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PREFACE

This study was sponsored by the Panama Canal Commission (PCC), Bal-
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Corporation. The work was initiated in April 1979 under the general
supervision of Dr. John Harrison, Chief, Environmental Laboratory (EL),
of the U. S. Army Engineer Waterways Experiment Station (WES), Vicksburg,
Miss., and Dr. Rex L. Eley, Chief, Ecosystem Research and Simulation Di-
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Murdock, and George Bouche of PCC. Additional assistance was provided
by personnel of the Water Quality Laboratory, PCC, and Dr. Kerry K.
Steward and Mr. Thomas Taylor of the U. S. Department of Agriculture,
Aquatic Plant Management Laboratory, Fort Lauderdale, Fla. Phytoplank-
ton and zooplankton were identified and enumerated by Dr. Rick Meyer,
University of Arkansas, Fayetteville, Ark. Statistical analyses were
conducted by Dr. Boyd Loadholt, Medical University of South Carolina,
Charleston, S. C.
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Figure 3. Bathymetric profile of plots 1-8 in Frijoles Bay of
Gatun Lake, Panama (Sheet 1 of 3)
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level data obtained during the study, computations of the static-water
volume and mean water depth for each plot showed that the projected esti-
mated treatment rates were in error. Better estimates of initial endo-
thall concentrations in water were computed following analysis of the
additional data: TRT-1, 0.67 ppm a.e.; TRT-2, 1.06 ppm a.e.; TRT-3,
0.63 ppm a.e.; TRT-5, 1.10 ppm a.e.; TRT-6, 0.65 ppm a.e.; and TRT-7,
0.86 ppm a.e. These concentrations assume that all of the endothall is
immediately available throughout the water column following application.
15. Personnel from the U. S. Department of Agriculture Aquatic
Plant Management Laboratory in Fort Lauderdale, Fla., with assistance
from PCC personnel, applied both endothall formulations. The dimethyl-
alkylamine endothall formulation was applied to the respective treatment
plots on 18 April 1979 using a blower-type spreader mounted on the bow
of a PCC airboat (Figure 4). Half of the formulation was applied on
parallel lines across the treatment plots, while the other half was
applied on lines perpendicular to the first application. Any remaining
herbicide was applied diagonally across the plot. Treatment plots
paralleling the shoreline required that the formulation be applied as
before except the treatment was initiated along the shoreline. This
prevented trapping and possibly killing fish near the shore. Only the
hydrilla in the southwest corner of TRT-2 was not adequately treated due
to a malfunction in the application equipment during treatment; hence,
very little herbicide was applied to this portion of TRT-2. On 19 April
1979, dipotassium endothall was applied approximately 1 m below the
water surface using a PCC airboat equipped with a conventional spray
pump and four weighted-trailing hoses, i.e., two each fore and aft,
coupled to a manifold located along the bow (Figure 5). Dense hydrilla
cover throughout the treatment plots prevented the trailing hose from
delivering the herbicide near the sediment surface. The same treatment
procedure, as previously described, was used to ensure uniform areal

coverage.

18




Figure 4. Application of pelletized dimethylalkylamine salt of

endothall (Hydout) using a blower-type pellet applicator (Hydout

dust can be seen rising from the hopper of the application
equipment)

Figure 5. Application of the dipotassium salt of endothall
(Aquathol K) using weighted-trailing hoses

19



Sampling Program

16. A simple randomized sampling program was selected for all
measured parameters since the vegetation uniformly covered more than 90
percent of the surface area of all plots. This sampling program pro-
vided a rigorous comparison of the two endothall formulations for effi-
cacy on hydrilla over the entirety of each treatment area. Herbicide
dispersion and subsequent reduced efficacy are usually measured or ob-
served along treatment area boundaries. This effect is caused by herbi-
cide movement out of the treated area as a result of water flow or along
density gradients in the water column. Reduced hydrilla efficacy along
the treated area boundaries was not considered separately in the data
analyses since efficacy comparison over the entire treated area was a
primary objective of the study. Consequently, this sampling program
allowed the plot boundary areas to be sampled and analyzed with similar
frequency as was the rest of the plot.

17. The procedure for selecting a sampling site required that a
sequentially numbered 15- by 15-m grid overlay be placed on a scaled
drawing of each plot. The specific sampling locations for each date
were selected from a Random Number Table (Steel and Torrie 1960). Ap-
proximately 12 sampling locations per hectare were designated based on
the estimated 12 plant biomass samples per hectare required to adequate-
ly evaluate areal changes in standing crop and plant biomass. The
actual number of plant biomass samples exceeded the number of samples
required for analysis of water quality parameters, herbicide residues,
and plankton; consequently, these latter sampling locations were ran-
domly selected from the plant biomass sampling locations. New sampling
locations within each plot were selected prior to each sampling date.
The buffer zones between the corner markers of each plot were sampled
approximately 15 m perpendicular to the midpoint of each plot boundary
to observe endothall drift from each plot and subsequent effects on

vegetation and associated water quality parameters.
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18. The number of sampling locations required for each parameter
is listed below. The specific sampling locations for these parameters

are identified in Appendix A.

Plot

Parameter 1 2 3 4 5 6 1 8

Hydrilla biomass 16 16 16 17 16 18 16 15
Herbicide residue

Water 3 3 3 3 3 3 3 3

Sediment 4 4 4 4 4 4 4 4

Plant 10 10 10 10 10 10 10 10

Water quality 5) 3 3 3 3 3 3 3

Plankton 5 5 5 5 5 5 5 5

19. A survey crew in two boats preceded the sampling parties to
the treatment plots to mark each sampling location with a numbered buoy.
Determination of the sampling position was accomplished using a Leitz
Model 2691 line-displacing-type range finder and a Silva Range
Type 15TDCL azimuth compass. Triangulation was used to position each
buoy. The procedure required one boat to remain positioned at a corner
stake while the other boat containing the buoys was guided to the mid-
point of the specified sampling quadrant using two-way radio communi-
cation and sequential triangulations between the moving boat and another
corner stake to determine position.

Sampling frequency

20. Rapid endothall uptake by hydrilla and subsequent microbial
decomposition of the endothall in warm water (Haller and Sutton 1973;
Simsimon, Chesters, and Daniel 1976) required that frequent samples for
herbicide residue analysis in water, sediment, and plants be obtained at
short intervals immediately following treatment and continued throughout
the study until the endothall concentration fell below detection limits
(i.e. 0.01 ppm). Water quality, hydrilla biomass, and plankton were

sampled at the same time that samples for endothall residue levels were
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obtained. Pretreatment sampling of each plot was completed from 11-17
April 1979. Posttreatment samples were obtained on approximately
day 1, 3, 7, 14, 21, 49, and 90. Plots 1 through 4 were sampled in the
morning and plots 5 through 8 in the afternoon. Slight deviations from
this schedule were a result of inclement weather or equipment malfunc-
tions. Reference and treatment plots were evaluated identically through-
out this study.
Hydrilla biomass

21. A plant biomass sampler (Figure 6) designed and developed by

Figure 6. WES aquatic plant biomass sampler

WES in cooperation with Allied Aquatics, Inc., was used to collect
hydrilla at each sampling location. The stainless steel, cylindrical
bucket with a 0.267-sq-m opening was slowly lowered through the water
column as rotating cutter bars severed the vegetation (Figure 7). The
plant fragments were trapped inside the cylindrical bucket. A
hydraulic-activated securing gate closed the bottom of the bucket prior
to retrieval preventing most of the hydrilla cuttings from slipping out.

Each sample (Figure 8) was removed from the bucket, washed to remove

22




Figure 7. WES aquatic plant biomass sampler's cutting head
showing the one inner stationary and one outer rotating row
of cutting bars

Figure 8. Hydrilla being removed from the sampler and
placed in a plastic bag for processing

23



sediment, and drained of free water. Each sample was weighed (accuracy:
+45 g) and recorded as wet weight (Appendix B).

Herbicide residue

22. Water. Water samples from three randomly selected locations
within each of the eight plots were collected using a 12-V direct cur-
rent (DC) Jabsco, Inc., pump attached to a weighted hose. Samples were
taken at 0.3 and 2.0 m below the water surface and 0.5 m above the sedi-
ment. For endothall residue analysis, each polyethylene sampling bottle
was placed immediately in an ice-water brine solution and later frozen
and stored until shipment to Pennwalt Corporation for analysis. Sample
preparation and analysis were as described by Carlson, Whitaker, and
Landskov (1978). All water samples were sequentially analyzed in the
order that they were obtained on each date until endothall residue con-
centrations were below 0.01 ppm a.e.

23. Sediment. Two divers from Florida's Department of Natural
Resources assisted in the sampling of sediment for residue analysis. An
aluminum sampling tube (approximately 10-cm inside diameter) was in-
serted approximately 15 cm into the sediment at each sampling location
within the plot. Contents of the sampling tubes were secured by placing
plastic caps on each end. The tube was placed immediately in an ice-
water brine solution and was subsequently frozen after returning from
the field. The frozen sediment samples were packed on dry ice and
shipped by air freight to Pennwalt for analysis. Sample preparation and
analysis were performed as previously mentioned. Samples were analyzed
until endothall residue concentrations were below 0.01 ppm a.e.

24, Plant. Approximately 1.0 kg wet weight of hydrilla tissue
from designated sampling locations in each plot was collected using the
biomass sampler as previously described. However, where the hydrilla
was controlled effectively, an anchor attached to a dragline had to be
used to obtain plant samples lying on the bottom surface. Plant samples
were taken from a minimum of 10 locations within each plot on the speci-
fied sampling day. All samples were washed to remove sediment and
drained of free water prior to storing on ice while in the field. Each

plant sample was frozen immediately after returning from the field. The
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frozen plant samples were packed in dry ice and sent to Pennwalt for
residue analysis. Samples were analyzed until endothall concentrations
decreased below detection, i.e. 0.01 ppm a.e.

Water quality

25. Additional water samples from three sampling locations and
water depths were collected for analysis of selected water quality
parameters. At each location, water samples were taken at 0.3 and 2.0 m
below the water surface and 0.5 m above the sediment. Water was pumped
from each depth into an acid-washed and rinsed 1.0-£ plastic bottle for
determining biochemical oxygen demand (BODS). An additional 0.5-£ ali-
quot was collected in a new, previously rinsed polyethylene bottle for
analysis of the remaining parameters, i.e. alkalinity, color, hardness,
total Kjeldahl nitrogen (TKN), ammonia nitrogen (NH3-N), total phosphate
(TPOA), and total dissolved solids (TDS). All samples were placed in an
ice-water brine solution until they could be transported for analysis to
the PCC's Water Quality Laboratory in Balboa Heights, Panama. Chemical
analyses were initiated within 24 hr after delivery to the laboratory.

Analytical techniques are described in the Standard Methods for Examina-

tion of Water and Wastewater (American Public Health Association 1976).

26. A Hydrolab, Inc., Model 8000 System was used to monitor air
and water temperature, dissolved oxygen (DO), specific conductivity, pH,
and water depth. Data were recorded at 0.3, 1.0, and 2.0 m below the
water surface and 0.5 m above the sediment. A routine calibration check
of the sensors was performed prior to and after each sampling trip.

27. Secchi depth was also monitored at each sampling station
through posttreatment day 21. Air temperature varied slightly between a
minimum of 27°C and a maximum of 32°C (mean = 29.7°C, 77 measurements).
A standard Secchi disk with black-and-white quadrants was used as a rel-
ative measure of light penetration. A summary of these data is shown in
Table 2. The presence of hydrilla obscured the Secchi disk at most sam-
pling locations within all plots prior to applying the two formulations.
Plankton

28. Plankton samples were obtained prior to treatment and at reg-

ular intervals posttreatment from five randomly selected locations
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within each plot. A 12-V DC Jabsco, Inc., self-priming pump was at-
tached to a weighted hose and lowered at each of the locations sequen-
tially to 0.3 and 2.0 m below the water surface and 0.5 m above the
sediment. From each depth, a measured water volume was pumped through a
No. 10 Wisconsin plankton net. The higher the plankton concentration
per unit water volume, the more tendency there was to plug the bucket
aperture; thus, the amount of water allowed to pass through the plankton
net was reduced. This method of plankton sampling resulted in pelagic
as well as some epiphytic plankton being obtained. The epiphytes were
probably pulled off the leaf tissue when the hose was lowered to each
water depth. Plankton samples were obtained from 9:00 a.m. to 3:00 p.m.
central daylight time (CDT) on each sampling date. No order was
assigned for determining which plots would be sampled first on a spe-
cific day. Consequently, diel migration of plankton populations was not
evaluated. Each sample was preserved until analyzed at the University
of Arkansas, Fayetteville, Ark.

29. 1In the laboratory, the plankton samples were standardized ac-
cording to the amount of water passed through the plankton net. Ten-
millilitre aliquots from each of five standardized sample sets obtained
at each plot were combined according to water depth on each sampling
date for each treatment and reference plot. Multiple subsamples were
taken from each of the composited-by-depth standardized samples for
microscopic examination. Each taxon of the phytoplankton was identified
using a phase-contrast microscope at magnifications from 200X to 1000X.
These data were grouped and recorded by depth and sampling date for each
plot.

30. Five-millilitre aliquots from each of the composited-by-depth
standardized plankton samples were placed in calibrated counting cham-
bers. Zooplankton were enumerated at 60X with a Wild M40 inverted
microscope. Likewise, these data were grouped and recorded by water

depth and sampling date for each plot.
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PART TII: RESULTS

Hydrilla Biomass

31. Approximately 1 month prior to initiation of this investi-
gation an aerial color infrared (IR) photograph was taken of the study

area (Figure 9). The surface acreage of hydrilla in the northern

Figure 9. Color IR photograph (1:5000) of Frijoles Bay study area
in Gatun Lake, Panama, March 1979
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section of the Frijoles Bay, and, specifically, the experimental plots,
was estimated to be 80 percent by interpretation of the color IR aerial
photography and onsite evaluation. By 15 April 1979, surface acreage
of hydrilla was approximately 90 percent of each plot. However, by
posttreatment day 21, the hydrilla in the treated plots had dropped be-
low the water surface, permitting easy access to all locations within
the study area (Figures 10-13).

Reference plots

32. A gradual hydrilla decline in REF-4 was observed through
posttreatment day 49 (Figure 14 and Appendix B). Endothall residue was
found in hydrilla tissue through posttreatment day 14. Moreover, only
30 percent of the original plant biomass remained after 90 days. The
decline in endothall residue concentrations and hydrilla biomass sug-
gested movement of endothall from TRT-3 into REF-4. Consequently, REF-4
was eliminated from consideration as a reference for comparing results
with other plots. However, the hydrilla biomass in REF-8 remained un-
changed throughout the 90-day sampling period (Figure 15 and Appendix B).
Aquathol K: TRT-1, -6, and -5

33. The hydrilla in TRT-1, -6, and -5 exhibited pronounced herbi-~

cide effects within approximately 48 to 72 hr posttreatment (Fig-

ures 16-18). The leaves near the meristematic tips folded downward and
were brown to translucent in color. Loss of chlorophyll was evident
along the plant stems. Most of the hydrilla dropped below the water
surface in all three plots over this time period. The hydrilla was
nearly 2 m below the water surface by posttreatment day 7. More ex-
tensive tissue degradation was evident over larger portions of the
plants.

34. Between posttreatment days 7 and 14 underwater observations
clearly showed that the entire hydrilla biomass from TRT-1, -6, and -5
had settled to the bottom surface of the lake in large mounds. Most of
the plant tissue remained green, but the stems and leaves were flaccid
and easily pulled apart. Some defoliation was also observed.

35. By posttreatment day 21, the maximum reduction in hydrilla

biomass was evident. Plant tissues were brown, translucent, and
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Figure 10. Aerial photograph of TRT-1, -2, and -3 approximately
21 days posttreatment
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Figure 11. Aerial photograph of TRT-3 and REF-4 showing the dense
surface mat of hydrilla approximately 21 days posttreatment
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PLOT NO. 5

Figure 12. Aerial photograph of TRT-5 approximately
21 days posttreatment

PLOT NO. 6
PLOT NO. B

Figure 13. Aerial photograph of TRT-6, -7, and -8 approximately
21 days posttreatment (Note: Individual sampling site buoys are
visible)
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Figure 14. Hydrilla biomass of REF-4 during the 90-day
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Figure 16. Change in hydrilla biomass of TRT-1 following treatment with
75 £/ha (0.7 ppm a.e.) of the liquid dipotassium salt of endothall
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Figure 17. Change in hydrilla biomass of TRT-6 following treatment with
93 2/ha (0.6 ppm a.e.) of the liquid dipotassium salt of endothall
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Figure 18. Change in hydrilla biomass of TRT-5 following
treatment with 140 £/ha (1.1 ppm a.e.) of the liquid
dipotassium salt of endothall

flaccid. Moreover, new hydrilla growth, approximately 0.3 m in length,
was observed at scattered locations throughout each treatment plot. It
appeared that some of the new growth originated from the sediment and
nodes of hydrilla which were lying on the bottom of the lake.

36. Progression of hydrilla regrowth was observed. On post-
treatment day 49, only sparse hydrilla regrowth from the shoreline
toward deeper water was evident along the shoreline of TRT-1, -6, and
-5. However, on posttreatment day 90, dense hydrilla growth was
observed along the shoreline of these plots and within 1 to 2 m of the
water surface in scattered shallow areas of each plot. After 4 months
posttreatment, the hydrilla in TRT-1, -6, and -5 had nearly recovered to
pretreatment levels. At this time no visible hydrilla was evident in
the deepwater locations of each plot, but hydrilla regrowth was verified
by dragging an anchor in these areas.

37. A one-way analysis of variance (ANOVA) followed by the
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application of the t-test was used to determine when the hydrilla biomass
of each treatment plot had decreased significantly compared to REF-8
during the 90 days posttreatment (Table 3). By posttreatment day 3 and
throughout the 90-day posttreatment study period, the mean hydrilla bio-
masses of TRT-1 and -5 were statistically lower (P < 0.10) compared to
REF-8. The hydrilla biomass in TRT-6 was not statistically different
from REF-8 until posttreatment day 21 (P < 0.008). However, no statis-
tical difference between TRT-6 and REF-8 was noted on posttreatment

day 49. Divers observed the hydrilla on the sediment surface in TRT-6
to be stacked as mounds up to 2 m high. The biomass sampler was lowered
through several of these mounds at a few of the randomly selected sam-
pling stations; hence, atypically high mean plant biomass levels and
standard errors (SE) were recorded on posttreatment day 49, compared to
TRT-1 and -5.

38. In summary, the hydrilla in TRT-1, -6, and -5 was controlled
effectively within the treated areas at all rates of application. How-
ever, prior to noticeable decomposition of the previously treated
hydrilla standing crop, regrowth was observed originating from some
hydrilla nodes and sediment. TRT-1, -6, and -5 had reestablished to
pretreatment levels within 4 months posttreatment.

Hydout: TRT-3, -7, and -2
39. The response of hydrilla in TRT-3, -7, and -2 to the di-

methylalkylamine formulation of endothall was much different (Fig-

ures 19-21). No obvious deterioration of the plant tissue was observed
until posttreatment day 14. Only the leaves and stem near the tip of
the apical meristems were brown and translucent. Buoyancy of the
hydrilla mat was not affected. However, by posttreatment day 14, the
hydrilla in TRT-2 began to settle and was approximately 1 to 2 m below
the water surface. Higher DO concentrations within the hydrilla surface
mat through posttreatment day 11 of TRT-3, -7, and -2 suggested that
little or no damage to the hydrilla had occurred by this time. Most of
the hydrilla in TRT-7 and -3 remained at the water surface; however,
significant defoliation of the hydrilla was observed in TRT-3, -7, and
-2 through posttreatment day 49. TRT-7 was clear of hydrilla except for
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Figure 19. Change in hydrilla biomass of TRT-3 following treatment
with 269 kg/ha (0.6 ppm a.e.) of the pelletized dimethylalkylamine
salt of endothall
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Figure 20. Change in hydrilla biomass of TRT-7 following treatment
with 366 kg/ha (0.9 ppm a.e.) of the pelletized dimethylalkylamine
salt of endothall



1.44 —

1.20 \—

o
©
@

STANDARD ERROR

HYDRILLA BIOMASS, kg * m™3
o c
~
~N
T

HERBICIDE APPLICATION

o
Y
@®
[

GATUN LAKE, PANAMA 1979

| 1
0 | =) | | | ] | =
10 20 30 10 20 3l1 10 20 3|0 10 20
PRI | MAY JUNE JULY
L A AL X F B N 1 -\ S S =8 )
Yy 3 7 14 21 49 90
PRETREATMENT TIME, DAYS

Figure 21. Change in hydrilla biomass of TRT-2 following treatment
with 504 kg/ha (1.1 ppm a.e.) of the pelletized dimethylalkylamine
salt of endothall

along the shoreline. Evidence of hydrilla regrowth was not apparent in
TRT-3, -7, and -2 throughout the 90-day posttreatment study period. In
TRT-2, a dense formation of Ceratophyllum sp. (coontail) appeared from
the middle of the plot northward along the shoreline after 21 days
posttreatment.

40. At approximately 150 days posttreatment, hydrilla was at the
water surface in the northern section of TRT-3, i.e. 30 percent of the
total surface area. Hydrilla was approximately 1 to 2 m below the water
surface over most of the remaining area. Hydrilla regrowth in TRT-7 was
not uniform nor very extensive. Actively growing hydrilla was not evi-
dent in many areas of this plot. Hydrilla regrowth in TRT-2 was ex-
tensive in the shallow areas, i.e. water less than 3 m deep. Throughout
the deeper areas, extensive hydrilla regrowth was found at 4 to 5 m
below the water surface. Hydrilla had essentially grown up to the water

surface over the entire surface area of TRT-2, and to within 0.2 m of
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the water surface in TRT-3. Ceratophyllum sp. declined as the hydrilla
continued to grow in TRT-2. Approximately 35 percent of TRT-3 contained
only tangled masses of defoliated hydrilla and the entire surface area
of TRT-7 was clear, but dense hydrilla regrowth was just below the water
surface.

41. Results of the t-test comparing hydrilla biomass of each
treatment plot with REF-8 showed that a significant biomass change
(P < 0.10) occurred on posttreatment day 21 for all treatments. However,
it appeared that, on posttreatment day 49, a significant difference was
not apparent in TRT-3. As stated previously, the hydrilla was stacked
in mounds and several biomass samples were taken from these mounds.
Higher hydrilla biomass levels were measured than what would normally
represent the actual condition. This stacking effect was observed by
divers to some extent in the treated plots. By posttreatment day 90,
nearly complete degradation of the hydrilla was observed in TRT-3, -7,
and -2 using the biomass sampler. Since the biomass sampler relies on
the buoyancy of the plant tissue to remain in the cylindrical bucket,
plants in advanced decomposition would not be buoyant. Therefore, the
hydrilla would tend to settle out of the bucket as the cutting edge ad-
vanced downward. If the sampler was lowered through the aforementioned
hydrilla mounds, the hydrilla in the bucket would be blocked from set-
tling out by the hydrilla below.

Herbicide Residue--Water

Reference plots

42. From Figure 22 and Appendix C, it was apparent that endothall
drifted from TRT-3 into REF-4 over the first several days. Consequently,
REF-4 was not considered to be a satisfactory reference plot for compar-
ing test results. For REF-8, only two water samples from posttreatment
day 4 and one water sample from day 8 contained detectable endothall
residues, suggesting sample contamination or herbicide dispersion into

this plot. This was not considered too significant because the

37



12— REF-4

o8l

04 |
£ STANDARD ERROR
g
o -
S o N : :
-l
-l
£ I8 REF-8
[
o
(&)
s
w

08—

0.4 |—

0320 B 0320 B 0320 B 0320 B
DEPTH, m
l . 1 | i
PRETREATMENT | 4 8 14
TIME, DAYS

Figure 22. Endothall residue in water from REF-4 ‘and -8

endothall concentrations in hydrilla tissue and sediment were below de-
tection limits as opposed to REF-4.
Aquathol K: TRT-1, -6, and -5

43. Figure 23 shows the rapid disappearance of endothall from

TRT-1, -6, and -5 following application at 27, 34, and 50 kg a.e./ha,
respectively. Within 24 hr following treatment, the mean endothall
concentrations were approximately 66 percent of the estimated initial
concentration and substantial differences existed in the herbicide dis-
tribution throughout the water column. After approximately 3 days post-
treatment, endothall acid residues were detected throughout the water

column; however, less than 0.10 ppm a.e. endothall remained in TRT-6 and
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Figure 23. Endothall residue in water from TRT-1,
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treated with the dipotassium salt of endothall
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-5 and approximately 0.2 ppm a.e. endothall remained in TRT-1. By post-
treatment day 7, less than 0.01 ppm a.e. endothall was detected in the
water column. A spot check of water samples collected on subsequent
sampling dates confirmed that the endothall concentration was less than
0.01 ppm a.e.

44. Water samples collected in the buffer areas around each plot
(Appendix C) contained endothall concentrations of 0.01 to 0.10 ppm
a.e. during the first 3 days following treatment. Highest residue con-
centrations were found at the 2.0-m depth, which corresponded to the
approximate depths of the weighted, trailing hose that was used for
application of this formulation. Endothall residues in water from the
buffer areas did not persist longer than 3 days following treatment with
the dipotassium endothall formulation.

45. Table 4 lists the significance levels for P-values obtained
from an ANOVA to determine if temporal changes in the mean endothall
acid concentration in water occurred during the posttreatment study
period. The P-values from REF-4 and -8 are listed for comparison. The
relatively small sample size resulted in a very insensitive statistical
test. Only the P-values representing TRT-6 and -5 were statistically
significant. At the 0.3-m water depth there was an immediate increase
in the endothall concentration in both TRT-6, and -5 within 24 hr follow-
ing treatment, and by posttreatment day 4 endothall residues were below
detection limits (<0.01 ppm a.e.). This reduction in endothall concen-
trations coincided with the sinking of the hydrilla mat below the 0.3-m
water depth, allowing more rapid dispersion of available endothall out of
the treated area. The lower than planned initial concentrations of
endothall in TRT-1 and -6 and the dispersion of the herbicide into the
buffer zones around each plot contributed to the very low endothall
concentrations observed after 24 hr posttreatment and subsequently lower
values throughout the study period. The statistically significant P-
value for the buffer zone around TRT-6 at the 2.0-m water depth and the
high endothall concentration measured after 24 hr posttreatment are evi-
dence that endothall dispersed rapidly as a density flow into the un-
treated buffer zone. Moreover, only 30 to 60 percent of the endothall
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applied initially was measured after 24 hr, further suggesting that the
remaining endothall was rapidly absorbed by the macrophytes and phyto-
plankton or drifted out of the treated area. Similar changes in the
mean endothall concentration of TRT-1 were shown; however, the magnitude
of the change was not statistically significant.
Hydout: TRT-3, -7, and -2

46. This pelletized endothall formulation gradually decomposed,

thereby releasing endothall from the pellet to the water. However, the
endothall release rate was much slower than anticipated. Mean endothall
concentrations remained low through posttreatment day 21 (Appendix C).

A treatment rate of 0.6 ppm a.e. to TRT-3 resulted in a maximum of 0.1
to 0.18 ppm a.e. being detected through posttreatment day 3 (Figure 24).
Less than 0.06 ppm a.e. was detected on posttreatment days 7 and 14
throughout the water column of TRT-3. However, endothall concentrations
in TRT-7 decreased rapidly at the 0.3- and 2.0-m water depths through
posttreatment day 14. Unlike TRT-3 and -2, endothall levels in the
bottom water samples of TRT-7 increased through posttreatment day 7,
indicating a downward density flow of endothall. The endothall concen-
tration in TRT-2 at 0.3 and 2.0 m below the water surface and at 0.5 m
above the sediment remained constant through day 7 at about 0.18 ppm
a.e. By posttreatment day 14, very low endothall coﬁcentrations were
observed at 0.5 m above the sediment of each plot. The maximum mean
endothall concentration observed in TRT-3, -7, and -2 was 0.18 ppm a.e.,
representing only 10 to 30 percent of the estimated initial treatment
concentration for each plot. The bulk of the herbicide apparently sank
into the organic silt based on the high levels measured in the sediment
at this time (Appendix C).

47. Table 5 lists the significance levels obtained from an ANOVA
for evaluating whether significant changes in the mean endothall
concentrations as measured at different water depths occurred during the
study period. As previously stated, the small sample size resulted in
an insensitive statistical test. Similar to the dipotassium salt formu-
lation, a statistically significant change was found in the endothall

concentration at all depths in TRT-2 through the l4-day posttreatment
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study period. This was attributed to the initially high endothall con-
centration washed from the pellet's surface following treatment and sub-
sequent minor contributions from the decomposing pellets resting on the
hydrilla foliage. Unlike the dipotassium salt formulation, less than 30
percent of the endothall applied initially was available after 24 hr,
suggesting a slow release of endothall from the pellets.

48. The endothall concentrations were low in the water column
throughout the sampling period. Moreover, no statistically significant
change in endothall concentrations of TRT-7 could be detected. Conse-
quently, sample variance within each plot must be considered as a major
factor influencing these results. Temporal changes in the mean endo-
thall concentrations in water from TRT-2 were statistically significant
at 0.3 and 2.0 m below the water surface, and at 0.5 m above the sedi-
ment surface through posttreatment day 7.

49. Results of this analysis suggest that the dimethylalkylamine
formulation released endothall very slowly to the water. The slow re-
lease was attributed to the herbicide pellets sinking into the organic
silt and the endothall being released to the overlying water by diffu-
sion through the silt. The slower release of the endothall probably

reduced the rate of herbicide dispersion out of the treated area.

Herbicide Residue--Sediment

50. Endothall was not measured in sediment samples collected from
all eight plots prior to treatment because herbicide residues were not
found in pretreatment water and plant samples. The sediment endothall
residue data are listed in Appendix C.

Reference plots

51. No detectable endothall levels (i.e. >0.01 ppm a.e.) were
observed in sediment samples from REF-4 and -8.
Aquathol K: TRT-1, -6, and -5

52. The mean endothall concentrations in sediment from TRT-1, -6,

and -5 were considered low through the first 3 days posttreatment and

nondetectable thereafter (Figure 25). Only one sample obtained 1 and
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Figure 25. Endothall residue in sediment from TRT-1, -6, and -5
and REF-4 and -8

3 days posttreatment from TRT-1 and -5, respectively, contained approxi-
mately three to four times more endothall than the other sediment sam-
ples taken within these treated plots (Appendix C). This sample was ob-
tained from a bottom depression where endothall may have accumulated as
it settled out of the water column.

53. Results of the ANOVA (Table 6) for TRT-1, -6, and -5, when
considering the variation in sediment endothall concentrations (Appendix
C), suggest that the differences were neglible among mean endothall con-
centrations for these plots over the 7-day posttreatment sampling<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>