 25-mL aliquots of this acetonitrile extract. 

Extraction of BEE and 2,4-Dichlorophenol From Soil 

9. Extraction is the same through step 9 with one exception: Add 100 mL 0.2N sodium hydroxide. 

10. Shake for YZ hour using mechanical shaker. 

11. Lower pH to 1.5 using 18N HzS04 and pass through a Sep-Pak C.$ cartridge with 3 mL 100 
percent acetonitrile. * * 

13. Analyze both DMA, BEE, and 2,4-Dichlorophenol with HPLC using an isocratic system con- 
sisting of: (1) 50 percent Acetonitrile/50 percent Hz0 (1 percent acetic acid) at 1.5 mUmin, OR 
(2) 40 percent Acetonitrile/GO percent Hz0 (1 percent acetic acid) at 2.5 mUmin. 

Anticipated Recovery Levels 
l Recovery of DMA 80 to 85 percent 

l l Recovery of BEE 80 to 85 percent 
Recovery of 2,4-D Dichlorophenol60 to 65 percent for DMA 
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START 
IFlr 

2,4-D Standard 
25 PL 5-u PPm 2,4-DCp 

- 0.56 

3.97- 2,4-DCP 

ST 

HP RUN # 4 
ID: 40-60-2.5 
ESTD 

MAY/14/82 TIME 10:52:16 

CAL # AMT 

2.93 2.93 12640 1 123.728 
3.97 3.97 

(R) 
18680 2 126.216 

DIL FACTOR: 1.000 Et 

2,4-D Acid Standard 25 pL 2.50 wm 2,4-DCp 
START 0.02 

0.56 

2.92-2,4-D 

3.97-e 2,4-DCP 

ST 

IIP RUN # 5 MAY/l4/82 
ID: 40-60-z. 5 
ESTD 

RT EXP RT AREA 

2.92 2.93 5740 
3.97 3.95 8720 

DIL FACTOR: 1.0000 E+ 0 

Figure A-6. -Standard HPLC. 

TIME 31:00:30 
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25 PL Banks Lake 4 Day 7121181 
Hydrosoil PLOT 3 site ! Rep 1 
5M Final vol 480.0 mls 

0.56 

2.87- 2,4-D 

RUN # 26 
40-60-2.5 

RT EXP RT AREA CAL # AMT 

2.87 2.93 10240 (R) 1 100.235 

MAY/14182 TIME 13:43:26 

FACTOR: 1.0000 E+ 0 

25 JLL same Hydrosoil Sample 
0.56 

0.74 

RUN # 27 MAY/14182 TIME 13:53:03 
40-60-2.5 

RT EXP RT AREA CAL # AMT 

2.87 2.93 10400 (R) 1 101.801 

Figure A-7.-Banks Lake Hydrosoil HPLC. 
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Attachment 6 

GC/MS (GAS CHROMATOGRAPHY/MASS SPECTROMETRY) CONFIRMATION 

Confirmation of 2,4-D in hydrosoil was performed by GUMS (gas chromatography/mass spec- 
trometry). 

Reconstructed gas chromatograms and mass spectra from Banks Lake and Ft. Cobb samples (appen- 
dix A,fig. A-B and fig. A-10, respectively) and from the 2,4-D methyl ester standard (appendix A, 
fig. A-l 2) confirm the presence of 2,4-D. 

Confirmation was based on the comparison of the mass spectrum of 2,4-D methyl ester standard 
taken at scan No. 287, (appendix A, fig. A-l 3) and matching with mass spectra of samples taken at 
scan No. 287 (appendix A, fig. A-l 1, Ft. Cobb) and scan No. 286 (appendix A, fig. A-9, Banks 
Lake). 
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Figure A-B.-Banks Lake Hydrosoil GC. 
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Figure A-9.-Banks Lake Hydrosoil MS. 
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Figure A-l 1 .-Ft. Cobb Res. Hydrosoil MS. 
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Figure A-l 2.-Standard GC. 



~gwD 388 02-JUL-82 
i,U-D METHYL ESTER Sf!%bii%, 

STA: E. 8G SCAN = 383 
200 NG INJECTEOE? 

1 
106 

mass/z (charge) 

5 

9: 21 

888 I 

250 

Figure A-l 3.-Standard MS. 



Attachment 7 

PROTOCOL FOR FISH COLLECTION FOR 2,4-D RESIDUE ANALYSES 

1. Purpose of study, -Residues in fish flesh resulting from the application of 2,4-D formulations 
DMA and BEE applied for control of eurasian watermilfoil in the Western United States reservoirs are 
required. This study is designed to be conducted concurrently with the ‘2,4-D water dissipation 
study to aid in supporting a proposed tolerance for 2,4-D use in western reservoirs. Fish flesh food 
tolerances have been previously established in support of 2,4-D labels for eurasian watermilfoil con- 
trol in reservoir systems of the Tennessee Valley Authority. Data from this proposed study will pro- 
vide information on geographically different environments and fish species of those previously 
established by TVA. 

2. Method of fish exposure to 2,4-D residues. 
A. Sites.-The same geographical locations and treatment plots utilized for the DMA and BEE 
dissipation studies will be sampled to determine resident fish population exposure. 

B. Sampling techniques. -Electrofishing or gill net sampling techniques will be used, as ap- 
propriate. The success of electrofishing is dependent on water conductivity. Samples should be 
collected from three areas: 

(1) In the vicinity of plots which were treated with both 2,4-D formulations and at both rates 
of application. Fish collected should be in the 178-254 mm (7-l 0 in) size range. 

(2) Approximately 0.4 to 1.5 km (% to 1 mi) outside of each treated plot (dependent on cir- 
cumstances). 

(3) One untreated area should be sampled to determine exposure of fish to possible 
background levels of 2,4-D. The same site utilized for sampling of inlets to multiple use 
systems could be used. 

C. Fish species.-Resident fish populations will be sampled in an effort to obtain at least two 
species at two trophic levels within the geographical area under study. The 178 to 254 mm 
(7-10 in) size range is preferable. Whenever possible, triplicate samples should be collected to 
represent each of the two species in a given sampling location. 

The Banks Lake, Washington, study site was represented by the following fish species for 
residues: White sucker (Catostomus commerson/I, white fish (Coregonus lupeaformis), and carp 
( Cyprinus carpio) . 

Large-mouth bass Mlicropterus salmoidesl, bluegill (Lepomis macrochirus) and carp (Cyprinus 
carpio) were the species selected for the residue study at Fort Cobb Reservoir, Oklahoma. 

3. Sampling 

A. Methods.-Sampled fish are to be weighed, measured, cut into two edible portion fillets, 
wrapped in aluminum foil, placed in a plastic bag, and frozen on dry ice. Each fish sample will be 
labeled with location, sample date, and time. Replicates should not be cornposited. 
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B. Schedule.-Fish samples will be collected on the same schedule as specified for water and 
sediment samples, except that the 7 and 28 day samples will be deleted, leaving the following 
samples dates: 

24 hr. pretreatment-one area only 
1 day post treatment 
4 days post treatment 
14 days post treatment 
56 days post treatment 

Additonal samples may be collected if detectable residues dictate. 

4. Residues analysis will be conducted to determine DMA and BEE. All fish samples are to be 
shipped in dry ice to the Denver Laboratory for analysis. Each fish is to be analyzed as a separate 
replication according to the attached procedure (attachment 8). 
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Attachment 8 

EXTRACTION AND ANALYSIS OF BEE (2,4-D BUTOXY ETHANOL ESTER) AND 
DMA (2,4-D DIMETHYLAMINE) FROM FISH TISSUE BY GAS 

CHROMATOGRAPHY 

1. Prepare fish samples according to the procedure reported by Benville and TindIe’. Blend diced 
frozen fish in a ratio of 2:l (dry ice:fish) until a homogeneous mixture is obtained. 

2. Place mixture into a 0.5 L (l-pint) canning jar and cover with foil and then place into a freezer for 
at least 12 hours. 

3. Weigh out 20 grams of fish tissue into a 250-mL beaker. 

4. Add 90 grams of anhydrous sodium sulfate and mix occasionally for 20-45 minutes until a free- 
flowing mixture is obtained. 

5. Pack mixture in a 20 mm x 400 mm chromatography column containing 2 grams of anhydrous 
sodium sulfate. Pack samples lightly by tapping column sides with a wooden spatula. 

6. Rinse out 250-mL sample beaker using 20 mL of ethyl ether for fish samples taken out of BEE- 
treated plots and 10 mL of 1% phosphoric/methanol2 for fish taken out of DMA-treated plots. Add 
180 mL of the appropriate solvent to each column and collect effluent in the original beaker. Flow 
rates should be approximately 3-6 mUmin depending on packing. 

7. Concentrate extracts to approximately 3 mL in a warm bath in a fume hood using a stream of 
nitrogen. 

Extracts of Fiih taken from BEE treated plots are then treated as follows: 

8. Transfer remaining concentrate in 250-mL beaker to a 150-mL separatory funnel using 10 mL 
of hexane. 

9. Rinse out original beaker with 30 mL of hexane saturated with acetonitrile and add to separatory 
funnel. 

10. Extract hexane (saturated with acetonitrile) two times with 30-mL aliquots of acetonitrile 
saturated with hexane. Pool acetonitrile aliquots and evaporate to about 2 mL. 

11. Transfer sample to a Florasil column (prerinse with 30 mL petroleum ether) containing 1 cm 
anyhdrous sodium sulfate and 2 cm Florasil with 3 mL hexane. Elute the column with 200 mL of 
25% ethyl ether in petroleum ether. 

12. Collect sample in a 250-mL beaker and concentrate to approximately 5 mL using a warm 
water bath and stream of nitrogen. Bring up the final volume with appropriate solvent before inject- 
ing into gas chromatograph.3 

Extracts of fish taken from DMA-treated plots are treated as follows: 

8. Transfer remaining concentrate in 250-mL beaker to a 150-mL separatory funnel using two 
15-mL salt water rinses (2 grams NaCV15 mL water). 

9. Extract salt water two times with 30 mL aliquots of methylene chloride. Use one of the 
methylene chloride aliquots to rinse original 250-mL beaker. 
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10. Pool both methylene chloride extracts into a 150-mL beaker and evaporate to about 3 mL. 
Transfer remaining concentrate to a 150-mL separatory funnel using 10 mL of hexane. 

11. Rinse out 150-mL beaker with 30 mL of hexane saturated with acetonitrile and add to 
separatory funnel. 

12. Extract hexane (saturated with acetonitrile) two times with 30 mL aliquots of acetonitrile 
saturated with hexane. Pool acetonitrile aliquots and evaporate to approximately 2 mL. Evaporate to 
near dryness and methylate with 1 mL of diazomethane (1 %I for 10 minutes. 

13. Evaporate methylated samples to near dryness. 

14. Transfer methylated sample to a prerinsed Florasil column using 5 mL of hexane. 

15. Elute the column with 200 mL of 25% ethyl ether in petroleum ether. 

16. Collect sample in a 250-mL beaker and concentrate to approximately 5 mL using a warm 
water bath and stream of nitrogen. Bring up to a final volume with appropriate solvent for gas 
chromatography use.* 

17. The following gas chromatography parameters were used to analyze for BEE and DMA: 

BEE DMA 
Column Flow: 25 mUmin Column Flow: 25 mUmin 

Purge Flow: 12 mUmin Purge Flow: 10 mUmin 
Oven Temp: 200 OC Oven Temp: 150 OC 

Detector Temp: 355 OC Detector Temp: 355 OC 
Injector Temp: 225 OC Injector Temp: 225 OC 

A Model 530 Tracer gas chromotograph with a 63Ni electron capture detector was utilized. The col- 
umn used was a 2 mm i.d. x 2 m (6-ft) glass column packed with BO/lOO mesh 3% OV-101 on 
Supelcoport. Argon/methane (5%) was used for the carrier gas. Florasil used was 60-100 mesh 
heated for 2 hours at 130 OC. Florasil was then stored in dessicator containing anhydrous sodium 
sulfate. 

1 Benville, P.E. and R.C. Tindle, “Dry Ice Homogenization Procedure for Fish Samples in Pesticide 
Residue Analysis,” J. Agr. Food Chem., 18, pp 948-949, 1970. 

Anticipated Recovery Levels 
z 1% phosphoric acid in methanol 
3 Recovery of 2,4-D Bee from fish 50 to 55 percent 
4 Recovery of DMA from fish 30 to 35 percent. 
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STOP MIN? 6 . 5 0 (la 
5X 0.10 ppm 2,4-D BEE 

START 
0.31 

ST kk- 5.00- 2,4-D BEE 

HP RUN # 3 JUL/23/82 TIME 09:59:46 
ESTD 

RT EXP RT AREA CAL # AMT 

5.00 5.01 5896 (R) 1 0.502 

DIL FACTOR: 1.0000 E+ 0 

5 p.LL Banks Lake 7/15/81 Carp 
PLOT 4 6 ft Final vol 6.0 mls 

START - 

1 - 
2.11 

- 2.77 

5.01-2,4-D BEE 

ST * 
- 5.44 

6.12 

HP RUN # 4 JUL/23/82 TIME 10:09:28 
ESTD 

RT EXP RT AREA CAL # AMT 

5.01 5.01 523 (R) 1 0.045 

DIL FACTOR: 1.0000 E+ 0 

Figure A-l 4. -Banks Lake Fish Tissue HPLC. 
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5X Ft Cobb g/2/81 Site 2 Rep 2 
Bluegill 20.25 gms Final vol 5.0 mls 

START 

HP RUN # 9 JUL/19/82 TIME 09:50:44 
ESTD 

RT EXP RT AREA CAL # AMT 

5.02 4.96 54 (R) 1 0.003 

DIL FACTOR: 1.0000 Et 0 

Figure A-l 5.-Ft. Cobb Res. Fish Tissue HPLC. 
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START 

2Y 0.10 ppm 2,4-D 

HP RUN # 3 
ESTD 

RT EXP RT 

4.42 4.34 

DIL FACTOR: 1.0000 E+ 0 

DELETE ESTD 
CALIB ESTD 
% RTW: 3 . 0 

RT 
REF: 4 . 4 2 

: 0 
DIL FACTOR: 

AUG/18/82 

AREA 

2103 

AMT 
. . . 200 

TIME 09:04:00 

CAL # AMT * 

(R) 1 0.161 \ 

READY 
ESTD 

% RTW: 3.00 CALIB RUNS 1 
CAL # RT AMT AMT/AREA 

(R) 1 4.42 2.0000 E- 1 9.5102 E- 5 

DIL FACTOR: 1.0000 E+ 0 

2X same Standard 

START IFa 

Figure A-l 6.-Standard HPLC. 
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2x Banks Lake 7/10/81 White 
Sucker 320 mm PLOT 2 Final vol 
15.0 mls 

IF 0.37 

-NO. 2,4-D 

S HP RUN # 10 
NO PEAKS IN WDOS 

RT AREA 

AUG/18/82 TIME 10:59:43 

AREA % 

ESCAPE 

START 

2X Banks Lake 7/10/81 White 
Sucker Final vol 15.0 mls 

S HP RUN # 11 
NO PEAKS IN WDOS 

AUG/18/82 TIME 11:22:55 

ESCAPE 

START 
2x 0.10 ppm 7,4-D Standard 

GTOP 
- 4.35+2,4-D 

HP RUN # 12 AUG/18/82 TIME 12:17:33 
ESTD 

RT EXP RT AREA CAL # AMT 

4.35 4.42 2064 (R) 1 0.196 

DIL FACTOR: 1.0000 E+ 0 

Figure A-l-/.-Banks Lake Fish Tissue HPLC. 
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Attachment 9 

PROTOCOL FOR MONITORING AQUATIC INVER%‘EBRA’IES 

1. Purpose of Study. The potential effects of experimental treatments of 2,4-D on zooplankton are 
to be determined following treatment with the DMA and BEE formulations for eurasian watermilfoil 
control in reservoirs. This study is designed to be conducted concurrently with the 2,4-D water 
dissipation and fish flesh residue studies that will be used to aid in supporting a proposed tolerance 
and labeling efforts for 2,4-D use in Western United States reservoirs. The EUP requires that short 
term field studies be conducted to determine possible impacts on fish and certain aquatic food chain 
zooplankton such as Daphnia. This study is designed to sample existing crustacean zooplankton 
populations in the reservoir study areas and any change that the herbicide may create in their occula- 
tions. Excellent baseline information is available on the zooplankton (including Daphnia) and fish 
populations for the study site at Banks Lake, Washington, l for comparative purposes. Less informa- 
tion is available on fish populations and aquatic invertebrates at the Fort Cobb, Oklahoma, study 
site. 

2. Method of Determining Aquatic lnvertebtate Populations. 

A. Sites.-The same geographical locations and treatment plots utilized for the 2,4-D dissipa- 
tion and fish exposure studies will be utilized to monitor zooplankton. The DMA and BEE formula- 
tions will be applied in these plots at rates of 22 and 45 kg/ha, a.e. (20 and 40 lb/acre, a.e.). 

B. Sampling Locations.-Aquatic invertebrate samples will be collected at each of the study 
plots on each of the reservoirs as follows: 

(1) One site within the treated plots of both 2,4-D formulations and both rates of application. 

(2) One site outside of each of the four herbicide treated plots, 90 to 180 m. (100 to 200 yd) 
away from the treated area. 

(3) One untreated site utilizing the same general site area used for sampling of inlets to multi- 
ple use system, for the water residue study. 

3. Sampling. 

A. Method. Zooplankton abundance will be determined to estimate standing stock at each sam- 
ple location by duplicate vertical hauls from 3 m (10 ft) to the surface using a No. 10 (0.168 mm 
aperture) closing or Wisconsin type plankton net or similar. 2 Zooplankton samples collected in the 
plankton net basket will be emptied into a sample jar, washing residue with a squirt bottle to in- 
sure total sample collection. The plankton samples will be preserved with a 5% formalin solution 
for processing. 

B. Schedule. Zooplankton vertical hauls will be collected on a schedule similar to that specified 
for water and sediment as follows: 

1, 1, 4, 7, 14, 18, 56 days posttreatment and up to 90 days if water residue data reflects 
detectable residues. 

C. Summary Totals. Duplicate sample/sample site i.e. 2 samples per site 

Four samples from within herbicide treated plots 2 x 4 = 8 samples/site/collection day 
Four samples from outside herbicide treated plots 2 x 4 = 
One sample at reservoir outlet sampling site 

8 samples/site/collection day 
1 x 2 = 2amples/site/collection day 

18 

Seven sampling times (7 x 18) = 126 total samples/site 
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D. Sample Processing. Received samples will be diluted in the laboratory to a concentration of 10 to 
200 organisms/ml. Two to four/mL subsamples from each sample will be counted with a low power 
stereo microscope over a grid. Numbers of each genus of cladoceran and copepods will be recorded. 
The volume of water sampled will be calculated by multiplying the net mouth area by the distance 
hauled. From this the number of each zooplankton composition and densities. Major discernible dif- 
ferences of statistical significance between herbicide treated and untreated areas will be interpreted as 
a possible indicator of herbicide impacts on the aquatic environment. 

1 Stober, 0. J., et al. Report No. REC-ERC-77-5, Oparatbd Effected bgation and Pumped Storage on Ecology of Banks Lake, Washington, U.S. Bureau 
of Redamation. December 1977. 
* In areas near dense weed growth a l-liter Kemmerer or Van Dom water sample will bs used to sample surface and a 3-m (104) sample. A composite 
will be poured through the above plankton net for sampling. 
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Attachment 10 

SUPPLEMENTAL LABELING FOR EXPERIMENTAL USE WITH 
AQUA-KLEENR-EPA REGISTRATION NO. 254-109 

FOR EXPERIMENTAL USE ONLY 

PURPOSE. For use in a cooperative experimental program of the Water and Power Resources Service, 
U.S. Department of the Interior, and the Corps of Engineers, U.S. Army, to determine 2,4-D residue 
disappearance characteristics when the herbicide is used for control of eurasian watermilfoil (Myrio- 
phyllum spicatum L.) in reservoirs and other waters. 

EXPERIMENTAL USE PERMIT. This supplemental labeling is valid only when used in accordance with 
provisions of Experimental Use Permit No. 11683-EUP-3 , issued by the U.S. Environmental Protec- 
tion Agency on July 10, 1980 . 

Experimental applications are limited to the following waters: 

Fort Cobb Reservoir, Oklahoma (Water and Power Resources Service) 
Banks Lake, Washington (Water and Power Resources Service) 
Lake Seminole, Florida-Georgia (Corps of Engineers) 
Robert S. Kerr Reservoir, Oklahoma (Corps of Engineers) 

This supplemental labeling must be in the possession of the user at the time of the pesticide application. 

Experimental applications are to be made by or under the supervision of Water and Power Resources 
Service or Corps of Engineers personnel who are certified under an approved State plan or Federal 
agency plan for application of restricted-use pesticides, or by certified commercial applicators under con- 
tract to the Water and Power Resources Service or the Corps of Engineers. 

METHOD AND RATE OF APPLICATION. Follow “Directions for Use” given in the EPA-approved labeling 
of AQUA-KLEENR for eurasian watermilfoil control in programs conducted by the Tennessee Valley 
Authority in dams and reservoirs of the TVA system. 

Surface or aerial application methods may be used. 

The experimental applications are to be made at two rates: 100 Ibs. and 200 Ibs. of herbicide product 
per acre. (This is to provide treatments of 20 lb. and 40 lb. of 24-D acid equivalent per acre.) 

PRECAUTIONS. Follow all precautions given in the AQUA-KLEENR labeling. 

If aerial application is to be made, remove people and livestock from the area to be treated. 

Treated areas will be posted as such and be restricted from swimming for 14 days after treatment. 

Potable water. - Do not treat within ‘/2 mile of any municipal or domestic water intake. 
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Delay the use of water from treated areas for domestic purposes for a period of 3 weeks or until residue 
analyses show that it contains no more than 0.1 ppm 2,4-D acid. 

Irrigation.-Delay the use of water from treated areas for a period of 3 weeks. Do not use treated water 
for irrigation of sensitive crops such as grapes, tomatoes, and cotton until residue analyses show 2,4-D 
to be absent. 
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Attachment 11 

SUPPLEMENTAL LABELING FOR EXPERIMENTAL USE WITH 
WEEDAR 6pR HERBICIDE-EPA REGISTRATION NO. 254-2 

FOR EXPERIMENTAL USE ONLY 

PURPOSE. For use in a cooperative experimental program of the Water and Power Resources Service, 
U.S. Department of the Interior, and the Corps of Engineers, U.S. Army, to determine 2,4-D residue 
disappearance characteristics when the herbicide is used for control of eurasian watermilfoil (Myrio- 
phyllum spicatum L.) in reservoirs and other waters. 

EXPERIMENTAL USE PERMIT. This supplemental labeling is valid only when used in accordance with 
provisions of Experimental Use Permit No. 11683-EUP-2 , issued by the U.S. Environmental Protec- 
tion Agency on July 10, 1980 . 

Experimental applications are limited to the following waters: 

Fort Cobb Reservoir, Oklahoma (Water and Power Resources Service) 
Banks Lake, Washington (Water and Power Resources Service) 
Lake Seminole, Florida-Georgia (Corps of Engineers) 
Robert S. Kerr Reservoir, Oklahoma (Corps of Engineers) 

This supplemental labeling must be in the possession of the user at the time of the pesticide application. 

Experimental applications are to be made by or under the supervision of Water and Power Resources 
Service or Corps of Engineers personnel who are certified under an approved State plan or Federal 
agency plan for application of restricted-use pesticides, or by certified commercial applicators under con- 
tract to the Water and Power Resources Service or the Corps of Engineers. 

METHOD AND RATE OF APPLICATION. Follow “Directions for Use” given in the EPA-approved labeling 
of WEEDAR 64R for eurasian watermilfoil control in programs conducted by the Tennessee Valley 
Authority in dams and reservoirs of the TVA system. 

Surface, subsurface, or aerial application methods may be used. 

The experimental applications are to be made at two rates: 5 and 10 gallons of herbicide product per 
acre. (This is to provide treatments of 20 lb. and 40 lb. of 2,4-D acid equivalent per acre.) 

PRECAUTIONS. Follow all precautions given in the WEEDAR 64R labeling. 

If aerial application is to be made, remove people and livestock from the area to be treated. 

Treated areas will be posted as such and be restricted from swimming for 14 days after treatment. 

Potable water.-Water to be treated will be a minimum of one-half (%) mile from the nearest intake 
system. Continuous monitoring is required. 
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Delay the use of water from treated areas for domestic purposes for a period of 3 weeks or until residue 
analyses show that it contains no more than 0.1 ppm 2,4-D acid. 

Irrigation.-Delay the use of water from treated areas for a period of 3 weeks. Do not use treated water 
for irrigation of sensitive crops such as grapes, tomatoes, and cotton until residue analyses show 2,4-D 
to be absent. 
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APPENDIX B 
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Table B- 1. - Water chemical analysis, Banks Lake, Washington- Outlet. 

Water quality parameter 

Conductivity, pm/c 
PH 
TDS/105 OC, mg/L 
Calcium, mg/L 
Magnesium, mg/L 

Sodium, mg/L Potassium, mg/L 
Carbonate, mg/L 
Bicarbonate, mg/L 
Sulfate, mg/L 
Chloride, mg/L 
Anion and cation, mg/L 

Pretreat 1 day 4 day 7 day 14 day 28 day 56 day 

134 149 No 121 No 100 No 

828’: 
8.3 data data 

17:3 
8::: 

data 
109.0 928:07 

18.6 17.0 13.2 
2.5 3.2 4.9 1.7 

3.0 2.5 1.4 0.8 iti 
0.0 0.0 0:o 

ii:: 
7.2 

54.9 53.7 56.1 19.5 
17.8 16.8 18.2 17.3 

0.7 0.7 0.7 0.7 
97.5 96.3 100.0 62.2 

Table B-2. - Water chemical analysis, Banks Lake, Washington-Herbicide plot 1. 

Parameter 

Conductivity, pm/c 
PH 
TDS/105 OC, mg/L 
Calcium, mg/L 
Magnesium, mg/L 
Sodium, mg/L 
Potassium, mg/L 
Carbonate, mg/L 
Bicarbonate, mg/L 
Sulfate, mg/L 
Chloride, mg/L 
Anion and cation, mg/L 

Pretreat 1 day 4 day 7 day 14 day 28 day 56 day 

119 129 No 149 No 119 No 

6:‘; 
8.25 data 8.25 data data 

16:7 
44.5 51 .o 97-o” 
17.5 19.0 17:6 

3.8 4.2 4.0 3.9 

;:: i-8” 
0:O 

02183 
1.8 
0.8 

0.80 0.0 0.0 
54.5 57.4 61 .O 56.1 
15.5 15.9 17.3 19.7 

0.7 0.7 0.7 0.7 
95.5 98.5 105.0 101.0 

Table B-3. - Water chemical analysis, Banks Lake, Washington- Herbicide plot 2. 

Water quality parameter Pretreat 1 day 4 day 7day 14day 28 day 56 day 

Conductivity, pm/c No 139 111 104 No 107 No 
PH data 8.1 

8::: 378:: 
data 

TDS/105 OC, mg/L 107.0 898:; 
data 

1 
Calcium, mg/L 21.8 16.4 20.0 16.2 ;I 
Magnesium, mg/L 0.854 2.8 0.5 3 

Sodium, mg/L 2.53 2.07 2.3 . Potassium, mg/L 0.8 0.8 0.8 A:: 
Carbonate, mg/L 0.0 2.4 2.4 2.4 
Bicarbonate, mg/L 61.0 43.9 43.9 46.4 ; 
Sulfate, mg/L 13.9 18.7 14.9 17.3 
Chloride, mg/L 0.7 0.7 0.7 0.7 
Anion and cation, mg/L 102.0 87.8 85.5 89.4 
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Table B-4. - Water chemical analysis, Banks Lake, Washington- Herbicide plot 3. 

Parameter 

Conductivity, pm/c 
PH 
TDS/105 OC, mg/L 
Calcium, mg/L 
Magnesium, mg/L 
Sodium, mg/L 
Potassium, mg/L 
Carbonate, mg/L 
Bicarbonate, mg/L 
Sulfate, mg/L 
Chloride, mg/L 
Anion and cation, mg/L 

Pretreat 1 day 4 day 7day 14day 28 day 58 day 

No 123.0 109.0 No No 109.0 No 
data 

4::: 
data data 

4;:: 888:: 
data 

17.4 15.8 13.8 
4.51 2.81 5.25 
2.53 1.84 2.07 
0.782 0.782 0.782 
0.0 0.0 2.4 

58.6 46.4 48.8 
15.4 17.8 14.9 

0.71 0.71 0.71 
99.9 86.1 88.7 

Table B-5. - Water chemical analysis, Banks Lake, Washington- Herbicide plot 4. 

Water quality parameter 
Conductivity, pm/c 
PH 
TDS/105 OC, mg/L 
Calcium, mg/L 
Magnesium, mglL 

Sodium, mg/L Potassium, mg/L 
Carbonate, mg/L 
Bicarbonate, mg/L 
Sulfate, mg/L 
Chloride, mg/L 
Anion and cation, mg/L 

Pretreat 1 day 4 day 7 day 14 day 28 day 56 day 
124.3 No 109.0 116.0 No 104.0 No 

data 8.3 data 8.65 data 
6::: 728:; 40.0 95.0 
17.9 16.4 21.8 16.0 

3.3 2.68 0.12 2.7 

i-i 2.07 2.3 
1:2 

0.8 1.2 A-8” 
4.8 0.0 418 

53.7 36.6 53.7 36.6 
16.1 18.7 16.3 16.3 

0.7 0.7 0.7 0.71 
96.2 82.8 96.1 79.7 

Table B-6. - Water chemical analysis, Fort Cobb Reservoir, Oklahoma- Outlet. 

Parameter Pretreat 1 day 4 day 7 day 14 day 28 day 56 day 
Conductivity, pm/c 
PH 
TDS/105 OC, mg/L 
Calcium, mg/L 
Magnesium, mg/L 
Sodium, mg/L 
Potassium, mg/L 
Carbonate, mg/L 
Bicarbonate, mg/L 
Sulfate, mg/L 
Chloride, mg/L 
Anion and cation, mn/L 

380.0 337.0 360.0 326.0 454.0 

2528:; 3037:: 29::; 2338:: 2738:; 
35.2 37.4 35.4 22.2 27.4 
22.2 9.76 18.8 14.0 22.1 

2.07 20.0 24.4 19.6 30.6 
0.782 5.47 8.6 5.86 8.6 
0.0 0.0 0.0 0.0 0.0 

85.4 87.8 83.0 58.6 87.8 
101 .o 88.8 131.0 91.2 129.0 

12.1 9.94 17.0 8.88 13.8 
259.0 259.0 318.0 220.0 319.0 

No 435.0 
data 

26::; 
31.8 
17.4 
26.4 

7.82 
0.0 

87.8 
115.0 

12.8 
299.0 
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Table 8-7. - Water chemical analysis, Fort Cobb Reservoir, Oklahoma-Herbicide plot 1. 

Parameter 

Conductivity, pm/c 
pf-f 
TDS/105 OC, mg/L 
Calcium, mg/L 
Magnesium, mg/L 
Sodium, mg/L 
Potassium, mg/L 
Carbonate, mg/L 
Bicarbonate, mg/L 
Sulfate, mg/L 
Chloride, mg/L 
Anion and cation, mn/L 

Pretreat 1 day 

No No 
data data 

4 day 

410 

2697:; 
30.4 
22.4 
31.3 

8.6 
0.0 

92.7 
137.0 

13.8 
337.0 

7daY 14 day 28 day 58 day 
No 418 394 475 

data 
2878:: 24::: 3208:: 

28.0 32.2 28.4 
20.7 14.3 22.3 
31.3 22.8 36.6 

9.0 
0.0 

c: 90 

85:4 
0:o 

75.6 92.7 
134.0 108.0 129.0 

15.3 10.3 14.9 
312.0 279.0 327.0 

Table B-8. - Water chemical analysis, Fort Cobb Reservoir, Oklahoma- Herbicide plot 2. 

Parameter 

Conductivity, pm/c 
PH 
TDS/105 OC, mg/L 
Calcium, mg/L 
Magnesium, mg/L 
Sodium, mg/L 
Potassium, mg/L 
Carbonate, mg/L 
Bicarbonate, mg/L 
Sulfate, mg/L 
Chloride, mg/L 
Anion and cation, ma/L 

Pretreat 1 day 4 day 7 day 14 day 28 day 56 day 
No No 423 464 426 360 454 

data data 
33::: 28::: 2598:: 24::: 3378:: 

32.4 34.6 31.4 34.4 36.4 
20.6 19.2 16.5 17.3 19.0 
28.7 28.8 26.7 23.2 25.1 

8.9 8.2 9.0 7.04 8.6 
8:‘: 0.0 0.0 0.0 0.0 

138:O 
100.0 78.1 101.0 108.0 
123.0 122.0 108.0 117.0 

15.4 15.6 10.7 11.4 11.0 
329.6 330.0 295.0 303.0 325.0 

Table B-9. - Water chemical analysis, Fort Cobb Reservoir, Oklahoma- Herbicide plot 3. 

Water quality parameter 

Conductivity, pm/c 
PH 
TDS/105 OC, mg/L 
Calcium, mg/L 
Magnesium, mg/L 
Sodium, mg/L 
Potassium, mg/L 
Carbonate, mg/L 
Bicarbonate, mg/L 
Sulfate, mg/L 
Chloride, mg/L 
Anion and cation, mg/L 

Pretreat 1 day 
No No 

data data 

4 day 7 day 14 day 28 day 56 day 
426 497 475 402 No 

3778:: 31::; 
8.2 

30::: 
data 

286.0 
30.4 35.0 28.0 32.0 
20.4 21 .o 21.5 21.1 
27.6 32.2 30.8 30.8 

8.6 9.0 9.0 9.0 
0.0 0.0 0.0 

80.5 109.0 
9;:: 

109.0 
133.0 132.0 125.0 138.0 

16.0 13.1 11.7 14.9 
316.0 351 .o 324.0 355.0 
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Table B- 10. - Water chemical analysis, Fort Cobb Reservoir, Oklahoma- Herbicide plot 4. 

Parameter 

Conductivity, pm/c 
PH 
TDS/105 OC, mg/L 
Calcium, mg/L 
Magnesium, mg/L 
Sodium, mg/L 
Potassium, mg/L 
Carbonate, mg/L 
Bicarbonate, mg/L 
Sulfate, mg/L 
Chloride, mg/L 
Anion and cation, ma/L 

Pretreat 1 day 

No No 
data data 

4 day 

No 
data 

7 day 14 day 28 day 56 day 

435 367 326 337 
7.9 

2588:: 24::: 204.0 2228:: 
22.6 30.8 28.0 35.4 
19.8 18.3 25.4 10.4 
31.7 31.7 30.8 16.1 

9.0 86 47 
0.0 E 0’0 0:o 

61.6 112:o 80:5 83.0 
133.0 104.0 85.0 

15.3 14.9 1;;.; 5.7 
293.0 321 .O 337:o 240.0 
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Mission of the Bureau of Reclamation 

The Bureau of Reclamation of the U.S. Department of the Interior is 
responsible for the development and conservation of the Nation’s 
water resources in the Western United States. 

The Bureaus original purpose “to provide for the reclamation of arid 
and semiarid lands in the West” today covers a wide range of interre- 
lated functions. These include providing municipaland industrial water 
supplies; hydroelectric power generation; irrigation water for agricul- 
ture; water quality improvement; flood control; river navigation; river 
regulation and control; fish and wildlife enhancement; outdoor recrea- 
tion; and research on water-related design, construe tion, materials, 
atmospheric management, and wind and solar power. 

Bureau programs most frequently are the result of close cooperation 
with the U.S. Congress, other Federal agencies, States, local govern- 
men ts, academic institutions, water-user organizations, and other 
concerned groups. 

” It describes some of the technical publications currently 

obtained upon request from the Bureau of Reclamation, Attn D-922, 
P 0 Box 25007, Denver Federal Center, Denver CO 80225-0007. 


