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1. INTRODUCTION

In an 'Official Report' dated 8 January, 1980, Dr. W.A. Smirnoff
of the Laurentian Forest Research Centre presented data indicating
that certain samples of Abbott Laboratories B.t. formulation (ABG 6103)
exhibited a high degree of toxicity for several insect species
including the eastern spruce budworm, Choristoneura fumiferana Clem, when a
a fine droplet of the product under consideration was applied topically
to the test insects. Of the ABG 6103 samples tested, three of these,
listed as Sample Numbers 5, 6 and 7, all of the same Lot No. (02-016-BD)
provided for Quebec Ministry of Energy and Resources field trials in
1979, were highly toxic to spruce budworm larvae producing 100% morta
lity in the test insects (sixth-instar larvae) within 18 hours of
application in the manner described above. No such mortality resulted
when samples of a Sandoz formulation (Sandoz 32B) were applied in the
same manner. From this he concluded that ABG 6103 contained "an

unknown toxic chemical substance which induced "by contact" the
mortality observed.

When the Forest Pest Management Institute was made aware of these
results, samples were requested of Dr. Smirnoff for testing at the FPMI.
These samples, designated as N5-VS, N6-VS and N7-VS were subsequently
received and were tested topically on budworm larvae by Dr. O.N. Morris
along with other B.t. samples and various fractions thereof available
at the Institute. The results of the tests were provided to CFS and
Abbot Laboratory participants at the 11 March, 1980 meeting at CFS
Headquarters. Very simply these tests demonstrated that the N5-N7
samples when applied at 0.2 yl to the upper abdomens of L4-5
spruce budworm larvae, did induce mortality that ranged from 22-55% of
the test population after 24 hours and from 78-100% after 72 hours.
In the 24-hour assays, only one other sample (Dipel Whole-Maine) produced
significant mortality.

At the same time that Dr. Morris' tests were being conducted, Dr.
P.C. Nigam, also of FPMI, was conducting modified Potter's tower tests
against L5 budworm larvae with ABG 6103 (Lot No. 6478-92B), the
blank carrier for ABG 6103 (i.e. formulation complete except for B.t.)
and Sunspray 7E oil. The rates of application in all tests were
equivalent to 0.5, 1.0, and 2.0 gallons per acre at five concentrations
of the material concerned (0.015-.250%). In the case of ABG 6103, the
combination of the highest dosage rate and concentration utilized was
equivalent to a deposit of 12 BIU of B^./acre. Very briefly, no
significant mortality occurred as a result of the blank carrier or
Sunspray 7E oil applications, nor was any significant mortality noted
with the ABG 6103 applications up to 48 hours post-spray regardless
of concentration or rate of application. At the two highest concentra
tions and an application rate equivalent to 2 gallons per acre signifi
cant mortality was noted at 72 hours post-spray with ABG 6103 but this
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was diagnosed as due to B.t. infection. The results of these tests were
also supplied to participants at the 11 March, 1980 meeting at CFS
Headquarters. As of 11 March, 1980, Dr. Nigam had not had an opportunity
to test the N5-N7 samples received from Dr. Smirnoff in his modified
Potter's tower.

During the 11 March meeting referred to above, it was agreed that
Dr. C.H. Winget, Director, Laurentian Forest Research Centre would
arrange to obtain addition samples of ABG 6103 (Lot No. 02-016-BD) from
the Ministry of Energy & Resources warehouse at Riviere du Loup and
provide these to Abbot Laboratories and to the FPMI for further testing
and analyses. These samples were taken by A. Lavallee (LFRC) on 20
March, 1980 and the FPMI samples arrived at the Institute on 31 March,
1980. The samples, in translucent plastic, screw-top bottles were
labelled L2, L5, L8, Lll and L16 and were reported taken as follows:

L2 - from the upper 4 cm of a sealed drum prior to the drum
being agitated

L5 - from the middle of the same drum as L2 prior to agitation

L8 - from the middle of the same drum as L2 & L5 but after

agitation

Lll - from the middle of a previously opened drum prior to
agitation. The same drum apparently as N5-VS, N6-VS
and N7-VS samples came from earlier

L14 - from the middle of the same drum as L-ll but after

agitation of the drum

Immediately upon receipt at FPMI, these samples were transferred to
Dr. O.N. Morris for further testing and analysis by he, Dr. P.C.
Nigam and Dr. K.M.S. Sundaram. Marked differences in the colour of
the samples as viewed through the transluscent bottles were noted at
this time. L2 was much lighter in colour than all of the other
samples; it had the appearance of a urine sample for lack of a better
description. Samples L5 and L8 were much darker than L2 with an
orange tinge to a brown background colour. In colour they were both
very similar to each other. Samples Lll and L14 were very dark brown
in colour. Colour differences between Lll and L14 could not be
distinguished with the naked eye but they both were much darker in
colour than L5 or L8.

The report that follows describes the techniques utilized and
results obtained when these samples were applied to spruce budworm
larvae via single-drop topical application (O.N. Morris), modified
Potter tower application (P.C. Nigam) and when the samples were
analyzed for the presence of carbamate and organophosphate insecti
cides (K.M.S. Sundaram et al).
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2. TOPICAL APPLICATIONS (O.N. Morris)

L2, L5, L8, Lll and L14 samples of ABG 6103 received from
the Laurentian Forest Research Centre were tested via topical
application to L5 eastern spruce budworm larvae. Procedures
utilized were similar to those utilized in earlier tests with

other samples (see Section ly above). The head capsules of
all test larvae were dipped in warm dental wax which was allowed
to harden prior to application of the samples concerned. Test
larvae were anaesthetized briefly with CO2 and 0.2 yl of the
test material was applied with a micropipette to the upper
abdomen of each test insect. Control insects were treated in

a similar manner but none of the sample materials were applied
to them. Following application of the sample material insects
were placed individually in separate rearing vials, were provided
with no food, and were held at high humidity and room temperature.

Vials containing the treated and control insects were examined
after 24 and 72 hours, at which times mortality was recorded.
Dead insects were removed, thoroughly washed with water, squashed
on glass plates and examined microscopically for bacterial
vegetative cells. Where vegetative cells were found, these were
smeared on trypticase soy agar and incubated for 12 hrs. at 28°C. Samples
of the incubated materials were smeared on glass slides and stained
with nigrosin. The stained slides were examined microscopically
for the presence of crystalliferous spore-forming bacteria.

2.2 Results

Observed mortality and the occurrence of crystalliferous, spore-
forming bacteria following treatment as described above are presented
in Table 1. Only sample materials Lll and L14 produced any mortality

in test insects up to 24 hours following application of the material
concerned. At 24 hours, a small percentage of these dead insects
were positive for crystalliferous, spore-forming bacteria. By 48
hours post-treatment, between 5 and 13 percent mortality had occurred
in insects treated with L2, L5 and L8 with crystalliferous, spore-
forming bacteria (CSFB) detected only in a small percentage of the
dead insects which had been treated with L8. By contrast, 84-85
percent of insects treated with Lll and L14 had died by 48 hours
post-treatment and from 21-30 percent of these were positive for
CSFB. By 72 hours post-treatment approximately 20 percent of the
insects treated with L2, L5 and L8 had died and a small percentage
of those that had died following treatment with L5 and L8 were
positive for CSFB. No CSFB were detected after 72 hours in insects
which had died following treatment with L2. Seventy-two hours after
treatment with Lll and L14 insect mortality had increased to 95
percent with approximately 30 percent of the dead insects positive
for CSFB. No bacterial vegetative cells were detected in the wash
water from dead insects in these tests.
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Table 1

Mortality of L5 larvae of the eastern spruce budworm and the
occurrence of crystalliferous, spore-forming bacteria in dead
larvae following topical application of 0.2 ul of various ABG
6103 samples to the upper abdomen of each insect.

No. of

Mortality of test insects & occurrence
spore-forming bacteria in dead

of crystaliferous,
larvae

larvae

in test

After 24 hours After 48 hours After 72 hours

Sample Mortality
I

Bacteria

%

Mortality
X

Bacteria

%

Mortality
%

Bacteria

1

Control 28 0 0 0 0 0 0

L2 39 0 0 13 0 18 0

L5 38 0 0 5 0 21 8

L8 34 0 0 9 6 21 6

Lll 37 27 3 84 30 95 32

144 39 31 5 85 21 95 28
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It is important to note in consideration of these data
that, up to 24 hours post-treatment, only the application of
samples Lll and L14 had resulted in any mortality in the insects
tested. This mortality increased dramatically by 48 hours
post-treatment and had reached 95 percent by 72 hours post-
treatment. Obviously, sample materials Lll and L14 were much
different than the others giving distinct evidence of contact
toxicity. While modest levels of mortality occurred in insects
treated with L2, L4 and L8 after 48 and 72 hours, this is not
considered to be evidence of contact toxicity per se, but simply
the mortality that might be expected after extended periods with
such massive dosages of the oil-containing formulations con
cerned.

When compared to earlier tests conducted by O.N. Morris,
the mortality patterns for sample materials Lll and L14 were
very similar to those obtained with samples N5-VS, N6-VS, N7-
VS, and the previous Dipel Whole (Maine) sample. The former
is not surprising because the Lll and L14 samples, are re
ported (see Section 1) as coming from the same barrel as the
N5-VS, N6-Vs and N7-VS samples came from. Unfortunately, no
more of the Dipel Whole (Maine) sample used in earlier tests
was available so it was impossible to retest this material but
this time on larvae which had their mouthparts blocked with
dental wax.

3. MODIFIED POTTER TOWER APPLICATIONS (P.C. Nigam)

Prior to the 11 March meeting referred to in Section 1 of
this report, the Toxicology Unit of FPMI received three samples
of B.t. formulations from Dr. O.N. Morris labelled N5-Vs, N6-VS & N7-
VS for testing via modified' Potter tower application against
larvae of the eastern spruce budworm. Unfortunately, time did
not permit testing of these samples prior to the March meeting.
Following that meeting, the Unit received five additional samples
from Dr. Morris labelled as L2, L5, L8, Lll and L14. This
section of the report describes the results obtained when both
these series of samples were applied via modified Potter tower
to budworm larvae.

3.1 Methods

Five concentrations (0.015, 0.031, 0.063, 0.125 and
0.250%) of each of the samples received (N5-VS, N6-VS,
N7-VS, L2, L5, L8, Lll and L14) were prepared by diluting
the samples with distilled water. Liquid Rhodamine B at
0.1% was added as a marker dye to all of the samples so
prepared. Each concentration of each sample described
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above was applied via modified Potter tower to 30 L5,
laboratory-reared, spruce budworm larvae at a rate equi
valent to 2 gallons per acre. Two groups of 30 L5,
laboratory-reared, budworm larvae were used as controls
with each of the samples and concentrations tested. One
of these groups received an application of 0.1% Rhodamine
dye only in distilled water at an application rate of
2 gallons per acre. The other received no treatment at
all.

Following application of the sample material concerned,
insects utilized in the tests and the controls were transferred
to 4 oz waxed paper cups purchased from Lily Corp. Larch
foliage was provided to all groups of test and control
insects 30 minutes after application of the material con
cerned and they were all held at 21°C and 55-60% RH for
seven days post-treatment. Fresh foliage was provided as
required and, when larch foliage was not available, white
spruce or balsam fir foliage was used.

Mortality was recorded at 24-hour intervals up to 3
days post-treatment and then on the 5th and 7th day. Ob
served mortalities in treated insects were corrected using
Abbott's formula and the mortality exhibited by the appro
priate dye control group.

3.2 Results

Raw data sheets for each of the tests reported herein
are presented in Appendices la-h. For ease of comparison of
the salient points, however, the data for the three highest
concentrations of each material at 24, 48 and 72 hours post-
spray are summarized in Table 2.

By 24 hours post-spray treatment, only samples Lll,
N5-VS and N6-VS had caused any significant mortality in the
test insects and this at the highest concentration applied.
By 48 hours post-treatment, mortality from these same
samples had increased markedly at the highest concentrations
used. In addition, significant mortality was beginning to
appear from sample Lll at the second highest concentration
used, sample L14 at the highest concentration and sample
N7-VS at the second highest concentration utilized. No
appreciable mortality occurred as a result of application
of any of the other samples regardless of concentration
used in the applications. By 72 hours post-treatment,
mortality from samples Lll, L14, N5-VS, N6-VS and N7-VS,
at the highest concentrations, had increased and ranged
from 49 to 100 percent. At the second highest concentration
utilized, samples Lll, L14, N6-VS and N7-VS had resulted in
significant levels of mortality in the test insects as did
sample Lll and N6-VS at even the lowest concentration used.



'Dosage

Table 2

Mortality Induced In L5, Laboratory-reared Spruce Budworm Larvae
Following Modified Potter Tower Application Of Various ABG 6103

Samples At Three Different Concentrations

•Corrected Percent Mortality

Concentration
2 BIU/ No. of N5- N6- N7-

of sample ug/cro oz/acre acre insects L2 L5 L8 Lll L14 VS VS VS

0.063 0.1401 0.200 3.0 30 0 0 0 3 0 0 3 0 )

0.125

0.250

0.2802

0.5604

0.400

0.800

6.0

12.0

30

30

0

3

0

0

0

0

0

14

0

4

7

48

0

43

0 )

4 )

24 hours

Post-

Dyed Control
Untreated Control

30

30

0

0

0

0

3

0

3

0

0

0

0

0

0

0

0 )
3 )

treat

ment

0.063 0.1401 0.200. 3.0 30 0 0 0 10 0 0 3 3 )

0.125

0.250

0.2802

0.5604

0.400

0.800

6.0

12.0

30

30

0

3

0

0

0

7

13

37

0

29

7

55

7

60

20 )

83 )

48 hours

Post-

treat

Dyed Control 30 0 0 3 7 7 0 0 0 )
ment

Untreated Control 30 0 0 0 0 7 0 0 0 )

0.063 0.1401 0.200 3.0 30 0 0 0 17 0 7 28 10 )

0.125

0.250

0.2802

0.5604

0.400

0.800

6.0

12.0

30

30

0

7

10

0

0

3

22

49

14

56

7

57

60

87

33 )

100 )

72 hours

Post-

treat

Dyed Control 0 0 7 7 7 0 0 0 )
ment

Untreated Control 0 0 0 0 7 0 0 0 )

I
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From Table 2 it is evident that under the conditions
utilized in these applications, samples L2, L5 and L8 were
not toxic to L5 spruce budworm larvae. On the other hand,
samples Lll, L14 and the entire N-VS series were. Where
mortality due to treatment occurred, it increased, as might
be expected, with concentrations of the materials applied.
It is interesting also, that the N-VS series of samples
appeared somewhat more toxic than samples Lll and L14.

Table 3 and 4 showing contact toxicity of fenitro-
thion and aminocarb, respectively, when applied to L5
laboratory-reared spruce budworm larvae at different dosage
rates are included herein for comparison with the B.t. data.
While the mortality patterns with increasing dosages of
these chemical insecticides show the same general pattern
as exhibited by the B.t. samples, there are some interesting
differences. Both of these chemical insecticides exhibit

good contact toxicity against spruce budworm larvae. With
fenitrothion the effect is very rapid. Mortality occurs
within 24 hours with little to no subsequent mortality.
With aminocarb, a good deal of the mortality occurs within
24 hours but, because it is slower acting, there is evidence
of additional mortality up to 48 hours after application
with little additional mortality occurring thereafter.
Where mortality occurred with topical application of the
B.t. samples concerned, mortality increased with time beyond
24 hours and, in this respect, resembled the aminocarb
pattern more closely than the fenitrothion pattern. In
general, the mortalities produced by samples Lll, L14
and the N-VS series were roughly equivalent to the contact
toxicity of fenitrothion at rates of 0.096-0.128 oz/acre
or aminocarb at 0.032-0.069 oz/acre.

In summary, the results suggest a definite contact
toxicity effect with samples Lll, L14 and the N-VS series
added to which is an additional mortality factor with
time which is suggestive of the classic response to B.t.
per se.



Table 3

Summary of Contact Toxicity of fenitrothion (0.1% active ingredient) against fifth-
instar laboratory reared spruce budworm

Dosage

Ug/cm2

(AI)

oz/ac
Number of

Insects

Corrected Percentage Mortality

gal/ac 24 hrs 48 hrs 72 hrs

0.1 0.0094 0.016 90 0 0 1

0.2 0.0161 0.032 90 3 4 4

0.4 0.0362 0.064 90 1 2 3

0.6 0.0560 0.096 90 33 41 45
i

VO

0.8 0.0781 0.128 90 74 75 77
1

1.0 0.1018 0.160 90 92 98 98

Untreated Check 90 1 5 5



Table 4

Contact Toxicity of aminocarb (0.05Z active ingredient) against flfth-lnstar
laboratory reared spruce budworm

Dosage (AI)

Number of

Insects

Corrected Percentage Mortality

gal/ac ug/cm2 oz/ac 24 hrs 48 hrs 72 hrs

0.1 0.0042 0.008 90 1 2 3

0.2 0.0088 0.016 90 2 4 4

0.4 0.0179 0.032 90 27 29 34

0.6 0.0271 0.048 90 43 54 57

0.8 0.0376 0.064 90 53 71 76

1.0 0.0506 0.080 90 78 92 96

Untreated Check 90 2 5 5

o

I
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4. ANALYSIS OF SAMPLE MATERIALS FOR THE PRESENCE OF

CARBAMATE AND/OR ORGANOPHOSPHATE INSECTICIDES

(K.M.S. Sundaram)

Six samples of B.t. formulations labelled Dipel 88 , L2, L5, L8,
Lll and L14 were delivered by O.N. Morris to the Toxic Chemicals Unit
at FPMI with a request to analyze them for the presence of carbamate
and/or organophosphate insecticides, especially aminocarb and feni
trothion. When delivered, and throughout the analysis, no disclosure
was made to unit staff relative to the origin of the materials or of
observed mortality rates following topical or modified Potter tower
application to spruce budworm larvae.

The samples, so received, were subjected to a number of standard
analytical procedures designed first to detect the presence of carba
mates and/or organophosphates and, if present, to identify them speci
fically; second, to quantify them and, finally, to confirm the identity
of any such materials found. The procedures utilized and the results
obtained are reported herein. The apparatus and reagents utilized are
listed in Appendix 2.

4.1 Extraction of B.t. Formulations

Five-millilitre aliquots each of samples Lll, L14 and Dipel 88were
individually transferred to 15-ml graduated centrifuge tubes and
partitioned three times each with approximately 7 mis ethyl acetate.
Following each partitioning, the samples were centrifuged at 2000
rpm -for 10 minutes to separate the phases, after which the ethyl
acetate layer was withdrawn and transferred to a boiling flask.
The volumes of the combined ethyl acetate fractions for Dipel 88, Lll
and L14 were 31, 26 and 25 mis., respectively. From each of these a
10-ml aliquot was removed and the solvent was evaporated using a
flash evaporator at 30°C, leaving an oily residue. A small quantity
of acetone was added, followed by 25 mis. of acidic coagulating solution
(6 gr NH4C1 + 3 ml 85% H3P0, in 1 litre distilled water). The re
sulting mixture was filtered through Whatman GF/A filter paper under
suction. After neutralization the filtrate was then partitioned with
50, 25, 25, and 25 mis. dichlcromethane. The dichloromethane (Ch0Cl9)
phases were allowed to separate and then passed through granular, anliyd-
rous Na2S04, and collected in 250-ml boiling flasks. The combined
CH2C1„ phase was flash evaporated just to dryness at 30°C and re
constituted in 5 ml. ethyl acetate for chemical analysis.

The coagulation and re-extraction with CtuCl used for the clean
up of Dipel 88, Lll and L14 extracts did not provide any significant
improvement in the cleanliness of the samples; therefore these two
steps were eliminated in the subsequent preparation of formulations L2,
L5 and L8. The volumes of the final extracts of L2, L5 and L8 were
adjusted to 10 ml for chemical analysis.

This sample subsequently confirmed by Dr. 0. N. Morris as Lot No. 6478-92B,
the material used in 1979 tests in Maine and referred to as Dipel Whole
(Maine) in Morris' earlier tests.
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4.2 Gas-Liquid Chromatographic (GLC) Analyses

4.2.1 Carbamates

A Tracor Model 550 gas-liquid chromatograph, equipped
with a Tracor Model 705 nitrogen-phosphorous detector (NPD) was
used for analysis of carbamate residues in all samples utili
zing operating parameters as listed in Table 5. Following in
jection of the samples into the GLC, only samples Lll and L14
produced distinct peaks indicating the presence of nitrogen-
containing compounds in these samples. When compared against
a range of authentic standards of various carbamates (8) and
based on their retention times, only the presence of aminocarb
in those two samples was indicated.

To quantify the amount of aminocarb present, a 5 ug/ml
aminocarb analytical standard was used to prepare a calibration
curve by plotting peak height vs. amount of aminocarb injected.
The analysis was done using external standardization, and
stability of the GLC was ensured by injection of the aminocarb
standard before and after each sample analysis. The amount of
aminocarb found in samples Lll and L14 were 738 ug/ml and 736
ug/ml, respectively.

4.2.2 Organophosphates

A Hewlett-Packard 5730 A GLC equipped with a flame
photometric detector (FPD) was used for the analysis of organo
phosphate residues in all samples utilizing operating parameters
as listed in Table 6. No significant peaks were observed following
injection of any of the samples, indicating the absence of organo
phosphate residues, including fenitrothion.

4.3 Thin-layer Chromatographic (TLC) Analyses

While GLC is a powerful tool for identification and
quantification of chemicals, it alone does not ensure that the
peaks observed at the same retention time as authentic amino
carb were indeed due to residues of the pesticide concerned.
For this reason, confirmation of the presence of aminocarb resi
dues in samples Lll and L14 was sought utilizing TLC techniques.

4.3.1 Preparation of TLC Plates

Glass plates, 20 cm x 20 cm x 4 mm, were washed with
warm, soapy water and rinsed with copious amounts of distilled
water. They were placed in a rack in an upright position
and allowed to air-dry.

One hundred millilitres of distilled water was added to
50 gr. silica gel G and the mixture swirled thoroughly, ensuring
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Table 5

Tracor 550 Gas Liquid Chromatograph Operating Parameters

Detector

Column

Tracor model 705 Nitrogen-
Phosphorous detector

2-1/2' x 1/4" 2% OV-101 +
6% OV-210 on Chrom W HP 80/
100 mesh

Column Oven Temperature 160°C

Injection Port Temperature 220°C

Outlet Temperature 250°C

Detector Temperature 250°C

Carrier Gas (Helium)
Flow rate 60 ml/min

Reaction Gases: Air flow

rate 120 m./min
H« flow rate 1.5 ml/min

Polarizing Voltage

Recorder

Range x Attenuation
chart speed

Lo

Linear Instruments model 212

10 x 16

0.5 inch/min

Retention Time (Aminocarb) 1.47 minutes
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Table 6

Hewlett-Packard 5730A Qas Liquid Chromatograph Operating Parameters

Detector

Column

Flame photometric

4' x 1/4" 3% OV-17 on Chrom W. HP
80/100 mesh

Column Oven Temperature 220°C

Injection Port Temperature 210°C

Detector Temperature 210°C

Carrier Gas (Nitrogen) flow rate 40 ml/min

Reaction Gases:: Air flow rate
TJ II It

H2

60 ml/min
200 ml/min

o2 " " 20 ml/min

Recorder Linear Instruments model 291;1 mV

Chart Speed 0.5 inch/min

Attenuation 8

Retention Time (fenitrothion) .8 minutes



_ 15 _

no pockets of dry silica gel. The slurry was poured into the
Desaga applicator set to coat the plates with a 0.5 mm thick
layer of the gel. The applicator was then drawn over the
dried glass plates at a rate of about 1 plate per second,
yielding an even coat on each of the plates. This preparation
was enough to coat 5 plates. The coated plates were allowed
to dry at room temperature for 15 minutes, then activated at
110°C for 1 hour prior to use.

4.3.2 TLC Analyses

Analytical grade aminocarb and fenitrothion were obtained
from Chemagro Chemical Company Limited, Mississauga, Ontario
and Sumitomo Chemical Co. Ltd., respectively, and stock solution
in ethanol (1 ug/ul) were prepared for spotting on the plates.
Each B.t. formulation sample, after extraction,was spotted on
two plates. A total of 30 ug of each sample and 10 ul of each
standard were spotted. After air drying the spots, the plates
were developed in a solvent tank containing 50:50 hexane:acetone.
The solvent front was allowed to travel 15 cm., after which the
plates were removed and the residual solvent evaporated at room
temperature for 5 minutes.

For visualization, one plate was sprayed with 10% aqueous
NaOH, heated in an oven at 60°C for 3-5 minutes, followed by
spraying with 2% ninhydrin in ethanol. Pink spots developed in
an oven at 105°C within 20 minutes for aminocarb.

The second plate was visualized using an enzyme inhibition
technique^. Compounds that inhibit cholinosterase, such as
aminocarb and fenitrothion will show up as a white spot on a
blue background.

Visualization by NaOH/ninhydrin will indicate the
presence of compounds containing nitrogen. After spraying
the first plate, only samples Lll and L14, along with the amino
carb standard gave pink spots and their Rf values were identical,
confirming the presence of aminocarb in Lll and L14. Similar
results were obtained in the second plate. The fenitrothion
standard was positive in the enzyme inhibition test, but no
corresponding spots at the same Rf value as were observed in
any of the B.t. formulations tested.

4.4 Acetylcholinesterase Inhibition

To further substantiate the presence of cholinesterase
inhibitor, namely, aminocarb in samples Lll and L14, a study
showing the relationship between inhibition and dose was
carried out. Acetylcholinesterase enzyme from bovine ery
throcytes supplied by Sigma Chemical Co., St. Louis, Mo.,
was used, and the activity was measured using the method of

2
Department of National Health and Welfare, Canada, 1973. Analytical
Methods for Pesticide Residues in Foods, pp. 9-11.
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3
Ellman et al . To determine the dose/inhibition relationship
varying amounts of the formulation Lll and L14 and a single
high dose of formulations L2, L5, L8 and Dipel 88 were added
to the enzyme, and the subsequent activities were indivi
dually monitored. Samples Lll and L14 showed a dose/inhibition
relationship, but none of the other formulations decreased the
activity of the enzyme.

4.5 Gas Chromatography/Mass Spectrometry (GC/MS) Confirmation Of
Aminocarb in Samples Lll and L14

Up to this point, only two of the B.t. formulation
samples, namely, Lll and L14 showed indication of containing
aminocarb. The three methods described above give powerful
evidence of its presence. Final confirmation by gas chroma
tography (GC/MS) was performed on samples Lll and L14.

Before the GC/MS analysis could be performed, further
cleanup of the formulations was necessary in order to eliminate
most of the background interference that would otherwise be
present in the mass spectrum. To achieve this, several spots
of each sample were applied on individual thin-layer chroma
tographic plates that were prepared as described earlier. They
were developed in 50:50 hexane:acetone. After development,
the strip of silica gel corresponding to the Rf value of amino
carb was scraped off and transferred into separate beakers
and washed with ethyl acetate. The slurries were filtered
through Whatman CG/A filters in a Millipore filtering apparatus,
and the filtrates collected. The filtrates were quantitatively
transferred to boiling flasks and flash evaporated to a small
volume. The samples were then analyzed by GC/MS along with an
authentic aminocarb standard under identical conditions. The
mass spectra of the two samples were then compared with the
spectrum of the aminocarb standard. Operating conditions
of the GC/MS are given in Table 7.

The mass spectra, i.e., the "fingerprints" obtained from
samples Lll and L14 and aminocarb are presented in Figs. 1, 2,
and 3, respectively. The important components of the amino
carb mass spectrum are the peaks at m/c 151, 150, and 136.
Cleavage of the 0-C bond in the aminocarb molecule, as indi
cated by the wavy line in Fig. 3, yields a major fragment of
mass 150. The M+l peak for this fragment corresponds to m/e
151, and the loss of a methyl group from the M+l fragment
accounts for the 3rd major peak at m/e 136.

The mass spectra of the two samples showed all three
major peaks corresponding to those in aminocarb mass spectrum,
and this provides beyond reasonable doubt the final confirmation
that aminocarb was present in samples Lll and LI4.

3
G.L. Ellman, K.D. Courtney, V. Andres, Jr., and R.H. Featherstone,
Fig. 1. Biochemical Pharmacology, I, pp. 88-95.
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Table 7

Operating Conditions of Perkin Elmer 990/Hitachi RMS-4 GC/MS

GC Detector

Column

Column Oven Temperature

Injection Port Temperature

Detector Temperature

Carrier gas (Helium) flow rate

Mass spectrometer ionizing energy

Emission current

Ion source temperature

Flame Ionization

6'.x 1/8" 8% OV-17

210°C

265°C

275°C

40 ml/min

70eV

80uA

200°C
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4.6 Summary of Analyses

The results of GLC analysis and other confirmatory tests
for the presence of carbamate and organophosphorous residues
in the samples provided are presented in Table 8. After
performing this extensive and thorough series of analytical
determinations it may be stated conclusively that aminocarb
residues were present in samples Lll and L14 at concentrations
of 738 and 736 ug/ml, respectively. Aminocarb was not detected
In samples L2, L5 or L8 that were provided, nor in the Dipel
88 sample obtained from O.N. Morris. Organophosphate residues,
including fenitrothion were not detected in any of the samples
analyzed.

5. DISCUSSION AND CONCLUSIONS

In the interpretation of the results reported herein, and
also in the earlier series of tests conducted at the Forest Pest

Management Institute, it has been accepted that significant
mortality produced within 48 hours of topical application of
the sample material concerned could be evidence of 'contact' toxi
city. Mortality occurring beyond that time could not be consi
dered as contact toxicity per se and most likely resulted from
some physical effect induced by the applied material and/or
unusual entry of B.t. spores and/or crystals into the test
insect via a variety of possible routes none of which have been
determined categorically. It is important to note in this regard
that such mortality occurred with samples L2, L5 and L8 only
following topical application at the 0.2 ul rate (Morris1tests)
and not at the much lower rates utilized by Nigam in modified
Potter tower applications which simulated more closely application
rates that would be utilized in actual control operations.

Results from the application trials reported herein indicate
that samples Lll, L14, N5-VS, N6-VS and N7-VS induced the same
general pattern of mortality against spruce budworm larvae when
applied topically in relatively massive single-drop applications
(Morris) or in modified Potter tower applications (Nigam), the
latter which approached normal field application deposit rates
much closer than the former. The pattern of mortality which
resulted within 24- and 48-hours of application was similar to
that which occurs when a carbamate insecticide (e.g. aminocarb)
is applied topically to spruce budworm larvae and, in fact,
detailed chemical analyses proved conclusively that samples Lll
and L14 were contaminated with aminocarb at levels of 738 and
736 ug/ml, respectively. Although samples N5-VS, N6-VS and N7-VS
were not analyzed for carbamate and/or organophosphate residues,
the fact that they come from the same barrel in the Riviere du
Loup warehouse as samples Lll and L14, and the fact that they
induced similar mortality patterns in spruce budworm larvae,
suggests most strongly that, they too, were contaminated with
aminocarb. In contrast, samples L2, L5 and L8, which were taken



Sample No.

Dipel 88

L-2

L-5

L-8

L-ll

L-14

Table 8

Analysis and Confirmation of Aminocarb in B.t. Formulations

GLC

NPD FPD

738

Pg/
ml

736

Vg/
ml

Ninhydrin

Chemical Test

TLC

ACHE inhibition

SPECTROPHOTOMETRY

ACHE inhibition GC/MS

NA*

NA

NA

NA

+

* NA = Not analyzed

., *

O
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from a previously unopened barrel from the same warehouse at
Riviere du Loup, were shown to be free of carbamate and/or organo
phosphate contamination and this was further borne out by the
insignificant levels of mortality which resulted within 48 hours
of topical application of these samples to budworm larvae.

How the barrel from which samples Lll and L14 and the N-VS
series of samples were taken became contaminated with aminocarb
remains an open question at the time of writing. Reconstruction
of the history of that barrel following its arrival in Quebec
might shed some light on this interesting question and, although
one might speculate widely on the many possible routes of con
tamination, this would be meaningless at this time. Suffice
it to state categorically that the previously opened barrel of
ABG 6103 was contaminated with aminocarb, while a previously
unopened barrel of the same Lot No. was not. The level of
aminocarb contamination concerned was sufficient to produce the
levels of contact toxicity evidenced when the contaminated material
was applied topically to spruce budworm larvae under the conditions
utilized in the tests reported herein.

The results of our tests at FPMI would indicate that ABG

6103 as formulated in Lot No. 02-016-BD by Abbott Laboratories
does not demonstrate contact toxicity against spruce budworm
larvae when applied at dosages and rates likely to be utilized
in aerial spraying operations against this pest.
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TYPE OF EXPERIMENT: CONTACT

STOMACH

STOMACII-CONTACT

Plan of experiment t

Treatment:

Rate of application (gpa):

Replications:

y
APPENDIX la

Five concentrations (0.015, 0.031,
0.063, 0.125, 0.250Z)

2.0 GPA

3

No. of larvae per treatment: 30

INSECTICIDE: NS-VS

Total no. of larvae utilized: 210

Experimental code: SBL 563

Computer code:

Date: May 7,.1980

Mortality Counts After:

Insecticide 24 Hours 48 Hours 72 Hours 5 Days 7 Days

BIU/
acre

X

cone. D/T
X

Mort.

Corr.

Mort. D/T
X
Mort.

Corr.

Mort. D/T
X

Mort.

Corr.

Mort. D/T
X

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort.

0.75 0.016 0/30 0 0 0/30 0 0 0/30 0 0 0/22 0/22 0 0

1.5 0.031 0/30 0 0 0/30 0 0 0/30 0 0 2/30 7 7 4/30 13 10

3.0 0.063 0/30 0 0 0/30 0 0 2/30 7 7 4/30 13 13 4/30 13 10

6.0 0.125 2/30 7 7 2/30 7 7 2/30 7 7 5/29 17 17 9/29 31 29

12.0 0.250 15/31 48 48 17/31 55 55 17/30 57 57 23/29 79 79 26/29 90 90

Dye Control 0/30 0 0 0/30 0 0 0/30 0 0 0/29 0 0 0/27 0 0

|conTROL 0/30 0 0 0/30 0 0 0/30 0 0 0/30 0 0 1/30 3

Corr. Mort. Z Mort. in Test Group - Z Mort. in Dyed Control
100 - X Mort. in Dyed Control

(Abbott's Formula)

x 100

ro



TYPE OF EXPERIMENT: CONTACT ^
STOMACH

STOMACH-CONTACT

Plan of experiment:

APPENDIX lb

Treatment:

Rate of application (gpa):

Replications:

Five concentrations (0.015, 0.031,
0.063, 0.125, 0.250Z)

2.0 GPA

3

No. of larvae per treatment: 30

INSECTICIDE: N6_vs

Total no. of larvae utilized: 210

Experimental code: SQL 557

Computer code:

Date: May 6, 1980.

1- —

Mortality Counts After:

Insecticide 24 Hours 48 Hours 72 Hour s
«i Days 7 Days

Corr.

Mort.

Bill/
acre

Z

cone. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

0.750 0.016 0/30 0 0 2/30 7 7 4/30 13 13 8/30 27 27 9/30 30 30

1.50 0.031 0/30 0 0 1/30 3 3 2/30 7 7 4/30 13 13 9/30 30 30

3.00 0.062 1/30 3 3 1/30 3 3 8/29 28 28 23/30 77 77 27/30

30/30

90 90

6.00 0.125 0/30 0 0 2/30 7 7 18/30 60 60 29/30 97 97 100 100

L2.00 0.250 13/30 43 43 18/30 60 60 26/30 87 87 30/30 100 100 30/30 100 100

DYE 0/30 0 0 0/30 0 0 0/30 0 0 0/29 .0 0 1/27 4 4

CONTROL 0/30 0 0 0/30 0 0 0/30 0 0 0/30 0 0 0/30 0 0

Corr. Mort. " X Mort. In Test Group - Z Mort. in Dyed Control x 100
100 ~ Z Mort. In Dyed Control

(Abbott's Formula



TYPE OP EXPERIMENT: CONTACT «r

STOMACH

STOMACH-CONTACT

Plan of experiment:

APPENDIX lc

INSECTICIDE: N7-VS

Total no. of larvae utilized:

Treatment: Five concentrations (0.015, 0.031, Experimental code:
0.063, 0.125, 0.250Z)

Rate of application (gpa): 2.0 GPA

Replications: 3

No. of larvae per treatment: 30

Computer code:

Date:

210

S11L560

May 6, 1980.

I •

Mortality Counts After:

Insecticide 24 Hours 48 Hours 72 Hours 5 Days 7 Days

QIU/

acre

Z

cone. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
X

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort.

0.016 0/30 0 0 0/30 0 0 0/30 0 0 0/29 0 0 1/29 3 3

0.031 0/30 0 0 0/30 0 0 0/30 0 0 3/28 11 11 7/28 25 25

0.063 0/30 0 0 1/30 3 3 3/38 10 10 6/30 20 20 15/30 50 50

0.125 1/30 3 3 6/30 20 20 10/30 33 33 22/30 73 73 26/30 87 87

0.250 20/30 67 67 25/30 83 83 30/30 100 100 30/30 100 100 30/30 100 100

DYE 0/30 0 0 0/30 0 0 0/30 0 0 0/30 0 0 0/30 0 0

CONTROL 0/30 0 0 0/30 0 0 0/30 0 0 0/30 0 0 0/30 0 0

Corr. Mort. - Z Mort. In Test Croup - Z Mort. in Dyed Control x 100

100 ~ X Mort. in Dyed Control
(Abbott's Formula

NJ

-P»



TYPE OP EXPERIMENT: CONTACT /

STOMACH

STOMACH-CONTACT

Plan of experiment:

APPENDIX Id

Treatment:

Rate of application (gpa):

Replications:

Five concentrations (0.015, 0.031,
0.063, 0.125, 0.250Z)

2.0 GPA

3

No. of larvae per treatment: 30

INSECTICIDE: L2

Total no. of larvae utilized:

Experimental code:

Computer code:

Date:

210

SBL 562

May 7, 1980.

•

Mortality Counts After:

Insecticide 24 Hours 48 Hours 72 Hours 5 Days 7 Days

BIU7
acre

z

cone. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T

Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort.

0.75 0.016 0/30 0 0 1/30 3 3 1/30 3 3 1/30 3 0 1/28 4 0

1.5 0.031 0/30 0 0 0/30 0 0 0/30 0 0 0/30 0 0 0/28 0 0

3.0 0.063 0/30 0 0 0/30 0 0 0/30 0 0 0/30 0 0 5/29 17 14

6.0 0.125 0/29 0 0 0/29 0 0 2/29 0 0 0/29 0 0 0/29 0 0

12.0 0.250 1/20 3 3 1/29 3 3 2/29 7 7 2/29 7 4 2/27 7 3

DYE 0/30 0 0 0/30 0 0 0/30 0 0 0/30 .3 1/28 4

CONTROL 0/30 0 0 0/30 0 0 0/30 0 0 1/30 3 1/30 3

Corr. Mort. •» Z Mort. In Test Croup - Z Mort. in Dyed Control x 100
100 ~ X Mort. in Dyed Control

(Abbott's Formula

N3



TYPE OF EXPERIMENT: CONTACT >/
STOMACH

STOMACH-CONTACT

Plan of experiment:

Treatment:

APPENDIX le

Five concentrations (0.015, 0.031,

0.063, 0.125, 0.250Z)

Rote of application (gpa): 2.0 GPA

Replications: 3

No. of larvae per treatment: 30

INSECTICIDE: L5

Total no. of larvae utilized: 210

Experimental code: SDL564

Computer code:

Date: May 7, 1980.

f

Mortality Counts After:

Insecticide 24 Hours 48 Hours 72 Hour a 5 Days 1f Days

DIU7

acre

Z

cone. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
X
Mort.

Corr.

Mort.

0.016 0/30 0 0 0/30 0 0 0/30 0 0 1/30 3 3 3/29 10 7

0.031 0/30 0 0 1/30 3 3 1/30 3 3 2/30 7 7 7/30 23 21

0.063 0/30 0 0 0/30 0 0 0/30 0 0 3/30 10 10 19/30 63 62

0.125 0/30 0 0 0/30 0 0 3/30 10 10 7/30 23 23 13/30 43 41

0.250 0/30 0 0 0/30 0 0 0/30 0 0 8/30 27 27 23/30 77 76

DYE 0/30 0 0 0/30 0 0 0/30 0 0 0/30 0 0 1/30 3 0

CONTROL /30 0 0 /30 0 0 /30 0 0 /30 0 0 /30 3 0

Corr. Mort. » Z Mort. In Test Croup - Z Mort. in Dyed Control x 100
100 ~ X Mort. In Dyed Control

(Abbott's Formula

to
ON
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yTYPE OF EXPERIMENT: CONTACT

STOMACH

STOMACH-CONTACT

Plan of experiment:

Treatment:

Rate of application (gpa):

Replications:

Five concentrations (0.015, 0.031,
0.063, 0.125, 0.250Z)

2.0 GPA

3

No. of larvae per treatment: 30

INSECTICIDE: L8

Total no. of larvae utilized:

Experimental code:

Computer code:

Date:

210

SDL 565

May 8, 1980.

1 . _

Mortality Counts After:

Insecticide 24 Hours 48 Hours 72 Hours 5> Day8 7 Days

0IU/
acre

Z

cone. D/T
X

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort.

0.75 0.016 0/30 0 0 0/30 0 0 1/30 3 2/30 7 0 6/30 20 7

1.5 0.031 0/29 0 0 0/29 0 0 0/29 0 0 4/29 14 1 13/29 45 36

3.0 0.062 0/30 0 0 0/30 0 0 0/30 0 0 7/30 23 11 26/30 87 85

6.0 0.125 1/30 3 0 1/30 3 0 2/30 7 0 17/30 57 51 28/30 93 92

12.0 0.250 1/30 3 0 3/30 10 7 3/30 10 3 22/30 73 69

DYE 1/30 3 1/30 3 2/30 7 • 4/30 13 4/29 14

CONTROL 0/30 0 0/30 0 0/30J 0 0/30 0 0/30 0

Corr. Mort. - Z Mort. In Test Croup - Z Mort. in Dyed Control x 100
100 - X Mort. In Dyed Control

(Abbott's Formula



TYPE OF EXPERIMENT: CONTACT

STOMACH

STOMACH-CONTACT

Plan of experiment:

y

APPENDIX lg

INSECTICIDE: Lll

Total no. of larvae utilized: 210

Treatment: Five concentrations (0.015, 0.031, Experimental code:
0.063, 0.125, 0.250Z)

Rate of application (gpa): 2.0 GPA

Replications: 3

No. of larvae per treatment: 30

Computer code:

Date:

SUL 566

May 12, 1980.

t

Mortality Counts After:

Insecticide 24 Hours 48 Hours 72 Hours 5 Days 7 Days

QIU7

acre

Z

cone. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort.

0.75 0.016 1/30 3 3 1/30 3 3 4/30 13 6 9/30 30 22 12/30 40 33

1.5 0.031 0/30 0 0 0/30 0 0 0/30 0 0 12/30 40 33 20/30 67 63

3.0 0.063 1/30 3 3 3/30 10 10 7/30 23 17 15/30 50 44 24/30 87 78

6.0 0.125 0/30 0 0 4/30 13 13 8/30 27 22 21/30 70 67 24/30 80 78

12.0 0.250 4/29 14 14 Ll/30 37 37 16/30 53 49 28/29 97 97 29/29 100 100

DYE 1/30 3 3 2/30 7 7 2/30 7 - 3/29 10 - 3/29 10 -

CONTROL 0/30 0 0 0/30 0 0 0/30 0 - 0/29 0 - 0/29 0
-

Corr. Mort. » Z Mort. In Test Croup - Z Mort. in Dyed Control x 100
100 ~ *Z Mort. in Dyed Control

(Abbott's Formula

N3
00
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/TYPE OF EXPERIMENT: CONTACT

STOMACH

STOMACH-CONTACT

Plan of experiment:

Treatment:

Rate of application (gpa):

Replications:

No. of larvae per treatment:

Five concentrations (0.015, 0.031,
0.063, 0.125, 0.250Z)

2.0 GPA

3

30

INSECTICIDE: L14

Total no. of larvae utilized: 210

Experimental code: SUL 567

Computer code:

Date: May 12, 1980

Mortolity Counts After:

Insecticide 24 Hours 48 Hours 72 Hours ci Days 7 Days

BIU7
acre

Z

cone. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort. D/T
Z

Mort.

Corr.

Mort.

0.75 0.016 0/30 0 0 0/30 0 0 1/30 3 0 12/30 40 31 19/30 63 57

1.5 0.031 1/30 3 0 2/30 7 0 2/30 7 0 11/30 37 28 20/ 67 62

3.0 0.063 0/30 0 0 1/30 3 0 1/30 3 0 17/30 57 51 27/30 90 89

6.0 0.125 1/29 3 0 1/29 3 0 6/30 20 14 22/30 73 69 28/30 93 92

12.0 0.250 2/29 7 4 10/29 34 29 17/29 59 56 21/29 72 68 28/29 97 97

DYE 1/30 3 0 2/30 7 2/30 7 - 4/30 13 4/30 13

CONTROL 1/30 3 0 2/30 7 - 2/30 7 - 3/30 10 4/29 14

Corr. Mort. » Z Mort. in Test Group - Z Mort. in Dyed Control x 100
100 ~ Z Mort. in Dyed Control

(Abbott's Formula

ho
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APPENDIX 2

Materials and Methods

1. Apparatus and Reagents

Silica Gel G

Sodium sulfate (anhydrous)

Ammonium chloride

Phosphoric acid, 85%

Sodium phosphate, momobasic,
NaH2P04

Sodium phosphate, dibasic,
Na2HP0A

Sodium bicarbonate, NaHC0„

Citric acid monohydrate
H3C6H507 H20

5,5' - Dithiobis - (2-nitro-
benzaic acid)

Acetylthiocholine iodide

Acetylcholinesterase

Solvents

Aminocarb

E. Merck, Darmstadt, Germany

Fisher S-421, heated over
night to ca 200°C, cooked and
stored in air-tight bottles

Fisher A-661, certified A.C.S.

Fisher A-242, certified A.C.S.

Fisher S-369, certified A.C.S.

Fisher S-374, certified A.C.S.

Fisher S-233, certified A.C.S.

Fisher A-105, certified A.C.S.

Sigma Chemical Co., No. D-8130

Sigma Chemical Co., No. A-5751

Sigma Chemical Co., No. C-2379

Ethyl acetate, hexane, dich-
loromethane, acetone, all
pesticide grade and supplied
by Caledon Laboratories Ltd.

2
Trade name Matacil , analytical
standard, 99.3%, supplied by
Chemagro Agricultural Division,
Mobay Chemical Corp., Kansas
City, Mo.
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Materials and Methods

1. Apparatus and Reagents

Fenitrothion

Thin-layer chromatography plate

Silica gel spreader

Millipore filtering system

Centrifuge

UV-VIS Spectrophotometer

Gas chromatograph/mass
spectrometer

Gas chromatographs

Evaporative concentrator

Analytical standard, 94.4%, supplied
by Chemagro Agricultural Division

Glass plates, 20 cm x 20 cm x 4 mm

Dosage applicator

Millipore filter holder, 15 ml
No. xx 10 025 14, obtained from
Millipore Filter Corp., Bedford,
Mass., Whatman GF/A 2-4 cm glass
microfibre filters, supplied by
Canlab

I.E.C. HN-S centrifuge

Beckman Acta Clll, double beam,
with temperature-controlled circulating
water bath

Perkin Elmer 990/Hitachi RMS-4

Tracer model 550 equipped with a
Tracer model 705 alkali flame

ionization detector; Hewlett
Packard 5730A equipped with flame
photometric detector

Buchi Rotovapor-RE flash evaporator
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