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Abstract
Nuisance algal growths pose a significant threat to irrigation canals for water conveyance and flood control. Copper algae-
cides are routinely used to control algae in moving water. In this research, we monitored an application of a new use pattern 
of a chelated copper algaecide to a flowing canal and evaluated efficacy using controlled bench-scale study of the field-
realized exposure using an alga commonly found in flowing water (Oedogonium sp.). The highest peak copper concentration 
(3.17 ppm) was measured 0.80 km from the application site though it decreased significantly at each sampling interval to 
the 9.66 km sampling point and remained at or below 0.2 ppm at 9.66–19.31 km from the application site. Copper mass dis-
sipated with an exponential curve (R2 = 0.9558), and less than 10% of applied copper was recovered at or beyond 9.66 km 
from application. Peak concentration dissipated by exponential decay (R2 = 0.9922) and was predicted to achieve background 
concentrations by 20.9 km from application. Scaled laboratory experiments showed control at exposure achieved through 
6.44 km from application. This research demonstrates a method to improve operational efficiency of copper use in flowing 
water to achieve desired algal control, while decreasing overall copper use and complying with applicable discharge levels.
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Introduction

Water conveyance through canal systems is critical for 
delivery to irrigated crops as well as flood control (Get-
singer et al. 2014). There are over 62,000 miles of irriga-
tion canals throughout the 17 conterminous Western USA 
(Sytsma and Parker 1999) that are the primary water source 
to support over 40 million acres of irrigated crops (Maupin 
et al. 2014). Nuisance algal growths commonly impede 
water flow through canal systems as well as clog discharge 
devices, gate valves, and irrigation intakes (Getsinger et al. 

2014). Copper algaecides are one of the few USEPA regis-
tered chemistries that have been widely used in canals for 
decades to control algae and pose no irrigation restrictions 
(USEPA 2009). Recent label language on a 28.2% active 
copper ethanolamine complex algaecide (SePRO 2014) has 
specific allowable use instructions for a pulse (i.e., slug) 
copper application method to flowing canals. This allows for 
ease of application (decreased application time and equip-
ment needs) compared with continuous drip or injection 
applications as well as potential increased effectiveness. 
Limited data exist on copper exposures achieved in mov-
ing water following pulse applications. By modeling copper 
concentrations down canal systems, improved predictions 
of distance of target algal control can be made based on the 
exposure, and subsequently guide application sites along a 
canal system to achieve desired control. Additionally, mod-
eling the dissipation of maximum copper concentrations or 
peak concentration can inform water resource managers of 
predicted copper discharge levels at downstream sites in 
order to comply with regulatory standards (if applicable) to 
receiving waters (example: WADOE 2016).

 * Ben E. Willis 
 ben.willis@sepro.com

1 SePRO Research & Technology Campus, SePRO 
Corporation, 16013 Watson Seed Farm Road, Whitakers, 
NC 27891, USA

2 SePRO Corporation, 11550 N Meridian St, Carmel, 
IN 46032, USA

3 Department of Crop and Soil Sciences, North Carolina State 
University, 4401B Williams Hall, Raleigh, NC 27695-7620, 
USA

http://orcid.org/0000-0002-4900-5457
http://orcid.org/0000-0003-1774-0585
http://crossmark.crossref.org/dialog/?doi=10.1007/s13201-018-0842-3&domain=pdf


 Applied Water Science (2018) 8:194

1 3

194 Page 2 of 9

Enhancing efficiency of algal control in canal systems is 
critical to support functionality of the canal and degree of 
management effort required. Significant amounts of copper 
sulfate are applied to canal systems (USEPA 2009) and 
may have undesirable results such as shifting to copper 
sulfate less-susceptible algal types (Garcia-Villada et al. 
2004; Izaguirre 1992; Hanson and Stefan 1984). Chelated 
copper has been shown to decrease the amount of copper 
needed to achieve the critical burden (threshold copper 
amount for control of algae) compared with copper sulfate 
(Bishop and Rodgers 2012) and has less interaction with 
water chemistry that may ameliorate copper toxicity to 
target algae (Chakoumakos et al. 1979). Chelated copper 
is predicted to have an increased travel distance down a 
canal system and longer zone of effective algal control. 
Adsorption of copper to sediments and algae are critical 
factors that may decrease travel distance of copper. Addi-
tionally, decreases in maximum exposure concentrations 
have been documented as copper moves through a canal 
system (Clearwater et al. 2011). Dispersion processes in 
moving water tend to create extended copper exposures at 
lower peak concentrations. To account for these dynamic 
exposures encountered by algae at different downstream 
points, we used a factor exposure assessment where the 
copper concentration is multiplied by the exposure dura-
tion (Bishop et al. 2017). These exposure data coupled 
with efficacy testing according to the mass of algae pre-
sent (critical burden concept; Bishop and Rodgers 2012; 
Bishop et al. 2015) can provide a framework to predict 
algaecidal efficacy in a range of canal systems based on 
site-specific parameters (e.g., algal biomass, type of algae, 
flow). This research will increase efficiency of copper use 
through a better understanding of exposure characteris-
tics (e.g., formulation, duration, concentration) toward 
minimizing environmental load of copper while achiev-
ing management objectives.

Data on the exposure (concentration and duration) and 
efficacy of copper in a chelated complex applied as a slug 
or pulse to a canal will provide valuable information to 
design effective and efficient algal management programs. 
The overall goal of this research is to evaluate copper dis-
sipation and exposure factor in a flowing canal in order to 
achieve desired algal control (degree and distance) through 
ease of application while complying with potential discharge 
regulations. Specific objectives were to: (1) measure Cu con-
centrations downstream of a canal system following pulse 
addition of a 28.2% mixed ethanolamine chelated copper 
algaecide; (2) model the dissipation of peak Cu concentra-
tions in a canal based on distance from application site; (3) 
model the dissipation of total Cu mass following algaecide 
addition; and (4) measure the exposure factor achieved at 
a series of distances down a canal system and relation to 
algaecidal effectiveness.

Methods

Site characteristics and copper sampling

This research used a canal operated by the Kennewick Irri-
gation District and specifically used a 19.31 km section 
of a canal starting at 46° 06′ 23.95″ N 119° 00′09.58″ W. 
Ten minutes before treatment, rhodamine dye was applied 
in the same location as 28.2% active copper ethanolamine 
complex algaecide was applied. The dye’s purpose was 
to act as a visual indicator of algaecide location in the 
canal to assist in initiating copper monitoring. Rhodamine 
was selected as the dye because of its tendency to remain 
in the water column and flow at a velocity equal to or 
greater than the copper algaecide down the canal. The flow 
velocity and cross-sectional area were measured immedi-
ately before application. The algaecide used and labeled 
for slug application was  Captain® XTR (SePRO 2014). 
Captain XTR was applied at 3.34 L/m3 (1 quart/cfs) or 
a total of 33.1 L (3615 g Cu). The algaecide was poured 
into the center of the canal, at a weir to promote mixing, 
over a 15-minute timeframe. Free copper was measured in 
the field using Hach Method 8506 (comparable to Stand-
ard Method 3500-Cu C; SMEWW 2005). Samples were 
collected from seven stations approximately every three 
minutes with the goal to capture the pulse of copper trave-
ling through the canal from background to peak and back 
to background at each sampling point. Sampling at each 
point was initiated at the time dye was observed. Sampling 
points were located at 0.80, 3.22, 6.44, 9.66, 12.87, 16.09, 
and 19.31 km (0.5, 2, 4, 6, 8, 10, and 12 miles) from the 
application site. Algal density was measured immediately 
before treatment by dragging a fine mesh net along the bot-
tom of the canal six times at each sampling point and con-
verted to mass per area using the net swath width (0.41 m) 
and the diameter of the canal (4.57 m). Free floating fresh 
weight filamentous algal density was measured by sus-
pending a fine mesh net for one minute in the middle of the 
canal at each sampling location and lightly compressing to 
remove excess water.

Peak and mass dissipation modeling

The highest measured copper concentration at each sam-
pling point was defined as the peak for modeling copper 
dissipation in the canal. The peak copper concentration 
was modeled by nonlinear regression using exponential 
decay single three-parameter (y = y0 + a*exp(− b*x)) equa-
tion discerned with SigmaPlot version 12.5 (Systat Soft-
ware, San Jose, CA). The copper mass that passed by each 
sampling site was calculated using left- and right-hand 
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limits with measured copper concentrations starting and 
ending on the sampling event that was immediately before 
and after detection above background, respectively. The 
background copper concentration was defined as the con-
centration before there was a detectable increase attributed 
to the algaecide application. The initial applied mass of 
copper, 3615 g or 7.97 lbs, along with the calculated mass 
of copper that passed by each sampling point downstream 
the canal was modeled by nonlinear regression as outlined 
above.

Algaecidal efficacy evaluations

Constant inflow of algae from the Columbia River that 
feeds the canal as well as sporadic Zannichellia palustris 
(horned pondweed) present in sections of the canal inter-
fered with in situ efficacy evaluation of the slug treatment 
based on chlorophyll a measurements and general biomass 
observations. To understand slug treatment efficacy in the 
canal, controlled scaled laboratory experiments were used 
to assess algaecidal effectiveness throughout a canal system. 
Oedogonium sp. was used in testing as it commonly grows 
attached in flowing waters. The exposure achieved at differ-
ent locations in the canal was scaled for bench testing in the 
laboratory. The specific exposures were based on the calcu-
lated mass of copper passing by each canal sampling point 
as relative to the average mass of algae in the canal system. 
The volume of water relative to algal biomass measured in 
the canal was comparably scaled in the laboratory as well. 
A weighted average copper concentration above background 
relative to time was divided by the total volume of water 
that passed by the site during the time copper concentra-
tion was above background to derive the copper mass. The 
copper mass-to-algae ratio was calculated for each section 
of the canal for the bench experiment (Table 1). The aver-
age algal biomass per unit area for the entire length of canal 
divided by the canal volume was used to define the ratio of 
algae to water, 0.012 g algae/L. To account for exposure 
time, the duration that the copper concentration was above 

background was used to mimic the contact time at each 
sampling point. The algal mass was moved to clean water 
of similar background chemistry to represent the return to 
background levels in a flowing scenario. After 4 days, chlo-
rophyll a was measured and analyzed by ANOVA with a 
Dunnett’s post hoc test (α = 0.05). Chlorophyll a analysis 
was modified from standard methods by freezing the sample 
(− 12 °C) for a minimum of 24 h, subsequently amending 
the sample with 5 mL buffered acetone and sonicated to lyse 
cells (modified from SMEWW 2005).

Results and discussion

Copper dissipation

On the day of treatment, the canal had a flow of 1 m3/s (35 
cfs) and a velocity of 1.65 kph (1 mph). The highest peak 
copper concentration (3.17 ppm) was measured 0.80 km 
from the application point, although decreased at each sam-
pling interval and was 0.2 ppm at the 9.66 km sampling 
point. Peak concentrations remained below 0.2 ppm for the 
rest of the analyses and were 0.12 ppm at (19.31 km) from 
the application site (Figs. 1, 2). The peak copper concen-
tration was subject to exponential decay of mg Cu/L = 0.
021 + 3.83e(−0.239(km))  (R2 = 0.9922, n = 8). In other work, 
Clearwater et  al. (2011) found use of Gemex™, a che-
lated copper algaecide, applied to Princhester Creek in 
New Zealand, for Didymosphenia geminata control also 
had an exponential peak copper concentration decay of mg 
Cu/L = 20.861e(−0.851(km)) at 3.5 km past the application site 
(R2 = 0.975, n = 5). With increased regulatory scrutiny in 
many states (WADOE 2016), there is a desire to be more 
efficient with copper use and decrease overall environ-
mental load. Copper may have regulated concentrations at 
points of compliance, where treated water from constructed 
canal systems enters natural surface water (WADOE 2016). 
Complying with regulatory standards is important to protect 
aquatic life, or elicit negligible risks to receiving waters. 

Table 1  Description of copper dissipation and exposure factors throughout the canal system

Sampling point 
from application
(km)

Total mass of 
copper meas-
ured
(g)

Percent 
of applied 
copper

Max peak conc.
(mg/L)

Weighted average 
Cu conc. (mg 
Cu/L)

Exposure duration 
above background 
(hr)

Ex factor
(mg Cu/L * hr)

Mass cu/avg 
algal mass
(mg/g)

0.80 3091.0 85.6 3.17 0.96 0.90 0.866 80.22
3.22 2438.5 67.5 1.81 0.73 0.93 0.675 61.03
6.44 1727.6 47.8 0.97 0.305 1.58 0.484 25.49
9.66 226.54 6.27 0.2 0.065 0.98 0.0635 5.38
12.87 155.79 4.31 0.17 0.046 0.95 0.0437 3.83
16.09 210.49 5.83 0.15 0.044 1.32 0.059 3.73
19.31 291.65 8.08 0.12 0.051 1.62 0.0818 4.21
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This research can assist water resource managers in predic-
tion of maximum copper concentration downstream of an 
algaecide application at points of compliance.

The exposure time, or duration the slug treatment passed 
by each sampling point, increased from 0.9 h at the 0.80 km 
sampling point to 1.58 h at the 6.44 km sampling point 
(Table 1). Downstream of the 6.44 km sampling point the 
exposure duration varied, which was likely attributed to 
sorption and dispersion of applied copper, as well as the 
differing background concentrations throughout the canal 
(< 0.04–0.07 mg Cu/L). The initial increase in exposure 
time is likely attributed to differing flow rates vertically and 
horizontally within the canal spreading the applied mass of 
copper. The flow rate would differ with highest resistance 
where water is closest to the canal bed and at the air–water 
interface, and be fastest in the middle of the water column 
(Subramanya 2009). Potential desorption of Captain XTR 
is another factor that could increase exposure time. Bishop 
et al. (2018) found that Lyngbya wollei treated at 0.5, 1, 

2, and 4 mg Cu/L as Captain XTR for 6 h released 22.1, 
21.9, 22.3, and 20.0% of sorbed copper, respectively, after 
transfer to untreated water for 4 days. Algal cells surfaces 
have a variety of sites which copper can loosely bind (Camp-
bell 1995; Hassler et al. 2004; Kaduková and Virčíková 
2005), which can be potentially released back into the water 
column.

The mass of copper down the canal decreased in a similar 
pattern as the peak copper concentration with an exponen-
tial decay equation of g Cu = − 225.3 + 3865.4e(−0.142(km)), 
(R2 = 0.9558, n = 8; Fig. 3). At 0.80 km from application, 
3,091 g Cu was calculated to pass or 85.6% of the applied 
copper amount, whereas only 226.5 g of copper or 6.27% of 
applied copper was measured at 9.66 km (Table 1). Sorp-
tion is hypothesized as the primary factor removing applied 
copper out of the water column, with dispersion of copper 
below the analytical detection limit, 0.04 mg Cu/L (USEPA 
1996), likely accounting for a portion of unmeasurable 
copper mass. Copper complexation with carbonates and 

Fig. 1  Measured copper con-
centrations through time at each 
sampling station down the canal
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sulfides, as well as particulate matter, likely accounted for a 
marginal removal of copper mass since copper was chelated, 
the alkalinity was less than 40 mg  CaCO3/L, and the canal 

water was well oxygenated with low turbidity (< 10 NTU). 
Algal biomass (primarily Pithophora spp.) measured grow-
ing attached to the canal was 0.08 (0.06), 0.02 (0.01), 0.11 

Fig. 2  Dissipation curve of peak 
copper concentration at each 
sampling point down the canal

Fig. 3  Dissipation curve of cop-
per mass at each sampling point 
down the canal
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(0.10), 0.03 (0.02), 0.03 (0.02), 0.04 (0.04), and 0.68 (0.54) 
g/m2 (standard deviation; n = 6) at the 0.80, 3.22, 6.44, 9.66, 
12.87, 16.09, and 19.31 km sampling points, respectively. 
Additionally, the mean Pithophora spp. biomass freely float-
ing down the canal was 4.94 g/m3 (n = 7). Algal biomass 
is a significant factor influencing the short-term binding of 
copper (Crist et al. 1990; Levy et al. 2007). Site-specific 
algal biomass in canals may alter the dissipation curve and 
biomass are predicted to be inversely proportional to the 
distance copper travels.

In this research, we treated before algal biomass was 
causing problems to proactively offset issues. This is rec-
ommended in order to use less copper and achieve greatest 
distance of control rather than allowing biomass to attain 
nuisance levels. By treating proactively, canal capacity can 
be reserved for water rather than algae and prevent excessive 
accumulation of algae on screens reducing or preventing 
water flow for irrigation. Copper sulfate is often applied as a 
salt similar as a slug and dissolves through time. Copper sul-
fate is a salt that does not have chelation to aid with uptake 
and depends on active transport for copper internalization 
to toxic sites of action (Sunda 1989; Knauer et al. 1997). 
Other chelated coppers lack labeled use for slug treatments 
and treatment is based on a drip rate usually over 1–3 h 
depending on formulation (Applied Biochemists 2017a; 
Alligare 2017a). This often results in greater time spent 
by the applicator treating a canal and greater opportunity 
for error. Additionally, with drip treatments compared with 
slug, the amount of copper algaecide required to achieve 

similar control is greatly increased (Table 2). Copper sulfate 
is labeled for slug application (Old Bridge Chemicals, Inc 
2017), but it is likely more copper must be applied to deliver 
comparable efficacy as observed with chelated copper.

Efficacy

Bishop and Rodgers (2012) found copper formulations elic-
ited significantly different responses independent of total 
sorbed copper amounts. Copper sulfate has a sorption and 
depuration profile that is expected to rapidly move to the 
algae but not effectively internalize for algaecidal effects 
(Bishop 2016). The sorption kinetics observed by Bishop 
et al. (2017) in short exposures indicate Captain XTR to 
have increased ability to penetrate into nuisance algae and 
achieve internal control thresholds, and are not solely driven 
by active transport from externally sorbed copper. Interactiv-
ity of copper from copper sulfate with water chemistry (e.g., 
alkalinity; Meyer 1999) and algal cells (Crist et al. 1990) is 
predicted to rapidly remove copper mass. This would limit 
the travel distance down a canal, and copper sulfate may not 
continue to enter the cell to attain internal control thresholds 
(Bishop et al. 2018). Murray-Gulde et al. (2002) found cop-
per half-lives to be lower with copper sulfate than chelated 
copper in some natural waters. Masuda and Boyd (1993) 
also found lower half-lives of copper sulfate than chelated 
copper under elevated pH conditions and presence of differ-
ent sediment types. Therefore, algaecidal efficacy and dis-
tance of control is predicted to decrease with copper sulfate 

Table 2  Comparison of the slug application in this study to alternative copper algaecide treatment programs based on label recommendations to 
treat the same four miles of Kennewick canal

Parameter Quarts required Grams (lbs) Cu
added

Application notes Reference

Captain XTR Slug 35 3583
(7.9)

Visible control over 6.44 km This study

Copper sulfate slug Not applicable 993–7938
(2.2–17.5)

Likely require more than 993 g Cu 
because chelated copper is more 
efficacious than non-chelated cop-
per sulfate

Old Bridge Chemicals Inc. (2017)

3 h 1 ppm Drip of  Argos® 105 10,705
(23.6)

Suggested doubling drip duration to 
increase distance of control

Alligare (2017a)

3 h 1 ppm Drip of  Cutrine®- Plus 105 10,705
(23.6)

Suggested doubling drip duration to 
increase distance of control

Applied Biochemists (2017a)

3 h 1 ppm Drip of  Cutrine®- Ultra 105 10,705
(23.6)

Suggested doubling drip duration to 
increase distance of control

Applied Biochemists (2017b)

Drip of  Clearigate® 132 18,552
(40.9)

Two drip application sites are recom-
mended by the label to treat 4 miles 
of the canal in this study

Applied Biochemists (2017c)

3 h 1 ppm Drip of
8% Copper

87 32,114
(70.8)

Subsequent applications are made 3 h 
downstream indicating two applica-
tion sites are needed to achieve 
control for 4 miles of the canal in 
this study

Alligare (2017b)
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compared with chelated copper, even at shorter distances. 
Understanding the activity of different copper formulations 
can be valuable and highly applicable in achieving desired 
management objectives while complying with regulatory 
standards.

In the canal, exposure factors drastically changed between 
the 6.44 and 9.66 km sampling points, 0.484 and 0.0635, 
respectively. The scaled laboratory experiment exposure fac-
tors for the 0.80, 3.22, and 6.44 km points were 0.866, 0.675, 
and 0.484, respectively (Table 1). The measured chlorophyll 
a concentrations for the exposure factors at the 0.80, 3.22, 
and 6.44 km points were significantly less than the untreated 
controls indicating an algaecidal effect. Oedogonium sp. 
treated in the laboratory with the exposure factors measured 
at the 9.66, 12.87, and 16.09 km sampling points did not 
have a significant reduction in chlorophyll a content com-
pared to untreated controls (n = 4; α = 0.05; Fig. 4). Visible 
observations of treated algae in the canal showed chlorotic 
symptoms at the 0.80, 3.22, and 6.44 km sampling points 
and were deemed as satisfactory control by the applicator, 
while algae at the 12.87, 16.09, and 19.31 km locations lack 
observable chlorosis. Based on the results from the field 
observations and the controlled laboratory study, the 0.484 
exposure factor elicited desired results. The exposure factor 
at the 0.80 km points was approximately double what was 
measured at the 6.44 km location.

Previous studies have found long, lower copper concentra-
tion to be more effective than short pulse exposures (Knauer 
et al. 1997; Campbell et al. 2002; Angel et al. 2015). Much 
of this work has been done with ionic copper exposures 
such as from copper sulfate. Copper bound from copper 

sulfate can readily desorb back into solution and thereby 
not become internalized to elicit a response (Angel et al. 
2015). Copper sulfate is subject to active transport mecha-
nisms (Sunda and Huntsman 1998) and thereby is predicted 
to take a longer duration to pass the algal cell surface and 
require longer exposure durations to increase performance. It 
is predicted the reversible binding nature of adsorbed copper 
would be accentuated by short exposure durations (< 3 h) in 
canal treatments as this provides less contact time with the 
algal surface and rapid decrease in external aqueous con-
centrations. Angel et al. (2015) found rapid desorption or 
release of copper sulfate back into solution following a pulse 
exposure and overall less copper internalization. However, 
data comparing formulations showed that chelated copper 
with surfactant continued to drive internalization even after 
copper exposure ceased (Bishop et al. 2018). This would 
support findings from the current study and also reports 
of less efficacy observed in field canal systems following 
copper sulfate use. Conversely, chelated copper can have 
an enhanced ability to pass through the algal cell wall and 
membrane due to the charge properties (Stauber and Flor-
ence 1987), and this internalized copper is less likely to be 
released into solution (Kuyucak and Volesky 1989; Yan and 
Pan 2002). Surfactants and adjuvants further can increase 
this interaction with the algal cell and assist in internal trans-
fer (Closson and Paul 2014; Ullah et al. 2015). Bishop et al. 
(2017) found pulsed exposures (1–4 h) of Captain XTR can 
be effective at controlling a nuisance mat-forming algae, 
although require a proportional increase in concentration at 
lower durations (i.e., exposure factor). Chelated copper pro-
vides more rapid copper internalization than copper sulfate 

Fig. 4  Algaecidal effective-
ness, in terms of chlorophyll 
a content, at exposure factors 
achieved at points downstream 
in a canal system. Error bars 
represent ± one standard devia-
tion from the mean. Different 
letters denote significant differ-
ences (α = 0.05)
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and should be highly considered in short duration exposures 
such as through canal systems (Bishop 2016). The measured 
efficacy of short pulse (less than 3 h) exposures of Captain 
XTR as found in this research would not be expected when 
compared to results from other another study with copper 
sulfate (Angel et al. 2015). This finding further confirms 
that formulations of copper algaecides substantially differ 
in behavior and effectiveness.

Comparison with drip injection

Copper applications to flowing water applied by drip or slug 
tend to spread out through time (lower peak concentration 
and longer duration). There is an exposure factor (concen-
tration times duration) that is sub-lethal to the algae. At low 
copper concentrations, less interaction with algae may occur 
due to diffusion limited transfer of copper to the cell (Stau-
ber and Davies 2000). This is predicted to be achieved faster 
in an injection application due to lower peak concentration 
that can be attained, thereby not achieving the same distance 
of control. With slug applications, peak copper was over 
3 ppm at 0.80 km, but less than 1 ppm by 6.44 km with 
the slug application. Higher peak concentrations will likely 
saturate binding sites to a greater extent and, depending on 
formulation, have increased likelihood of achieving inter-
nal threshold for control. Control was measured out through 
the 4-mile point with these peak copper concentrations near 
1 ppm. Prolonged, lower concentrations (as in injection) are 
more likely to establish equilibrium conditions with algal 
binding sites (Gonzalez-Davila et al. 1995; Quigg et al. 
2006). This would limit the driving force of copper into the 
cell especially in short exposures.

Conclusions

In this research, a novel use pattern (e.g., slug, pulse) for a 
copper-based algaecide in flowing water was evaluated. Dis-
sipation of copper mass and peak concentration after a pulse 
application followed an exponential decay curve. Algaecidal 
efficacy correlated with exposure factor achieved based on 
mass of copper added and mass of algae in canal. Slug appli-
cation of copper is predicted to maintain an exposure factor 
at a lethal concentration further down a canal than a drip 
application. This would operationally reduce the number of 
required application points for treatment thereby decreasing 
labor as well the amount of copper required to attain desired 
control. This research will assist canal managers in select-
ing enhanced application programs to achieve desired algal 
control through canal systems while understanding copper 
dissipation and ability to comply with applicable copper dis-
charge regulations.
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