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The toxicity and metabolism of bendiocarb were compared between adults and larvae
of southern corn rootworm (SCR), Diabrotica undecimpunctata howardi BARBER. The 48-hr
topical LDso values of bendiocarb to SCR adults and larvae were 1.3 and 9.1 ug/g, respectively.
Bendiocarb was approximately seven times less toxic to SCR larvae than to adults. In the me-
tabolism studies, SCR adults and larvae were analyzed at specific time intervals after treat-
ment with 4C-bendiocarb at sublethal 1/10 LD;, dosage level. The major metabolites from
bendiocarb were bendiocarb phenol and conjugated compounds for SCR adults and larvae,
respectively. The proposed major metabolic pathways of bendiocarb in SCR were hydrolysis
of the carbamate ester bond to yield bendiocarb phenol and the subsequent conjugation of
bendiocarb phenol. The ratio of applied dose to internal toxic compound was similar for both
adults and larvae. Therefore, the amount of internal toxic compound, affected by the rates of
penetration, metabolism, and excretion, was not a determining factor in the selective toxicity of
bendiocarb between SCR adults and larvae.

various insecticidal chemicals. Comparative

INTRODUCTION toxicity of the larval and adult stages is also

Bendiocarb (Tatoo®, Ficam®, 2,2-dimethyl-
benzo-1,3-dioxol-4-yl N-methylcarbamate) is
structurally similar to carbofuran (Fig. 1). It
shows high contact and residual activity on a
wide spectrum of insect species.”” Biological
activity of bendiocarb has been studied in the
Japanese beetle, Popillia japonica NEWMAN,?
German cockroach, Blattella germanica (L.),»
and Anopheles stephenst Liston.* Toxicological
reports include residual studies in corn® and
metabolism studies in the rat and man.® The
literature does not provide any description of
bendiocarb metabolism in insects.

Corn rootworms, in the genus Diabrotica,
feed on the roots of the corn plant as larvae
and feed on the silks as adults (beetles). In-
secticide treatments differ for the two stages,
as does the susceptibility of each stage to

important because screening tests for suscepti-
bility or resistance have traditionally been
conducted with adults while it is the larvae that
inflict greater economic losses. Bendiocarb is
7-fold more toxic to adult southern corn root-
worm than to larvae by topical dosing.

Differential toxicity could be due to differ-
ences in site sensitivity, penetration, excretion,
or metabolism in the two stages. This paper
describes the toxicity and the fate of bendio-
carb in southern corn rootworm (SCR),
Diabrotica undecimpunctata howardi BARBER
by comparing the distribution, penetration, and
metabolic pathways of *C-bendiocarb between
SCR adults and larvae.
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Fig. 1 Bendiocarb carbamate insecticide.

MATERIALS AND METHODS

1. Chemicals

14C-Bendiocarb (labeled at the No. 2 carbon
of benzodioxole ring), analytical-grade bendio-
carb, and the metabolite, bendiocarb phenol
(2,2-dimethylbenzo-1,3-dioxol-4-0l) were pro-
vided by Fisons Corp., Bedford, MA, U.S.A.
The radiochemical purity of **C-bendiocarb
was greater than 999 and had a specific ac-
tivity of 9.95 mCi/mmol. Radiochemicals were
dissolved in benzene (I mg/ml) and stored in
the dark at —21°C. Analytical standards of
bendiocarb and bendiocarb phenol were dis-
solved in acetone to make 19, stock solutions.
The stock solutions were refrigerated at 4.5°C.

2. Thin-layer Chromatography, Autoradiog-
raphy, and Liquid Scintillation Counting
Bendiocarb and its metabolites were sep-
arated by one-dimensional thin-layer chro-
matography (TLC) using 5x20-cm silica gel
60 Fzs: plates (0.25-mm thickness) purchased
from EM Science, Gibbstown, NJ. Rf values
of bendiocarb and its metabolites in two solvent
systems, toluene-ethyl acetate (4:1) and
hexane—isopropanol (4:1), are shown in Table
1. Analytical standards were visualized on
chromatograms by using ultraviolet (UV)
light (254 nm).
Radioactive samples were examined with

Table 1 Rf values for bendiocarb and its me-
tabolites in TLC systems.

Solvent system

Compound Toluene— Hexane-
ethyl acetate  isopropanol
(4:1) 4:1)
Bendiocarb 0.39 0.47
phenol
Bendiocarb 0.24 0.37
Unknown 0.11 0.30

analytical standards by using cochromatog-
raphy. Radiolabeled spots corresponding to
known standards on TLC plates were scraped
into scintillation vials containing 10 ml of
PPO-toluene cocktail (5g PPO per liter of
toluene). The radioactivity was counted by
liquid scintillation counting (LSC). These spots
were also located and confirmed by using auto-
radiography. This was accomplished by expos-
ing Kodak Blue Brand X-ray film to the TLC
plates for 2 to 4 weeks, then developing and
fixing the film. Radioactivity was measured by
an LKB Wallac® model 1217 RackBeta liquid
scintillation counter. Counts were corrected for
background and counting efficiency. Counting
efficiency was determined by quench correc-
tion, using the external standard channels ratio
method.

3. Bioassay

Toxicity for SCR adults and larvae was
determined by using 48-hr topical LDses by
previously described methods.” SCR were ob-
tained from a laboratory colony and reared
according to methods described by Branson
et al.® Early third-instar larvae (12 to 16 mg)
and adults (14 to 16 days old, 22 to 26 mg) were
used for bioassay. FEach test was conducted
with insecticide acetone solutions on at least
180 insects. The experiment was a randomized
complete-block design, composed of three
replicates of 10 insects at each of five dosages
and a control (solvent only). Adults were
anesthetized with carbon dioxide to facilitate
handling with forceps; larvae were manipu-
lated with a vacuum suction tube.

Individual beetles were treated topically on
the ventral abdominal region with 1 ul of
insecticide solution.  Treatments were ad-
ministered using a microapplicator fitted with
a calibrated 250-x]1 syringe (Hamilton Co.,
Reno, NV) and a 27-gauge hypodermic needle.
Groups of treated beetles were kept in petri
dishes containing water and lettuce pieces.
Larvae were treated similarly and kept in
petri dishes with water and germinated corn.
Mortalities were recorded 48 hr after treatment.
The LDso value and its standard error (SE)
were computed by probit analysis from dosage-
mortality data.?>'®’

NI | -El ectronic Library Service



Pestici de Science Society of Japan

Journal of Pesticide Science 12 (3), August 1987 407

4. Metabolism and Distribution of Bendiocarb

Each SCR received 1 gl of **C-radiolabeled
bendiocarb in acetone topically applied on the
ventral abdomen. Adults were treated at the
topical LDy value (0.80 pg/g) and the 1/10
LDso value (0.13 ug/g), and larvae were treated
at the 1/10LDso value (0.91 pg/g). Each
metabolism experiment was conducted with 50
SCR, except for the studies at 0.083 hr and
0.5 hr posttreatment when 20 SCR were used.

After treatment, SCR were placed in a 1-oz
French square bottle with cotton plug. In-
sects were held at room temperature without
food or water for the predetermined time peri-
od. No mortality was observed for insects
treated at the 1/10 LDso dose. Both adults and
larvae were sacrificed by deep-freezing the
bottle at posttreatment intervals of 0.083, 0.5,
1,2, and 4 hr.

Frozen SCR were analyzed by using proce-
dures adopted from Hollingworth et al'?
Each SCR was rinsed three times with 25 ml
of acetonitrile. This fraction was designated
“external rinse.” Rinsed SCR were then homo-
genized in 25 ml of acetonitrile, and extracts
were filtered by Buchner funnel. The extrac-
tion step was repeated three times. The three
acetonitrile filtrates were pooled and parti-
tioned with 20 ml of hexane to remove lipids
and pigments. The acetonitrile phase (from
partitioning the extracts) was referred to as
the “internal organic extract.” The residue
was rehomogenized with 10ml of distilled
water, and the homogenate filtered through a
Buchner funnel. This procedure was repeated
three times, followed by extraction with 10 ml
of acetone-methanol (1:1). All distilled water
and acetone-methanol filtrates were combined
to form the “internal aqueous extract.” The
residual extraction material was air-dried and
digested by chemical solubilization tech-
niques'® to provide an ‘“unextractable residue”
fraction. Residues in holding jars were digested
and solubilized similarly to the unextractable
residue fractions, using perchloric acid, hy-
drogen peroxide, and 2-ethoxyethanol'® to
form the “‘container rinse’” fractions.

Total radioactivity in all rinses, extracts,
and residual fractions was assayed by LSC.
The individual “external rinse”” and “‘internal
organic extract” fractions were evaporated to

near dryness, volume was adjusted to 2 ml with
acetone, and aliquots of 0.2 ml were radioas-
sayed in PPO-toluene cocktail. Radioactivity
in the “internal aqueous extract” was estimated
by counting 0.5-ml aliquots in 10 ml of Bio-
fluor™ (New England Nuclear, Boston, MA).
4C content in ‘‘unextractable residue” was
determined by using the chemical solubiliza-
tion technique.'®

Bendiocarb metabolite analysis was con-
ducted using internal organic extracts and con-
tainer rinses. Container rinses for metabolite
analysis were obtained by using 30 SCR. In-
sect treatment methodology was similar to
that of the metabolism study. Holding jars
were washed three times with 10 ml of aceto-
nitrile. Extracts were filtered and evaporated,
and the final concentrate volume was adjusted
to 0.2 ml with acetone. Two 10-ul aliquots
were removed for quantification by LSC. A
50-pl aliquot of each concentrated sample was
cochromatographed with 10 zl of a solution of
nonradioactive bendiocarb and its metabolite
standards. Bendiocarb and its metabolites were
separated, identified, and estimated by one-
dimensional TLC, autoradiography, and LSC
as described in the previous TLC section.

5. Penetration Study

Each penetration experiment utilized 10
SCR per replicate, treated with radiolabeled
bendiocarb.  Treatment methodology was
similar to that of the metabolism study. How-
ever, only one dosage rate (1/10 LDso value) for
adults was used. In addition to the external
rinse sets used in the radioactivity distribution
section, groups of treated insects were rinsed at
shorter time intervals (0, 2, and 10 min post-
treatment) to measure the initial penetration
rate. Radioactive recovery in the “external
rinse” was plotted against time on semilog
paper to estimate penetration rate. Each time
interval experiment was replicated three times.

RESULTS AND DISCUSSION

1. Toxicity

The topical 48-hr LDses of bendiocarb to
SCR adults and third-instar larvae were 1.3+
0.1 and 9.14-4.0 ug/g, respectively. Larvae
were approximately seven times less suscepti-
ble than adults. Similar results were obtained
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for laboratory-reared F: western corn root-
worm, D. virgifera virgifera LECONTE, larvae
with an LDs, value of 7.7 ug/g.'® Bendiocarb
phenol did not cause intoxication symptoms at
test concentrations as high as 385 ug/g. Bendio-
carb and carbofuran are structurally similar.
Their toxicity to SCR adults is identical,
whereas bendiocarb is 2.6 times more toxic than
carbofuran to SCR larvae.'*

The signs of toxicity produced by bendiocarb
were typical fast-acting carbamate intoxication
symptoms. After an LDso dosage of 1.3 ug/g,
all beetles were knocked down in 20 min. Re-
covery began 5 hr after knockdown. Larvae
treated at an LDso of 9.1 ug/g regurgitated or
salivated profusely; knockdown occurred in
10 min, and recovery started in 8 hr.

2. Metabolism and Distribution of Bendiocarb

Distribution of recovered radioactivity in
SCR adults and larvae at various times, after
topical application with !*C-bendiocarb, are
presented in Table 2. Because SCR were
knocked down fast by bendiocarb, adults and
larvae were treated at 1/10 LDso dosage and
analyzed at shorter periods after treatment
(0.083, 0.5, 1, 2, and 4 hr). At this dosage,
however, no knockdown was observed.

The percentage of bendiocarb penetration

was calculated from the difference between total
recovery (%) and external rinse (%). SCR
larvae showed faster penetration rates than
adults during the first 5 min (0.083 hr); ap-
proximately 649%, of bendiocarb applied to
larvae penetrated through the cuticle, whereas,
in adults, only 559%, of the applied dose pene-
trated the body. Internal organic extracts
represented compounds that were free in the
hemolymph or loosely bound to tissues and
extractable by organic solvents. The major
radioactive portion was found in this fraction.

Radioactive recovery in internal aqueous
extracts increased with time. Greater amounts
of radioactivity in this fraction from larvae
imply that more aqueous soluble metabolites
formed in larvae than in adults. Compared
with other fractions, only trace amounts of
radioactivity were recovered from unextract-
able residues.

Container rinses of bendiocarb SCR adults
and larvae show that, during the first 5 min,
larvae excreted in greater amounts and at
faster rates than did adults. Between 1 and 2
hr posttreatment, the percentage of excretion
was similar between adults and larvae, with
recoveries ranging from 12 to 149, of the ad-
ministered radiocarbon. Two hours after treat-
ment, percentage of excretion increased in

Table 2 Distribution of radioactivity in southern corn rootworms after a topical application
of 1/10 LD;y dosage of 4C-labeled bendiocarb.*>

% applied dose recovered after
indicated treatment time (hr)

Stage Fraction
0.083 0.5 1 2 4
Adult® External rinse 44.8 19.8 10.6 8.8 6.0
Internal organic extract 48.1 64.9 68.3 61.0 52.5
Internal aqueous extract 0.5 3.8 4.2 7.2 9.1
Unextractable residue 1.3 2.1 1.3 2.9 2.2
Container rinse 4.8 10.0 12.7 12.3 20.6
Total recovery 99.5 100.6 97.1 92.2 90.4
Larva®) External rinse 32.8 13.2 11.6 4.7 2.7
Internal organic extract 50.3 55.3 60.5 64.3 49.1
Internal aqueous extract 3.4 3.8 6.8 9.0 16.7
Unextractable residue .0 .0 0.1 .0 0.2
Container rinse 10.2 14.9 13.1 13.8 14.4
Total recovery 96.7 87.2 92.1 91.8 83.1

2)  Data represent means of three replicates.

b)  1/10 LDj, dosage of bendiocarb to adults and larvae are 0.13 pg/g and 0.91 ug/g, respectively.
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adults while remaining constant in larvae. Data
from internal aqueous extracts and container
rinses imply different detoxication mechanisms
and/or rates between SCR adults and larvae.
SCR larvae also have been shown to excrete
isofenphos more rapidly than SCR adults do.'®
A human male volunteer® excreted approxi-
mately 369, of the administered dose after oral
administration of !*C-bendiocarb. Male rats,
which received single oral administrations of
U4C-bendiocarb at two dosage levels (0.125 and
2.5 mg/kg), excreted approximately 81 and
71% of the administered doses, respectively,
within 8 hr posttreatment.®”  These mam-
malian data are not directly comparable to the
insect data because of differences in route of
exposure.

The degradation products of bendiocarb in
the internal organic extract and the container
rinse are shown in Tables 3 and 4. Bendiocarb
metabolites were qualitatively similar but
quantitatively different between adults and
larvae. Identifiable products were bendiocarb
and bendiocarb phenol. Two other radioactive

spots were unknown, and polar metabolites
remained at the origin of the chromatogram.

Major metabolites from the internal organic
extract differed between SCR adults and larvae
(Tables 3 and 4). Bendiocarb phenol was the
prominent metabolite in SCR adults, whereas
polar metabolites at the chromatogram origin
(presumably conjugated compounds) were the
dominant metabolites in SCR larvae. One to
4 hr after treatment, more than 369% of ben-
diocarb applied to SCR adults was recovered as
bendiocarb phenol (Table 3). Internal bendio-
carb phenol accumulated fast in the first 30
min, going from 4.6%, of applied dose at 5 min
to 24.5% of applied dose at 30 min. Rapid
bendiocarb phenol formation suggests that
bendiocarb was transformed primarily to this
compound. In SCR larvae, however, bendio-
carb phenol was less than 209, of applied dose
during the 4-hr experimental period. The
major metabolites for SCR larvae were polar
metabolites at the chromatogram origin. The
amounts increased from 3.5%, of the applied
dose at 5 min to 37.89%, of the applied dose at

Table 3 Nature and amounts of metabolites in internal organic extract and container
rinse from southern corn rootworm adults treated with 0.13 ug/g (1/10 LDs;) of “C-bendiocarb.

9%, applied dose recovered after
indicated treatment time (hr)

Metabolite IFraction®’

0.083 0.5 1 2 4

Bendiocarb I 40.6 35.5 25.3 17.8 11.2
C 3.1 9.6 11.7 9.8 17.4

T 43.7 45.1 37.0 27.6 28.6

Bendiocarb phenol 1 4.6 24.5 35.9 37.1 34.8
C 1.2 0.1 0.4 2.1 2.6

T 5.8 24.6 36.3 39.2 37.4

Unknown metabolite I 0.5 0.8 1.4 1.0 1.5
C 0.2 .0 0.2 0.1 0

T 0.7 0.8 1.6 1.1 1.5

Origin I 2.4 4.0 5.1 4.7 4.8
C 0.2 0.3 0.3 0.4 0.6

T 2.6 4.3 5.4 5.1 5.4

Total metabolites I 7.5 29.3 42.5 42.8 42.1
C 1.6 0.4 0.9 2.6 3.2

T 9.1 29.7 43.3 45.4 44.3

2> I: Internal organic extract, C: Container rinse, T: Total amounts from internal organic

extract and container rinse.
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Table 4 Nature and amounts of metabolites in internal organic extract and container rinse
from southern corn rootworm larvae treated with 0.91 ug/g of #C-bendiocarb.
% applied dose recovered after
Metabolite Fraction® indicated treatment time (hr)
0.083 0.5 1 2 4
Bendiocarb I 39.9 36.8 33.3 19.1 8.7
C 10.1 10.4 6.9 6.1 9.1
T 50.0 47.2 40.2 25.2 17.8
Bendiocarb phenol I 5.9 8.2 7.4 15.2 4.6
C 0.1 1.8 2.2 2.9 0.9
T 6.0 10.0 9.6 18.1 5.5
Unknown metabolite I 1.1 1.3 1.5 .3 0.7
C .0 1.0 1.3 1.7 1.2
T 1.1 2.3 2.8 4.0 1.9
Origin I 3.5 9.1 18.4 27.6 35.1
C .0 1.2 2.3 3.2 2.7
T 3.5 10.3 20.7 30.8 37.8
Total metabolites I 10.5 18.6 27.3 45.1 40.4
C 0.1 4.0 5.8 7.8 4.8
T 10.6 22.6 33.1 52.9 45.2
2> I: Internal organic extract, C: Container rinse, T: Total amounts from internal organic

extract and container rinse.

4 hr (Table 4).

An isofenphos metabolism study revealed
that SCR adults also degrade that organophos-
phorus (OP) insecticide via a hydrolysis path-
way to a greater extent than SCR larvae do.'»
Hydrolysis to a phenolic product has been
documented in Diabrotica for other carba-
mate'® and OP'” insecticides.

With use of TLC in n-butanol-acetone-
ammonium hydroxide-water (30:10:10:4),
components of the chromatogram origin were
further separated. @Two major radioactive
spots were isolated from the chromatogram
origin. The Rf-values and the ratio of these
two isolated components (1:4) were similar
between SCR adults and larvae. The results
indicate that two conjugated compounds may
be formed. In addition, qualitatively similar
conjugated compounds imply the same mech-
anism of conjugation reaction in SCR adults
and larvae. Conjugation was studied by acid
hydrolysis of the conjugated compounds.®
Two and one-half hours after acid hydrolysis,

some radioactivity was found at the spot cor-
responding to bendiocarb phenol. These
results suggest that the chromatogram origin
included conjugates of bendiocarb phenol. Ad-
ditional support for this hypothesis was the
marked disappearance of bendiocarb phenol,
which corresponded to the rapid increase of
the chromatogram origin between 2 and 4 hr
after treatment in SCR larvae (Table 4). Be-
cause enzymatic hydrolysis of conjugated com-
pounds was not conducted in the present ex-
periment, endogenous substances used for
conjugation reactions were unidentified. Me-
tabolism of bendiocarb in the rat and man,
however, indicated that major conjugated
materials were sulfate and glucuronide con-
jugates of bendiocarb phenol.® These authors
also found small amounts of conjugates of 2,2-
dimethylbenzo-1,3-dioxol-4-yl NN-(hydroxy-
methyljcarbamate at early metabolic stages
in the rat and man. In summation, the sug-
gested major metabolic pathway of bendiocarb
in SCR adults and larvae was hydrolysis of the
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carbamate ester bond to yield bendiocarb
phenol and the subsequent conjugation of
bendiocarb phenol.

Although SCR adults and larvae exhibit
similar decreases in internal bendiocarb (Tables
3 and 4) and a common major metabolic path-
way, different major metabolites suggest that
SCR adults, when compared with larvae,
detoxify bendiocarb by using a similar mecha-
nism but differ in having slow conjugation
reactions. In SCR adults during the first hour,
most of the bendiocarb was rapidly hydrolyzed
into noninsecticidal bendiocarb phenol. After
1 hr, the amount of bendiocarb phenol re-
mained constant throughout the 4 hr experi-
mental time. Little variation of bendiocarb
phenol 1 hr after treatment and low recovery
of “C label at the chromatogram origin indi-
cate that the conjugation reaction occurred
only quite slowly in SCR adults. In SCR
larvae, however, the conjugation reaction
followed the hydrolysis reaction immediately.
A prominent increase of conjugated compounds
at the chromatogram origin with time and slow
accumulation of bendiocarb phenol during the
first 2 hr imply that bendiocarb phenol was
metabolized rapidly into conjugated com-
pounds. In addition, the apparent decrease of
bendiocarb phenol at 4 hr posttreatment may
have resulted from smaller reserves of internal
bendiocarb and subsequent conjugation of
bendiocarb phenol.

Excretion of parent bendiocarb was another
detoxication mechanism utilized by SCR
adults, whereas excretion of bendiocarb by
SCR larvae was less important. In summation,
SCR adults detoxified bendiocarb primarily by
hydrolyzing it rapidly into nontoxic bendiocarb
phenol and secondarily by excreting the toxic
parent compound. SCR larvae, however,
detoxified bendiocarb primarily by forming
conjugated compounds.

Past literature!*>'® reported that large
amounts of applied dosage will change the
penetration rate, rate of metabolism and ex-
cretion rate of the insecticide. Bendiocarb ap-
plied at a greater dosage (LDio) to SCR adults
revealed an obvious effect on the hydrolytic
enzyme system (Fig. 2). A lower percentage of
bendiocarb phenol and a higher percentage of
internal bendiocarb suggested that more time

18]
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Fig. 2 Recovery of bendiocarb, bendiocarb
phenol, and metabolites at origin in internal
organic extract (O) and container rinse (@) from
southern corn rootworm adults treated at two
dosage levels, 0.13 pgf/g (solid lines) and 0.80
1g/g (dot-dashed lines).

was needed to accomplish the same percentage
of hydrolysis. Bendiocarb phenol represented
27.39, of the applied dose 4 hr after treatment
at the larger dose, indicating that the hydro-
lytic reaction was not complete at 4 hr. Be-
cause the enzyme kinetics were not studied in
the present experiment, saturation of hydrolyt-
ic enzyme at the higher dose was uncertain.
Possible saturation kinetics at a higher dose
has been reported in house flies treated with
carbofuran,'® methyl parathion, and fenitro-
thion.'?

3. Penetration Rate

Penetration of '*C-bendiocarb into SCR
adults and larvae was measured from the
amounts of *C recovered in external rinses at
predetermined intervals. Results of bendio-
carb penetration are shown in Fig. 3. The
penetration curve was biphasic for adults and
triphasic for larvae. Each curve exhibited a
rapid initial penetration rate (phase I), fol-
lowed by slow, steady-state rates of decline
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(phase IT and phase III). The kinetics in each  the slope of the straight line during the second
phase is explained in detail by Elliott,'  phase. For bendiocarb, rate constants were
Lewis,*” and Brooks.*”  According to El- nearly 4.2 times larger for larvae (k,=0.0140
liott,"” penetration rate is measured during min™') than for adults (k,=0.0033 min™).
the phase II of the penetration curve. Rate  Cuticular permeability?” and protein and lipid
constants of penetration (%,) were expressed by  content of the cuticle?” may influence insecti-
cidal penetration rate. The faster penetration
rate in larvae implies that penetration mecha-
nism probably was unimportant to selective
toxicity of bendiocarb between SCR adults
and larvae.

4.  Amounts of Internal Toxic Compounds
Insecticide toxicity depends upon penetra-
tion rate, rate of metabolism, and excretion
rate of the insecticide, and, for OP and carba-
mate insecticides, acetylcholinesterase (AChE)
sensitivity to insecticide inhibition.?*:**> The
first three factors determine the amount and
duration of insecticidal compounds within the
body.?»> Because parent bendiocarb was the
only compound toxic to SCR adults and larvae

% OF APPLIED DOSE RECOVERED

] h\\\ in toxicity tests, amounts of the internal toxic
\\\\\ dose were estimated solely on bendiocarb

’ T recovery from internal organic extracts. Table

5 shows that the adult/larva ratio of internal

1 bendiocarb (mean of 0.14 for 0.083, 0.5, 1, 2,

4 hr) was similar to the adult/larva ratio of the

applied dose (0.14). These results suggest that

R — e the amount of internal toxic compound was
TIME  Cmin) not a determining factor for the sevenfold

Fig. 3 Penetration of bendiocarb into southern toxicity difference between SCR adults and
corn rootworms after topical application of 14C- larvae. Comparable ratios for internal bendio-
bendiocarb at 1/10 LDjs, dosages (0.13 ug/g for carb and applied doses may be attributed to
adults (@) and 0.91 ug/g for larvae (O)). similar combined effects of penetration rate,
Penetration curves were obtained by plotting the rate of metabolism, and excretion rate of
logarithm of percentage recovery of 14C in exter- bendiocarb between adults and larvae. Differ-
nal rinse versus time. ences in AChE sensitivity to determining

Table 5 Amounts (ug/g) of internal toxic compound?’ recovered in southern corn rootworms
after topical application of 1/10 LLD;, dosage of 14C-bendiocarb and ratios between adults and

larvae.
Dose applied Time (hr)
(rg/g) 0.083 0.5 1 2 4
Adult 0.13 0.053 0.046 0.033 0.023 0.015
Larva .91 0.363 0.335 0.303 0.174 0.079
Adult/larva ratio 0.14 0.15 0.14 0.11 0.13 0.19

2> Amounts of parent bendiocarb from internal organic extract.
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bendiocarb effects on SCR would be neces-
sary to confirm this possibility.
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