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PENETRATION RATE OF TWO PESTICIDE CARRIERS AT A LARGE
USED-TIRE STORAGE FACILITY IN CHICAGO. ILLINOIS
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.. ABSTRACT._ During August 1987, a large and concentrated infestation of Aedes albopicttu was
discovered on the property of a tire recapper and gasket manufacturer in Chicago, IL, in a densely
populated-urban environment. The infestation called for special abatement p.ocedures because of thipopulated urban environment. The infestation called for special abatement procedures because of the
Iarge number of tires and the varied ways they were stacked. An effective method for delivering pesticides

INTRODUCTION

Large numbers of used or scrap tires are the
modern habitat of several pest and vector mos-
quitoes. Unlike some solid wastes, tires pose a
unique disposal problem because they are diffi-
cult to shred and cannot be disposed of readily
in landfills. The Rubber Manufacturers Associ-
ation in Washington, DC, estimates that 200
million used tires are added yearly as solid waste.
In recent years used tires have become an im-
portant international and domestic article of
commerce (Reiter and Sprenger 1987). Between
1970 and 1985, the United States imported 15.2
million used tires (Hawley et al. 1987). For these
reasons alternative methods designed to manage
populations of pest and vector mosquitoes in
this ever enlarging man-made habitat are
needed.

Source reduction through habitat elimination
or management is considered one of the pre-
ferred methods of controlling mosquito popula-
tions, and in many situations this strategy is
applicable for managing mosquitoes that use
artificial containers. However, there are many
situations where source-reduction methods are
not logistically sound or environmentally feasi-
ble. Although most used and waste tires are
randomly scattered, commercial firms operate
in a different manner, especially where space is
Iimited. Commercial tire recyclers and recappers
cannot destroy or alter tires nor can they bother
with covering them to prevent water accumula-
tions, because the number of tires required for
their operations are excessively large. Therefore,
source reduction through elimination is not al-
ways a feasible alternative. Commercial opera-
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tions commonly stack tires into shingle-like or
column piles. These two stacking methods cre-
ate an additional problem because they limit
penetration of an insecticide into interior tires
by reducing the open space between tires. Un-
fortunately, these spaces are sufficiently great
to allow mosquito colonization.

In August 1987, a localized infestation of
Aedes albopictus (Skuse) was discovered in Chi-
cago, IL, at a tire processing facility (Rightor et
al. 1987). The infestation site, estimated to con-
sist of over 500,000 tires, is surrounded by a
densely populated urban environment. Most
tires stored and used at this site were from the
Chicago area, although additional used-tire cas-
ings were obtained from numerous Iocations in
the United States, including Houston, TX, St.
Louis, MO, Kansas City, MO, and Memphis,
TN.

The Chicago infestation demanded special
abatement procedures because of the large num-
ber of tires and the many ways in which they
were stacked. Tires, despite their position, col-
Iect and hold water when stored out-of-doors.
Plans to abate mosquitoes must be directed at
the immature aquatic stages. The vast number
of tires present precluded emptying each tire
manually. The situation warranted the use of a
pesticide attached to a carrier that could pene-
trate all tires regardless ofthe stacking method
used. The possibility of multiple exposure of
factory workers to toxicants and the proximity
ofurban residential properties prevented the use
of standard pesticides and pesticide application
procedures.

Previously, Novak et al. (1985) reported that
corncob granular formulations of temephos and
Bacilhts thuringiensis var. israelensis (B.t i. ) ef-
fectively controlled Aedes aegypti (Linn.) larvae
in tires and other containers. They concluded
that the intrinsic physical properties of a gran-
ular corncob carrier allowed maximal versatility
regarding formulation and dispersal with ground
and aerial equipment. The purpose of our inves-
tigation was to determine and evaluate the effi-
cacy of corncob granule and gypsum pellet dis-

into the cavity of each tire is described. Corncob granules, when applied to stacked tires,-effectively
penetrated this larval habitat at rates of 85Vo in column-stacked piles, 93% in random-stacked piles and
an average-of 95% in shingle-stacked piles. By comparison, g),?sum pellet carriers sustained penetration
rates of 37% in shingle-stacked piles and,877o in random-stacked piles.
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ined. Two were located at the Webster Street
yard, Shingled-Webster-Granule (S-W-Gran),
and Shingled-Webster-Pellet (S-W-Pell) and
one atthe Dominick Streetyard, Shingled-Dom-
inick-Granule (S-D-Gran).

The S-W-Gran tire pile measured 6 x 6 x 5
m and contained approximately 8,000 automo-
bile tires. This stack was located next to a re-
taining wall, with the south side shaded by small
Ailanthus altissima Mill. trees (Tree of Heaven).
A total of 430 tires were sampled from 3 sectors
(front A, middle B, rear C) along a median
transect. Subsamples of 4-6 tires were removed
from each horizontal row within a sector and
examined for granules.

The S-D-Gran pile measured 7.5 x 5.5 x 2.5
m and contained an estimated 2,500 automobile
tires. This partially shaded stack was next to a
fence lined with A. altissimo trees. A total of 216
tires were sampled from 3 sectors (front A, mid-
dle B, rear C) along a median transect. Subsam-
ples of6 tires were removed from each horizontal
row and examined for granules.

The S-W-Pell tire pile measured 10 x 5 x 3
m and contained an estimated 5,000 automobile
tires. This stack was located in the middle of
the Webster Street yard and was not shaded. A
total of 602 tires were sampled from 3 sectors
(front A, middle B, rear C). S-W-Pell sectors
were partitioned into upper, external and inter-
nal samples. The upper sample was composed
of the top 8 rows of tires. The external sample
consisted of the outer 2 tires ending each hori-
zontal row excluding the top 8 rows. The inter-
nal sample consisted of the remaining tires.
Sector subdivisions, upper-lower, front-rear, up-
per-middle-bottom, upper 8 rows, external and
internal samples contained similar tire numbers.
AII tires in each sector were scored for the pres-
ence of gJ@sum pellets.

Column stacks were located in the Dominick
Street yard Column-Dominick-Granule (C-D-
Gran). This pile measured 27 x 9 x 2 m and
contained an estimated 1,500 semi-truck tires.
These stacks were located in the middle of the
Dominick Street yard and were not shaded. A
total of 220 tires were sampled from 4 median
transects (A, B, C, D). Each transect was com-
posed of 8 individual column stacks that con-
sisted of 2-12 truck tires. AII tires within each
transect were examined for corncob granules.

Two random-stacked tire piles were sampled,
one at the Dominick Street yard, Random-Dom-
inick-Granule (R-D-Gran), and a second at the
Webster Street yard Random-Webster-Pellet
(R-W-Pell). The R-D-Gran pile, measuring 7.0
x 4.5 x 2.5 m, was located on the north side of
the yard adjacent to a fence lined with A. altis-
sima trees and 3 semi-trailers that partially
shaded the tire pile. A total of 162 automobile

tires were sampled from 3 sectors (front A, mid-
dle B, rear C) along a median transect. Subsam-
ples of 6 tires from all rows were scored for
corncob granules.

The R-W-Pell tire pile measured 10.0 x 3.0 x
1.5 m and contained an estimated 6,000 auto-
mobile tires. This stack was partly shaded by a
retaining wall and was contiguous with 2 sectors
of shingled-stacked automobile tires. A total of
305 tires were sampled top to bottom from 8
sectors along a median transect. Subsamples
ranging from 19 to 47 tires per sector were
removed, representing the top, middle and bot-
tom, and were scored for the presence of g;psum
pellets.

Chi-square analyses were performed to iden-
tify differences in corncob granule, gypsum pel-
let and mosquito larval distributions within
transects and sectors along transects or both.
These transects or sectors along transects were
further divided into front and rear, and upper,
middle and bottom data assemblages to evaluate
possible distributional biases that may be an
artifact of application techniques. Furthermore,
data assemblages were analyzed for discernible
differences in larval distribution within tire
stacks.

RESULTS

Penetrationof corncob granulesr Table l- shows
the distribution of corncob granules in the S-
W-Gran tire pile. Of the 430 tires sampled, 395
tires were positive, demonstrating a 92Vo pene'
tration rate. A Chi-square analysis of corncob
granule penetration was done by dividing each
sector into the upper 12 and Iower 14 rows that
contained a similar number of tires' A signifi-
cant difference in the number of positive tires
was found between the upper and lower sections
(P < 0.001). Although the difference in distri-
bution was significant between upper and lower
sections, the percent-positive tires in all sectors
ranged from 87 to 97% (Table 1). The predom-
inate number of negative tires were found in the
Iower 14 rows in sectors B and C.

The distribution ofcorncob granules in the S-
D-Gran tire pile is shown in Table 1. Of the 216
tires sampled, 210 were positive, providing a
977o penefiation rate. Chi-square analysis of
positive tires within sectors A-C yielded no sig-
nificant difference in the distribution of gran-
ules (0.50 < P = 0.70), while comparisons be-
tween the upper and lower 6 rows of these sec-
tors yielded a significant difference in the
distribution of granules (0.02 < P < 0.05).

Table 1 shows the distribution of corncob
granules at the R-D-Gran pile. Of 162 tires
sampled, 150 were positive for granules, provid-
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Tabie 1. Distribution of corncob granules by sector and upper and lower halves in the shingled-stacked tire
piles at the Webster and Dominick Street lots and the random-stacked tire pile at the Dominick Street lot.

Dectors

Descriptor Total

S-W-Gran. (shingled/Webster St.)
No. tires sampled

Upper (rows 1-12)
Lower (rows 13-27)
Total

No. tires positive
Upper
Lower
Total

Percent positive
Upper
Lower
Total

S-D-Gran. (shingled/Dominick St.)
No. tires sampled

Upper (rows 1-6)
Lower (rows 7-12)
Total

No. tires positive
Upper
Lower
Total

Percent positive
Upper
Lower
Total

R-D-Gran. (random/Dominick St.)
No. tires sampled

Upper (rows 1-5)
Lower (rows 6-10)
Total

No. tires positive
Upper
Lower
Total

Percent positive
Upper
Lower
Total

72
81

153

72
76

148

100
94
a1

36
,Jt)

72

JO

JO

n 1

100
o?
qq

30
30
60

30
25
oo

100
83
92

72
78

150

70
60

130

o1

77
87

36
iJt)

72

.lo

34
?0

100
94
o1

30
30
60

30
27
a /

100
90
95

I I

56
t27

I I

40

1t7

100
82
s2

2t5
215
430

r82
395

99
85
92

108
108
2t6

108
r02
210

100
94
q1

90
72

162

90
60

150

100
83
93

36
36
72

JO

Aq

100
92
96

30
L2
42

30
8

38

100
67
90

ing a 93% penetration rate. Chi-square analysis
ofpositive tires within sectors A-C detected no
significant difference (0.50 < P < 0.70).

Table 2 includes the distribution of granules
in column-stacked truck tires (C-D-Gran). Of
the 220 tires sampled, 187 were positive, yielding
a penetration rate of 85Vo.Individual Chi-square
analyses of the distribution of granules within
upper and lower transect halves demonstrated
no significant differences (0.20 < P < 0.30 and
0.30 < P < 0.50). A comparison of the front half
of transects A-D yielded a significant difference
(0.01 < P < 0.02),while no significant difference
was detected in the rear half (0.30 < P < 0.50).

Penetration of gypsum pellets: The distribu-
tion of g)@sum pellets in the S-W-Pell tire pile
is depicted in Table 3. A total of 602 tires were

examined, with 220 positive, producing a 37%
penetration rate. Chi-square analysis of positive
tires in sectors A-C showed no significant dif-
ference (0.30 < P < 0.50). The comparison of
positive and negative tire distributions in the
upper 8 rows (86 positive of 132 sampled), the 2
side tires ending each horizontal row (32 positive
of 84 sampled) and the remaining tires (17 pos-
itive of 150 sampled) yielded similar and signif-
icant probability values (P < 0.001).

A sample of 445 tires from R-W-Pell (sectors
1-8 random-stacked, sectors 9 and 10 shingled-
stacked) tire pile yielded 386 tires positive with
gypsum pellets, providing a 87% penetration
rate (Table 4). Chi-square analysis (2 x 8) of
positive to negative tires in the 8 sectors showed
no significant difference (0.70 < P < 0.80). Of
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Table 2. Distribution of corncob granules in a column-stacked tire pile (C-D-Gran.) by transect and by

location within the tire Pile.

Transect

Descriptor Total

193

D

Total
No. tires sampled
No. tires positive
Percent positive

Upper
No. tires sampled
No. tires positive
Percent positive

Lower
No. tires sampled
No. tires positive
Percent positive

Front
No. tires sampled
No. tires positive
Percent positive

Back
No. tires sampled
No. tires positive
Percent positive

Table 3. Distribution of gypsum pellets in a shingled-stacked tire pile (S-W-Pell.) by sector.

Sectors

Descriptor B C Total

220
187
85

100
89
89

r20
98
82

106
93
88

114
94
82

50
43
86

2T
20
95

29
23
79

20
20

100

30
23
77

46
4l
89

22
19
86

24
22
92

20
20

100

26
2I
81

56
50
89

26
25
96

30
25
83

29

86

27
25
93

68

78

J I

25
81

a a

28
76

o 1

28
/ o

31

81

No. of tires sampled
No. of tires with pellets
Percent positive

238
88
o /

602
220

o /

r70
68
40

194
64
33

Table 4. Distribution of gypsum pellets in the random-stacked and in the contiguous horizontal shingle-
stacked segment of the random-stacked tire pile (R-W-Pell).

Descriptor Top Middle Bottom Total

Random
Total number sampled
Number positive
Percent positive

Shingle
Total number sampled
Number positive
Percent positive

221
209
95

47
44
94

94
7r
76

4Cl

15
32

130
106
82

47
tq

62

445
386
87

140
t02
72

140 tires sampled in the shingled-stacked area
of this pile, 102 were positive, for a 727o pene-
tration rate (Table 4). Chi-square analysis (2 x
3) of positive and negative tire frequencies in
the top, middle and bottom thirds of the shin-
gled-stacked region yielded a significant proba-
bility value (P < 0.001). A comparison of posi-
tive and negative tires in the shingled-stacked
area with the random-stacked sectors showed a
significant difference (P < 0.001).

Number of granules and pell.ets per tire: The
total number of corn cob gtanules and gypsum
pellets per tire from 79 upper and 71 lower tires

from random- and shingle-stacked tire piles are
shown in Fig. 3. In upper sections of the tire
piles treated with corncob granules, all 56 of the
tires were positive: 32 with 5l-250 granules per
tire, 10 tires with 1-50 granules per tire and 14
with more than 250 granules per tire. Of the 23
tires from upper sections of tire piles treated
with pellets, 5 contained no pellets and 18 had
1-50 pellets per tire. No more than 51 pellets
were found per tire in any tire examined from
upper sections. A total of44 tires were examined
in lower sections of tire piles treated with gran-
ules: 28 of these tires had 1-50 granules and 16
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Fig. 3. The distribution of corncob granules and gypsum pellets in upper and lower sections of shingled- and

random-stacked tire piles.

tires had 51-250 granules. Of the 27 tires ex-
amined that were treated with pellets from lower
sections, only 10 tires had 1-50 pellets each.

Larual distribution: During this investigation,
7 species of mosquitoes representing 2 genera
were collected in 94 tires from shingled- and
random-stacked piles. From the genus Aedes,
Ae. aLbopictu.s was collected from 78 tires, fol-
lowed by Ae. triseriatus (Say) from 31 tires, Ae.
atropalpus (Coquillett) from 20 tires, and Ae.
aegypti (Linn.) from 13 tires. Culex pipiens
(Linn.) was collected from 30 tires, followed by
Cx. restuans Theobald from 10 tires and Cr.
salinarius Coquillett from 2 tires.

The number of Ae. albopictuslawae in 78 tires
from upper and lower sections of tire piles is
shown in Fig. 4. The tires containing the most
larvae were found in the upper sections, with 21
tires having 51-100 larvae, 29 tires with 101-
250 larvae and 8 tires with more than 250. This
is in contrast to tires in the lower sections, where
7 tires had 51-100 larvae, 2 tires had 102-250
and no tires had more than 250 larvae. A similar
distribution of larvae was found for the other 6
species of mosquitoes.

Tires positive for mosquito larvae in shin-
gled-, random- and column-stacked tire piles at
the Dominick and Webster Street yards are
shown in Table 5. The 2 shingled-stacked Web-
ster Street piles had 25 and 56% of the tires

with larvae. The Dominick Street random-
stacked tire plle had72% of the tires with larvae,
the highest rate of colonization, while the col-
umn stack of tires had 79%, the lowest rate. In
all of the piles examined, colonization occurred
most often in the upper sections.

Tires positiue for laruae and carciers: Compar-
ing tires containing both mosquito larvae and
either granules or pellets, a distinct difference
was observed between the 2 types of carriers. Of
the 176 mosquito-positive shingle-stacked tires
treated with granules, only 5 tires lacked gran-
ules. In a similar shingle-stacked tire pile treated
with pellets, 138 of 210 (66%) mosquito-positive
tires examined lacked pellets. The random-
stacked piles showed a similar difference be-
tween these 2 carriers. Eighty of the 82 (987o)
mosquito positive tires examined contained
granules, compared with 50 pellet positive tires
of 102 (49%) examined. A total of 220 tires
containing larvae were sampled in column-
stacked tire piles of which 16 lacked granules.
The penetration rate of glpsum pellets in col-
umn-stacked tire piles was not examined in this
study.

DISCUSSION

This study addresses one of many problems
associated with the control of mosquitoes in tire
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Table 5. Distribution of mosquito larvae by sector and by upper and lower halves in the shingled-stacked tire
piles at the Webster and Dominick Street lots and the random-stacked tire pile at the Dominick Street lol.

Number

195

Descriptor Positive %

S-W-Gran. (shingled/Webster St.)
Upper (rows 1-12)
Lower (rows 13-27)
Total

S-D-Gran. (shingled/Dominick St.)
Upper (rows 1-6)
Lower (rows 7-12)
Total

R-D-Gran. (random/Dominick St.)
Upper (rows 1-5)
Lower (rows 6-10)
Total

C-D-Gran. (column/Dominick St.)
Upper
Lower
Total

I J

t7

38
22
60

48
1 1

28
14
42

35
D O

68

54
54

108

29
82

100
r20
220

12

70
41
56

91
38
72

28
12
19
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Fig. 4. Density and distribution of Aedes albopictus in the upper and lower sections of shingled- and random-

stacked tire piles.

casings. It proposes an effective delivery of a
toxicant into the cavity of each tire, whether the
tire is in a random stack or placed into shingle-
or column-stacked piles. Corncob granules (8-
mesh) effectively penetrated the larval habitat
at average rates of 85% in columns, 93% in
random-, and95% in shingled-stacked tire piles.
In contrast, the g5psum pellet carrier yielded an
average penetration rate of 37% in shingled
stacks, and.87% in random-stacked tire piles.

These results suggest that a corncob granule
carrier can more effectively penetrate large and
small tire piles of various stacking configura-
tions than can gypsum pellet carriers. Because
high corncob penetration rates were confirmed
in this study, variation in the distribution of
mosquito larvae within tire piles is of little con-

cern. The data further show that among the
tires containing mosquito larvae in shingle and
random stacks, only 7 of 258 tires lacked corncob
granules whereas 190 of 310 tires lacked g]?sum
pellets. The penetration rates in column-stacked
tires were only tested with corncob granules. Of
220 tires containing larvae, only 16 lacked gran-
ules, The 16 tires not containing larvae were
Iocated in lower sections of the columns. This
could be due to the weight of the upper tires
causing compression resulting in a very small
opening or no opening at all in these lower tires.

The method of application was important
when treating large piles of tires irrespective of
stacking configrrration. The application from an
elevated platform (cherry-picker) so that the
carrier plus insecticide can be directed laterally
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and down over the entire tire pile is mandatory
for high penetration rates. However, the appli-
cation process must include ground application
around the periphery of tire piles, especially
when trees or other obstacles are present.

Novak et al. (1985) reported that temephos
formulated on corncob granules at a rate of0.016
mg of active ingredient per granule resulted in
over 20 days oflarvicidal activity with 1 granule
per tire containing Ae. aegypti and over 100 days
when 10 granules were present. For B.t j. Iarvi-
cidal activity, 19 and 33 days were reportedwhen
0.3 g and 0.5 g ofgranules were present in tires,
respectively. The Chicago investigation demon-
strates that temephos and B.t.i. formulated on
corncob granules can penetrate a high percent
of tires stacked in various configurations when
applied using the technique described. High pen-
etration rate in concert with the larvicidal activ-
ity and human safety factors associated with
temephos and B.t.i. (Novak et al. 1985) provides
an economical and logistically feasible method
to manage mosquito populations in tires.
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