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ABSTRACT

Laboratory evaluations were conducted for 8 weeks to compare the residue levels
maintained in water treated with eight chlorinated poiyethylene pellet formulations of
chlorpyrifos. The eight formulations were of four Particle sizes, each at two chiorpyrifos
concentrations. All Pellets were cylindrical in shape, had a specific gravily > 1.0 and
each was evaluated at dosages of 1.0 ppmand 2.0 ppm in laboratory last jars.

In the laboratory tests, average weekly residues for all formulations increased
significantly through week 4, leveled off through week 7, and showed a second
significant increase at week 8: and the 2.0 ppm dosage resulted in significantly higher
residues than the 1.0 ppm dosage, excepl at week 1 after treatment. For each
formulation there was no significant differences due l¢ percent chlorpyrifos therein.

The effects of low-level concentration of chiorpyrifos on the devglopment of Culex
pipiens quinquefasciatus (Say) populations from the time of hatching until adult
emergence. The low-level concentrations were determined below the LCso (0.9 ppb)
by lreating laboratory test jars with various numbers of polyvinyl chloride (FVC) pellets
containing 0.1 percent chlorpyrifos. Control average of the laboratory populations
were 47.3 % in jars containing average residues of < 0.10 ppb; 72.2 % injars
containing average residues of 0.14 ppb; and 99.7 % in jars containing average
residues of 0.32 ppb.

INTRODUCTION

A novel system has been developed for the slow release of pesticides
with advantages of being more practical and less costly than materials currentiy
used. Thermoplastic polymers and copolymers employed as the slow-release
encapsulaling agent. These polymers degrade to natura) materials that are
harmless to the environment and |, in doing so, slowly release encapsulated
pesticides. There is need for the development of safe and effective controlled
release formulation (CRF) of pesticides. Experience to date suggests that such
formulations could make it possible to use smaller amounts of pesticides and
perhaps even improve performance efficiency Technology of this kind would
also be of value in making pesticides safe in the environment {Kydonieus, 1980;
Pfister and Bahadir, 1985 and El-Naggar et a/,, 1991)

Conventional methods of applying pesticides specially in aquatic system
expensive, reguire repettion may not be entirley successful and intoxication of
aquatic non-target organism too. {Bahadir, 1983).

Chlorpyrifos is one of several organophsphorus compounds developed in
1960 to replace persistent organochlorine pesticides. 1t is the active ingredient
in various products designed to centrol a variety of pasts inciuding fire ants, turf
and ormamental plant insects, mosquito, cocharoackes, termites, lice and
hornflies.. It was directly applied to aqualic environments jin mosquito, midge.
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Chlorpyrifos is available for pesticide applications as emulsifiable concentrates,
wettable powders, dusts, granules and controlled release polymers,

Granules and controlled- release forms do not produce as rapid an
increase in the concentration in water, but resuiling concentralion has been a
longer duration.

Evans (1977} found concentrations of chlorpyrifos that were slill toxic to
mosquito larvae one year after application of a slow-release polymer
formulation to a natural pond.

Studies by Wilkinson et al. (1971); Miller ef al {1973a, 1973b); and
Roberts ¢t al. (1973) have demonstrated the feasibility of obtaining long-term
control of iarval mosquito populations slow-release formulations of chlorpyrifos
through single appiication. In all of these studies, however, the large amount of
formutation (kg/hectare) required for control may be prohibitive from the
standpoint of large-scale larviciding operations. Therefore, lests were
conducted to explore ways of improving the efficiency of chlorinated
polyethylene formulations of chlorpyrifos, and thus diminishing the amount of
formulation required on a hectare basis. Stockman et al. (1970) reported the
theoretical effects of pellet size on release rate of tributyltin oxide from rubber,
and showed that the concentration released from formulations of different pellet
size increased geometrically with decreasing pellet size.

Stockman et al, {1970) also reported a linear relationship between percent

concentrations of pesticide in a polymer and release rate.
(Nelson et al, 1970) showed that increases in percent composition of chioride
formulations of chlorpyrifos caused a nearly linear increase rates, and residue
levels maintained in water. Additional studies were conducted at this Agency to
determine if the same theoretical relationship applied o chiorinated
polyethylene formulations of chlorpyrifos.

The biological effectiveness of residues maintained were determined by
Wilkinson (1971) and Miller et al. (1973a) against the 4™ instar of mosquito
larvae.

The purpose of this study was to determine the effect of particle size and
percent composition dosage on the efficiency of chlorinated polyethylene
formulations of chiorpyrifos in maintaining residues in water, and to evaluate the
effect of chlorpyrifos formulations on the development of populations of C.
pipiens quinquefascialus (Say), when such populations were exposed to
continuous low-level concentratiocns from the time of hatching untile aduit
emergence in the laboratory

MATERIALS AND METHODS

Laboratory evaluation of selected polyethylene formulations of
chlorpyrifos:
Formulatlons:

Eight chicrinated polyethylene pellet formulations {4 Particle sizes, each
at two concentrations of chlorpysifos {o,o-giethyl-o-{4,5.8-richloro-2-pyridyl}
phosphorothioate] were evaluated in this study. All pellets were cylindrical in
shape and had specific gravities > 1.0 Other pertinent physical characteristics
are shown in Table 1.
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Table (1): Physical characteristics of chlorinated polyethylene pellet
formulations containing chlorpyrifos

Formulation’ Percent |Diameter|lLength| Volume (V) Surfar:e2 ($) SV
chlorpyrifos| (mm) | {mm]} {mm7) ___(mm%)

M-3460 9.4 1.59 317 B.37 15.82 3.12
DB-1-4758-114 15.0 | 1.59 3.7 6.37 19.92 3.12
0B —4758-16A 94 | 159 159 319 11.98 3.75
DB —4758-H6D 150 [ 1.59 1.59 3.19 11.98 3.75
DB —4758-116E 8.4 1.589 1.02 2.02 9.12 4.50
DB —4758-16B]  15.0 1.59 1.02 2.02 9.12 450 |
UB —4758-16C 9.4 1.59 0.79 158 | 796 | 500
DB —4758-116F 15.0 1.59 079 | 158 | 786 | 5.00

*Coded designations provided by Dow Chemical Company, Midiand, Michigan.

The eight formulations were evaluated in the laboratory at dosages of
1.0 and 2.0 ppm active ingredient based on a theoretical total initial reiease.
Treatments were replicated three times in individual glass fars containing 3
liters of distiled water (pH 6.5) at room temperature (22.2-25 °C). Three
replicate jars containing only distilled water served as controls. Jars were
sealed with aluminum foil liners and screw-cap lids to minimize loss of water
due to evaporation, Water samples (10 ml), water lemperature, and pH
measurements were taken from 1 through 8 weeks after treatment. Each 10-
ml water sample was subjected to hexane extraction and electron capture
gas chromatcgraphic analysis as described by Miller ef af (1973). The
minimum detectable quantity measured in the water during the present study
was 0.1 ppb chlorpyrifos.

Effects of continuous low-level chiorpyrifos residues on the developmaent
of populatiopns, C. pipiens quinquefasciatus (say):
Test Formulations:

The polymer formulation used o maintain continugus low-level
residues during this study consisted of polyvinyl chleride (PVC) pellets
containing 0.1 percent analytical grade chlorpyrifos. The pellets weighed an
average of 84.0 mg, had specific gravity>1.0, and were prepared according to
the methods reporied by Miller et al. {(1973a).

l
Preliminary Biological Response Tests:

Eighteen glass jars, each containing 3000 ml of distilled water, were set up in
an environmental chamber that maintained the water temperature at 27.5 C.
Dosages for the various test jars are shown in Table 2.

Foliowing treatment, the water in each of the jars was bicassayed weekly with
20 fourth instar C. p. quinquefasciatus larvae. When monality was no longer
observed in the bicassay, the jars were considered to contain low-level
chlorpyrifos residues C. p quinquefasciatus egg rafts (each <12 hours old
and containing a known number of eggs) were added 1o the jars, along with
smali quantities of ground Wayne® Rabbit Ration pellets. Thereafter, small
guantittes of ground or whole rabbit pellets were added daily throughout the
study. Since all of the eggs in a given egg raft were not necessarily fertile, a
determination of the number of eggs per raft was not always a valid measure
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of the number of larvae that actually hatched into the best jars. Therefor, the
following method was used to estimate the number of larvae hatching into the
test jars. The total numbers of eggs in each of the rafts was counted. The egg
rafts were placed in the test jars and kept for 48 hours to permit hatching,
since it was known that hatching occurred subsequent to the 36 hours after
oviposition. The rafts were then removed from the jars and the total number
of eggs recounted. This second count was necessary because in some
instances eggs became detached from the rafts and the total raft was not
retrieved from the jars.

The percent hatch, therefore, was based on a number hatched divided by the
total number from the second counting, and the number of larvae hached into
the jars was estimated by multiplying the total number of eggs originally in the
raft by the percent hatch. Larvae which hatched into the jars were allowed to
complete their development and the effect of the low-level chlorpyrifos dues
was measured by determining the relative numbers reaching the pupal and
adult stages. To compensate for evaporation, guantities of distilied water
were added to the jars daily to maintain the level at 3000 ml. These
preliminary biological response tests were conducted twice by introducing
one set of eggs rafts into the test jars when low-level chiorpyrifos residues
were present, allowing the larvae to complete their development, and then
introducing a second set of egg rafts into the same test jars. Data concerning
percent hatch of egg rafts, percent pupation, and percent adult emergence
were analyzed by Analysis of Variance at the 0.5 level of probability (Miller et
al, 1973a and 1973b).

Table 2: Dosages for testjars used to determine preliminary biclogical
response .

Type of test jars Average \.ueight of rAwerag.? weibght of Averag(}:pc::sages
pellets” (mg) |chlorpyrifos ™ {mg) chlorpyrifos)
Control w/32 pellets 2695.5

1 pellet 825 .08 .02 ]

4 pellets 334.4 0.33 0.11
8 peliets 672.9 0.67 0.22 N

16 pellets 1366.4 1.36 0.45

32 pellets 2698.4 2.69 0.88

a- Average weight of the total number of pellets added to each of three replicate jars.
b-Average weight of chlorpyrifos contained in the total number of peliets added to each of
thrse repllcate jars.

Comparative Chlorpyrifos Residue and Biological Response Tests.
Fifteen glass jars, each containing 300 mi of distilled water, were set
up in an environmental chamber that maintained the water temperature at 22-
25 °C. Dosages for the various test jars are shown in Table 3.
Following treatment, water in each of the jars was bicassayed weekly with 20
fourth instar C. p. quinquefasciatus larvae. When mortality was no longer
observed in the bioassays, the jars were considered to contain low-level
chlorpyrifos concentrations. Small quantities of ground rabbit pellets were
added about 24 hours before 100 first instar larvae (< 2 hours old) were
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introduced into each of the jars. Smail quantities of ground or whole pellets
were added daily thereafter. The larvae were allowed to complete their
development and effects of the low-level chlorpyrifos residues were
measured by determining the relative numbers reaching the pupal stage.
Beginning with the day the first instar larvae were added to the jars,
chlorpyrifos residues in the test jars were determined by electron capture gas
chromatography as reported by Miller et & (1973b}. The minimum detectable
quantity measured in water during the present study was 0.1 ppb chiorpyrifos.
To compensate for both the removal of water samples and evaporation,
quantities of distilled water were added to the jars daily to maintain the level
at 3000 mi. These comparative tests were conducted three times by
introducing an initial set of 100 first instar larvae into each of the test jars,
foliowed by two successive sets of 100 first instar larvae, each set being
introduced into the same test jars after the previous se! had completed
development.

Table 3: Dosages for test jars used to complete chlorpyrifos residue

levels and biological response .
Average weight | Average weight of | Average dosages

Type oftestjars | ;rojiets * (mg) |chlorpyrifos ® (mg)| (ppm chlorpyrifos)
Control wiopellets | ...

Caontrol w/16 pellets 1346.6

4 pellets 330.0 0.33 0.11

B pellets £61.5 0.66 0.22

16 pellets 13321 1.33 0.44

a- Average weight of the total number of pellais added to each of three replicate jars.
b Average weight of chlorpyrifos contained In tha total number of pellets added to each of
three replicate jars.

RESULTS

Laboratory evaluation of selected polyethylene formulations of
chlorpyrifos:
Laboratory Tests-Formulations And Dosages:

Results of treatments with the series of 9.4 percent chlorpyrifos
farmulations are shown in Table 4.

Results in Table {4) showed a both dosages, average §-week residues
increased with each increase in surface tqo volume ( S/V). At the 1.0 ppm
dosage, the 9.4 percent formulations with S/ equal to 3.75 and 4.50 produced
average 8-week residues which did not differ from each ather, but which were
significantly higher than those produced by the 9.4 percent formulations with
SV equal to 3.12 . The 9.4 percent formulation with S/V equal to 5.00 produced
an average B8-week residue which was significantly higher than all other
formulations. At the 2.0 ppm dosage, the 9.4 percent formulations with S/V
equal to 3.12, 3.75. and 4.50, showed average 8-week residues which
increased significantly with each increase in S/V. The average 8-week residue
for the 8.4 percent formulation with S/ equal to 5.00 was significantly higher
than all other 9.4 percent formulations, except the one with S/ equal to 4.50.
Resuits of treatments with the series of 15.0 percent chlorpyrifos formulations
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are shawn in Table 4. Each increase in S/V resulted in an increase in average
B-week residue. Atthe 1.0 ppm dosage, the 15.0 percent formulations with S/vV
equal to 3.12, 3.75, and 4,50 produced average 8-week residue which
increased significantly with each increase in S/V. The average 8-week residue
for the 15.0 perceni formulation with SN equal to 5.00 was significantly higher
than all other 15.0 percent formulations, except the one with S/ equal to 4.50.
At the 2.0 ppm dosage, average B-week residues increased significantly with
each increase in S/V. For each formulation (both the 9.4 and the 15.0 percent
series) the average B-week residue at the 2.0 ppm dosage was significantly
above the average for the 1.0 ppm dosage.

Table 4 : Effects of formulation and dosages on B week average
residues maintained In water treated with polymer
formulations of ¢hlorpyrifos .
i.0 ppm dosage

.4 percent series

57.3 cd
64.4 de
104.1g9 ]

15.0 percent series

115.5 h 4.50

122.1 hi 50

327a
48.4 bc
69.4 e
717 e

a_ Coded deslgnations provided by Dow Chemical Company .
b values reprasant ppb chlorpyrifos © those foliowed by a common letter do not differ

significantly at the 0.01 level of probabHity .

Laboaratory Tests-Percent Compositlon.

At equivalent pellet sizes, the average 8-week residues produced by the
9.4 percent and 15.0 percent formulaltions did not differ significantly from each
other (Table §}. However, at each pellel size, the average residues for the 15.0
percent formulations was always below that of the 9.4 parcent farmulations.

Table 5: Effects of percent composition on 8 week average residues
maintained in water treated with polymer formulations of
chlorpyrifos .

| 8-week average residue

y ] —50.1 cd
DB-4758-T16E | 15.0 3.50 86bc |

__DB-4758-116C _] 9.4 5.00 113.1d
DB-4758-116F | 15.0 [ 500 _992¢d

a Coded designations providad by Dow Chemical Compary .
b-Values rapresont ppb chlorpyrifos : those followed by a common latter do not differ

significantly at the 0.01 leve! of probabillty
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Laboratory Tests-Weeks After Treatment.

Effects of week after treatment on average residue levels are shown in
Table 6. For each dosage, average weekly residues increased significantly
thraugh week 4, then leveled off through week 7. A second significant increase
occurred at week B for both dosages. The average 8-week residues for the 1.0
and 2.0 ppm dosages (60.7 ppb and SC.4 ppb, respectively) differed
significantly. The average weekly residues for the 1.0 and 2.0 ppm dosages
differed fram each ather during all weeks except week 1. Specific average
weekly residues maintained by each formulaton, at each dosage, are shown in
Figures 1and 2 .

Table (6): Effects of week after treatment on average residiues
maintained in water treated with polymer formulations of

chiorpyrifos
Week after | Average chlorpyrifos residue (ppb) |
Treatment . 1.0 ppm dosages | 2.0 ppm dosages
1 280a J 37.0ab
2 38.0 ab 62.0c
3 478 b 76.2 de ]
4 725¢cd 103.3f |
5 73.8d 104.7 §
6 68.3 cd 104.8 f
7 ] 72.0cd 114.6 fg
8 ] 851 ¢ 1 120.8 g
Averageb | 60.7 | 90.4

a- Average followed by a common letter do not differ significantly at the 0.01 level of
probability -
b- Thesa averages {80.7 and 90.4 ) differ significantly at the 0.01 level of probability .

Effect of continuous low-level chlorpyrifos residues on the development
of populations, Culex pipfens quinquefasciatus:
Preliminary Biological Response Tests :

Estimated numbers of 1% instar larvae which hatched into the test jars are
shown in Table 7. The presence of low-level chlorpyrifos residues had no
apparent effect on percent hatch, and it was decided that subsequent tests
would be conducted by introducing newly-hatched 1" instar farvae, rather than
egg rafis. into the jars. Table 8 shows that relatrve numbers reaching the pupal
and adult stages were each inversely proportional to the dosage (i.e., the
number 0.1 percent chlorpyrifos pellels, and presumably the chlorpyrifos
concentration, in the jars). Al each dosage, there were no significant effects on
sex ratio and the differences emerging as adults were not significant. It was
decided that in subsequent tests, a determination of the relative number
pupating would, in itself, be adeguate to measure the effects of the low-lave
chlorpyrifos residues.
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Table 7: Estimated numbers of 1™ instar

hatched into test jars

C.p quinquefasciatus larvae

[ Total number of eggs *
. . Estimated | Estimated
Test jar Ongci’n:’lly Recounted Hatched :m percent ® larvae ©
type | adde recount | ‘hatched | hatched
[Control | 1208 1082 F 956 88.3 1066
| wipellets
| 1 peliet 1199 1102 1039 94.2 1129
4 pellet 1037 933 731 78.3 812
8 peliet 1092 947 580 81.2 668
16 pellet 991 934 714 76.4 757
32 pellet 1065 1032 | 913 884 | 941 |

a- Tota! of two tests of three replicates each .
b -Estimated Percant Hatched = Total Eggs Hatched on Recount/Total Eggs Recounted.
¢ -Estimated Larvae Hatched = Total Eggs Originally Added x Estimated Percent Hatched.

Table 8 : Pupation and adult emergency by C.pipiens quinquefasciatus
reared in test jars containing various numbers of 0.1 %

chlorpyrifos PVC pellets *.
Estimated Total  [Total number of aduits emergin
Test jar type larvae Number |

Jar typ hatched pupating Male Femal;’ Both
Control w/32 pellets 1066 817 405 355 760
1 pellet 1128 892 398 385 783
4 pellets 812 388 186 180 368
8 pellets 668 229 103 122 225

16 pellets 757 | 86 37 29 66

32 pellets 941 [ 0 0 0 | 0

*All data represent two tests of three replicates each.

Comparative chlorpyrifos residue and biological response tests
Average numbers pupating were inversely proportional to the number of

0.1

percent chlorpyrifos pellets in the jars {Table 9). Average chlorpyrifos

residues in the treated jars were proportional to the number of pellets

Table 9: Pupating by C.Pipiens quinquefasciatus reared In test jars

containing various low-level chlorpyrifos residues *

. Total larvae | Total number | Average chlorpyrifos
Test jar type added | pupating residue mg;L
Control w/o peliets 900 875 e
Control w/16 pellets 900 [ 838 ————- ]
4 pellets 900 I 442 <0.10
8 pellets 900 [ 198 0.14
16 pellets 900 : 2 | 0.32

*All data represent three tests of thrae replicates each.

6462



J. Agric. Sci, Mansoura Univ., 27 (9), September, 2002

DISCUSSION

1- Laboratory evaluation of selected polyethylene formulations of
chlorpyrifos:

For the formulations evaluated in the laboratory, average chiorpyrifos
residues maintained in water increased significantly with time after treatment,
and significantly higher chlorpyrifos residues oceurred in water whenever
dosage or surface to volume (S/V jwere increased, The effects of increasing
S8V were in agreement with the theoretical considerations discussed earlier
(Stockman et ai, 1970). The increases in residues which occurred with
increased dosage were also expected. The fact that the 9.4 percent
formulations consistently maintained residues greater than those for the 15.0
percent formulations may be explained on the basis of the formulations not
differing sufficiently in percent composition. At equivalent particle sizes and
dosages {i.e., active ingredients} the total amount of 15.0 percent formulation
added to the test jars was approximately half the total amount added for the 9.4
percent formulation. This means that the total surface area of the 15.0 percent
treatments was also  half that of comparative 9.4 percent treatments. As
discussed earlier, increases in surface area result in geometric increases in
release rate, while increases in percent compaosition result in linear increases in
release rate. it appears that, with two percentages evaluated in this study,
relative surface area was more influential than relative percent composition. It
also appears, on a theoretical basis, that increases in percent composition
would not result in correspondingly higher residues, unless formulations were
dosed on the basis of eguivalent total amounts rather than equivalent aclive
ingredients.

2- Effect of contluous low-level chlorpyrifos residues on the development
of populatlons, Culex piplens quinguefasciatus (Say)

The effectiveness of continuous low-level chlorpyrifos residues is shown in
Figures 3 through 6 as the percent of the various test populations reaching the
pupal or adult stage. and as the corrected percent control 5 of the pupal or adult
poputations. In both the preliminary tests (Figure 4) and the comparative tests
(Figure 5) the number of individuals reaching the pupal or adult stages was
inversely oroportional to the number of 0.1 percent chilorpyrifos pellets. Figure 5
shows that 0.00 percent of the test population survived in jars containing an
average chlorpyrifos residue of 0.23 ppm, 22.0 percent survived in jars
containing an average of 0.14 ppb chlorpyrifos, and 49.1 percent survived in
jars containing an average chlorpyrifos residve of < 0.10 ppb. In terms of
corrected percent control, the preliminary tests (Figure 3) showed that the
control of pupal and adult populations was proportional to the number of 0.1
percent chlorpyrifos pellets. !n the comparative tests {Figure 6) control of pupal
populations averaged 47.3 percent in jars containing average chiorpyrifos
residues < 0.10 ppb. 76.2 percent in jars containing average chlorpyrifos
residues of 0.14 ppb, and 99.7 percent in jars higher than those which be
expected al the respective residue levels.
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Also various levels of control were achieved in the laboratory, when
Culex pipiens quinquefasciatus populations were reared in water containing
continuous ‘ow-levfel concentrations of chiorpyrifos, 47.0 percent control at <
0.10 ppb; 76.2 percent control at 0.14 ppb; and 99.7 percent contre! at 0.32
ppb. Although control of the laboratory populations was achieveu by
exposure to the various continuous low-level concentrations, the residue
levels (0.10 - 0.32 ppb) were not considered sufficiently below the
established LCgo (0.9 ppb) to be significanl from the standpoint of possibly
reducing necessary field dosages.
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