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ABSTRACT

Thevmoplastic resins, paraffin and montan waxes, liquid
silicone, cdible gelatins, agar-agar, sodium silicate, and
polyvinyl alcohol were generally unsatisfactory as coatings
for the corncob grit-soybean oil bait that is used as a
carrier for mirex in coutrol of Solenopsis invicte Buren

Bartlett and,Lolgren (1961), Lofgren et al. (1961,
1963) and Stringer et al. (1964), after extensive
studies, found that a bait formulated by dissolving
the toxicant mirex in soybean oil and impregnuting
the solution on corncob grits was effective in elim-
inating {rom treated areas 98-100% of the established
colonies of the fire ant Solenopsis saevissima vichteri
Forel (now 2 species, S. invicta Buren and 8. richiteri
Forel) . The bait was formulated casily from relative-
ly cheap and readily obtainable materials and could
be applied easily with conventional granular applica-
tion equipment. Effectiveness of the bait was directly
proporliolml 10 the content of oil and toxicant. How-
ever, the formulation did have some undesirable
qualities. The corncob grit carrier could absorh only
15% sovhean oil without hecoming too oily to flow
well. Also, the bait rapidly became rancid and un-
acceptable to lhcim(s when it was exposed in the
field to rainfall and sunlight (Bartlett unpublished
report, 1962) . Another undesirable quality of this
formulation was that it lost oil and toxicant when
exposed to dry soil or hot pavement. The low initial
oil content compounded the loss ol oil and toxicant
and sometimes reduced effectiveness of the bait, par-
ticularly in areas where ant populations were high.
As a result, the effective field lile of the Dbait was
limited to 24-48 hr,

The literature (;muins numerous references to the
modification of prepuratioih or formulations of phar-
maceuticals, fertilizers, and |mstici(lc,~. to prolong therr
activity. Stokes et al. (1970) reviewed briefly several
of these papers. Most of the reports deal with form-
ulations in which the chemical is bound up in wax,
resin, plastic, or similar material and released slowly
over an extended period. Such a slow-release med-
anism is unsatisfactory for the imported fire ant, be-
cause the feeding pattern of fre auts and their ve-
sponse 1o toxic baits require that essentially all the
food material and toxicant be available at the time
thie ants first begin to feed on the bait.

The Ist elforts to discover a coating for the corn-
cob grit-soybeun oilanirex buit were made by Lofgren
et al. (1963). They were able 10 increase the oil
content of the bait substantially (without affecting
flowability) by coating the formulation with a hot
[
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and S, richteri Forel, Coatings of acrvlic, polvvinvlidenc
chloride, or styncnc»hu[zldienc latexes increased oil con-
tent and prolouged the field life of the bait. No coating
tested was highly eftective in retarding the loss of oil
from bait falling on bot concrete and hot soil.

gelatin solution. This formulation gave slightly bet-
ter control (100%) than the original formulation
(97%) in a single ficld test.

The technique developed by the National Cash
Register Co. for microencapsulation ol pathogens
and insecticides (Raun and Jackson 1966) was used
to develop a soybean oil-mirex bait for the fire ant
that consisted of B8¢e soybean oil, 1.76% mirex, and
10.24% capsular wall material.  Markin and Hill
(1971) showed in ficld tests that 100 g/acre of the
microencapsulated hait was equal in effectiveness to
114 Ib/acre ol the corncob gritsoybean oil bait con-
taining 0.8% mirex. The encapsulated bait resisted
the detrimental effects of weathering, and it therefore
remained attractive to ants and killed them after 30
days or more ol exposure outdoors  (Anonvinous
1960y . However, it is considerably more expensive
1o formulate than the corncob gric bait and cannot
Le applied with conventional granular equipment.

Roberts (1968)  discussed in detail the propertics
and uses of coating materials and provided vuidelines
for sclecting the appropriate material for a particular
application. His report dealt primarily with coutings
for buildings, bridges, and madinery, ve it provided
valuable information tor our study.

Since the cost of producing the bait is a critical
factor in a large-scale conwrol or eradication program.
we made studies at the Insects Affecting Man Labor-
atory at Gainesville, Fla., in 1969-1971 to find ma-
terials that were refatively cheap and could be ap-
plied to the formulated bait with only minor modi-
ficutions to existing equipment and procedures.

NATERIALS AND Mpetnovs.—Materials were selected
from numerous commerdially available conting preps
arations.  Preliminary evaluitions showed that coat-
ings in organic solvents washed most of the oil from
te corncob urits and were usually unaceeptable o
the ants. Fhe intensive heating necessary to cure
some thermoplastic coatings made the bait unaceep-
table to the ants. For these yeasons, we tested na-
teriads that were water miscible or heat liquescent
and would dry readily when little or no heat was
provided.

The 19 test materials (and the source of supply?
were:

Acryloid® A-10, a thermoplastic acrylic resin, pro-

duced by Rohm & Haas.

agar-agar, grauular, marketed by Arthur H. Thom-

as Co.

6 CP¥ gelain, an cdible animal gelitin produced

by Burtonite Co.. Inc

Daran® 211, « ]mly\'inylidcne hloride latex with
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60-62% solids, 0.13 w particle size, and 1.317-
1.330 sp gr, W. R. Grace X Co.

Daran® 220, a polyvinvlidene chloride latex
60-629 solids, 0.18-0.)8 u particle size,
1.326-1.840 sp gr, W. R. Grace & Co.

Daran® X-225 a polyvinylidene chloride Jatex with
60-620%  solids, 0.16-0.19 p particle  size and
1.326~1.8340 sp gr, W. R, Grace X Co.

Dow Corning 200 Fluid, a dimethvlpolvsiloxane
liquid silicone, with a viscosity of 60,000 €S at
25°C, produced by Dow Coruning Corp.

Durmont E®, a montan type wax produced by
Pura Commodities Corp.

Dylex® K43, a carboxyluted styrene-butadiene ta-
tex with 56:44 ratio of styrene to butadiene and
5114 solids, Sinclaiv-Koppers Co.

Dylex® K-45, a carboxylated styrene-butadiene la-
tex with '62:38 ratio of styrene to hutadiene and
511% solids, Sinclair-Koppers Co.

GAF 254, a styrene-butadiene latex with 50.8%
solids produced by GAF Corp.

Kuox® gelatin, an unflavored edible gelatin pro-
duced by Knox Gelatin, Inc.

Morton Polymer emulsion AA-21, an acrylic la-
tex with 38=21% solids, 0.4 p particle size, Mor-
ton Chemical Co.

Morton Polymer emulsion AMC-209, an acrvlic latex
with 55:21% solids, 0.2-0.3 x particle size, Mor-
ton Chenmical Co.

p;lr:llhn wax, solid wax with 56°C mp, marketed by
Fisher Scientific Products.

Piccodiene® 2215, a polvdicydopentadiene resin,
Pennsvlvania Industrial Chemical Corp.

Piccolyte® §11§-L, a wrpene polymer resin, Penn-
sylvania Industrial Chemical Corp,

polyvinyl alcohol, 99% hydrolysed with viscosity of
45 solution at 20°C of 28-32 ¢ps markcted by
Matheson, Colentan and Bell

sodium silicare, an aqueous solution with 138 sp
proat 40° Baume muoketed by ABC Comnpound-
ing.

with
and

Since increased otl content was one of the desived
improvements, the bait formulated for use with cach
candidate coatin® contained 209 oil. The formula-
tion was prepared by heating once refined soybean
oil (200 g) coutaining 0.25% oil-soluble Caleo® red
or blue dye to 140-150°C and pouring it over 12- to
$0.mesht corncob grits (800 g) as they were stined
with a kitchen food mixer (no toxicant wis used) .
When the bait had cooled to room temperatue, 1 kg
was placed in a tumbler-mixer made by artaching
baflles to the inside of an 11.36-liter unility cant (with
a removable lid) that turned on « ball will at 10-15
rpm.

Preliminary tests, made to determine the optimum
volume of coating solution and  concentration of
solids 10 provide an adequate coating, showed that
the amount of solids varied, but that a volume of
10 mi/100 g of bait was adequate. T'his volume of
each coating was sprayed as a hne mist {from a pres-
surized tank sprayer or hand atomizer through a
7.62-cm hole cug into the center of the mixer lid)
onto the bait as it tumbled in the mixer.

Each coated formulation was then air dried, 1
dried at low temperature, or exposed to the projer
catalytic curing agents.  Aflter curing, preliminary
evaluations were made as follows (in the order listed)
to compare the coated baits with the uncoated stan-
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dard bair, which contained 15% savbean oil and 85%
corncob grits (no toxicant was used) .
(1) Tese for flowability: an 1143.cm plastic fun-
nel with P27-cmdiam spout was used as @
flow meter. < the times required for 300 2
of the test I the standard formulations w
flow through the tunnel by gravity feed were
determined.
(2) Test for immediate oil displacement by water:
1 g of cach test formulation and the standard
formulation wias placed into a small beaker of
water and immediately examined under a mi-
croscope for displacement of e oil by water.
Displaced oit was easily detected as bubbles.
(8) Lest fur acceptance by laboratory colonies of
fire ants: cach candidate formulatdon and the
standard formulation were tested for accep-
tance by the procedure of Lofgren et ul.
(1961) for the evaluation of candidate foods.

Each formulation was rated in the preliminary tests
as follows:

Rating Criteria
[{] Formulation unsatisfactory for use
I Formulation irvterior to standard but usable
2 Formu'lation cqual to standuard
3 Formulation superior to standard

Formualations that were rated 0 in any 1 prelimi-
nary test were discarded immediately and not tested
further. Formulations that were rated T in any test
were given the remaining preliminary test but were
not considered for the secondary rests. ‘Thus, only
formulations that were rated 2 or 3 in all the pre
liminary tests were candidates for the secondary tests,
(Lase of preparation and handling alse were con-
sidered in the actual selection of muaterials for sec
ondary testing, and any that were unosually difficult
to use were eliminared.)

The secondary tests were:

(1) Acceptance of the fresh formulations by S
invicta: The dvefood technique of Bartlett
and Loforen (1961) was used for secondary
tests toand 2 widh slight modifications. "FThus,
50-1 lots of cach candidate formulation were
placed near each of 3 freld coloies. After 21
hr, samples ol ants were taken from  cach
colonv. One hundred ants from each samnle
were then crushed on absorbent paper to «de-
tevmine the percentese that contained  dye
(The number of o containing dye is gen-
erallv relied directly to the acceptability of
a bait 1o a colony; however, acceptance will
fluctiane rom colonv o colony  depending
upon hunger and availability of natural food)

(2) Acceptance of weather formulations by the im-
ported fire ant: 400-¢ lots of cach formulation
were exposed on eadh of 3 successive davs in
0.61mx 1.22mx 10 16-cm flars 1o natural weath-
ering, thus producing samples weathered tor
24, 48, and 72 hr. ‘The weathered smnples
were then tested for acceptance by field col-
onies at the swme time andé in the same manner
as the unweathered formulations,

(3) Oil loss alter suspensic: i water for extended
periods: This sccondary rest was an extension
of the “nd preliminary test. One hundred g
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Table l.—Acceptance of [resh and weathered samples
baits by field colonies of the imported fire ants
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of latex-coated and uncoated corncoly grit-soybean oil

Percentage of ants containing dye atter 2-hr exposuatre
L

1o tormulations weathered for indicated h

Formulation

2t 48 72

316120 a

AA 421 coated A4 S 16.02=3.1 o 41.2% 33a
Daran 211 coated R RN HL6ES6 D 4162 6.5 13U R%a
Dylex K-43 coated 280218 h UREE S5 a
Uncoated siandard 284 o h 4020 1342 50D

2 Avg of 5 replications unloss ctherwise noted,

b Means b a gnen weathering peniod tollowed by same letter are not significamdy differenc at 5% lesel Ly 18D,

¢ Fresh tormalation.
4 Avg of 1aephaations,

lots of each formulation were suspended in
500 ml of water and allowed to stand for 24
hir; subsamples were removed at 8 hr. The
samples removed after cach period were rinsed
thoroughly 1o remove any adhering surface otl,
air dried, and extracted with hexane in 4
Soxhlet apparatus. The oil content was then
compared with that of sumples not placed in
walter.
Oil loss after exposure to hot, dry surfaces: 36-¢
samples of each formulation were exposed for
1% hr on hot, dry soil and for 6 hr on hot con-
crete. The ofl was then extracted from cach
sample with hexane, arad the oil content was
compared with that of unexposed sumples.
Resvrrs.—Data from preliminary tests  indicared
that the latexes, as @ group, were the most promising
materials. Except for GAEF 2500 all Tatexes cquiled
(rating of 2) or surpassed (rating of 5) the standad
in all 3 tests. Formulations coated with Latex were
all free flowing, but those coated wirth aervlic Tatex
were the most Howable, Resistitnce 1o immedinte dis
placement of oil by water appeared 1o be about
cqual for all the fatexes, except GALF 251, and none
lost oil as rapidly as the standard except GALF 254
(which lost oil slightly faster than the standard) .
All Latex-coated for Zml;lliuns were very acceptable to
the laboratory colonies of ants. The GAEF 251 and
MC-299 coated formulations were equal 1o the stan-
dard, and all others were more acceptable, 'This in-
creased acceptability was a reflection ol increased oil
content rather than any awvactive quality of the
latexes. The number of ants feeding on the
indicated that the acrylic latex-conted formudations

Dtits

Table 2.—Loss of soybeun oil from coated and uncoated
on hot concrete or sand.#

were most acceptab’e. However, some latexes were
dithcult to prepare and apply, and sowe fuiled to dry
thoroughly. Therclore, since latexes within each cate-
gory, Le., acrylic, polyvinviidene, chloride, and sty-
rene-butadiene showced promise, we selected the fase-
est drying and easiest applied latex from caclr wvpe
for further testing, Thus, bait formulations couated
with AN 121 acevhic, Daran 211 polyvinylidene chlor-
ide, and Dvlex K-13 styrene-buradiene Luexes were
expostd (o the secondiny tests,

Table 1 shows acceptance of fresh and weathered
samples of the 3 coated haits and the uncoated stan-
dard by field colonies of the hre ant, Fresh formula-
tons ol baits coated with AN 121 and Darvan 211
were significantly more acceptable to the ants than
the fresh standard, Ao, none of the harex-coated
formulations weathered tor 72 hre had a significant
dedline inacceptabitity when compared with the fresh
formutations.  Ihe acceptance of the uncoated stan-
dind dedlived signilcantdy after 72 hr of weathering,

Table 2 shows oil Toss resalting from suspension ol
the haits in water lor extended peviods or Trom ex-
posure on hot concrete or soil. The elfects of ex-

tended suspension in water contrasted markedly with
the effects of short exposuve in water. Inothe pre-
liminary test, none of the coated haits appeared 1o
lose oib as rapidiy as the uncoated stundard, How-
ever, in the secondary testy the coated Tormulations
actually Jost a higher percentage ol therr ol content
in 8 hr in warer than the standord, and afer 24 hr,
the conted baits and the standied bait ali lost about
the same percentage ot oil

Al oated baits exposed on hot conerete (545~
5790 ot considerab!yv dess oil than the uncoutdd

standird, The baig conred with Dylex K13 Hose on?

corncob grit baits after suspension 1 wWater or exposure

v

Water

Formulation®

9.2 (18.8)
Rt
5.1 20.4)

AA-42] coated (20.7% oil)
Davan 211 coated (2119 oil)
Dylex K-13 coated (21.5% oil)

110(19.4
9.5 (19.1)
9.8 (194

of oviginal oil Jost alrer indicated exposure

Conciete (6 hry Sund (18 1)

el 51.5-57°C

RN 31.5°0

82,4 (14.0)
20 (14.9)
205 (17.1)

O 7

227 (16.0)
IR RS RE]
1.7 (1w

218 (16.3)
LT (150
0188

standard (uncoated) (15.5% oil) 3.2(15.0) Q.00 207 (00 712y S8 (1005)

s Avg of 3 replications.

Lo he figuies in parentheses l!ll((l‘l the fornrdation colutmn are the pacentaees of origimad oo cach lonmutarion hetore exposure,
and the fgores in parentheses in the other colimns wie the perccutages ot otl rennne i the tormuobedons atter tearment.
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Table 3.~Grams of oil available (per pound of bait)
to imported fire ants in coated and uncoated formula-
tions after exposure in water or on hot (54.3°C) sand or
concrete (54.5-57°C).°

Oil fg/thy available to ants
Oviginal alter indicated exposare”

Bait oil -
formula- content Hot Hot
tion (g/1h) Water sand conqrete
AA N a%.098 5h .15 3534 4578
Daran 211 05.70 57.90 RER 5 13.85
Dyvlex K43 G97.50 HR.GY AR.26 53.62
standard 70.30 OR.RY 1245 o]

* Based on data in Uable 2,

b Amount of oil that cannot be removed by ants from cob grits
has been saburacted (50% for standard tormulation, 50% lor latex
formulations;.

slightly more than 14 (50.5%) as much; the AA42]
and Daran 211 coatings were somewhat less cliective
and lost 71.7 and 83.2%, respectively. The Dyvoox K-
43 was the only coating that was effective in retard-
ing loss of oil to sand=haits with this coating lost
only 61.5% as much oil as the standard at ambient
(21°C) and 63.5% as much to hot (5£5°C) sand.
Bait coated with Daran 211 Jost 793 and 91.0% as
much as the standurd to the wmbient and hot sand,
respectively, Bait coated  with A2 Jost more
otl than the standard when the soil temperature was
21°C bur about the same amount when the sotl was
H1.0°C,

I 'hus, none of the latexes were highly effective in
retarding oil loss, and the prindpal benefic derived
from the coating was the possibility of increasing the
oil content ol the {ormulation. "This benefit, how-
ever, 1s very important because much ol the oil can-
not be exmracted by the ants from the dense. tough
grits. For example, although only 339 more oil was
added o the coated baits, the amount of ol avaalable
to the ants increased by a higher percentage beciuse
all the added o1l could e extracted by the ants, In
subsequent studies we have found that the ants ex-
tracted an average of ¢, 509 of the il Trom the stan-
dind corncoby grit formulation and 709 from the
coated formulations,

To determine more exactly the benehir derived, we
used the data Trom “Table 2 1o catcalare the amount
of oil actually wvuiluble in cachi of the 4 hains for
consumption by the ant after subnracting the amount

SWOAD RBanks, G0 S Tofpren, D1
andl JooWO Stemerlin, An impaoved mnes oait
control ol the smpored fire ante (o manusanpt.)
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retained by the grits. The results (see Table 3)
showed that the amount of oil, available after the
latex-coated baits were suspended in water for 24 hr,
was 92-103% more than the amount available in the
standard.  After exposure on hot concrete and hot
satnd 205-275% and 84288 more oil was available,
respectivelv. s additiona] avaiiable oil makes the
bait more ctfective and, theoretically, should permit
a reduction in the rate of application or in the con-
centration ol mirex in the bait without reducing the
cifectiveness,

Discussion.~The Litexes were hie only materials
that  ~howed any real promise as coating agents for
the corncob-grit sovbean oil bait, although none ol
them were highly effective in retarding oil foss. THow-
ever, the coatings did provide a method of increasine
oil content while retuming good flow characreristic.,
They also increased the available oil by 92 1o 288
although actual oil content was inareased only 336
Dylex K-13 retarded oil foss most elfectively, and
Daran 211 retwded iv slightly fess. However, sub-
sequent formulation of Jarge quantities of these 2
materials for ficld tests showed that bulk quanrities
were not as Howable as necessary for aenal applici-
tion. Therelore, fictd tests were conducted only with
the A2 formulations. Work s continuing to de-
termine whether the flowability ol the other futex
formulations can be improved.
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