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Manitoba Conservation
Forestry Branch

200 Saulteaux Crescent
Winnipeg, Manitoba
R3J 3W3

Health Canada Pest Management Regulatory Agency
Address Locator: 6606E

2720 Riverside Drive

Ottawa, Ontario K1A 0K9

On behalf of Manitoba Conservation, enclosed is a Notice of Objection to a Registration
Decision under Subsection 35(1) of the Pest Control Products Act, pertaining to the May
0, 2008 reevaluation of Bacillus thuringiensis (Bt).

This objection pertains to the restrictive nature of wording on the Bt label with regard to
product handling and aerial application. This wording is contrary to scientific
documentation stating that Bt products have been demonstrated to have no adverse health
effects after occupational exposure and have been deemed safe for use in controlling
insect pests in forest environments containing aquatic habitats.

Keith Knowles
Forest Health Biologist
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1. SUMMARY

This monograph deals with microbial pest control agents (MCPAs) based on Bacillus thuringiensis (Bt).
This bacterium is also a key source of genes for transgenic expression to provide pest resistance in plants
and microorganisms as pest control agents in so-called genetically modified organisms (GMOs). The
potential effects on human health and the environment of GMOs involve several aspects that are only
remotely or not at all related to Bt products, and they are therefore outside the scope of this monograph.

1.1 Identity, biological characteristics and analytical methods

Bt is a facultative anaerobic, gram-positive bacterium that forms characteristic protein inclusions adjacent
to the endospore. Bt subspecies can synthesize more than one parasporal inclusion. Bt is genetically
indistinguishable from Bc, except for the ability of Bt to produce parasporal crystalline inclusions, which
are toxic for certain invertebrates, especially species of insect larvae belonging to the insect orders
Coleoptera, Diptera and Lepidoptera. The parasporal inclusions are formed by different insecticidal
crystal proteins (ICP). The crystals have various shapes (bipyramidal, cuboidal, flat rhomboid, spherical
or composite with two crystal types), depending on their ICP composition. A partial correlation between
crystal morphology, ICP composition, and bioactivity against target insects has been established.



The basic phenotypic taxon is the subspecies, identified by the flagellar (H) serotype. By 1998, 67
subspecies had been described. The genes that encode the ICPs are mostly on plasmids. Each ICP is the
product of a single gene. Most plasmids with ICP genes are readily transferred by conjugation between
Bt strains and may be transferred to related species of bacteria. The phenotypic classification has now
been complemented by molecular biological characterization, based on the sequence of the crystal (cry
and cyt) genes rather than target organism specificity. Different domains of the ICP are responsible for
host susceptibility (receptor recognition) and toxicity (pore formation).

Techniques commonly used to characterize Bt strains or the ICP itself include cell wall fatty acid
analysis, monoclonal antibodies, oligonucleotide DNA probes, plasmid profiles, polymerase chain
reaction (PCR) analysis, DNA fingerprinting and SDS-PAGE profiles.

Beta-exotoxin, a heat-stable nucleotide, is produced by some Bt subspecies during vegetative growth and
may contaminate the products. Beta-exotoxin is toxic for almost all forms of life including humans and
the target insect orders. During vegetative growth, various Bt strains produce an assortment of
antibiotics, enzymes, metabolites and toxins, including Bc toxins, that may have detrimental effects on
both target organisms and non-target organisms (NTOs). Spore counts do not accurately reflect the
insecticidal activity of a Bt strain or Bt product. The potency (ITU/mg) of each Bt product is bioassayed
using an international standard that uses a specific test insect.

1.2 Mode of action on target insects

The sporulated Bt with ICP or spore-ICP complexes must be ingested by a susceptible insect larva. The
efficacy of the ICP depends on the solubilization in the midgut, the conversion of the protoxin to the
biologically active toxin by proteolytic enzymes, specific membrane receptor binding by the C-terminal
domain of the active toxin, and pore formation by the N-terminal domain with subsequent lysis of the
epithelial cells. Spore germination and proliferation of the vegetative cells into the haemocoel may result
in a septicaemia, contributing to the cause of death. Receptor binding by the ICP is the major determinant
of host specificity by the different Bt ICPs.

1.3 Habitats

Many different Bt subspecies have been isolated from dead or dying insects mostly from the orders
Coleoptera, Diptera and Lepidoptera, but many subspecies have also been isolated from soil, leaf
surfaces and other habitats. The carcasses of dead insects often contain large quantities of spores and
ICPs that may enter the environment. The coleopteran-active and lepidopteran-active Bt subspecies are
primarily associated with the soil and phylloplane (leaf surfaces), whereas the dipteran-active Bt
subspecies are commonly found in aquatic environments. In the environment, the spores persist and
vegetative growth may occur when conditions are favourable and nutrients are available.

1.4 Commercial products, production and application

Conventional Bt products, which utilize naturally-occurring Bt strains, account for approximately 90% of
the world MPCA market. Most Bt products contain ICP and viable spores, but in some Bti products the
spores are inactivated.. Each year some 13 000 tonnes are produced using aerobic fermentation
technology. Conventional Bt products have been targeted primarily against lepidopteran pests of
agricultural and forestry crops; however in recent years, Bt strains active against coleopteran pests have
also been marketed. Strains of Bti active against dipteran vectors of parasitic and viral diseases are being
used in public health programmes. '

Commercial Bt formulations may be applied as an insecticide to foliage, soil, water environments or food
storage facilities. After the application of a Bt subspecies to an ecosystem, the vegetative cells and spores
may persist at gradually decreasing concentrations for weeks, months or years as a component of the
natural microflora. The ICPs, however, are rendered biologically inactive within hours or days.



1.5 Effects of Bt on non-target organisms

Studies on mammals, particularly those on laboratory animals, have evaluated possible infectivity and
toxicity of various Bt preparations, which include the ICPs, vegetative cells and spores. The ICPs, spores
and vegetative cells of the Bt subspecies, which were administered by different routes, were mostly non-
pathogenic and non-toxic to the various animal species tested. The vegetative cells and/or spores of Bt
were demonstrated to persist for weeks without causing adverse effects. Bt has not been observed to
adversely affect birds, fish or many other non-target aquatic vertebrates tested in a.large number of
laboratory and field studies. Relatively few species of aquatic invertebrates are susceptible to Bt under
either laboratory or field conditions. Bt does not adversely affect earthworms.

The Bt subspecies have generally been shown to be highly specific in their insecticidal activity for
Coleoptera, Diptera and Lepidoptera and have demonstrated little, if any, direct toxicity to non-target
arthropods. Most of the existing safety data on non-target arthropods has been generated using the Bt
subspecies with activity against Diprera and Lepidoptera.

Studies of Bti formulations free of toxic contaminants have not demonstrated deleterious effects on the
vast majority of non-target arthropods. Some midges (Diptera: Chironomidae), which are closely related
to mosquitoes, have been shown to be susceptible to high dosages of Bti, but are not affected by mosquito
larvicidal dosages. In field studies, transient decreases or increases in populations of some non-target
arthropods have been reported.

Many insect orders have been tested in either the laboratory or field, most of which have shown no effect
from Btk.

Mortality has been observed in honey-bees (Apis mellifera) after exposure to vegetatively growing Btt
and Btk, but the effect does not seem to be related to spores or ICPs. In laboratory and field studies Btg
demonstrated no adverse effect on honey-bees.

Bte strains that produce beta-exotoxin have been shown to have adverse effects on non-target arthropods.

1.6 Exposure and effects of Bt on humans

The field application of Bt products can result in considerable aerosol and dermal exposure of workers.
Agricultural uses of Bt can result in Bt contamination of potable water and food. With the exception of
case reports on ocular and dermal irritation, no adverse health effects have been documented after
occupational exposure to Bt products. Human volunteers ingested and inhaled large quantities of a Btk
formulation but experienced no adverse health effects. Antibody titres to the vegetative cells, spores and
spore-crystal complexes have been demonstrated in workers who spray Bt products; however, no adverse
health effects were reported. There have been some case reports on the occurrence of Bt in patients with
different infectious diseases. However, none of these studies unequivocally demonstrates an actual risk to
human health from the use of Bt. Bt has not been reported to cause adverse effects on human health when
present in drinking-water or food.

1.7 Conclusions

Owing to their specific mode of action, Bt products are unlikely to pose any hazard to humans or other
vertebrates or to the great majority of non-target invertebrates provided that they are free from non-Bt
microorganisms and biologically active products other than the ICPs. Bt products may be safely used for
the control of insect pests of agricultural and horticultural crops as well as forests. They are also safe for
use in aquatic environments including drinking-water reservoirs for the control of mosquito, black fly and
nuisance insect larvae. However, it should be noted that vegetative Bt has the potential for the production
of Be-like toxins, the significance of which as a cause of human disease is not known.



