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ABSTRACT: Stormwater catch basins are commonly treated with larvicides by mosquito control agencies to reduce local populations of mosquito species
capable of transmitting West Nile virus. Recent evidence suggests that extended-release larvicides formulated to last up to 180 days in catch basins may
not be effective in some basins due to chronic flushing, rapid dissolution, or burying of treatment in sump debris. To investigate if increasing the number
of applications could improve effectiveness, a small study was performed over 13 weeks in 2015 to evaluate two extended-release larvicides (Natular™
XRT 180-day tablets and Natular™ T30 30-day tablets) and a larvicide oil (CocoBear™). Over the course of 13 weeks, three groups of eight basins were
monitored for mosquitoes, each group receiving Natular™ XRT, Natular™ T30, or CocoBear™ larvicides. All basins received a single application at the
beginning of the study period. Once mosquitoes in a basin surpassed the treatment threshold during weekly monitoring, an additional application of the
associated larvicide was given to that basin. The number of applications during the study period ranged from 1 to 10 for CocoBear™ basins, 1 to 7 for T30
basins, and 2 to 8 for XRT basins. Overall, the average number of applications and the cost of larvicide per basin were 4.4 applications at $0.66 per Coco-
Bear™ basin, 4.4 applications at $6.26 per T30 basin, and 4 applications at $16.56 per XRT basin. Basins treated with XRT and T30 needed reapplications
more often than expected, yet were no more effective than CocoBear™, suggesting that increasing the frequency of application of these larvicide formula-

tions may not provide increased mosquito reduction in some basins.
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Introduction

Stormwater catch basins are common sources of permanent
or semipermanent standing water that are routinely tar-
geted for mosquito larvicide applications by local mosquito
control programs to reduce local mosquito populations and
incidence of mosquito-borne diseases.’® A common prac-
tice is to treat the stagnant water in all or most of the tens
of thousands or sometimes hundreds of thousands of basins
that can exist in an agency’s operational area with at least one
application of an extended-release larvicide formulated to last
up to 150-180 days. Since the mid-1990s, extended-release
larvicides (eg, Altosid® XR, FourStar®, and Natular™ XRT)
have been used by the North Shore Mosquito Abatement Dis-
trict (NSMAD), a publicly funded mosquito control agency
serving the northeast Chicago metropolitan area, to reduce
mosquitoes in ~50,000 catch basins each season. Extended-
release larvicide formulations are appealing logistically as a
single treatment could theoretically reduce mosquito larvae
and pupae for an entire season (ie, May through September).
However, there is growing evidence that these products do not
provide control for as long as expected.’’3 The cause of the

control failures is not well understood but is likely related to
the catch basins’ structure, hydrology, and characteristics of
the sediments and debris that they collect. Recently, analy-
ses from three years of small-scale larvicide effectiveness tri-
als conducted by NSMAD? and a year of district-wide catch
basin monitoring?! revealed that extended-release larvicide
applications fail to control mosquitoes in a significant portion
of basins. Because catch basins capture and retain runoff and
debris, extended-release larvicides applied to these structures
may be susceptible to being flushed out of basins, dissolving
more rapidly than designed, or becoming buried in debris cap-
tured in the sump. All of these phenomena can influence the
effectiveness of larvicides.

'The objective of this project was to determine if additional
applications of extended-release larvicides could improve the
effectiveness of these products in basins in which flushing, rapid
dissolution, or burying may occur. To do this, three mosquito
larvicides, Natular™ XRT 180-day tablet (Clarke Mosquito
Control Products, Inc.), Natular™ T30 30-day tablet (Clarke
Mosquito Control Products, Inc.), and CocoBear™ larvicide
oil (Clarke Mosquito Control Products, Inc.), were evaluated
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during the 2015 season in catch basins located in the same
small residential area used for previous larvicide trials.?°

Methods

All trials were conducted between June and September
2015 in catch basins located within a 0.7 km? residential
area near the center of the NSMAD operational area. As
the study area has been used in previous NSMAD catch
basin studies, there were several years of data on the present
study’s catch basins to inform the present trials. Prior analy-
ses found that extended-release larvicides failed to exhibit
any control of mosquitoes over three consecutive years for
12 individual catch basins in the study area. Therefore,
each of the three larvicides, XRT, T30, and CocoBear™,
was randomly assigned to eight basins that included four of
these failure basins and four in which larvicides appeared to
be effective. XRT is formulated with 6.25% spinosad, T30
is formulated with 8.33% spinosad, and CocoBear™ is for-
mulated with 10% mineral oil. CocoBear™ is not considered
as an extended-release larvicide but was included for control
purposes to compare the extended-release larvicides (one
and three applications expected, respectively, for XRT and
T30) with a larvicide in which weekly reapplications would
be expected. The use of untreated basins as a more strin-
gent control was not incorporated in this study over concerns
of that these untreated basins could pose a risk to residents
within and near the study area.

Beginning the first week of June and ending the first
week of September, each of the 24 study basins was monitored
for the presence of mosquito larvae and pupae by removing the
circular grate of each structure with a manhole hook and taking
two dip samples using a standard 350-mL dipper. Mosquitoes
collected in a dip sample were counted, with the number of
pupae and fourth instar larvae noted. All 24 basins received
their respective larvicide treatments in the second week of
monitoring. Each subsequent week, a basin was found to have
reached or surpassed an average of 12 mosquito larvae and/or
pupae per dip, and that basin received an additional treatment
of its respective larvicide. The 12-mosquito threshold was
tound by dip samples taken from untreated basins in the study
area from 2011 to 2014 that showed that the average number
of mosquitoes from a total of 1,752 dip samples in untreated
basins was 13.7 (95% confidence interval [CI] = 12.5-14.9).
The total number (sum of two dips) of mosquitoes in basins
across weeks was compared among the treatments using a
repeated measures analysis of variance. The number and the
total cost of larvicide applications were also recorded each
week. In 2015 a single XRT tablet cost NSMAD $4.14,
$1.43 for a T30 tablet, and estimated $0.15 per single basin
tor CocoBear™. Precipitation data were downloaded from a
nearby weather station of the National Oceanic and Atmo-
spheric Administration’s National Weather Service Forecast
Office located at the Chicago O’Hare Airport (http://www.

nws.noaa.gov/climate/index.php?wfo=lot).

Results

All basins except two (one treated with CocoBear™ [CBa]
and one with T30 [T30h]) surpassed the threshold for retreat-
ment at least once (Table 1). The number of applications to
a single basin during the study period ranged from 1 to 10
for CocoBear™ basins, 1 to 7 for T30 basins, and 2 to 8
for XRT basins (Table 1). Generally, there did not appear
to be a large difference among the effectiveness of larvicide
treatments each week (Table 2). The mean total mosquitoes
(sum of two dips) and 95% CI were 17.13 (11.58-22.67) for
CocoBear™ basins, 21.38 (15.05-27.70) for T30 basins, and
21.70 (14.97-28.43) for XRT basins over 12 weeks with active
treatment. There was no statistical significance found between
treatments: / (2, 21) = 0.32, P=0.73. 'The percentages of the
fourth instars and pupae observed from the total mosquitoes
found among the treatments each week ranged from 6.9% to
87.9% for CocoBear™, 9.0% to 78.2% for T30, and 9.2% to
75.3% for XRT. The total number of applications to the eight
basins was 35 for CocoBear™ and T30 basins and 32 for XRT
basins. Overall, the average number of applications and the
cost of larvicide per basin were 4.4 applications at $0.66 per
CocoBear™ basin, 4.4 applications at $6.26 per T30 basin,
and 4 applications at $16.56 per XRT basin.

Discussion

Over the monitoring period, basins appeared to hold similar
numbers of mosquitoes across the three larvicide treatments,
suggesting, at least in the study basins, approximately equal
effectiveness for the amount and type of larvicides used. Cer-
tainly, it appears that the use of the extended-release tablets
(both XRT and T30) may not be the most cost-effective way
to reduce mosquitoes in the study basins. Most extended-
release basins needed more than the expected applications
throughout the monitoring period, yet their effectiveness was
no better than that of the oil. The use of the active ingre-
dient (spinosad) of two extended-release pesticides for mos-
quito control, including the effect on nontarget species, has
been described at length elsewhere.2#0 Although larvicide
oils are not formulated to be eftective for longer durations, it
did appear to be more cost effective than tablets in the study
basins. The cost of labor for larvicide applications appears to
be about the same for the three products as the total appli-
cations were similar. However, the cost of product is signifi-
cantly lower for CocoBear™ per application, making it the
most economical treatment.

Larvicide oils are designed to leave a thin film on the
surface of treated water potentially killing larvae and pupae
via contact or suffocation. However, because this film tends
to break down quickly when the water surface is disturbed
(eg, from an influx of rain and runoff), this type of larvi-
cide is considered to be effective for a much shorter dura-
tion than the extended-release larvicides. Alternatively, the
XRT and T30 tablets are formulated to slowly release their
active ingredients over time, killing mosquito larvae and
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ﬁ Increasing applications of Natular™ XRT and Natular™ T30 larvicide tablets

Table 1. A comparison of the number of larvicide applications made to eight CocoBear™ oil-treated, eight Natular™ T30-treated, and eight
Natular™ XRT-treated catch basins from June to September 2015. T indicates that the threshold for treatment (=12 mosquitoes per dip) was
surpassed and an application of the associated larvicide to the basin was made.

WEEK NUMBER

BASIN 23 24 25 26 27 28 30 31 32 33 34 35 TOTAL
CocoBear Oil

CBa T 1
CBb T T T T T 6
CBc T T 2
CBd T T T 3
CBe T T T T T T T T T 10
CBf T T 2
CBg T T T T T 5
CBh T T T T T 6
T30 30-day Tablets*

T30a T T T T T T T 7
T30b T T T 3
T30c T T T 3
T30d T T T T T 5
T30e T T T T 4
T30f T T T T T T 6
T30g T T T T T T 6
T30h T 1
XRT 180-day Tablets

XRTa T T 2
XRTb T T 3
XRTc T T T T 5
XRTd T T T 4
XRTe T T T T T 5
XRTf T T T T T T T T 8
XRTg T T 2
XRTh T T T 3

Note: ®The duration of T30 tablets is formulated to last four weeks, and three treatments would be expected for 13 weeks on weeks 23, 28, and 33.

pupae through contact or ingestion. Since the NSMAD was
established in 1927 and until the mid-1990s, the larvicide
oils were predominantly applied to the district’s catch basins.
Oils are somewhat easier to apply than the extended-release
larvicides because often the applicator does not need to leave
his or her vehicle to treat basins using a long nozzle to spray
the larvicide into basins. As such, all NSMAD basins could
usually receive three to four oil treatments in a season. How-
ever, our results suggest that three to four applications of oil,
as well as T30 and XRT, may not be enough for some basins.
Currently, it takes approximately two months or more for

NSMAD technicians to treat all basins with extended-release
larvicides, and often most basins do not receive an additional
treatment before the seasonal technicians become unavail-
able. Looking for longer lasting alternatives to extended-
release tablets and more clearly identifying areas with a
significant number of basins in which larvicides fail will be
important next steps.
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Table 2. A comparison of average mosquitoes per two dips £ SE taken weekly from eight CocoBear™ oil-treated, eight Natular™ T30-treated,
and eight Natular™ XRT-treated catch basins from June to September 2015 and weekly rainfall. All basins received a single application of their
associated larvicide at week 23.

WEEK COCOBEAR™ T30 () RAINFALL (cm)
24 0.0+0.0 0.06 £0.06 0.0+£0.0 8.33
25 4.88 +1.95 5.56 + 1.81 4.5+1.99 3.18
26 7.25+4.17 20.31+£5.54 12.06 +3.93 2.01
27 3.06 +1.64 7.87 £2.63 9.94 +3.78 218
28 5.37+£2.27 7.31+1.46 1119+ 3.18 5.05
29 6.13+2.25 1.12+£0.45 11.5+3.45 0.00
30 17.88 +4.96 18.88 £4.59 12.69+3.03 1.35
31 4.44 +1.61 2.69+0.96 119+ 0.67 0.00
32 11.44 +3.93 18.63 £3.89 21.06 £7.47 0.94
33 3.63+2.03 1.13+£0.64 1.31+0.52 1.32
34 24.5+6.07 27.81+6.98 31.0x£5.1 1.88
35 1419 £ 3.67 16.88 £ 4.6 13.75+£5.88 0.00

Author Contributions
Conceived, designed, and performed the experiments: JEH,
MH. Analyzed the data: JEH, MH. Wrote the first draft of

the

article: JEH, DZ, CX, PCC, MH. All authors reviewed

and approved the final article.

REFERENCES

1.

10.

11.

12.

13.

14.

Lauret TH. Problems in the treatment of residential catch basins. Calif Mosq
Control Assoc. 1953;22:73—4.

. Munstermann LE, Craig GB Jr. Culex mosquito populations in the catch basins

of northern St. Joseph County, Indiana. Proc Indiana Acad Sci. 1977;86:246-52.

. Knepper RG, Leclair AD, Strickler JD, et al. Evaluation of methoprene (Altosid

XR) sustained-release briquets for control of Culex mosquitoes in urban catch
basins. J Am Mosq Control Assoc. 1992;8:228-30.

. McCarry MJ. Efficacy and persistence of Altosid pellets against Culex species in

catch basins in Michigan. J Am Mosq Control Assoc. 1996;12:144-6.

. Raval-Nelson P, Soin K, Tolerud S. Analysis of Bacillus sphaericus in controlling

mosquito populations in urban catch basins. J Environ Health. 2005;67:28-31.

. ReyJR, O'Meara GF, O’Connell SM, et al. Factors affecting mosquito produc-

tion from stormwater drains and catch basins in two Florida cities. J Vector Ecol.

2006;31(2):334-43.

. Kobayashi M, Kasai S, Sawabe K, et al. Distribution and ecology of potential vec-

tor mosquitoes of West Nile Fever in Japan. Global Environ Res. 2008;12:27-33.

. Tedesco C, Ruiz M, McLafferty S. Mosquito politics: local vector control

policies and the spread of West Nile Virus in the Chicago region. Health Place.
2010;16:1188-95.

. Anderson JF, Ferrandino FJ, Dingman DW, et al. Control of mosquitoes in

catch basins in Connecticut with Bacillus thuringiensis israelensis, and spinosad.
J Am Mosq Control Assoc. 2011;27:45-55.

Poletti P, Messeri G, Ajelli M, et al. Transmission potential of Chikungunya
virus and control measures: the case of Italy. PLoS One. 2011;6:¢18860.

Guidi V, Liithy P, Tonolla M. Comparison between diflubenzuron and a Bacil-
lus thuringiensis israelensis- and Lysinibacillus sphaericus-based formulation for
the control of mosquito larvae in urban catch basins in Switzerland. J 4m Mosq
Control Assoc. 2013;29:138—45.

Jackson MJ, Gow JL, Evelyn M]J, et al. Modelling factors that affect the pres-
ence of larval mosquitoes (Diptera: Culicidae) in stormwater drainage systems to
improve the efficacy of control programmes. Can Entomol. 2013;145:674-85.
Manrique-Saide P, Arisqueta-Chablé C, Geded-Moreno E, et al. An assessment
of the importance of subsurface catch basins for dedes aegypti adult production
during the dry season in a neighborhood of Merida, Mexico. J Am Mosq Control
Assoc. 2013;29:164-7.

Montarsi F, Martini S, Dal Pont M, et al. Distribution and habitat characterization of
the recently introduced invasive mosquito Aedes koreicus [Hulecoeteomyia koreical,
a new potential vector and pest in north-eastern Italy. Parasiz Vectors. 2013;6:292.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Arana-Guardia R, Baak-Baak CM, Lorofio-Pino MA, et al. Stormwater drains
and catch basins as sources for production of dedes aegypti and Culex quinguefas-
ciatus. Acta Trop. 2014;134:33-42.

Ocampo CB, Mina NJ, Carabali M, et al. Reduction in dengue cases observed
during mass control of Aedes (Stegomyia) in street catch basins in an endemic
urban area in Colombia. Acta Trop. 2014;132C:15-22.

Stockwell PJ, Wessell N, Reed DR, et al. A field evaluation of four lar-
val mosquito control methods in urban catch basins. J 4m Mosq Control Assoc.
2006;22:666—71.

Harbison JE, Henry M, Xamplas C, et al. A comparison of FourStar™ briquets
and Natular™ XRT tablets in a North Shore suburb of Chicago, IL. J Am Mosq
Control Assoc. 2014;30:68-70.

Harbison JE, Henry M, Xamplas C, et al. Evaluation of Culex pipiens popula-
tions in a residential area with a high density of catch basins in a suburb of Chi-
cago, Illinois. J Am Mosq Control Assoc. 2014;30:228-30.

Harbison JE, Sinacore JM, Henry M, et al. Identification of larvicide-resistant
catch basins from 3 years of larvicide trials in a suburb of Chicago, IL. Environ
Health Insights. 2015;8(52):1-7.

Harbison JE, Layden JE, Xamplas C, et al. Observed loss and ineffectiveness of
mosquito larvicides applied to catch basins in the northern suburbs of Chicago
1L, 2014. Environ Health Insights. 2015;9:1-5.

Harbison JE, Zazra D, Henry M, et al. Assessment of reactive catch basin lar-
vicide treatments toward improved water quality using FourStar® briquets and
CocoBear™ larvicide oil. J Am Mosq Control Assoc. 2015;31:283-5.

Pawelek KA, Nichaus P, Salmeron C, et al. Modeling dynamics of Culex pipi-
ens complex populations and assessing abatement strategies for West Nile Virus.
PLoS One. 2014;9:¢108452.

Su T, Cheng ML. Cross resistances in spinosad-resistant Culex quinquefasciatus
(Diptera: Culicidae). ] Med Entomol. 2014;51:428-35.

Su T, Cheng ML. Laboratory selection of resistance to spinosad in Culex quin-
quefasciatus (Diptera: Culicidae). | Med Entomol. 2014;51:421-7.

Marina CF, Bond JG, Mufioz], et al. Efficacy and non-target impact of spinosad,
Bti and temephos larvicides for control of Anopheles spp. in an endemic malaria
region of southern Mexico. Parasit Vectors. 2014;7:55.

Jones OM, Ottea J. The effects of spinosad on Culex quinguefasciatus and three
nontarget insect species. J A4m Mosq Control Assoc. 2013;29:346-51.

Lawler SP, Dritz DA. Efficacy of spinosad in control of larval Culex tarsa-
Jis and chironomid midges, and its nontarget effects. J Am Mosq Control Assoc.
2013;29:352-7.

Su T, Cheng ML. Resistance development in Culex quinquefasciatus to spinosad:
a preliminary report. J Am Mosq Control Assoc. 2012;28:263-7.

Marina CF, Bond JG, Muifioz J, et al. Spinosad: a biorational mosquito larvicide
for use in car tires in southern Mexico. Parasit Vectors. 2012;5:95.

34 l ENVIRONMENTAL HEALTH INSIGHTS 2016:10

Downloaded From: https://complete.bioone.org/journals/Environmental-Health-Insights on 23 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use


http://www.la-press.com
http://www.la-press.com/journal-environmental-health-insights-j110

