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Foreword

Subdivision M describes protocols which may be used to. perform
testing on biochemical and microbial pest control agents to support
their registration as pesticides under the Federal Insecticide,
Pungicide and Rodenticide Act (FIFRA). Protocols are provided for
determining the chemical fate of these pesticides in the environment
and for evaluating their potential adverse effects on humans and
other nontarget organisms. Subdivision M is a nonrequlatory com-
panion to 40 CFR Part 158, Data Requirements for Registration. It
has been the subject of comment at a series of public meetings,
the last of which occurred in July 1982. Data requirements estab-
lished by 40 CFR -Part 158 are discussed in Subdivision M so that
it can be read as a complete package and so that the testing pro-
cedures for biochemical and microbial pesticides can be explained
in their proper context.



SUBDIVISION M: GUIDELINES FOR TESTING BIORATIONAL PESTICILES

Table of Contents

DISCUSSION
I. Scope of Subdivision M 1
Il. Background of Subdivision M 5
III. Organization and Philosophy of Subdivision M 6
IV. Product Analysis 9
V. Toxicology 10
Vi. Residue Analysis 31
Vii. Nontarget Orcanism Hazard 33
VIII. Environmental Pate and Expression 77
IX. Product Performance 8s
X. Experimental Use Permits 86
XI. Promoting Biorational Pesticides By
Modifying lLabel Claims 86
GUIDELINES
Series 150: Overview, Definitions, and General
Provisions
150=~1 Overview 89
150=2 Definitions 89
150-3 General provisions 93
150-4 Reporting of data 96
Series 1S51: Product Analysis Guidelines
151=1 General Information 100
151=2 Through 151-9 (Reserved]
Subseries: 151A: Product Analysis Guidelines for
Biochemical Pest Control Agents
151=10 Product identity and disclosure of
ingredients 100
151=11 Manufacturing process 102
151=-12 Discussion on the formation of
unintentional ingredients 102
151=13 Analysis of samples 103
151-14 (Reserved)
151=15 Certification of ingredient limits 103
181-16 Analytical methods for certified limits 103

i



151=-17
151=-18
151=-19

Subseries 151B:
151=20

151=21
151-22

151=23
151=-24
151=25
151-2€
151=27

Series 152:

152-1
1822

Subseries 152A:
Group A-1:

182-10
152-11
152-12
152~13
152~14
152-~15
152-16
152~17
152~18

Group A-2:

152-19
152-20
152-21
152-22

Table of Contents
(Continued}

Physical and chemical properties
Sumittal of samples
{Reserved)

Product Analysis Guidelines
Product identity and disclosure of

ingredients
Manufacturing process

Discussion on formation of wnintentional

ingredients
Analysis of samples
[(Reserved)
Certification of ingredient limits
Physical and chemical properties
Submittal of samples

Toxicology Guidelines

General information
Through 151-9 {Reserved]

Toxicology Guidelines
Tier I Testing

Acute oral toxicity study

Acute dermal toxicity study
Acute irhalation toxicity study
Primayry eye irritation study
Primary dermal irritation study
Hypersensitivity study
Hypersensitivity incidents
Studies o detect genotoxicity
Cellular immune response studies

Tier II Testing

Mammalian mutagenicity tests

Subchronic oral dosing studies

Subchronic dermal toxicity studi

Subchronic inhalation toxicity
study

ii

|

104
104

106
108

108
103

109
109
110

112

17
118
119
12¢C
121
122
122
123
125

129
133
134

135



152-23
152-24

152=25
Group A-3:
1852-26
152-27
152-29

Series 152B:

Group B-1:
152-30

152-31

152-32

152-33

152-34
152-35
152-36
152-37
152-38
152-39
Group B=2:

15240

Table of Contents
(Continued)

Teratogenicity studies
Cellular immimne response studies

{Reserved]
Tier III Testing

Chronic exposure study
Through 152-28 [Reserved]
Oncogenicicy studies

Toxicology Guidelines for
Microbial Pest Control Agents

Tier I Testing

Acute oral toxicity/infectivity study
with microbial pest control
Acute dermal toxicity/infectivity
study ‘with microbial pest control
agents
Acute inhalation toxicity/infectivity
study with microbial pest control
agents
Intravenocus, intracerebral, and intra-
peritoneal roxicity/infectivity studies
with microbial pest control agents
Primary dermal irritation study
with microbial pest control agents
Primary eye irritation study with
microbial pest control agents
Hypersensitivity study with micro-~-
bial pest control agents
Hypersensitivity incidents with micro-
bial pest control agents
Effacts of microbial pest control agents
on the cellular immme response system
Tissues culture tests with viral agents

Tier II Testing

Acute oral toxicity/infectivity studies
with viral or protozoan agents

iii

Page
e~

136
137

139

140

142

145

149

156

160

166
167

168
170

174



15241
15242
152-43
15244
15245
15246
152=47
152-48
152-49
Group B~3:
152-50
152-51
152=-52
152-583
Series 153:
153=1
153=2
153=3

153-4

Series 154:

154-1
154=-2

Subseries 154A:

Group A-1:

154-¢

Table of Contents
(Continued)

Acute inhalation toxicity/infectivity study
with viral or protozoan agents

Subchronic oral dasing study with protozoa

Acute intraperitoneal or intraceredbral
toxicity/infectivity tests with bacteria,
fungi, and protozoa

Primary dermal irritation study with microbial
agents

Primary eye irritation study with microbial
agents .

Ef fects of microbial pest control agents on
the cellular immune response system

Teratogenicity tests with viral agents

Bacterial and fungal virulence enhancement

Mammalian mutagenicity testing with
ajicrobial pest control agents

Tier III Testing

Chronic feeding study
Oncogenicity studies
Matagenicity testing
Teratogenicity studies

Residue Analysis Guidelines
Overview

[Reserved]

Residue datas requirements for
biochemical pest control agents
Residue data requirements for
microbial pest control agents
Nontarget Organism Hazard Guidelines

General Information
Through 154-5 [Reserved)

Nontarget Organism Hazard Guidelines
for Bjiochemical Agants

Tier I Testing

Avian single dose oral toxicity test

iv

Page

177
180
181
182
183
183
186
186

189

190
190
191
192

192

193

194

196

210



154~7
154-8
184~-9

154-10
154~-11

Group A=2:
154-12
154-13

154~-14
154~-15

Subseries 154B:

Group B-1:
154~16

154=17
154-18

154-19
154-20
154-21
154-22
154-23

154-24

Group B-2:
154~-25

154~26

Table of Contents
(Continued)

Avian dietary toxicity test
Preshwater fish acute bicassay

Freshwvater agquatic invertebrate acute
bicassay

Plant studies

Nontarget insect testing

Tier III Testing

Terrestrial wildlife testing
Aquatic animal testing
Plant studies

Nontarget insect testing

Nontarget Crganism Hazard Guidelines
for Microbial Agents

Tier I Testing

Avian single-dose oral toxicity and
pathogenicity test

Avian injection pathogenicity test

Wild mammal toxicity and pathogenicity
testing

Preshwater fish toxicity and
pathogenicicy testing

Freshwater aquatic invertebrate
toxicity and pathogenicity testing

Estaurine and marine animal toxicity
and pathogenicity tests

Plant studies

Nontarget insect testing for toxicity/
pathogenicity to insect predators and
parasites

Honey bee toxicity/pathogenicity
tests

Tier III Testing

Terrestrial wildlife and aqumtic
orcanism toxicity testing

long~term avian pathogenicity and
reproduction test

o
]

|

213
215

217
219

220
221
221
222

223
226

229

232

238

244

251

252

254

255



154-27

154-28

154~-29
154-30

154-31
154-32

Group B-3:
154-33
154-34
154-35

154-36

Series 1565:

Subseries 155A:

155~-1
155-2
155-4
155=-5
155=6
155=7
155-8
155-9
185-10
155=-11
185~12
155=-13
155-14

Table of Contents
(Continued)

Definitive aquatic animal
pathogenicity tests

Pish embryo-larvae studies and life
cycle studies of fish and aquatic
invertebrates

Aquatic ecosystam-pathogenicity tests

Special aquatic tests-tissue culture,
microorganisms/stress interaction
tests [Reserved]

Plant studies

[{Reserved]

Tier IV Testing

Simulated and actual field testing
for mammals and birds
Simulated or actual field testing
for aquatic organisms
Simulated or actual field testing for
insect predators and parasites [Reserved)
Simulated or actual field testing
for insect pollinators [Reserved)

Environmental Pate and Expression
Guidelines

Tier II Environmental Fate Guidelines
for Biochemical Pest Control Agents

General Information

And 155-3 [Reserved)

Volatility

Dispenser -~ water leaching
Absorption - desorption
Octanol/water partition coefficient
Ultraviolet - wvisible absorption
Bydrolysis

Aerobic soil metabolism

Asrobic agquatic metabolism

Soil photolysis

Aquatic photolysis

[Reserved)

Page

260

261
264

266

267

269

272

276
277
279
279
280
281
281
282
283
284



Subseries 155B:

155=15
155=16
155=17
155-18
155=-19
1585-20

155=21

Group 1S6:

Series

Series

156=~1
156~23

157
187 =1
157=2
157=-3
1574
188:

158-1

Table of Contents
(Continued)

Tier 1I Environmental Expression
Guidelines for Microbial Agents

General information

General test standards

Reporting and evaluation of data

Tests to determine expression in
a terrestrial environment

Tests t© determine expression in a
freshwater environment

Tests to detemine expression in a
marine or estaurine environment

Through 155-23 [Reserved)

Product Performance Guidelines

General Provisions
Specific Provisions

Experimental Use Permit Guidelines
Scope and intent

{Reserved]

General provisions

Specific provisions

Label Development

Product label gquidelines

vii

285
288
289

290

299
300

301

301
301

304



1

I. SCOPE OP SUBDIVISION M

A. Contents of Subdivision.

subdivision M provides guidelines for testing and information
on daza subnission concerning the following eight section series
and topics:

151 Product analysis

152 Toxicology

153 Residue chemistry

154 Nontarget organiss hazards

155 Environmental fate and exprassion
156 Product performance

157 Experimental use permit data

158 lLabel development

Proposed rule, 40 CPR Part 158, specified the kind of data and
information that nust be submitted to EPA to support the registration
of each pesticide under the Pederal Insecticide, Fungicide and
Rodenticide Act. The Agency intends to promulgate Part 158 as a
final rule during 1983. This subdivigion provides detailed informa-
tion relating to the data requirements listed in 40 CFR § 158.165
including the conditions under which each data requirement is appli-
cable, the standards for acceptable testing, stated with as much
specificity as the current scientific disciplines can provide, and
the information that should be included in a test report.

1. Scope of biorational pesticides. Biorational pesticides
are a distinct group, inherently different from conventional pesti-
cides. Some of the characteristics that typically distinguish
biorational from conventional pesticides are their unique non-toxic
mode of action, low use volume, target species specificity, and
natural occurrence. Based on these characteristics, the Agency
expects that many biorational pesticides pose lower potential
risks than conventional pesticides. Therefore, these pesticides
are subject to a different set of data requirsmaents, as specified
in §158.33. Biorationals are comprised of two major categories of
pesticides: the biochemical pest control agents (e.g., pheromones,
hormones, natural insect and plant growth regulator¥4md enzymes)
and the microbial pest control agents (e.g., microorganisms). The
relationships between conventional pesticides; “diblogiBhl-&ontrol
agents, and biorational pesticides are illustrated in Figure 1.
Pesticides to be included in these categories are detarmined as
follows:

(2) The chemical must be naturally occurring, or if the chez-
ical is synthesized by man, then it must be structurally identical
to a naturally occurring chemical. For a synthetic chemical to be
identical in chemical structure to a naturally occurring chemical,
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the molecular structure(s) of the major component(s) of the syn-
thetic Chemical(s) must be the same as the molecular structures(s)
of the naturally occurring analogque(s). Minor differences between
the stereochemical isomer ratios (found in the naturally occurring
compound coapared to the synthetic compound) will normally not rule
out a chemical being classified as a biorational unless an isomer
is found to have significantly different toxicological propertias
than ancther isomer.

There are situations where a candidate chemical possesses many
characteristics of a biorational pesticide, but does not technically
meet the two criteria established for defining biochemical pest con-
trol agents. The Agency will evaluate chemical(s) that are substant-
ially similar to biochemicals on a case~by—-cass basis to datermine
whether the chemical should be classified as a biorational or a con-
ventional pesticide. Por example, a case-by-case evaluation would be
required if the exact molecular structure of the naturally occurring
compound(s) is (are) unknown, or if the synthetic chemical is closely
related to but not identical in structure to the naturally occurring
compound, or if the mode of action is different in the target, com-
pared to non-target organisms.

In these case-by-case situations, the criteria the Agency will
use to determine whether the chemical(s) is (are) a biorational
pesticide(s) include: 1) the chemical and toxicological signifi-
cance of the differences in chemical structure, 2) the mode of
action of the synthetic analogus in the target species as compared
to the moda of action of the naturally occurring compound, and
3) differences in toxicity (as demonstrated in at least the Tier I
screening tests for biorational pesticides, as specified in 40 CFR
§ 158.165) between the naturally occurring chemical and the synthetic
analogue. If a synthetic analogue is found to demonstrate direct
toxicity to any non-target organisms, based on Tier I testing, then
the analogue may or may not be classified as a biorational pesticide.

In evaluating these case-by-case situations, the Agency may find
it appropriate to classify a chemical as a biorational, yet still
impose certain conventional pesticide data requirements for some dis-
ciplines (e.g., non-target organisms and environmental fate) and the
biorational pesticide data requirements for the remaining disciplines.

Biochemical agents fall into four general biologically functional
classes: semiochemicals, hormones, natural plant regulators, and
enzymes. They are discussed below.

Semiochemicals. Chemicals emitted by plants or animals that
modify the behavior of receptor organisms of like or different
kinds are termed semiochemicals. They include phsromones, allomones,
and-kairomones. --Pheromones—-are- substances—emitted- by members -of
one species that modify the behavior of others within the same
species. Allomones are chemicals emitted by one species which
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modify the behavior of a different species, to the benefit of the
emitting species. Kairomones are chemicals emitted by one species
which modify the behavior of a different species to the benefit of
the receptor species.

Hormones. Hormones are biochemical agents are are synthesized
in one part of an organism and translocated to another where they
have controlling, behavioral, or regulating effect.

Natural plant regulators. Natural plant regulators are
chemicals produced by plants that have toxic, inhibitory, stimulatory,
or other modifying effects on the same or other species of plants.
Some of these are termed “"plant hormones®” or “phytohormones.”

es. PFor the purposes of this subdivision, enzymes are
protein molecules that are the instrumants for expression of gene
action and that catalyze chemical reactions.

{b) Microbial pest control agents. The biorational pesticides
referred to as microbial pest control agents include (but are not
limited to) bacteria, fungi, viruses, and protozoans. The guide-
lines apply to all microbial pest control agents used as pesticides,
including not only those that are naturally occurring, but also
those that are strain-improved. Each variety or subspecies of a
microbial pest control agent should be tested. Data necessary to
support the registration of genetically-engineered microbial pest
control agents will be determined by the Agency on a case-by-case
basis except where specific requirements are specified in Part 158.

Pest control organisms such as insect predators, nematodes,
and macroscopic parasites are not considered biorational pesticides,
and are exempt from the requirements of FPIFRA as authorized by sec.
25(b)(1) of FIFRA and specified in the Exemption from Regulation of
Certain Biological Control Agents published in the Federal Register
of June 2, 1982 (47 FR 23928).
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figure 1=-=-RELATIONSHIPS BETWEEN CONVENTIONAL PESTICIDES, BIOLOGICAL
CONTROL AGENTS AND BIORATIONAL PESTICIDES
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S
II. BACKXGROUND OF SUBDIVESION M
A. General.

EPA proposed the introduction, product chemistry, environmental
chenistry, and fish and wildlife gquidelines as Part 163 of Title 40
in the Code of Federal Regulations published in the Pederal Ragister
of July 10, 1978 (43 PR 29696). In the 1978 proposed guidelines,

§ 163.40=-4 of the Introduction to the Guidelines (Subpart B) set
forth EPA's policy for registering biological control agents as
follows: "The data requirements for those living organisms or
viruses which are pesticides will be determined on a case-by-case
basis after consultation with the Agency.”

EPA issued "Requlation of 'Biorational' Pesticides; Policy
Statement and Notice of Available Background Document®™ published in
the Pederal Register of May 14, 1979 (44 FR 23994). In this
statement of proposed policy, EPA defined biorational pesticides to
include biological pest controcl agents and certain naturally
occurring biochemicals which are inherently different in their mode
of action from most organic and inorganic (i.e., conventional)
pesticide compounds currently registered with EPA. The statement
also presented EPA's intent to develop, in the next 24 months,
guidelines setting forth the human health and environmental safety
data requirements for the registration of biorational pesticides.

These gquidelines provide information regarding the conduct of
acceptable tests, guidance on evaluation and reporting .of data,
further quidance on when data are required, and examples of pro-
tocols. In addition, scientific publications are cited in the
quidelines to provide useful information for designing test
protocols.

B. Pormulators' Exemption.

In the Preamble to the 1978 proposed Guidelines, EPA asked for
public comment on the question of which data requirements should be
extended to manufacturing-use products. After serious consideration
of this issue, the Agency concluded that extending the data require-
ments to such pesticides is appropriate. The Agency was influenced
by the views of commenters on this issue who generally favored a data
submission requirement which makes the basic manufacturer of an
active ingredient responaible for providing most of the data.

Therefore, a section of 40 CPR Part § 158, entitled “"Formula-
tors’ Exemption® (§158.50) requires a registrant of a manufacturing-
use product to submit (or cite) any data partaining to the safety
of an active ingredient in its product if the same data are required
to support the registration of an end-use product that could legally
be produced from the registant's amanufacturing-use products. (An
end-use product is a pesticide product bearing label directions
for :icmediate end-use as a pesticide.) Section 158.50 also
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provides that such data must be submitted by an applicant for
registration of the end-use product, except that the producer of
the end-use product will generally not have to submit or cite data
pertaining to registered products which the end-use producer
purchases and uses to formulate the end-use product. This decision
reflects the Agency's expectation that manufacturing-use product
registrants will be the major source of registration data, and that
end-use product formulators will, in most casss, need to supply
much less data. This decision is consistent with the provisions
of, and Congressional intent behind, sec. 3(c)(2)(D) of PIFRA,
which provides that:

No applicant for registration of a pesticide who pro-
poses to purchase a registered pesticide from another
producer in order to formulate such purchased pesticide
into an end-use product shall be required to—-

(1) submit or cite data pertaining to the safety
of such purchased product; or

(14) offer to pay reasonable compensation otherwise
required by [§ 3(c)(1)(D)) of FIFRA) for use of any such
data.

Implicit in sec. 3(c)(2)(D) is Congress' expectation that it
would be the registrant of the manufacturing-use product who would
provide significant amounts of data pertaining to the safety of its
product. (See, e®.g., Sen. Rep. No, 334, 95th Cong., 1st Sess.,
op. 8-9.)

Moreover, if data requiarements were imposed solely on regias-
trants of end-use products, sec. 3(c)(2)(D) might be read to prevent
the Agency from obtaining data on the grounds that the data pertain
to the safety of a purchased product.

IIZI. ORGANIZATION AND PHILOSOPHY OF SUBDIVISION M

B. Approach to Testing.

The approach taken in developing these guidelines was
significantly influenced by EPA's proposed policy (44 FR 23994)
that statas:

In regulating biorational pesticides EPA will recognize
that biorational pesticides are inherently &ifferent from
conventional pesticides, and will take steps to substan=-
tiate by scientific data the expectation that many classes
of biorational control agents pose lower potential risks
than conventional pesticides. Although biorational
pesticide registrants will not be relieved of the burden
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of proof of their safety, the Agency will take into
account the fundamentally different modes of action of
bioratiocnals and the conssguesnt lower risks of adverse
effects from their uss.

The most important inherent differences batween biorational
pesticides and conventional pesticides are: target spacies specifi-
city, gensrally nontoxic mode of action, and natural occurrence of
the diorational agents. These factors have made the use of many
hiorationals practicable only under the direct supervision of a
skilled snzomologist, plant pathologist, weed sciantist or inte-
grated pest management (IPM) coasultant. IPM tachniques maximize
usage of natural pest controls and cultural practices; therefore
all introduced pest control matarials (biorationals as well as
conventional chemical pesticides) are used with discretion. These
factors provide the basis for the Agency's sxpectation that many
classes of biorational pest control agents pose a lower potential
hazard than conventional pesticides and support the approach to
testing discussed in the following paragraphs.

Thres elements form the basis of XPA's spproach and meet the
intent of the above policy. They are: exposure criteria (for
biochemicals), maximum hazard testing, and a tier testing schenme.

1. Exposurs criteria. Cesrtain factors often .associated with
biochemical pest control agents or their use, significantly limit
the agent's potential for human and other nontarget organism expo-
sure and, therefore, hazard. One or all of these factors provide a
basis for criteria for reduced data reguirements. These criteria
are: low exposure pesticide formulation, low rate of application,
nonaquatic use site, and high volatility. Thess criteria are
described below.

(a) Low exposure pesticide forpulation. Certain biochemicals
are formulated in passive dispensers such as hollow fibers, tape,
or fixed traps. The likelihood of oral or dermal human exposure
and direct exposurs of other nontarget organisms is low vhen
pesticides are formulated in this manner.

(b) low rate of application. Certain biochsmical pesticides
(e.g., semiochemicals) will be used in the field at very low rates.
Low use ratss can be tentatively described as 0.7 ounces (20 grams)
or less active ingredient per acre per application, with rates of 1
to 5 grams per acre more common. Buch low rates of application
result in sequally low and possibly nonhazardous levels of exposure
to humans and other nontarget organisms. These figures are based
on label information of currently registered phercmones and on the
labels of those still under experimental use permits.

({c) Non-aguatic use site. 3Biochemical pest contxrol agents
applied pn land pose less of a risk to nontarget aquatic species




than those applied directly to water. Therefore, biochemical agents
applied directly to land are more likely to qualify for reduced
testing for nontarget organism hazard than those applied directly

tC water.

(d) High volatility. High volatility is a physical character-
istic of some biochemicals that for terrestrial use sites would
almost preclude the potential for agquatic exposure and would reduce
the likelihood for residues on food or feed crops and residues on
terrestrial animal food, e.g., vegetation, invertebrates.

2. Maximum hazard testing. The concept of maximum hazard testing
is used in both the toxicology and nontarget organism sections.
The Agency includes information in Tier I that reflect a maximum
hazard approach to testing. The concept of maximum hazard testing
is that the most challenging exposure in terms of the treatment
dose or concentration, route of administration, and the age of
test animals is used in the first tier of testing. Using this
approach, the Agency believes that negative test results from
testing under this approach would provide a high degree of con-
fidence that no adverse effects would be likely to occur from

the use of the biorational pest control agent.

3. Tier testing scheme. Pour of the major section saries, Residue
Chemistry, Toxicology, Nontarget Organise Hazard, and Environmantal
Fate and Expression, use a tier testing scheme to ensure that only
the minimmm data necessary to make a scientifically sound regulatory
decision are developed. This scheme eliminates the need for sub-
mittal of extansive data for those pesticides that arse determined
to be gafe on the basis of Tier I data. The Agency believes many
biorational pesticides will require only Tier I testing. The tier
testing scheme is discussed in detail under paragraph III D of this
Oiscussion.

B. Summary of Major Issues.

Major issues are identified and discussed in various sections
throughout this Discussion. The following list itemizes each issue
and indicates the location of each corresponding explanation in
this Discussion.

= State of the art in safety testing protocols for microbial
agents: V.B. 1., ViI.B=1.2(f); VII.B=2.3(1i), YTI-IerJ(b))

~ Potential hazards unigue to microbial pest control agents:
v.B.4(a)&(b); VIIOB-102(.)f VI.B-S.S(d)-(f):
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- Residue analysis procedures and tolerance sestting for microbial
agents: VI.B.;

- Unresolved questions pertaining to Tier I test protocol for
nontarget organisms: VII.A-2.3(&)&(b); VII.B~1.2(a)=(d); VII.B-
ZIJ(b)-(h), VIiI.B-3.3(a);

Use of in vitro testing for nontarget organism hazard assessment:
VII.B~2.3(a}; VII.B-3.3(c);

Promoting biorational pesticides by modifying label claim
requirements: XI.

IV. PRODUCT ANALYSIS

A. Biochemical Pest Control Agents.

The product analysis data for biochemical pest control agents
(§§ 151=10 through =18 of this subdivision) closely parallel those
for conventional chemical pesticides as specified in Subdivision D
(§§ 163.60-1 through 64-1.) Both Subdivisions D and M of these
guidelines solicit detailed information on the procedures by
which the active ingredient is produced, and the technigques used
*0 ensure a uniform or standardized product. Refer to §§ 151-
11(a)(id), (iii), (iv) and 151-12, 1If the standardization tech-
niques include methods of biocassay, then these methods should
be described. The Agency is particularly interested in the ingre-
dients which may be toxic or sensitizing to humans or other nontar-
get species.

B. Microbial Pest Control Agents.

The product analysis data for microbial pest control agents
under §§ 151-20 through =26 of this subdivision, to some extent,
parallel those for conventional chemical pesticides as specified
in Subdivision D. BEBowever, due to the unigue nature, composition,
and mode of action of the microbial agents, there are some impor-
tant differences. Por example, protozoa, bscteria, fungi, and
viruses should be identified to the extent poesible by taxonomic
position, serotype, composition, and strain, or by any other
appropriate specific means. This information would take the
place of chemical name and structural formula information for
conventional pesticides. As a result, the guidelines in §§ 151-20
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through ~26 generally reference the corrssponding section in Sub-
division D and jindicate those portions of Subdivision D which do
not apply.

In addition, the Agency sust be reasonably assured that the
methods used and the data submitted are capable of demonstrating
that the biorational pesticide used in the field is the same as
that which was tested for safety.

V. TOXICOLOGY

Biorational pesticides affect pest populations by controlling
physiological processes, by altering behavior, by competing for
space and nutrients, by parasitizing and lysing the pest, or by
replicating in an infective process to cause disease so that the
pest is destroyed. Compared to most conventional pesticides, they
act in very small amounts vhen used in the field. However, in
contrast to the usual concentrations of these agents found in the
environment, some of these agents will be distributed or strategi-
cally placed in the environment in relatively high amounts for short
periods of time. The testing for registration of the product and
the kinds of data developed must be sufficient to allow scientific
exparts to assass the potential hazarda associated with the use of
biorational pesticides.

The Agency was greatly assisted in developing the guidelines
for human hazard evaluation testing for biocrational pesticides by
work performed by the American Institute of Biological Sciences
(AIBS) under Grant No. RB806461. The report from this grant (Human
Hazard Evaluation Testing for Biorational Pesticides) served as the
bagsic document for this toxicology section.

The major concerns of the Agency regarding biorational pesti-
cides with respect to toxicology are:

- (1) “"infectivity" - the potential for the microorganism to sur-
vive and replicate in a human host. Related concerns include
persistence, invasiveness, colonization, and other host-parasite
interactions.

- (2) “virulence-toxicity" - the potential for direct injury at
the cellular, tissue, or organ level. Included are the long
term effacts associated with oncogenicity, carcinogenicity, and
teratogenicity.

=~ (3) “hypersensitivity" - an immune response leading to an
abnormal sensitivity. Serious reactions include allergies and
anaphylaxis.,
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Thess concerns must be addressed in terms of the potential
impact of these agents on the population as a whole, not only with
respect to the normal individual But also with respect to persons
with altared dafenses who might encounter these agents, and vho
represent a subpopulation at higher risk. At present, the viruses
are of particular concern because they generally exhibit a greater
incidence of genetic change than other living forms. More inten-
sive testing related to this characteristic, therefore, is indicated
for the viruses.

The test batteries should provide negative data or data meet-
ing specified limit criteria to assure the Agency that adverse
effects would not result from the use of the agents. Because this
conclusion must ordinarily be reached in order to register a bio-
rational agent and because of the econamics involved, the most
desirable and practical approach to testing involves the tier
concept. In general, testing beyond the first tier would be
instituted when data demonstrating the potential for adverse
effects are generated in the first Tier. It is recognized that
for soms biorational pesticides there are no wvell-recognized and
standard test methods for assessing the toxicological hazards to
mammals. Moreover, the testing method employed may vary among
pesticide products simply because of the characteristics of the
active agent. For example, it may be virtually impossible to
conduct experiments exposing animals to aercsols of some fungal
preparations because of the size of the fungal spore or mycelial
element, the recovery rate for the test organism, the nature of
the formulated product, or the concentration of the active material
in the formulated product.

In the development of biorational pesticides, many problems
relatad to hazard evaluation undoubtably will be encountered simply
because the field is new. Much innovative research is required,
and the standard methodology used with conventional pesticides is
not easily adapted to some of the bicrational agents. When problems
arise, the registrant is urged to discuss the matter with the Agency
so that alternative methods and protocols can be considered prior
to the actual conduct of the tests.

Tables 3 and 4 under § 152-1 summarize the testing for

biorational agents using the tier approach. Details are provided
in §§ 152-1 through =53 of the guidelines.

A. Biochemical Pest Control Agents.

1. tzoduction. Two basic assumptions served as the foundation
upon which the biochemical testing regimen for evaluating human
hazard potential was developed. First, an exemption from testing
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based on extremely low exposure alone is not permitted by the
Agency; second, standard chemical toxicity testing, as for the
registration of conventional organic chemical pesticides, will
generally apply to biochemicals considered for use as biorational
pesticides.

2. Approach. The following general characteristics of biochamical
pest control agents and their uses were considered in developing
the safety evaluation testing protocols:

= (1) These compounds are generally not innately toxic, and their
pesticidal action is act the result of target organism toxifica~
tion.

=« (2) In general, semiochemicals will ba used in the field at
very low use rates compared to conventional chemicals. Hormones
or enzywes may be used at higher rates than semiochemicals, but
use rates, in terms of active pesticide ingredient, will also
generally be low. Therefore, human exposure to these products
will be generally lower than human exposure to conventional
pesticides.

= (3) In many instances (for semiochemicals especially), the site
of physiological activity in the target pest will have no analo-
gous site in non~target organisms Or mammalian systems. Even in
the case of enzymes, substrate sites may be species specific,
and transport of enzyme in an active form to an intracelluylar or
internal npntarget organ site following dermal, oral, or inhala-
tion exposure is of low probability.

- (4) The biochemicals to be considared will be of known structure
and, in most instances, information on the metabolic pathways
for their synthesis and degradation will be available. Predict-
ability of lack of formation of potentially toxic metabolites is
highly probable: for example, degradation products of enzymes
are generally without significant toxic potential. Although
some peptides may be physiologically active, any toxicity
associated with these breakdown products would be reflected in
actual tests performed in vivo.

Pheronones isolated and purified from a single {insect species
may consist of a number of organic compounds, usually structurally
related with similar properties. 1If tie dagradation products of
the pheromone mixture have besn chemically and physically charac-
terized, and display little or no evident toxicity on the basis of
available data, then it would not be necessary to conduct toxicity
testing for each individual component of the naturally occurring
mixture.

Conceivably, it may be dasirable to combine several pherocmone
mixtures into a single product in order to broaden the target
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species, to enhance stability, or to provide other benefits to the
user. In such instances, sach pheromone complex should be toxic-
ologically tested for possible adverse effects. In addition, the
formulated product containing mixtures of complex phercmones may
be tested.

As with all biorational pesticidas, the concept of maximum
hazard testing is used early in the tier testing regimen. The
concept of maximum hazard testing is that the most challenging
exposure in terms of route of exposure, species and age of test
animal, dose administered, and similar factors, will be used in
Tier I to identify any potentially hazardous agents. The Agency
recognizes that the use of the maximum hazard testing approach
will require flexibility in determining the appropriate and feas-
ible doge(s) and route(s) of administration.

If the studies conducted in Tier I provide only negative data,
no further testing is indicated. 1If, howaver, a potentially adverse
effect is dstected in maximum challenge experiments, the tests
proceed through the tiers until the actual hazard of the agent can
be evaluated and quantified.

In the first series of tests, data regarding acute toxicity,
izritation, hypersensitivity, sutagenicity, and effects on cellular
immune response are generated. Subsequent tests include subchronic
and chronic exposures of animals, teratogenicity, oncogenicity and
additional tests on mutagenicity and cellular immune response.

Appropriate controls must be tested to ensure that any toxicity
or lethality is due to the pressnce of the active ingredient in the
formulated product. Insofar as possible, the control for the test
material should be identical to the formulated product except that
it should be biologically inactive. Treatment by mild physical or
chemical agents to inactivate the product or substitution of a
similar but innocuous and inactive chemical for the active compound
may provide a suitable control preparation for tast.

3. Testing to address the major human safety concerns. The major
concerns of the Agency for humans and domestic animals regarding
the use of biochemicals as biorational pesticides are their acute
toxicity, possible irritation or sensitization, and potential for
gutagenic, teratogenic, or oncogenic activity, and effects on the
cellular immune response system.

Acute toxicity determinations should be performed using the
sanufacturing use product, the technical grade of the active in-
gredient, and/or the formulated end-use product with test animals
exposed by the oral, dermal, and inhalation routes. Thess acute
toxicity tests, when supplemented with tests on irritancy, byper-
sengitivity, and cesllular izmune responses, should provide the
necessary information to assess the toxicity hazard.
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The potential for dermal and ocular irritancy, particularly of
the formulated product, needs to be assessed in order to protect
peocple handling the product. The following studies are presently
considered sufficient to characterize this potential:

= (1) Primary skin irritation tests in laboratory animals by use
of patch tests on intact and abraded skin, and, in certain
instances, tests of irritation of the eye; and

~ (2) Observations in sxpocsed people during laboratory testing,
pilot production, handling, transport, and field trials of the
product.,

A biochemical pest control agent, especially a protein or
hapten, may induce allergic responses. In order to develop ade-
quate label precautions for handling the material, the registra-
tion applicant should investigate the biochemical's allergenicity
potential. The studies include sensitivity testing in experimental
animals, and the species selected should be Xnown to give some
prediction of the potential of the product or its ingredients to
cause immune digorders. In addition, the registrant should report
and submit any observations of such effects as skin sensitivity,
respiratory distress, or allergic symptoms in people handling the
material during its development or production.

Many well-established in vitro immunoclogical techniques are
available that can provide information as to whether a substance
affects the immune response. Such in vitro tests often correlate
well with in vivo results. Positive correlations between in vitro
and in vivo results have been observed with a wide variety of anti-
metabolites (i.e., pProtein and nmucleic acid-inhibiting substances),
x-irradiation, and corticosteroids. For example, almost all agents
which suppress the antibody-forming ability of lymphoid cells in
vitro have similiar effects in vivo.

The Agency is providing a tier system to ascertain the poten-
tial immunological hazard of the biochemical agents for humans.
This testing system measures the effect of the agent on immuno-
competence with both in vivo and in vitro tests including measure-
ments of blood cell count, leukocyte responses (T and B cell num-
bers), functional activity of blood leukocytes, sacrophage number
and function, serum protein levels, antibodyforming activity, and
cellular immune resporses.

Information generated by the immune response tasts will also
be of valus as a screening procedure for carcinogenicity, since
zany immunomodulating agents are also carcinogens. The testing
scheme described above rsveals not only carcinogens which affect
lyophoid calls per-se, but also agents which have -other carcinogenie
activicy.



1s

4. Evaluating potential for oncogenic and mutagenic effects.
These gquidelines provide a comprehensive testing scheme to assess
the potential oncogenic and mutagenic effects of each biochemical
pest control agent. This scheme consists of three parts:

- (1) Microbial assays in Tier I and short-term mammalian assays
in Tier II;

= (2) Cellular iomune response studies in Tiers I and II; and
= (3) An oncoganicity study in Tier III.

All three parts of the testing scheme could apply, dspending on
the biochemical agent, its use pattern, expected human exposure,
and results of certain other studias.

The approach recommended by a panel of American Institute of
Biclogical Sciences (AIBS) scientists would be to require only a
microbial biocassay (Ames test) and cellular ipmune response studies
in Tier I, to require the oncogenicity testing in Tier II, and to
require a chronic (oral, dermal, or inhalation) study in Tier III.

The approach proposed in the September 29, 1980 draft of these
gquidelines, and subsequently endorsed by the FIFRA Scientific
Advisory Panel (SAP) in October, 1980 was to require:

- (') A battery of five mutagenicity studies in Tier I congisting
of:

- (a) A bacterial assay for reverse gene mutation {(Ames
assay);

= (b} A mammalian cell point mutation assay in vitro;
= (¢) A prophage induction assay in lysogenic bacteria;
= (d) A mammalian in vivo cytogenetic assay, and;

- (e) Either a DNA damage/repair assay, Or an assay for
mitotic recombination.

- (2) Csllular imune response studies in Tiers I and II; and
- (3) Oncogenicity testing at Tier II or III.

After careful consideration of the SAP's comments and the
written and oral comments from industry, the Agency decided to
include a somevhat modified approach to mutagenicity testing as
described above. This modified approach is consistent with the
SAP's comments and also responds to industry's request to reduce
the economic impact of the mutagenicity testing requirements.
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The cellular immune response studies will serve as scresens
that identify potential carcinogenic agents, as well as provide
information on effects of the immune response system. The second
set of cellular immune response studies would be located in Tier
II.

Testing for oncogenicity in mammalian species would apply
only if the following conditions are met:

- (1) If the biochemical agent produced, in Tier II subchronic
studies undar §§ 152-19 through =21, a morphological effect,
e.g., hyperplasia or metaplasia, in any organ that potentially
could lsad to neoplastic change; or

- (2) If adverse affects suggesting oncogenic potential are
observed in the Tier II cellular immune response studies or
short term mammalian mutagenicity assays.

When appropriate, an oncogenic svaluation could be combined with a
chronic feeding study.

B. Microbial Pest Control Agents.

1. Introduction. The Agency provides guidelines for the registra-
tion of four groups of microorganisms that may serve as pest control
agents: bacteria, fungl, viruses, and protozoa.' The Agency will
develop guidance for testing other kinds of microbial agents (e.g.,
algae) as the need arises.

Hazard evaluations of microorganisms used as bicvlogical control
agents are not on as firm a basis as is the case with conventional
chemical control agents, simply because the field is relatively new
and the interpretation of laboratory data in the light of mammalian
hazard is difficult. Nevertheless, the Agency must use current
methodology to assess the potential hazards associated with the use
of microbial pest control agents. Much information is generated
during the course of research and development of a microorganism as
a microbial pest control agent, and industry is expected and, in
many areas, required, to sulwmit this information as part of the
application for registration. The Agency looks to researchers in
indus’ry, acadsmia, and Federal and State agricultural organizations
for comment and information on the design and dsvelopment of more
Telsvant testing methodology s© that specific issues of concern
regarding the registration and use of the microbial agents can be
addressed.

Accurate identification of the organism, as called for in
§ 151=20 of these guidelines, and its relationship to kaown human
pathogens is essential before meaningful mammalian safety tests can
be conducted and evaluated.
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Moreover, information on stability, persistence, susceptibility
to antibiotics, optimum conditions for growth in vivo and in vitro,
recovery from host tissues and the natural environment, reliability
of assay and test methods, resistance to chemical and physical fac-
tors, metabolic activities, knowledge of structural, biochemical,
and other determinants involved in the infectivitye-pathogenicity
process, and certain other characteristics of the microorganisms
are important as & basis for hazard evaluations. Information on
the mode of action of a amaicroorganism as an insect or plant
pathogen can be analyzed and evaluated in terms of a possible
identical or similar mode of action in mammals.

2. Approach. The safety evaluation must be developed for each
group of microorganisms used as pesticides by taking into account
the characteristics of the organism and its proposed use.

The tier approach is used to develop safety testing in a
stepwise manner employing maximum challenges and proceeding, if
necessary, vith lesser challenges and other tests until the actual
hazard of the agent can be quantified accurately.

The concept of maximum challenge experiments is useful wvhen
approaching safety testing of microbial agents because a candidate
agent sulmitted for evaluation and testing is likely to be either
totally innocuous to nontarget organisms or to be an opportunistic
pathogen. It is clear that certain microbes known to be mammalian
or human pathogens most probably will not be seriously considered
for commercial development and will never reach the point of devel-
opment requiring extengive safety tests. If the organism proves
totally innocuous by the maximum challenge tests, further tests
would be unnecessary. If a potentially adverse effect is detected
in maximum challenge experiments, the tests proceed through the
tiers until the actual hazard of the agent can be clearly evaluated.

Several important general properties of microbial agents have
relevance for predicting human hazard. These include the ability to
mutate, to form different virulence factors such as toxins and en~
zymes, and to otherwise change their spectrum of pathogenicity. In-
formation on the ability of the organism to survive and replicate at
mamzalian body temperature is important to allow an evaluation of
potential mammalian pathogenicity. Host range or species specificity
information, if it exists, is important in assessing the hazard of
the agent for mammals. It is also particularly useful in the eval-
uation of safety tests if methods for recovery of the organism in
the presence of other similar organisms have been developed or are
available.

In the development of these guidelines, it was recognized that
1o speci¥ic protocols could be provided at this time for the isola-
tion and enumeration of the various microorganisms. These protocols
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will differ depending on the genus and species under test. In
time, it is anticipated that specific protococls can be developed
and then adopted by mutuyal consent of expert microbiologists for
various genera of microorganisms that have proven useful as pest
control agents.

3. Consjiderations for animal studies. The following discussion
illustrates a number of important aspects of animal testing with
microbial agents that should be considered by prospective regis-
trants. Comments on these aspects are invited so that the Agency
can datermine their importance and relevance to the tests. In the
conduct of animal tests, as auch information as is feasible should
be obtained in each experiment so that the data provided will
pernit well-considered judgments to be made regarding the hazards
of use of the microorganism. For example, in LDS50 tests informa-
tion on gross pathology, dissemination, replication, and survival
of the microorganism in animal tissues, organs, and fluids should
also be obtained. Clinical signs of illness such as elevated
temperature, unkempt appearance, altered feeding habits, weight
loss, various forms of distress, depression, and other similar
effects are also important observations, even though the animal
may recover completely from the exposure. Animal excreta should
be examined for the presence of the microorganism. An adequate
number of animals should De exposed to the microbial control agent
so that periodic sacrifices can be made to examine tissues and
organs for gross pathology and the presance of the control agent.
The organs or tissues receiving the initial challenge dose should
receive close examinations for pathological changes, i.e., the
lungs and upper respiratory tract for animals exposed to the
aeroscl, the intestinal tract for animals receiving the oral doses,
and the skin of animals tested by the dermal route. Qualitative
and quantitative neasurements should be made to obtain evidance
for survival and multiplication of the microorganism.

To study the infectivity of microbial agents, the urine anad
feces of test animals may be collected and examined for the presence
of the inoculated microorganism. 1If present, serlal passage of
recovered isolates should be carried out with a standard serial pas-
sage procedure. The infectivity characteristics of the serially-
passed isolates should be compared to the infectivity characteristics
of the original test strain. Enhancement of virulence, survival,
invasiveness, toxicity, or resistance to clearancs mechanisms are
indications of increased infectivity.

Overt symptoms of infection and disease realated to pathogenic
effects of challenging organisms will be considered as presumptively
grave effects if observed in Tier I testing. However, the Agency
racognizes that simple organism survival of the challenging organism
is not generally regarded as a potential adverse effect, and that
some survival over short time periods is an expected biological
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phenomenon. Studies have demonstrated that the mammalian system
challenged with a non-proliferating organism will require some
reasonable time period to cleanse itself of the challenge doss.
{This time period is termed "period of clearance".) The period of
clearance will vary, depending on the nature of the organism, the
numbers in the challenge dose, the site of administration, and

the imunocompetence of the animal. Survival of the test organism
at the site of administration or at distant sites following adminis-~
tration for a period of only a few days will be considered as a
negative finding.

The Agency considers that attempts should be made to establish
mammalian LD50 values for all potential routes of human exposure,
namely oral, dermal, and inhalation. Preliminary probing types of
experiments would be conducted initially; that is, a few animals,
with suitable controls, would be exposed to maximum feasible con-
centrations of the product. If no animals succumb, obvicusly no
LDS0 estimate is possidle and no further testing is required. If
sufficient animals show a lethal response, then appropriate step-
wise dilutions should be tested to ascertain the LDS50 valuse.

Dissemination rate, recovery rate, cloud concentration, and
respiratory rate are the principal factors needed to calculate the
dose administered by the respiratory route. Data from simple
dynamic aercsol chambers that permit studies on whole-body or nasal-
area-exposed animals may not yield this information unless the dis-
serinatory device is capable of creating asrcsols in the 5 aicron
range (pesticide particle size). A small aercsol size is necessary
to assure that the microorganism reaches the alveolar spaces thereby
providing the maximum potential for illness or death. Larger par-
ticles (microorganisms) may not reach the dseper recesses of the
lungs as they usually lodge in the upper respiratory tract and are
more readily cleared. It is also important that recovery data on
microorganism viability both before and after dissemination from
the device be provided so that doses can be estimated.

Appropriate controls mist be tested to ensure that any illness
or lethality is due to the presence of the active ingredient in the
formulated product. Suitable controls for products containing
replicable organisms would be "killed" preparations. Insofar as
possible, the control for the test material should be identical to
the formulated product except that it is biclogically inactive.

The manufacturer is generally best able to provide such material
for the study.

In animals challenged by any of the various routes, an assay
2or antibody production should be performed by the most appropriate
method that takes into consideration the animal species and the
microbial agent involved in the test. This requirement necessitates
pre-bleeding of the animals for base-line titers and additional
bleedings for serum collection at the appropriate time following
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animal exposure. Such antibody tests may screen animals for previous
exposure to the challenge organism and also demonstrate the ability
of the animal to produce antibodies in rasponse to the challenge
dose. This test may also reflect the survival and replication of

the aicroorganism in the host.

Since microorganismgs and their spores are composed of protein,
protein complexed with other biochemicals, and other antigenically
active materials, it is very likely that hypersensitivity reactions
of the non-immediate type will be achieved in experimental animals.
This indicates the need for data on the development of hypersen-
sitivity of the non-immediate type in animals; ip these studies
the technical control agent preparation is tested.

The Agency would also examrine information on any hypersen-
sitivity or allergic reactions that wers experienced by psrsonnel
involved in the research or development of the biological control
agent. The ease with which hypersensitivity reactions are achieved
and tlie severity of these reactions in experimsntal animals shoulad
provide a basis, in conjunction with the reports from industry
regqarding hypersensitivity experience in workers, for evaluating
the hazard of hypersensitivity for humans and, possidly, other
masmals, associated with the use of the bioclogical pest control
agents.

4. Masdor concerns. (a) General. As previously stated, the major
corcerns of the Agency regarding hazards of use of replicating
biclogical pest control agents affecting humans and other mammalian
species are infectivity, allergenicity, irritancy, and toxicity.

All candidate agents for registration must be tested for potential
hazards. The amount of testing varies, however, for different types
of agents based, in part, on the historical record of related
crganisms that showed a potential for hazard.

(1) Infectivity. The evaluation of potential microbial
infectivity in mammals is based on information on the nature of the
microbial agent and on data derived from studies especially designed
to assess this sgpecific hazard. In spite of the special design of
infectivity tests in experimental animals, there is still some
uncertainty in extrapolating results from experimental animals to
man. The use of maximum challenge tests in a selected variety of
test animal species is used to provide an adequate degree of con-
fidence in the data. Much of the data characterizing the micro-
organism with respect to species specificity, 'infection processes,
hosts and substrates, susceptibility to chemical and physical
agents, and other similar factors, aids in evaluating the hazards
of using the agent for pest control.

Section series 152 covers the submission of information on
survival, distribution, replication, and gross pathology in test
mammals following administration of the agent at high dose levels
by various routes.
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(2) Allergic responses. There is a definite possibility that
a8 microbial pest control agent might induce allergic responses in
nontarget animals and humans; this conclusion is based on the well-
documented allergic responses elicited by the cell components of
fungi, bacteria, and protozoa. Although it is possible that a
virus c¢ould induce such a response, it is more likely that other
constituents of the viral technical control agent formulation

would serve as allergens. In order to recommend adequate pre-
cautions in handling the material, its allergenicity potential
cust be investigated in test animals. In addition, information is
also needed regqarding any observations of skin sensitivity,
regpiratory or other allergic symptoms in people handling the
material during development, production, and application.

(3) Irritancy. The potential for dermal and ocular irritancy,
both of the technical and of the end-use formulated product, needs
to be assessed as part of the primary battery of safety testing in
order to adequately protect people handling and using the product.
The following studies are presantly considered gufficient to
characterize this potential:

= (1) Primpary skin irritation tests in laboratory animals by use
of a patch test to intact and abraded sgkin, and, in certain
instances, tests of irritation of the eye; and

- (2) OQObservations in exposed people during laboratory testing,
pilot production, handling, transport, and field trials of the
product.

(4) Toxicity. The toxicity potential may be associated
with microbes which produce toxins related to their mode of action
in target organisms, or metabolic products unrelated to their mode
of action as bioclogical pest control agents. Moreover, since prod-
ucts used as biological pesticides will be produced using fermen-
tation technology or whole animal technology, very pure preparations
of active ingredient (agent) in the form of the technical product
are not expected. To test for the possibility of toxic components
other than the replicating agent in relatively ismpure preparations,
as well as to characterize the human toxicity potential of prepara-
tions which contain known toxic components for target organisms,
it is necessary to perform, minimally, several acute toxicity
studies on both the tachnical and end-use formulated products.
Thess acute studies include acute oral and dermal tests and skin
and eye primary irritation tests that are located in the Subdivi-
sion P gquidelines.

{S) Immune responses. The Agency has provided gquidelines for
testing and data submigsion concerning the-possible . influence of
biological pesticides on immune responsiveness and other immune
paramet-ers. MAny assays are available to assess the effects of
these agents on immunity.
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Well-established immunclogical technigques are available that
can provide information as to whether a substance affects the immune
response. A wvide variety of antimetabolites such as protein- and
nucleic acid~inhibiting substances, x-irradiation, and corticosterocids,
markedly suppress antibody formation in vitro. Such in vitro tests
often correlate wvell with in vivo results. For example, alaost all
agents which suppress the antibodyforming ability of lymphoid cells
in vitro have similar effects in vivo. It appears likely that
these tests may provide some information on the carcinogenic activity
of thass agents, particularly with regard to effects on lymphoid
cells.

(b) Specific concerns. (1) Bacteria. 1If, in the infectivity
studies, a bacterial agent shows evidance of survival and replication
in the test animal, the possible increased infectivity of the micro-
organism would obviously be of concern. Serial passage studies
would be the next logical testing step so that new isolates could
be compared to the original strain for enhancement of virulence,
survival, invasiveness, toxicity, or resistance to clearance mech-
anisms. If such studies indicate poor genetic stability, further
animal studies would be indicated.

(2) Fungi. As with bacteria, virulence enhancement is also a
concern with fungi. Although relatively few fungl cause infections
in humans with any regularity, the ability of certain fungi to
adapt to the environment and grow under unfavorable conditions
creates concern for the safety of humans and other mammals that may
cone in contact with fungi used as microbial pest control agents.
Some fungi have a very wide range for growth, although the coptimum
tenperature for a typical non-pathogen is generally much lower than
the body temperature of mammals.

The degres of specificity shown by entomogenous fungi is quite
variable. Some can grow only in insects, whereas others also can
utilize substrates found in the soil and artificial media. Some
fungi that grow on plants need nutrients supplied by the plant in
order for the fungal spores to germinate.

Great diversity is often shown by fungi with respsct to hosts,
growth temperature, Spore germination requirements, enzyme composi-
tion, resistance to physical and cheaaical conditions, nutrient
requirements, dose necessary for infection and several other fac-
tors. Because of this diversity, a full characterization of the
fungus, as outlined by §§ 151-20, 22, and =26, aids in assessing
the hazards of use of the fungqus as a microbial pest control agent.

The hazards of use undoubtedly will vary from one fungal spacles
to another.

(3) Viruses. The potential lack of genetic stability of
viruses with respect to species specificity is of csncern to the
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Agency., To test the capacity of & virus to infect and interact with
nontarget species, a series of tests are proposed involving tissue
cultures of cells of both humans and nonhuman origin. The tests
invlude .observations on gross morphological changes (cytopathic
effects), inhibition of cell division, bicassays of culture fluid,
decay of input virus, and potential appearance of viral proteins

and nucleic acid.

While there is no evidence to indicate that any currently
registered viral pest control agents represent a hazard to humans,
a critical review of the literature indicates deficiencies in test
systems utilized, in the kinds of data collected, and in the
verification of testing results, such that the issue of potential
hazards has not been completely resolved.

In recent years, new technologies have bsen developed that
allow for a more precise evaluation of the potential for genetic
ingtability in viruses. For example, the potential for genetic
change can be assassed in the laboratory by several techniques.
Tissue culture cells of human and nonhuman origin provide a sensi-
tive means for testing the capacity of a virus to infect and in-
teract with non-target species. Results from these tests, along
with acute high dose infectivity and replication studies and stan-
dardized tests on irritation, hypersensitivity, and cellular immune
response, will provide an appropriate data base for assessing the
potential capability of viruses used as pesticides to cause adverse
effwcts in humans.

It is important to note that special precautions are necessary
to ensure that formulated products contain the desired infectious
viral agent and are not contaminated with additional entities that
could pose a hazard to humans. It is likewise important that the
virus that is tasted, whether in the formulated product, in the
technical control preparation, or in its purest infective form, be
iderntical to the virus in the commercial product. Because viruses
are infectious agents that are widely distributed in nature and
will be derived from crude material such as insects or tissue cul-
ture, it is possible for the viral control agent to be contaminated
with other agents. The virus should be fully characteriszed as
prescribed in the section dealing with the product analysis of
microbial pest control agents (§§ 151-20 through =27).

In the course of development of an entomopathogen as a micro-
bial pest control agent, the research and development activities
could provide knowledge of structural, biochemical, and other
determinants involved in the infectivity-pathogenicity process.
Information on the mode of action of the microorganism as an insect
pathogen can be analyzed and evaluated in terms of its possibly
identical or similar mode of action -in mammals.
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(4) Protozoa. These microorganisms present several concerns
for mammalian safety because of their ability to survive and to in-
vade a wide spsctrum of hosts, frequently including alternate hosts.

Many protozoa ars able to survive and multiply in hosts at mam-
malian body temperature. PMPurther, some protozoa are able to pene-
trate the gut or the intestinal tract and various body tissues
saxals. Most damage to the insect host is caused during the vegeta-
tive, shizogonial period of development when the protozoa destroy
host tissues.

Protozoan infection in insects results from the ingestion of
protozoa contaminating the insect’'s food. During the use of protozoa
as microbial pest control agents, infection in bumans could occur
following ingestion, but also could occur by respiratory or dermal
routes of exposure. Por this reason, all of these routes are to be
investigated in experimental animals. Por instance, if there is any
evidence of oral infectivity in the acute test, & more extensive
feeding study should msore clearly define the hazard.

Since protozoan products used as bdiological pesticides will be
produced from infected insects or possibly from tissue cultures,
relatively pure presparations of active ingredient (agent) in the
form of the tschnical product are not expected. To check for the
possibility of acutely toxic components in relatively impure pre-
parations other than the replicating agent, it is necessary to per-
form, minimally, several acute toxicity studies on both the techni-
cal and formulated products, including acute cral and dermal tes:s,
and skin and eye primary irritation tests as required in Subdivi-
sion P.

S. LlLiterature review and discussion of potential haszards. A few
species of sach of the four types of microorganisms (bacteria,
fungi, viruses, and protozoa) have been investigated extensively
for use as microbial pcit control agents, and EPA registrations
or &xperimental use permits exist for each of the four types of
agents. A brief discussion follows on the various types with
emphasis on the major mammalian hazard concerns.

(a) Bacteria. laboratory and commercial preparations of
Bacillus thuringiensis have been subjected to numerous evaluations
for possible toxicity in vertebrates since 1957. Summaries of the
studies conducted to dstermine the hazard to humans of use of bac-
terial agents as insecticides have been published.

(b) Pungi. EPA sponsored an American Institute of Biological
Scisnces workshop in 1975 to elaborate principles and criteria for
establishing the safety of fungal agents (AIBS, 1975). There are
nearly 100,000 species of fungi, but perhaps less than 50 cause
human infection with any regqularity, and clearly not any of these
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would be considered for use as a pesticide. One cannot ignore, how-
ever, the ever-increasing list of obscure fungi of pathogenic poten=-
t2al, even though the numbers of cases attributed to any one species
remaing low. TFor example, within a period of only two decades,

two insect-associated fungi have been recognized as pathogenic for
man, viz. Entomophthora coronata, causing rhinophycomycosis, and
3asidiobolus meristosporus, the etiological agent of subcutaneous
phycomycosis (Greer, 1977). Both organisms are thought to enter
the host by trauma and remain localized at the site of injury:

i.e., neither has displayed any teandency to become disseminated
systemically.

Even more clearly associated with trauma are the etioclogical
agents of mycetoma, a condition that tends to remain localized, and
appears unrelated to predisposing factors such as immunosuppressive
therapy. The overwhelming majority of cases are caused by a rela-
tively few species (Emmons et al., 1977), but it should be con-
sidered that any fungus having the capacity to grow at the temper-
ature of the human subcutanecus tissue may have this pathogenic
potential. Similarly, there should be consideration of the poten-
tial for an agent to cause subcutaneocus cysts (Dmmons et al.,

1977) The agents of both mycetoma and cysts are naturally resident
in the environment.

Another dissase caused by a variety of soil saprophytes includ-
ing fungi and preceded by trauma is corneal ulcer formation. This
condition, however, appears to be a consequence of immunosuppressive
therapy, for fungal ulcers of the eye were virtually unknown until
ophthalmologists began treating wounds of the eye by topical appli-
cation of corticostercids (Rippon, 1974). Many of the organisms
causing corneal ulcers cannct grow at 37°C or more, a characteristic
that allows screening for such agents.

Anothexr disease that exemplifies the enlarging spectrum of
fungi capable of causing systemic disease in man is that of the
brain abscess caused by Cladosporium bantianum (trichoides). This
condition was unknown prior to 1952. The organism is found in
man's environment, has a predilection for the central nervous
system, and has an unknown mode of infection. The condition does
not appear to be linked to immuncsuppressive therapy.

Testing for the pathogenic potentials described above is not
feasible in every instance. There is no suitable experimental
model for reproducing diseases such as mycetoma, cyst, and subcu-
tanecus phycomycosis. There are, howvever, expsrimental systems
for recognition of agents capable of causing systemic disease,
especially those whose otherwise unexpressed pathogenicity could
be potentiated by immunosuppressives; these are included in the
scheme cf testing described below.
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Mycotoxicosis is a term used to broadly define toxic reaction
due %o ingestion of otherwise innocuous fungi or the metabolites of
such fungi. Ergot and mushroom poisoning are examples known gince
antiquity. In the early 1960's, aflatoxins wers discovered, first
from Aspergillus flavus, but now from other species. Aflatoxins
are acutely toxic to many vertebrates. At least one is carcinogenic,
highly organ-specific, and causes liver tumors. There are now
known to be more than 100 mycotoxins; thus, there is no single in
vitro test that can be used for dsetection of all of them. Chemical
analysis by chromatography has been widely used [thin-layer (e.g.,
Durackova et al., 1976); high-pressure liquid (Engstrom et. al.,
1977)). Enzyme-linked immunosorbent and immunocytochemical tech-
niquss have been tried (Lawellin et al., 1977), But bioclogical
assays, (i.e., feeding), remain indispensable. (FPor a receant
bibliography, see Maggon et al., 1877).

Perhaps a more important aspect of pathogenicity of the fungi
than either infectivity or toxicity is that of hypersensitivity
reactions. These occur mainly as respiratory problems, categorized
as either "immediate” or "nonimmediate” on an immunologic basis.
Those of the inmediate mechanisms are of the atopic variety exem-
plified by rhinitis and asthma; and those of the nonimmediate are
examplified by allergic alveclitis (hypersensitivity pneumonitis).
These two major groups of hypersensitivity diseases are discussed
below. A third disease entity, vhich is closely related to the
sscond hypersensitivity categery, is allsrgic bronchopulmonary
aspergillosis, a common causs of pulmonary eosinophilia among
atopics in Great Britain. The most common offending organism is
Aspergillus fumigatus. Because of the known pathogenicity (includ-
ing infectivity) of many species of agpergilli, it is doubtful
that any would ever be under consideration for use as & pesticide.

Respiratory atopic allergies are a major health problem in this
nation and elsewhere. They are incited by many substances other
than fungi, but are commonly caused by fungi such as Cladosporium,
Helminthosporium, Alternaria, Curvularia, Pencillium, and Pusarium,

Since most fungi have the capacity to cause sensitization
reactions under ordinary circumstances, testing the capability of a
fungal pesticide to sensitize would net provide any additional in-
formation of value. Information, however, is needed concerning
the relative importance of an agent to elicit acute respiratory
symptoms among the population at risk.

Allergic alveolitis, essentially a hypersensitivity pneumonitis,
is presently the subject of intensive investigaticos in a number of
institutions. This disease (which often provides descriptive clini-
cal names such as bird fancier’'s lung, farmer's lung, cotton worker's
lung) can be caused by & variety of materials including actinomycetes
and fungi. One common feature of the disease, irrespective of the
agent, is a history of long and repeated exposure to aerosols of
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-the offending agent. The precise mechanism is not clearly under-
swood, but allergy of the non-jmmediate type is involved, and
patients usually have precipitating antibodies. The propensity of
any dust, including fungal spore dust, to cause hypersgensitivity
can be determined in experimental animals by exposure to aerosols,
or by inoculation intranasally or intratracheally.

Exposure of test animals to aerosols of mycelial fragments or
spores of fungi has the advantage ©f approximating natural exposures.
In these test systems, however, it is difficult to administer a
predetermined dose deep into the alveoli and to confirm the actual
dose deliversd. Intranasal inoculation suffers from the same
disadvantages. Intratracheal administration by cannulation is an
alternative route of administration. Depending upon the animal
species, cannulation is msechanically simple, and delivery of dose
is reliable. Evidence of sensitization could be obtained by any of
several standard procedures. Rafer to Bice et al. (1979) for an
evaluation of methods for pulmonary immunization.

(c) vViruses. More than 700 species of insects and several
species of mites are reported to have viral diseases. Several of
these viruses are registered as pesticides with the Agency and, to
date, have not posed a threat to the health of humans or other
mammals. These insect viruses are considered to be host-specific,
most of them infecting only one host species or one insect group.
They usually reduce insect populations only when a certain density
of the insect population has been achieved, although the responsive-
ness o host density may be also dependent on the simultaneous
occurrence of other environmental and host conditions.

However, most viruses are able to produce latent infections
which, after stress, may suddenly aanifest themselves as epizootics.
Although it is assumed that viruses are species-specific, it is
documented that viruses are capable of undergoing genetic change
through a variety of mechanisms, many of which are not well
understood. These mechanisms enable viruses to underge genetic
interactions with each other and to incorporate genetic material
into the genomes of their hosts.

Because of the potential of viruses serving as biological
control agents, a great deal of research already has been conducted.
Most of the viruses affecting insects are either oytoplasmic poly-
hedrosis viruses or baculoviruses such as nuclear polyhedros:is
viruses Or granulosis viruses.

(d) Protozoa. Although many pathogenic protofod¥ parasites
2f insects exist, and some, such as gregarines and coccidia, may
hold promise for use as insect control agents, most efforts to date
have focused on microsporida. The genera Nosema and Vavria have
received special attention, although scattered information is
availartle for microsporida in other genera. Several points vere
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considered in the development of the guidelines for evaluating

the human hazards posed by these organisms. First, these parasites
are widely distributed in nature, and large numbers are frequently
encountered in foodstuffs and water. Second, some, such as Nosema
Algerae and Nosema locustae, have been the subject of numerous
laboratory investigations and large scale propagation without any
evidence of human disease. Third, seroclogic surveys of selected
humpan populations spescifically designed to detect antibodies to a
variety of insect microsporidan parasites have failed to reveal any
evidence of human infection (Chapupsky et al., 1972).

On the other hand, the protocols for evaluation of human
hazards posed Dy the use of insect microsporida must take into
account the following facts:

- (1) At least one aicrosporidian parasite affects a wide variety
of animals;

- (2) Classification of the organisms is at present am uncertain
and confusing issue; and

= (3) A few reports of human infections with microsporida do
exist.

These facts are discussed briefly in the next few paragraphs.

Encephalitoczoon cuniculi is the cause of subclinical granulo-
matous meningoencephalitis and nephritis in rabbits, mice, rats,
and gquinea pigs (Shaddock and Pakoo, 1971). It causes fatal en-
cephalitis in carnivores such as puppies (Shaddock et. al. 1978),
blue foxes (Nordstoga and Westbye, 1976), and.some species of wild
cats (Vavra et al., 1971), and the parasite has been reported
several times in nonhuman primates (Anver et al., 1972; Brown et.
al., 1973; and Siebold and Pussell, 1973). E. cuniculi produces
more severe disease in immunologically compramised animals
(Bismanis, 1970). Classification of the genera of microsporida is
still an uncertain and confusing issue (Weiser, 1976). For about
10 years, E. cuniculi was classified within the genus Nosema
(Lainson st. al., 1964). Encephalitozoon and Nosema are clearly
different in several important features (Pakes et. al., 1975), yet
the 10-year inclusion of these organisms in the same genus continues
to raise some concern about the potential role of ¥Nosema as human
pathogens. The issue is not resolved, however, since one-way
serological cross-reactivities between E. cuniculi and two spscies
of Glugea as well as Nosama algerae have been shown recently
(Nierderkorn, 1980). A few reports of human infection ¥with micro-
sporida exist. Several reports were incorrect (Barker, 1974) or
have bsen retracted, but at least three cases have baen documented
(Ashton and Wirasinha, 1973; Margileth, et. al., 1973; and Matsu~
bayashi et. al., 1959). The best documented case occurred in a
young immunoincompetent child who succumbed with a variety of
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lesions including wide-spread microsporidosis (Lainson et. al.,
1964). The organism was named Nosema connori (Shaddock and Geroulo,
1979) but its source was unknown. Indirect evidence that entomo-
pathogenic Nosema may infect man includas the fact that Nosema
algerae (a mosquito pathogen) can replicate (though poorly) in
vitro in pig kidney cells at temperatures as high as 35°C, but not
at 37°C. A few replicative forms of N. algerae have been found in
subcutanecus tissues following injection of spores into the tail
skin of mice. Mice injected subcutaneocusly in the tail produce
antibodies.
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VIi. RESIDUE ANALYSIS

A. Biochemical Pest Control Agents.

1. Background. A pesticide may not be used on a food or feed
crop, Oor may not be employed for a use which may reasonably be
expected to result (directly or indirectly) in residues in food or
feed unless a tolerances or an exsmption from the requirement of a
tolerance has been established by the Agency, as provided for under
Sections 406, 408, or 409 of the PFederal Food, Drug, and Cosmetic
Act (FFDCA) (21 U.S.C. 346, 346a and 348). The residue chenmistry
guidelines for tolerances/exemption are outlined in Subdivison O of
the gquidelines. The procedural regulations for filing petitions for
a tolerance or an exemption from a tolerance are included in 40 CFR
180.7.

2. Approach. The full set of residue chemistry guidelines outlined
in Subdivision O may not always be applicable to biochemical pest
control agents for the following reasons:

- (1) Biochemical agents occur naturally in the environment or
are identical to natursally occurring biochemicals and have prop-
perties similar to their natural counterparts; and

= (2) Many biochemical agents are used at very low application
rates [i.e., 0.7 ounces (20 grams) active ingredient or less per
acrej: and

= (3) Past expsrience indicates that biochemical.agents are
relatively nontoxic. Consequently, the resulting residues of
biochemicals in food or feed would be very low and the potential
for adverse effects would be correspondingly low.
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Thus, the Agency believes that significant human dietary expo-
sure will generally not occur from the use of biochamicals.

3. Tier Progression. In general, when no potentially adverse
effects are observed during the Tier I toxicity testing (§§ 152-10
through =18), a biochemical would be exempted from the need for a
tolerance, providing it is applied at rates of 0.7 ounces (20 grams)
or less pesr acre per application. In this situation, the Agency
would waive the usual metabolism and residue data and would recom-
send that an sxemption frowm the rasguirement of a tolerance be made.

The full range of residue chemistry data as detailed in Sub=-
division O would apply to:

-~ (1) All biochemical agents proceeding to toxicity testing beyond
Tier I (that is, to Tier II or III, as described in §§ 152-19
through =29 of this subdivision); and

- (2) All biochemical agents to be applied on food or feed crops
4t a rate greater than 0.7 ounces (20 grams) active ingredient
per acre per application.

These would include plant setabolism studies, residus data, and
analytical methodology. In addition, depending on the level of
residus found in animal feed, the Agency may solicit data on animal
metabolism and feeding studies to determine the. carryover of resi-
dues into meat, milk, poultry, and eggs. When appropriate, tole-
rances for the latter commodities would be necessary.

B. Microbial Pest Control Agents.

1. Approach. As with a biochemical agent, the use of a microbial
pest contzol agent on food, feed, or raw agricultural cammodities
requires that a tolerance, or an exemption from the requiremant for
a tolerance, be established by the Agency. In considering exemp-
tions from the requirament for tolerances, the Agency recognizes
that these agents do not necessarily pose the same potential hazards
as conventional chemical pesticides. 1In fact, certain character-
istics of many of these agents suggest that they pose relatively
less hazard. These characteristics are listed below:

= (1) The efficacy of the agent often dspends upon its ability
to replicate in the target pest which 4is not likaly to remain
on the crop after harvest.

= (2) The living form of the agent in most instances will usually
not replicate in the absence of the specific target pest (e.g.,
insect host).
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- (3) Certain environmental conditions such as sunlight, rainfall,
winds, humidity, and temperature often greatly reduce the
viability of the agent and, therefore, the residues of living
organisms are apt to be small or relatively insignificant
shortly after application.

= (4) When evaluated by the tier testing scheme, data supporting
currently registered microbial agents indicate that microbial
pest control agents would not likely pose a hazard to humans or
other mammals.

- (5) In many instances vhere and when a aicroorganism is used
as & microbial pesst control agent, the microorqanism is already
normally present in the environment and has demonstrated no
adverse effects.

~ (6) Residuss of microorganisms used as microbial pest control
f4gents that are capable of replication on food or feed - a very
ramote possibility - will possibly be rendered .nonviable or be
renoved by the usual processing of such foods and feeds (i.s.,
washing, drying, heat sterilization, and additions of sugar,
salt, and othexr preservatives).

2. Tier Progression. The Agency evaluates residue data for micro-
bial pest control agents used on food, feed, or raw agricultural
commodities only if toxic or other harmful properties were observed
in the maximum hazard toxicology tests (Tier I) prescribed in

§§ 15230 through =39 of this subdivision. If Tier I toxicology
tests indicate no toxic or other harmful properties, then no resi-
due data would be indicated and thus a reccomendation for an exemp-
tion from the requirements of a tolerance can be made.

3. Major Issues. In many cases, a natural population of microbial
agent may be present at some background level at the site whare a
microbial pest control agent is applied. It may therefore be im-
possible to distinguish between natural and introduced microbial
populations and therefore be very difficult to establish and en-
force tolerances for naturally occurring microbial agents. The
Agency invites camment concerning the testing methods for estab-
lishment and enforcement of tolerances for naturally occurring
microbial agents.

VII. NONTARGET ORGANISM HAZARD

The purpose of nontarget organism testing is to develop data
necessary %o assess potential hazard of biorational pesticides to
terrestrial wildlife, agquatic animals, plants, and beneficial
insects.
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A. Biochemical Agents.

A-1., Terrestrial Wildlife and Aquatic Animals (General).

1. Approach. The Agency bases hazard evaluation of biochemical
agenty on tests similiar to those required to support registration
of conventional chemical pasticides. However, the Agency is pro~
posing to reduce the number of Tier I tests and to modify test
designs. Tier I tests would be designed to determine whether ICSO
or LDS0 values are above a specified maximum test concentration or
dose rather than to require that the ICgy or LDy be determined.
This modified test design would apply if desth was not observed at
the maximum concentration or dose.

The Agency believes that the raduced number of tests and the
nodified test designs are appropriate because:

= (1) 1Innate toxicity is not inherent to the nature and mode of
action of biochemical agents;

~ (2) Experience indicates that most of these pesticides will be
applied at very low rates compared to conventional chamical
pesticides, thereby reducing likalihood of significant exposure
to nontarget organisms: and

= {3) Past expsrience indicates that most biochemical pest control
agents are not acutely toxic; e.g., ICgq and LDgg values for
most biochemical agents are greater than 5000 ppm or 2000 mg/kg,
respectively (in avian species).

Both terrestrial wildlife and aquatic animal testing schemes
use some Or all of the exposure criteria -- low use rats, low
exposure formulation, nonaquatic use site, and high volatility --
to screen out those pesticides that qualify for rasduced testing.

Volatility and its use as a criterion are explained as follows.
Volatility is a function of the vapor prassure of the biochemical
and its ability to adsord or absord to a sudstrats, e.g.., suspended
sediment, fsed, or gsoil. The Agency proposes that an estimate of
volatility be darived from the ratio of the substance's vapor
pressure and solubility in water. These data (vapor pressure and
solubility in water) are outlined in the Product Analysis portion
(section series 151) of this gubdivigion. For the purposes of these
quidelines, a biochemical pesticide is considered to have high
wvolatility i the estimated wolatility (H) is greater than 5x10~5
atm. m3/mole. The ratiopale for this criterion is prasented in
part VIII of this Discussion.
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A more exact determination of volatility of the formulated
product is outlined as a Tier II test (see § 155-4), and may depend
upon the pesticide use site and adverse effects observed in Tier
I tests. Additional considerations concerning the exposure criteria
are explained later in this Discussion, as they apply to each
testing schene.

In general, biochemical agents control behavior, growth, and/or
development of target organisms. Ideally, Tier I tests should be
capable of detecting adverse effects resulting from the primary
mode of action by which the pesticide would likely act on the non-
target organism. At the present time, however, the Agency does
not believe that it is appropriate to locate behavior and repro-
duction tests in Tier I for two reascons. Trirst, no obvious approach
or battary of beshavior tests are universally suitable for pesticide
screening (Weiss and Laties, 1979). This is apparently a reflection
of the youth of this scientific discipline. Second, there are no
widaly accepted short~-term screening tests that indicate chronic
growth effects and/or developmental effects from pesticides on
terrestrial vertebrates.

The Agency provides the following criteria for datermining
need for testing of biochemical pest control agents beyond the
first tier:

= (1) If signs of abnormal behavior are reported in Tier I tests
at levels equal to or less than the maximum expected environmental
concentration; or

- (2) If detrimental growth, developmental, or reproductive
effects can be expected, based on:

- (a) Tier I test data;

~ (b) Available fate data from the product's research and
developmant;

- (c) Use pattern information;

= (4d) Ressults of mammalian testing required in the Toxicology
section series 152; and

- (e) The phylogenetic similarity between target pest and
nontarget organism; or

= {3) If the maximum expected environmental concentration is
equal to or greater than 1/5 the LCS0 values established in

Tier I t“errestrial wildlife studies, or egqual to or greater than
1/10 the LCS50 or ECSO values established in Tier I agquatic animal
tudies.
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In addition, both Tier I and Tier II tests would be indicated
12

=~ (1) The pesticide is to be applied directly to water; or
= (2) High use rates are proposed; and

= (3) The biochemical agents are not volatile.

A=2. Terrestrial wildlife.

1. Approach. Most biochemical agents will be applied in a manner
that will result in exposure to terrestrial wildlife. Zven bio-
chemical agents that are identical to naturally occurring semio-
chemicals and hormones, when applied as pesticides, result in
exposure to terrestrial wildlife which would be different (e.g.,

in terms of route, time, and/or amount) from that which would
occur under natural conditions. The Agency, however, realizes

that most biochemical agents are applied at very low rates, and
alsc, many possess physiochemical properties (e.g., high volatility)
that reducs exposure to terrestrial wildlife. On this basis (i.e.,
low potential for significant exposure) the Agency permits a reduc-
tion in both number of tests and number of organisms per test

to support registration of biochemical agents. Testing quidelines
for biochemical agents are, therefore, reduced from those in Sub-
division ¥ of the gquidelines for conventional chemical pesticides.

Certain use patterns and formulations will greatly reduce
exposure of birds and mammals to biochemical agents (e.g., confined
traps, tabs nailed to trees, tree injections, and uses around
puildings). Biochemicals used in this manner would be confined to
very limited areas, unlike sprayed cheamicals that contaminate a
variety of wildlife habitats when brcadcast over wide areas.
Therefore, these use patterns and formulations could reduce expo-
sure of terrestrial animals t© biochemical agents to a point where
further reductions in testing may be appropriate. The Agency
invites comment on specific use patterns and formulations which
would qualify for reduced testing.

2. 2Tier Progression. (a) Tier I and progression o Tier 1II.
Under these guidelines, two tests on birds normally are indicated
for all biochemical pesticides that are not highly volatile: an
avian single=dose oral toxicity test (§ 154=-6) and an avian die-
tary toxicity test (§ 154-7). (See § 154-1, Pigure l.)~ for bio-
chemicals that are highly volatile, only an avian single dose oral
toxicity test is indicated. The Agency is following this approach
because it believes that dietary exposurs of a highly volatile
biochemical agent would not provide data usctul for hazard assess-
aent, since the Bidchamical agent would bejuickly lost from the
feed.
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Sectiong 154-6 and =7 will provide adequate data on toxic
effects, including abnormal behavioral effects, of biochemical
pesticides to avian wildlife. One control group and one treatment
group psr test may be all that are necessary to provide satisfac-
tory data showing no adverse effects. These tests are similar to
§§ 711 and -2 in Subdivision E of the guidelines.

Toxicity data for human safety, section series 152, in most
cases would ba sufficent to assess potential effects to wild mam-
mals. Tier II tasts are indicated {f any of the following occur:

- (1) Maxizum estimated environmental concentration (maxisum EEC)
is greater than or equal to 1/5 the avian single-dose oral LDSO
valus converted to ppe or is greater than or equal to 1/5 the
avian dietary LCSO value;

~ (2) Signs of abnormal behavior are observed in the avian single-
dose oral or the avian dietary toxicity tests at levels equal to
or less than the naximum EEC;

- (3) Growth, development, or reproductive effects may be expected
based on cbserved effects in the avian dietary toxicity test,
available fate data, use pattern information, and results of
tests required to support human safety, section series 152.

I£f none of the criteria above is met, additional testing at higher
tiers (II through V) is ordinarily not indicated.

(b) Tier II and Progression to Tier III. No additional test-
ing at higher tiers would ordinarily be indicated if:

- (1) Environmental fate characteristics indicate that the esti-
mated environmental concentration of the biochemical pesticide
in the terrestrial environment is less than 1/5 the avian die-
cary LCSO or the avian LD50 converted to ppm: and

- {2) The pesticide or any of its metadbolites or degradation
products are not stable in the environment and potentially toxic
amounts are not likely to persist in avian feed.

Testing as outlined in Subdivigion E of the guidelines
would be the next step (Tier III, § 154-12) if:

= (1) BEnvironmental fate characteristics indicate that estimated
concentration of the biochemical pesticide in thm@arrestrial
environment is equal to or greater than 1/5 the avian dietary LCSO
or the avian singledose oral LD50 converted to ppm; or

= (2) The pesticide or any of its metabolites or degradation prod-
ucts are stable in the environment to the extent that potentially

toxlic amounts may persist in avian feed.
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3. Major Issues. In the process of developing testing guidelines
for terrestrial animals, the Agency recognized at least two areas
that require outside input and comment. A discussion of these
issues follows.

(a) Maximum test concentrations and doses. The Agency believes
that satisfactory data can be generated from the avian single-~dose
oral toxicity test (§ 154-6) and the avian dietary toxicity test
(§ 154=-7) vhere only one concurreat control group and one treatment
group are tested, if & maximun test concentration or dose is tested.
Negative results from such tests would provide a high degree of
confidence that no adverse effacts are likely to occur from the
actual use of the biochemical pesticide. 1If, however, affects are
observed at these maximum test levels, then furthar testing at
lower levels would be indicated in order to establish precise IC50
and LDS0 values and corresponding 95 percent confidence limits.

Since most chemical pesticides are applied at rates measured in
pounds active ingredient (AI) per aczre {or in kilograms/hectare), and
biochamical pesticides are usually applied at much lower rates [often
measured in grams (ounces) Al per acre], an appropriate maximum con-
centration or dose should reflect the lower application rates.
Therefore, the Agency has reduced the maximum testing concentration
(5000 ppm) and dose (2000 mg/kg) established in Subdivision E for
avian toxicity tests on chemical pesticides. The established levels
are multiplied by the ratio of the proposed application rate in grams
to the number of grams in one pound (454 g). The general equations
are as follows:

maximum application rate

Maximum Test Dose = in grams Al per acre* x 2000 mg/kg
454g**
maximm application rate
Maxinum Test = in grams Al per acre* x 5000 ppm
Concentration 454g** o

For example, a 20 gram/acre (49 gram/hectare) rate would give an
88 mg/kg maximum test dose and a maximum testing concentration of

220 ppm.

(b) Categorization of semiochemicals bv structure/activity
relationships. Categorization of chemicals is a method through which
scientists can infer which chemicals present risgks of harm to humans
and to the environment (Slesin and Sandlef, 1978).-0il Gutegoriza-~
tion scheme that may be useful for determining hazard to terrestial

* For biochemical pest control agants.
** A zypical application rate for conventional pesticides.
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animals from semiochemicals used as pesticides (e.g., pheromones) is
based on structure/activity relationships. The study of structure/
activity relationships seeks to find association between a sub-
stance's physical and chemical properties and its effect on biolog-
ical activity (Slesin and Sandler, 1978). Recently MclLeese et

al., (1979) used structure/activity relationship in the assessment
of adverse effects of same industrial chemicals to nontarget organ-
isms, such as shrimp and clams. Since most semiochemicals used as
pesticides are applied at very low rates and possess special physi-
cochenmical properties (such as high volatility) that lessen their
exposure to terrestrial animals, acute toxicity data on terrestrial
animals for each new semiochemical sulmitted for registration may
not be necessary. Rather, a determination of hazard could be based
on existing acute toxicity data for structurally similar semiochem=-
cals.

Thepe guidelines for biochemical pesticides do not include use
of structure/activity relationships. However, the Agency believes
that this concept, vhen developed for semiochemicals, could provide
an acceptable data base for hazard assessments concerning both
terrestrial and agquatic animals. At the same time, it could reduce
the data required for registering semiochemicals used &s pesticides.

A=3. Aquatic Animals.

1. Approach. Many biochemical agents possess special physicochem-
ical properties, or are applied in a manner such that they are
unlikely to enter the aquatic environment in significant quantities.
Consequently, they would not usually be expected to pose hazards

to aquatic animals. It is on this basis (i.e., low potential for
significant exposure) that the Agency reduces agquatic animal data
guidelines for certain biochemical agents from those for conven-
tional chemical pesticides in Subdivision E. Guidelines are
reduced in two ways:

« (1) The fish acute bicassay test indicates that only one fish
species, rather than two, be tested; and

= (2) One control group and one treatment group par test may be
all that are necessary to provide satisfactory data showing no
adverse effects. :

Sassd on past sxperience with bicchemical pesiiicides, the
Agency believes that most will qualify for reduced testing. Buz,
in any case, each biochemical screened out for reduced testing
would have several criteria supporting such a course of action.
They are:
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- (1)} Non~aquatic use; and

(2) Low potential for significant exposure, based on use pattern,
formulation, and/or

- (3) Low use rates, and/or

(4} High volatility.

>

discussion of these exposure criteria and their use follows.

A biochemical agent must meet the first criterion plus one or
more of the last three criteria in order to qualify for reduced
tasting. A biochemical agent that maets only ong of the last three
criteria (low exposure use pattern/formulation, low use rates, or
high volatility) might be considared a weak candidate for reduced
testing, while one that mests two or three criteria would be a much
stronger candidats. '

(a) Non-aquatic use site. This criterion identifies those
biochemical agents that are applied on land when used as directed.
Siochemical agents that meet this criterion (are applied on land)
qualify for reduced testing. Aquatic animals will be exposed when a
biochenical is applied directly to water (e.g., mosquito larvicides
and aquatic herbicides that are biochemicals), and the Agency
believes that reduced testing for these biochemical agents is not
warranted.

{b) Low exposure via use pattern or formulation. Use patterns
or formulations such as confined traps, tree injections, hollow
fibers, tape dispensers, and drip irrigation, greatly reduce pos-
sibility of aquatic exposure. Biochemical agents applied in one o
these manners would qualify for reduced testing. There may be
other use patterns or formulations that would largely preclude
aquazic exposure. also, there are many borderline situations that
may warrant reduced testing, such as minor uses, single applications,
ground applications, or soil incorporation. Consultation with the
Agency may be necessary to evaluate these borderline sgituations on
an individual basis.

(c) Low use rate. The Agency provides low use rate as a
cziterion for reduced testing on the premise that application of
small quantities of biochemical in a terrestrial use pattern limits
the amount of material available to reach water and reduces the like-
1ihood that concentrations will be high enough to ¥8ack ‘@ hazard
level. Biochemical agents applied on land at 0.7 ounces (20 grams:
active ingredient or less per acre per application would qualify
for reduced testing.

An alternative approach would be to define low rates in relation
2 the biochemical's natural (ambient) concentration in the environ-
ment. For example, if application of the biochemical increases its
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concentration to no mcre than two times the ambient concentration,
<hen the rate used would be considered low and the biochemical -
would qualify for reduced testing.

(d) High volatility. High volatility is a physical character-
istic of some biochemicals that, for terrestrial use patterns,
would almost preclude potential for aquatic exposure. An inssct
pheromone, whose efficacy often relies on vapor phase contact by
the target insect, is an example of a biochemical that meets this
criterion. Por these guidelines, biochamical agents with an esti-
mated volatility (H) greater than 5x10™5 atm. m3/mole would qualify
for reduced testing. Such biocheamicals would have a volatilization
half-life of less than one day, and therefore would not persist in
water.

2. Tier progression. Biochemical pesticides determined to have
low potential for aquatic exposure would qualify for reduced test-
ing but would still be required to have one freshwater fish acute
bicassay (§ 154-8) and one aquatic invertebrate acute bioassay

(§ 154=9) to support registration (see § 154-1, Pigure 2). Pro-
tocols for these tests are similar to §§ 72-1 and =2 of Subdivi~
sion E. The Agency recognizes that these tests are designed to
assess acute toxicity, and may not be entirely suitable when other
nodes of action ars concerned. Nevertheless, the Agency believes
that, until a more appropriate screening test is available, these
bicassays, in combination with the screening criteria for reduced
zesting, provide adequate evidence as to whether aquatic exposure,
if any, will be biologically significant.

Tier II Environmental fate tests (§§ 155-4 through =13) would
be indicated if any one or more of the following occur:

- (1) Signs of abnormal behavior are observed in Tier I tests at
concentrations equal to or less than the maximum expected
concenzration in water; or

- (2) The maximum expected concentration in water is equal to orx
greater than 0.1 of any ECgq or 1Cgg determined in testing
required by §§ 154-8 or =9; or

- (3) Maximum expected concentration in water is equal to or
greater than 0.01 of any ECSO or 1CSO determined in testing
required by §§ 154«8 or -9; aad

= (4) MAdverss effects on growth, development, -of siproduction may
be expected based on Tier I test data, availadble fate data (e.g.,
from the product's resesarch and development), use pattern
information, or available effects data on phylogenetically
similar target species.

Zf =2one 2f <he above criteria are met, then additional testing at
nigher tiers is not indicated.
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BSiochemical agents that have terrestrial use patterns but do
not meet any of the other three criteria for low exposure potential
may still not pose a significant hazard to aquatic organisms. But,
at present, thers are not sufficient data on the effects of bio-
chemical pesticides to warrant fully reduced testing for these
materials. Instead, an intermediate course of testing is provided,
including both Tier I (aquatic animal tests, §§ 154-8 and =9) and
Tier II (environmental fate tests, §§ 155-4 through =15) to support
Tegistration. Results of Tier I and Tier Il tests would be eval-
uated, and any further testing, if needed, would proceed along the
tier system in Subdivision E of the gquidelines.

Biochemical pesticides applied to water do not qualify for
reduced testing because exposure of nontarget aquatic fauna is
unavoidable in such situations. The effects tests specified by
the tier testing system in Subdivision E (§§ 72-1 through =6) and
environmental fate testing (Tier II, Subdivision M) to support
registration apply to these pesticides. Progression to Tier II
testing applies only to biochemical agents screened out for reduced
testing at Tier I, since Tier II testing automatically applies
for all other biochemical agents. The data for Tier II are des-
cribed in the Environmental Pate sections (§§ 155-4 through 13) of
these gquidelines.

If envirommental fate charactezristics indicate that the
estimated envircrmmental concentration of the biochemical agent in
<he aguatic enviromment is equal to or greater than 0.01 of any
ECgp or ICgy determined in testing in §§ 154-8 or =9, then
testing as in Subdivision E of the guidelines would be indicated
(Tier III, § 154-13). If the estimated environmental concentra-
tion is less than 0.01 of the above-described toxicity values,
then no additional testing would be indicated.

3. Major Issue. Refer to part VII A=2.3.b. of this Discussion for

a discussion that also applies to acuatic animals: categorization
of semiochemicals by structure/activity relationships.

aA=4. Nontarget Plants.

1. Approach. The plant testing scheme is based on the tier testing
scheme found in Subdivision J of the registratiorn guidelines (Hazard
gvaluation: Nontarget Plants). Those guidelines and ir acccampany-
ing discussion should be perused with respéct o &"uu
testing scheme, the tests, the dose and other testing information

and the tier progression criteria. Testing procedures for biochem-
ical agents should be similar to those for other chemical pesticides
with respect to phytotoxicity studies, and would therefore be sub-
ject to the same zuidelines of Subdivision J.
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2. Tier Progression. Progression to Tier III and further plant
effects testing would depend on whether there are any adverse
effects to desirable plants at the Tier I level, and whether there
is possible movement by scil, water, or air from the intended site
of application to nontarget areas as determined by selected tests
of Tier II (Environmental Fate, Series 155; see § 154-1, Figure 3).
In the vast majority of biochemical pesticides, such movement might
occur, but at levels far below those which would have a detrimental
effect as determined in the Tier I tests.

A=5. Nontarget Insects.

1. Terrestrial insects. (a) Approach. Development of baseline
(first tier) tests for biochemical pesticides is difficult, for the
following two reasons:

- (1) Effects of these biochemicals will often be long-term (e.g.,
effects on growth) rather than acute; this type of activity does
not lend itself to short term testing; and

= (2) Effects on development or behavior, uniike mortality, may
be difficult to quantify.

Due to these factors, and due to the fact that research in
this area is in the early stages of development, thers are no widely
accepted, simple tests for evaluating biochemical effects on behavior
and development of nontarget insects.

In view of the above, the Agency will not outline any specific
type <f Tier 1 testing for effects of biochemical pesticides on
nontarget insects. Rather, the registrant should report any adverse
effects on nontarget ingsects noted during efficacy testing, includ-
ing effects such as: '

- (1) Mortality or other adverse effects (e.g., behavorial
modification) on insect predators or parasites of the target
organism; and

= (2) Direct adverse effects on pollinators, or repellent eflects
on pollinators.

If no such effects are noted during efficacy testing, and in
the absence of any other data indicating potential for adverse
effects, no nontarget insect testing will be indicated. However, if
adverse effects are noted and/or auxiliary data indicate a potential
for adverse effects, then Tier Il (Environmental Fate) testing will
apply. 1If fate data do not indicate exposure, no further testing
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will be indicated. If fats testing indicates exposure, the registrant
should consult with the Agency regarding further testing. Testing

at that point would most likely be simulated or actual field test-
ing, and would be directed at the problem identified during efficacy
testing or indicated by the awuxiliary data.

(b) 2Tier progression. (1) Tier I. As pointed out in the
preceding discussion on ®Approach®, the Agency will not develop any
baseline data requirements specifically to assess effects of bio~
chemical pesticides on nontarget terrestrial insects. Rather,

Tier I will consist of data (such as efficacy data) submitted by

the registrant or sade available from another source. If no data
exist to indicate potential for adverse effects on nontarget insects,
no testing will apply. (See § 154-1, Pigures 4 and 5.)

(2) Tier II. The data for Tier II are described in environ-
mental fate testing, section series 155 of these guidelines. Should
envircnmmental fate testing indicate no potential for nontarget
ingsect exposure, no further testing would be indicated. Indication
of exposure potential would lead to further testing.

(3) Tier III. The registrant will have to consult the Agency
prior to testing at the Tier III level. Testing required at this
point would most likely ba simulated or actual field testing; the
specific type of testing required will depend on the type of problem
identified during efficacy testing or indicated by auxiliary data.

2. Aquatic Insects. (a) Approach. Testing should follow the
scheme outlined in Aquatic Animal Testing Scheme for Biochemical
Pesticides at § 154=9. Results of testing through this scheme will
answer:

= (1) Does aquatic invertebrate biocassay indicate potential
adverse effects?

- {2) Does environmental fate testing indicate potential for
aquatic exposure?

If the answer to either of these questions is "no," no further
testing is indicated. If the answer to both is "yes,” then testing
should continue according to Subdivisions E and L.

(b) Tier progression. As noted above, no specific tests
have been developed exclusively for assessing the hn:axdg of bio-
chemical pesticides to nontarget aquatit ifisects. father the
cier "system” used here is constructed from testing systens
developed in other parts of the registration quidelines. Testing
should be conducted according to §154=9 of Aquatic Animal Tier
Testing Scheme for Biochemical Pesticides. If bioassays indicate
potential adverse effects on nontarget insects and Tier II (en-
7ironmental facte) data indicate potential for agquatic exposure,
testing should be conducted according to Subdivisions E and L.

T¢ one of these potentials is lackirng, then no further testing will

De indicated.
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B. Microbial Pest Control Agents.

B-1. Terrestrial Wildlife and Aquatic Animals (General).

1. Approach. In designing Tier 1 tests, the Agency has attempted
to balance two opposing philosophies concerning the hazards of
microbial pest control agents. On the one hand, dus to the rela-
tively small existing data base pertaining to microbial pest con-
trol agents and their theoretical potential for causing environ=-
mental damage. the Agency would wish to conduct extensive testing,
regardless of the pesticide's use pattern. This would be done in
an effort to determine, as conclusively as possible, vhether or
not the pesticide’s host spectrum includes nontarget terrestrial
and aquatic organisms. The opposing philosophy argues that exten-
sive testing in search of nontarget hosts is not justified because:

= (1) The passticide organisms have existed in nature for thousands
or millions of years without affecting the nontarget organisms with
which we are concerned;

= (2) Rather extensive testing on a few microbial pest control
agents (e.g., Bacillus thuringiensis and the nuclear polyhedrosis
viruses) has demonstrated the safety of these types of pesticides;

= (3) The application of a microorganism does not necessarily
increase that particular microbial population to a level any
higher than would have occurred under natural conditions; and

= (4) The known hazards of the classical chemical pesticides are
far greater than any hazards known to axist with microbial pest
control agents.

After considering the two aforementicned philosophies, the
Agency has concluded that at least some (minimum) test data on
terrestrial and aquatic organisms should usually be evaluated,
regardless of the pesticide's site of application (outdoor) and
apparent potential for exposure. These minimum data would be
necessary for the following reasons:

(1) when & microbe is applied as a pesticide, great numbers
of the microbes are placed in the environment outside (apart from)
its host, at & discrete point in time (day of application}, and
spread over all living and nonliving components of the target site,
as wvell as adjacent areas (due to drift); hence, in terms of numbers
of nontarget organisms exposed, the number of different species ex-
posed, and the degree of exposure {(aumber of microbes per nontarget
organism), exposure would probably be greater than under natural
conditions; and
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{2) Data on toxic or pathogenic effects are essential for haz-
ard assesgment purposes when terrestrial or aquatic organism are very
likely to be exposed to & microbial pest control agent, especially
vhen no fate data will be required by the Agency in the first tier of
testing.

Pathogenicity and toxicity are the major effects of concern
regarding terrestrial and aquatic organisms. Therefore, the Agency
has developed guidelines that will allow hazard assessment of
possible pathogenicity and toxicity problems. In addition, the
Agency desires a high level of confidence that no adverse environ-
nental effects will result from actual use of microbial pest con=-
trol agents. Toward this end, the guidelines in Tier I reflect a
maximuz hazard approach to testing as described earlier. Negative
results from tests using this approach would provide a high degree
of confidence that no adverse effects are likely to occur from the
actual use of microbial pest control agents. Prior to the Agency’s
considering the registration of naturally occurring and strain-
improved microbial agents, applicants would submit only Tier I
data on nontarget organismg., However, both nontarget organism
data (Tier I) and envirommental expression data (Tier II) would be
evaluated prior to considering genetically engineered microbial
pest control agents for registration.

2. Major issues. {(a) Maximum hazard dosage levels. Unlike
environmental levels which generally decrease following application

of chemical pesticides, the environmental levels of microbial pest
control agents and any associated toxins may, at least tamporarily,
increase when the product ig effective. Therefore, the maximm
hazard dose for Tier I testing will be based on some safety factor
times the maximum amount Oof active ingredient (microbial agent or its
toxin) expected to be available to terrestrial and aquatic plants and
animals in the environment. The target hosts (e.g., insects) are
likely to contain the highest concentration of the microbial pest
control agent that will ba available to nontarget terrestrial wild-
life and aquatic animals following a pesticide application. The
maximum amount of microbial pest control agent (active ingredient)
that one infactaed host can contain is called the host equivalent in
these gquidelines. Since the host insect can vary greatly in size,
and the number of hosts that could be consumed by a known terrestrial
or aquatic predator will alsc vary, largely de : upon its size,
the host equivalant was adjusted by a weight-to~welght ratio of test
animal to infec<ed host organism. Therefore, the maxizum hazard dose
in these guidalines is sgual to the host sguivalent multiplied by the
ratio of the weight of the test animal (e.g., fish or bird) to the
weight of zhe infected host organism, (e.g., insect larva.) The
route(s) of administration (e.g., oral, parsnteral) and the size

of the test organisn(s) will largely determine whether the maximum
hazard dose will be a multiple or a fraction of the adjusted host
equivalent amount. Obviously, the maximuwn hazard dose must be an
amount that is technically feasible to administer to the test or3an~
ism(s) and therefore the Agency will be flexible in its assessment

of wnether a high enough dose was used in any given test.
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In the case of microbial pest control agents applied to the
soil to control soilborne dissases affecting plants, the soil may
contain the highest concentration of the agent. The host equivalent
concept would not be applicable in this situation since the host,
most often, vill be a aicroscopic propagule (spore, oospore,
sclerotium or chlamydospors).

The Agency realizes that it would be very difficult to estab-
lish specific LCgq, EDgp, Or LDgp values (e.g., LDSO = 1000 mg/kg)
and 95 percent confidence limits for most microbial pest control
agents, because test data are not likely to exhibit a log-probit
dose-response relationship that is typical of chemical pesticides.
Therefore, data that establishes that the ICgp, EDgg, Or LDgp is
greater than the maximum hazard dosage level (e.g., LDSO >1000 mg/kg)
would often be adequate for the purposes of hazard assessment. In
most cases, testing at one maximum hazard dosage level is expected
to be sufficient to evaluate affects.

(b) Maximum hazard routes of administration. Various routes
of administration are provided in these gquidelines. There is 2
general belief in the Agency, however, that a parenteral route
[e.g., intravenous (IV), intraperitoneal (IP)] would provide an
acceptable maximum hazard exposure to terrestrial and aquatic
animals in Tier I tests. While this route of administration is
environmentally unrealistic, the Agency believes that negative test
results from testing by IV or IP injection and using maximum hazard
dosage levels would provide a high level of confidence that no
adverse effects would occur from the actual use of the microbial
past control agent.

(c) Age of the test animals. The Agency considers that suf-
ficient immunoclogical and physiological differences exist between
irmature animals and mature animals to suggest that immature animals
are potentially more suscsptible to infection and possibly to the
effects of any toxin produced by the microbial pest control agent.
Therefore, the Agency has developed age guidelines for the test
animals in Tier I tests, and recommends the use of immature animals
in keeping with the maximum hazard approach tc testing.

(d) Methods for detecting effects. Unlike toxicity tests
whezre mortality can usually be determined by observation, infec-
tivity tests often require sophisticated assessment methods for
detecting sublethal pathogenic effects. Due to the extremaly
diverse nature of the active component in microbial pest control
agents {e.g., natural toxins, acellular agents (viruses), prokary-
otic cells (bacteria), eukaryotic cells (fungi, protozoans, most
algae))!, many different methods to detect each agent and assess
infections have been developed. To assist applicants and regis-
trants, the Agency is providing a scheme which will gshow some
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acceptadble methods for detecting pathogenic effects for each type
of microbial pest control agent (Table 1). This scheme is a gen-
eralization and is not completely reliable. However, it should
cover a majority of the microbial agents and methods for detaction.

(e) Viruses: the most challenging problems. Viruses represent
the most challenging problems because they are parasites at the gene-
tic level. Unlike other pathogens, they are acellular in their para-
sitic state and are able to insert their genomes (genes) directly
into the host cell(s) with no intervening parasite membrane (Kawanishi,
1979). Very oftan , the diseases caused by viruses are preceded by
long periods of latency. Viruses in latent states are often unde-
tectable by microscopy or serological techniques. Some of the
detection mathods propecsed above could detect viruses even when
they are cell-associated in the form of nucleic acid molecules.

The Agency is not aware of acceptable screening test(s) to determine
if viruses in latent states will actually cause adverse effects
later on. PFurther research is needed in this area.

Detection of a virus in a latent state ordinarily would be
considered a noninfectious effect. Noninfectious effects have been
reported in infectivity tests with other microorganisms. For
example, Ignoffo (1973) reports that noninfectious bacteremia and
the presence of bacteria in tissue of vertesbrates following admin-
istration of heavy doses of Bacillus moritai and B. thuringiensis
have been observed. At the present time, the Agency has decided
to place infectivity as its primary concern. For the present, the
decision to require effects, excluding toxicity, will be handled
on a case-by-casa basis.

(£) Test protocols. No standard widely accepted tast proto-
cols are available to evaluate the safety of microbial pest control
agents to terrestrial and aquatic animals. In lieu of established
test protocols, the Agency is providing tentative guidelines,
based on past experience and on selected published references,
which would aid in the development of generally accepted testing
standards and protocols.
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Tadle t==METHODS FOR DETECTING EFFECTS OF MICROBIAL PEST CONTROL AGENTS IN
SAFETY TESTS

Microbial Pest Control Agents

Cellular
Agents
{Protozoa, acallunlar
wathod of Pungi, Agent
Assessmant Microbial Toxin Bacteria {virus)
Aistopathology (o] X X
Sexrology* N.a. ¢] X
Nucleic Acid Rede Helde o]
Bybridization*®*
‘Key to Table symbols:
O: All members of this group detectable by this method
X: Not all infections by this group are detectable by this method

NeAd: Not Applic&ble

*Radioimmuncassay, Enzyme-linked Immunosorbant Assay.,
Immunoperoxidase Assay, Immmofluorescence Assay.

**DNA:DNA and RXA:DNRA Bybridization Techniques.

(Source: C.Y¥. Xawanisghi, 197%9)
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B=2., Terrestrial Wildlife.

1. Approach. These guidelines indicate two tests on birds for
all microbial pest control agents: an avian single~dose oral
toxicity and pathogenicity test (§ 154-16) and an avian injection
pathogenicity test (§ 154-17). The avian single~dose oral toxicity
and pathogenicity test would provide data on any toxic effects to
avian wildlife from exposure to the microorganism or any toxin it
may produce. This test would also provide data on pathogenic
effects following an acute oral eaxposure. The duration of the
study would be about 30 days in order to provide time for incuba-
tion, infection, and manifestation of pathogenic effects from the
microorganism. Alsc, gross necropsies ars indicated, and any
lesions would have to be characterized. This test is a modifica~
tion of the avian single-dose oral LDgy study found at § 71-1 in
Subdivision E of the guidelines.

The avian injection pathogenicity test would provide data on
the pathogenic effects of the microbial pest control agent on birds
following a parenteral exposure. The guidelines for the duration
of the test and gross necropsies are similar to the avian single-
dose oral toxicity and pathogenicity test. In addition, however,
investigqation of specific organs, organ systems, and the site of
injection for multiplication of the microbial pest control agent,
are indicated. Further, any observed pathogenic effects (e.g.,
lesions) lead to an assessgment of cause and a description of the
detection methods used in the assessment. A standard protocol for
this test is not currently available, although Friend and Trainer
(1974 a and b) have administered duck hepatitis to mallard ducks
via two injection routes: intravenously and intraperitoneally.

One cambined test would necessitate the administration of the
microbial pest control agent via two different routes (e.g., oral
and intravenous injection) to the same group of test birds. A
standard protocol for this combined test is not currently available.
The two routes of administration would expose the microbial pest
control agent to two radically different environments in the bird:
the qut and the blood.

2. Tier Progression. (a) Tier I. If no toxic or pathogenic
effects are observed after exposing birds to the microbial pest
control agent via two different routes of administration (oral and
injection) at the maximum hazard dosage levels, then a0 furthes
testing of birds would be indicated. If toxic or pathogenic effects
are observed at the maximum hazard dosage levels, then Tier II
environmental expression tests (§§ 155-18 through =20) would be
indicated. (See § 154~1, Pigure 6.)

Data on wild mammal toxicity and pathogenicity (% 154-18) are
indicated on a case-by-case basis when data indicate that there is
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considerable variation in the sensitivity of different mammalian
species =o the effects of a microbial pest control agent, and when
wild marmals would be heavily exposed to the microbial pest control
sgent under noraal uss. However, the toxicity and pathogenicity
data in section series 152 of this Subdivision for evaluating
hazard to humans and domestic animals are normally adequate to
indicate hazard to wild mammals. If no toxic or pathogenic effects
are obsarved in tests on mamuals, then no further testing of wild
marmmals would be follow. If any effects are observed in tests on
wild mammals, then Tier II environmental expression testing (§§ 155-
18 through 155=20) would be indicated.

Genetically engineered microbial pest control agents are
treated differently from microbial pest control agents that are
identical to naturally occurring microorganisms or that are improved
strains of naturally occurring microorganisms. Since genetically
engineered microorganisms do not pre-exist in the environment, data
on effects on nontarget birds and mammals in Tier I (§§ 154-16
through ~18) and data on survival in the environment in Tier II
(§§ 155-18 through =20) are indicated in order to assess potential
environmental hazards.

(b) Tier II. The data cutlined in Tier II are described in
environmental expression testing (§§ 155-18 through =20) of these
gquidelines. If the expression characteristics precluds exposure of
the microbial pest control agent to nontarget birds and mammals,
then no further testing of these animals would be indicated. If
Tier II tests indicats that birds and mammals will be exposed to
themicrobial pest control agent, then testing at Tier III would
follow.

{c) Tier III. The types of effects reported in the Tier I
tests would determine which Tier III test(s) would apply. If toxic
effects are reported in Tier I tests, and Tier II tests indicate
exposure, then the guidelines of § 71-2 of Subdivision E would
apply (see § 154-24). 1In this case, futher testing (if needed)
would proceed as in Subdivision E. 1If pathogenic effects are
reported in Tier I tests at an amount egual to the adjusted host
equivalent, or if chronic, carcinogenic or teratogenic effects are
reported in tests in §§ 152-50, =51, and =53 for evaluating hazards
to humans and domestic animals, then a long-term avian pathogenicity
and reproduction test (§ 154-26) would apply. This test would pro-
vide data on pathogenic effects of the microbial pest control
agent on hirds during a sensitive period in their life, breeding
and reproduction. It would also provide.data on the effects of the
microbial pest control agent on avian reproduction. This test
would be a modification of the avian reproduction study (§ 71-4) in
Subdivision E of the guidelines. If no pathogenic or reproductive
effects are observed, the Agency would, at this time, review all
the data and determine if decisions regarding registration can be
made.
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Pathogenic effects occurring at Tier III and beyond raige
serious questions concerning the registration of any microbial pest
control agent. Also, testing at Tier IV, simulated and actual
field testing for mammals and birds (§ 154-33) may not be feasible,
since it may not be possible to confine the microbial pest control
agent to a test area and prevent it from escaping to contaminate
adjacent areas. The applicant should seriously reconsider the
proposed registration of any microbial pest control agent that
requires Tier IXI or IV testing. If a decision cannot be made
without further testing, and the microbial pest control agent can
be restricted to a field test area, then testing at Tier IV
would be indicated.

{d) 7Tier IV. Simulated and actual field testing (§ 154-33)
would provide data on the pathogenic effects of the microbial pest
control agent on birds and mammals following field applications at
actual label use rates. This test would be indicated when pathogenic
effects are reported in Tier IIX testing (§ 154-26) at levels equal
to actual or expected field residue exposure levels, and when the
Agency is reasonably confident that quarantine methods will prevent
the microbial pest control agent from escaping from the test area
to contaminate adjacent areas. The specific type of test (small-
pen, large-pen, or full-scale field test) should be discussed with
the Agency before beginning the study.

3. Major issues for discussion. In the process of developing the
guidelines for terrestrial animals, the Agency recognized many im-
portant areas that require outside input and comment. The Agency
needs scientific input and invites comments on the following issues
of concern:

(a) In vivo testing. The guidelines outline in wvivo testing
of birds and mammals. In vitro testing may be considered in the
future. Wolf (1975) has suggested a two-pronged testing approach
for safety tasting of baculoviruses, using both in vivo and tissue
culture (TC) testing. He reported that there are established or
permanent cell lines for duck embryo fibroblasts, chicken embryo
fibroblasts, as well as representative mammalian cell lines from
a bat, rabbit, mouse, and deer. Ignoffo (1973) reported that at
least 12 viruses, including all major viral types, have besen tested
in vitro in either avian egg embryo fibroblasts (chicken or turkey),
£ish, or mammalian cell lines. Virus multiplication or cytopathic
effects wvers reported for one nuclear polyhedrogis virus in chicken
enbryc cells and humar amnion tissue, and for one noninclusion
virus in chicken embryo cells and mouse sarcoma tissus. In contrast,
no effects were observed in vivo when xabbits and:hice were injected
or fed the latter virus.

The Agency is not convinced at this time that the results of
in vitro tests can be used exclusively to determine potential
adverse effects to individual terrestrial animals (e.g., endangered
species) or populations of terrestrial animals in the environment.
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{b) Test substanca. Microorganisms-used as pesticides could
be applied in any one of a combination of naturally existing forms.
It is preferable that the test organism be exposed to the most
infectious form, whenever infectivity is the primary hazard of
concsrn. Similarly, wvhen toxicity (e.g., a microbial toxin) is the
hazard of concern, the test organism should be exposed to a form of
the microbial agent in which the toxin would be most readily avail-
able. Unfortunately, there is no easy way to determine which is
the most infectious or toxic form of the microorganism to the
test organisms. The route of adninistration may also play an
important role in determining which form should be tested. For
example, if the route of administration is intravenous, then the
active vegetative cells of a bacterium, or the infectious hemolymph
may be more appropriate than vegetative cslls or polyhedryda,
respectively.

For these guidelines, testing the technical grade of the active
ingredient applies in all tests except the simulated and actual field
testing (§ 154-33), when the use of the formulated product applies
in order to simulate or reproduce actual field use. This provides the
consistency between the tier tests necessary for assessment of hazard.

(c) Route of administration. These gquidelines outline testing
by oral gavage and via injection by a parenteral route (preferably
intravenous or intraperitoneal). It is important to note that the
administration of test material to 10 to 17 day old birds by oral
gavage will likely require the use of small needles or cannulae with
ball-tipped ends in order to prevent injury to the birds. Ignoffo
(1973) reported that the following groups of terrestrial animals
have bsen tested in vivo for effects caused by entomopathogens:

Group Routes of Administration
Mammals (primarily - diet, oral, inhalation, sub-
laboratory populations) cutaneous, dermal application,

intradermal, intraperitoneal,
intravenous, intracerebral,
intranasal, intramuscular,
eye application

Birds (chickens, - oral, diet, intraperitoneal
and laboratory peopulations (chickens)
that are phenotypically
similar to wild species)

At the present time there is no general consensus within the
Agency concerning the route of administration that would consis
tently provide the maximum hazard exposure to nontarget birds or
marmals. There is, however, a general belief that one of the
parenteral injection routes may be appropriate. Also, since the
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gut normally provides such a radically different environment from
that in the rest of the bird or mammal body, and since insectivorous
birds and mammals can be expected to ingest large quantities of
actively growing microorganisms when they feed on diseased insects,
the Agency believes that the oral route would also bs appropriate.
The dietary route of administration was considered for Tier I

tests, but the Agency beieves that it does not generally reflect
the maximum hazard test philosophy for Tier I tests. The diet,
however, is considered to be an appropriate route of administration
for Tier III and Tier IV tests (§§ 154-26 and 154-33).

The Agency is awvare of the theoretical potential of microbio-
logical pesticides to disrupt the function of rumen bacteria. At
present, the Agency is seeking further information concerning the
possibility of such effects on wild mammals. If any such effects
vere to be reported in safety tests on domestic ruminants, then
the Agency would golicit similar tests on wild ruminants.

The Agency recognizes that a combination of administrations in
one test (e.g., oral and intravenous or intraperitoneal injection)
may be possible. It would certainly be in keeping with the maximum
hazard testing philosophy, and would reduce testing time and ex-
pense. However, combined exposures could unduly traumatize the
test Organisms 30 as to cause mortality, or in some other way cause
spurious results.

(d) Avian test species. These guidelines provide that young
bobwhite quail or mallard ducks be tested in Tier I tests. Birds
between 10 and 17 days of age at the beginning of the test period
should be used in the avian single-dose oral toxicity and pathogen-
icity test and in the avian injection pathogenicity test. Within
4 given test, all birds should be the same age. (U.S. Environmental
Protection Agency, 1978).

Summers et al. (1975) suggest testing two species of birds
including at least one insectivorous species. Wolf (1975) stresses
that test organismg should represent insectivorous and herbivorous
species. He suggests testing blackbirds, yellow=-billed cuckoos,
representative members of the swallow family, and ducklings.

In Subdivision E of the guidelines, the Agency suggests bob-
white quail, ringneck pheasants, and mallard ducks as accsptable
test species for avian acute toxicity tests of chemical pesticides,

The following facts influenced the Agency's proposal to test
bobwhite quail and mallard ducks in avian toxicity and pathogenicity
tests of microbial pest control agents:

« (1) These species are ecologically significant and widely
distributed in the United States;

= (2) They have proven to be good laboratory test species and are
appropriate for acute, subacute, and chronic testing;
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- (3) Laboratory populations are genotypically and phenotypically
comparable to wild species;

- (4). There is a large body of data on the effects of chemical
pesticides on these species available for comparison purposes;

= (5) It has not been determined if any avian species or group of
avian species is a better indicator of potential effects from
microbial pesticides than bobwhite quail or mallard ducks; and

= (6) Testing species from the family Icteridae (e.g., blackbirds,
grackles, and cowbirds) may be ecologically significant and in
line with the maximum hazard philosophy, but would present many
practical problems in rearing, reproduction, controls, and
handling.

In support of testing immature birds in Tier I, the Agency
notes that insects are vital to immature birds during the first two
or three weeks of life, and make up a much larger proportion of
their diet during this time than at other times.in their life.

Thus, they are functionally insectivorous birds at this age. Also,
for the purposes of psthogenicity testing, the Agency feels that
sufficient immunological and physiological differences exist between
imnature birds and adult birds to warrant considering the immature
bird as potentially more susceptible to infective challenge, and so
proposes their use in the maximum hazard testing approach.

(e) Selection of dose levels. For Tier I tests, the Agency
suggests that a maximum hazard dosage be administered. For the
acute oral test for toxicity and pathogenicity, the maximum hazard
acute oral dose ghould be no less than 10x the adjusted host
equivalent amount. ([The adjusted host squivalent is equal to the
host squivalent times the ratio of the weight of the test animals
to the weight of the host organism. The host equivalent is equal
to the maximum amount of active ingredient that one infected host
(e.g., & late instar larva) can contain.] If the calculated amount
of microorganism is dstermined to ba excessive, a 5x or 2x amount
may be used. If the microbial pest control agent produces any
toxic or pathogenic effects at the maximum hazard dose level, then
testing at lower doses would be indicated., If the microbial agent
kills test organisms at the the highest dose level, then sufficient
doses and test organisms would be required to dstermine an LD50
value, if possidble. Por the injection pathogenicity tests, the max-
irum hazard dose level should not be leas than one adjusted host
equivalent. If this amount is not !mi.blo.‘aa%%l. $%, or 1/10x
asount could be tested if a rationale is provi ' rt the
reduction. If the microbial pest control agent produces any path-
ogenic effects at the highest dose level tested, then testing at
lower doses would be indicated.
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) It has been suggested (Ignoffo, 1973, and Summers, 1975) that
microbiological pesticides be tested at 10x to 100x the average
field dose par acre with a conversion ratio of the weight of the
test animals to the weight of a 70-kilogram man. This may be appro-
priate for safety tests requizred for human safety, but the Agency
believes a different approach may need to be taken for safety
tests to provide data on effects to wild birds and masmals. The
Agency has information that one infected host organisas can contain
4 quantity of active infectious agent greater than the amount
applied to one acre. Considering that diseased host insects are
likely to lose their natural defense mechanisms and become easy
prey for birds and mazmals, and that birds and mammals can consume
more than one infected host in a day, a maximum Razard dosage should
be greatsr than the amount of microdbial pest control agent in one
infected host. Since the nmumber of infected hosts that a bird or
marmal can consume is a factor of the size of the predator and the
size of the infected host, the host equivalent can be adjusted by
the factor equal to the ratio of the weight equivalent can be adjusted
by the factor equal to the ratic of the weight of the test animal to
the weight of the host organism:

adjusted host = host equivalent x ¥eight of test animal
equivalant weight of host organism

An added safety factor (e.g., 2x, 5x or 10x) could be applied
to the adjusted host equivalent. Of course, if the calculated amount
is not feasible, then the safety factor may be reduced. For injec-
tion pathogenicity tests, it may be necessary to reduce the adjusted
host equivalent by some factor such as 1/5x, 1/2x, or 1/10x. All
modifications to the adjusted host equivalent dosage amount which
would be determined by the applicant should be supported by a
rationale based on sound scientific reasoning.

(£) Length of tests. The guidelines provide that the duration
of all Tier I tests be about 30 days long. This should permit time
for incubation, infection, and manifestation of effects in the test
organisms for most microbial pest control agents.

Various authors have proposed test duration times for toxicity
and pathogenicity tests ranging from 14 to 35 days (Ignoffo, 1973;
Ignoffo et al., 1975; Summers, 1975). The Agency, pealises that the
test duration period may be unnecessarily long, or may not be long
enough to detect effects such as vira. <iseases that recu: after
prolonged intsrvals of latency, e.g., Herpes zoster }tgnncr et
al., 1974). At the present time, ho Aps APIRSY s aot awvare
of an accurate method to predict whether a virus detected in a test
organism will manifest latent effects. The Agency invites comments
on the proposed test duration period and the probability of encounter-
ing microbial pest control agents with latant effects.
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. (g) Synergism with chemical pesticides. The Agency is aware
of the synergistic effects of some chemical pesticides. Where
information is available, the Agency uses it to determine potential
hazards from combinations of chemical pesticides in formulations

and from sequential applications of different chemical pesticides.

At the present time, the Agency does not regularly require applicants
to test for synergistic effects from chemical pesticide combinations.

Successful pest control has been achieved with socme combinations
of microbiological and chemical pasticides. They offer the benefits
of immediate pest reduction plus long-term control. Friend and
Trainer (1974 a and D) reported findings that suggest synergistic
response in mallard ducks to the combined effects of different
organochlorine pesticides and duck hepatitis virus (DEV) when com-
pared to ths effects of the different organochlorine pesticides
(DDT and Dieldrin) and DHEV alone. A similar interaction could
potentially occur with microbial pest control agents that exhibit
effects in Tier I testing and chemical pesticidss.

The Agency believes it would be inappropriate to impose a Tier
I requirement to test for synergism on microbiclogical pesticides
at this time. However, if data suggest that a microbial pest control
agent and a chemical pesticide will act synergistically, and the
microbial pest control agent and the chemical pesticide will be com-
bined in one product for use outdoors, or if the labeling of the
microbial agent recommends combination use with the chemical pesti-
cide, then the Agency may request Tier I tests on the formulated
product in addition to Tier I tests on the technical grade of each
active ingredient. Por all such combinations, the Agency will deter-
mine the need for additional data on a case-by-case basis.

(h) Synergism with other biorational pesticides. Combinations
of different microbial pest control agents as well as combinations

of a microbial pest control agent and a biochemical pesticide (e.g.,
pheromone) are being tested for use in a single formulated product.
Preliminary tests have shown, in some cases, additive and synergistic
effects on the target organism(s). Although the Agency knows of no
instances where these combinations have resulted in additive or
synergistic effects on nontarget organisms, such effects are a
possibility. As with the previous issue ((g) above], the Agency
feels that it would be inappropriate to impose a requirement to
test for synergism on microbial pesticides at this time. However,
if any data suggest that a particular biorational pesticide, when
combined in a product for use outdoors, will act synergistically,
then the Agency may request Tier I tests on the formulated product
in addition to Tier I tests on the technical grade of the active
ingredient. ‘

(i) Protocols. Generally acceptable testing protocols are
nesded to complete and finalize these guidelines. In the interim,
scientifically sound protocols are acceptable subject to prior
review by the Agency.
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if any data suggest that a particular biorational pesticide, when
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then the Agency may request Tier I tests on the formulated product
in addition to Tier I tests on the technical grade of ths active
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scientifically sound protocols are acceptable subject to prior
review by the Agency.
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B-3. Aquatic Animals.

1. Approach. The Agency has considsred several criteria that
could be used to determine the extent of testing for effects on
aquatic animals in Tier I. They are:

= (1) Site of application and resulting potential for aquatic
exposure;

= (2) The natural geographic distribution of the microorganism;

= (3} The natural population level of the microorganism compared
with population levels likely after application;

- (4) Ability of the microbial pest control agent to survive and
replicate after application; and

< (5) The extent to which the microorganism has been manipulated
or genetically engineered.

While all of the aforementioned criteria are important, the
Agency has chosen site of application and its resulting potential
for aquatic exposure as the key criterion for establishing the ex~
tent of initial effects testing for microbial pest control agents.
The rationale for selecting this single criterion is that it direc-
ly addresses the most critical issue regarding potential hazard:
likelihood of exposure. PMurthermore, criteria 2, 3, and 4 would
be implicitly considered in connection with the critérion for site
of application. Tier 1l (environmental expressicn) testing, would
always apply in the case of genetically engineered microorganisms.

The Agency recognizes that considerable Judgmert will be
required to properly employ site of application as a criterion.
While many uses obviously entail direct application to water (e.g.,
mosquito control and aquatic weed control), the Agency also intends
that less obvious or borderline uses also be subjected to the ex-
panded testing. Some examples that fall into the latter category
are applications to forests, drainage ditches, riverbanks, and
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.partially aquatic crops such as rice. Widespread applications to
major crops such as cotton, soybsans, and corn could also warrant
expanded testing. To the extent possible, the Agency will rely on
its experience with the classical chemical pesticides in distin-
guishing between terrestrial and aquatic use patterns in borde-
rline situations.

2. Tier Progression. (a) Tier I. For microbial pest control
agents applied in terrestrial use patterns (where direct aquatic
exposure is not anticipated), one freshwater fish (§ 154-19) and
one freshwater aquatic invertebrate (§ 154-20) should be tested to
assess toxicity and pathogenicity. Por microbial pest control
agents applied directly to fresh, estuarine, or marine vaters, one
additional fish species and one additional invertebrate species
should be tested in Tier I (see § 154-1, Pigure 7). These tests
should be conducted as 30-~day static or static renewal biocassays
using one or a combination of methods to administer the pesticide
(e.g., aqueocus, dietary, or injection). These tests should be
designed to simultanecusly assess both toxicity and pathogenicity
as well as to dstect and quantify the microbial agent in the test
animal.

No further testing would be indicated if: (1) results of
the aforementioned tests indicate no toxic or pathogenic effects,
and (2) host spsctrum or beneficial insect tests indicate that the
microbial pest control agent has a narrow host spectrum such that
crossover into nontarget aquatic invertebrates is not likely. If
toxic or pathogenic effects are observed, then environmental ex-
pression tasting (Tier II) would follow. If host spectrum or
beneficial insect tests imply crossover into nontarget agquatic
invertebrates, then additional aquatic invertebrate species (those
expected to be susceptible) would have to be tested in Tier I, or
as an alternative, Tier II testing would have to be conducted. If
tests on additional species indicate toxic or pathogenic effects,
chen testing at Tier II would be indicated; if otherwige, then no
further testing would be necessary.

Genetically engineered microbial pest control agents would be
treated differently from microbial pest control agents that are
identical to naturally occurring microorganisms or that are improved
strains of naturally occurring microorganisms. Since genetically
engineered microorganisms would not have existed previously in the
environment, the more extensive data on effects to nontarget fish
and aquatic invertebrates in Tier I (§§ 154~-19 through -21) and
data on survival in the environment in Tier II (§§ 155-18 through
-20) are indicated in order to assess potential dViremmental
hazards.

(b) Tier II. The data for Tier II are described in environ~
mental expression testing sections (§§ 155-18 through -20; of
these guidelines. If the environmental expression characteristics
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do not indicate exposure of the microbial pest control agent to
‘nontarget fish or aquatic invertebrates, then no further testing
of these animals would be indicated. If Tier II tests indicate
that fish and aquatic invertebrates will be exposed to the micro-
bial pest control agent, then testing at Tier III is indicated.

{e¢) Tier IIl. Whereas Tier I tests are designed to screen
aicrobial pest control agents using a maximum hazard testing schene,
Tier III tests are intended to more precisely evaluate and quantify
the actual hazard associated with the microbial pest control agent.
The types of effects reported in Tier I tests would help determine
which Tier III test(s) would be required. 1If only toxic effects
are observed in Tier I tests, then the quidelines of §§ 72-1 through
=6 of Subdivision E would apply, and further testing would proceed
as in Subdivision E. If pathogenic effects or both pathogenic and
toxic effects are observed in Tier I, then tests that could be
indicated in Tier III are the following:

« (1) Additional acute or subacute test(s) of fish or aquatic
invertebrates to evaluate the spectrum of susceptible nontarget
species, or detsrmine the susceptible route(s) of exposure, or
determine the doseresponse relationship between the pesticidal
agent and susceptible nontarget organism(s) (§ 154-27);

- (2) Pish embryolarvae and aquatic invertebrate life cycle
studies (§ 154-28);

- (3) Aquatic ecosystem test(s) (§ 154-29):

= (4) Test(s) to svaluate the potential for opportunistic infec-
tions (§ 154-30): and

- (S) In vitro studies such as tissus culture (§ 154-30).

If results of Tier III tests indicate no pathogenic effects,
then no further testing would be indicated. Conversely, if results
of Tier III tests, along with environmental fate data, indicate
toxic or pathogenic effects, then simulated or actual field testing
(Tier IV) may be warranted.

(d) Tier IV. Simulated or actual field testing (§ 154-34)
provides data on the pathogenic effects of the microbial pest
control ageant on fish and other aquatic animals following field
applications at actual use rates. This test would apply when
patiogenic effects are reported in Tier III testing (§¢§ 154-27 and
=29) at levels equal to actual or expected field.exposure levels,
and vhen the Agency is reascnably confidant that quarantine methods
can confine the microbial pest control agent to the test area and
prevent contamination of adjacent areas. The specific test would
be determined on a case-by~-case basis after consultation between
the Agency and the rTegistration applicant.
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3. Major issues. This section identifies and discusses issues
regarding aquatic testing of microbial agents that require outside
input and comment. Most of the issues stem from two problems:

= (1) There are no standard widely accepted test protocols
available to evaluate the effects of microbial pest control
agents on nontarget aquatic animals; and

= {2) There are scme potential hazards associated with the use of
microbial pest control agents that the Agency recognizes and for
vhich practical methods of evaluation are unavailable. The role
of in vitro testing and Tier IV testing is alsc discussed in
this ssction.

(a) Issues associated with Tier I protocol. The desired Tier
I test protocol would simultanecusly assess toxicity and pathogenicity
in aquatic animals. The maximum hazard test philosophy would be
exerted in termg of treatment level, method of pesticide administra-
tion, and age of the test animal.

A Tier I test should be conducted as a static or static renewal
bicassay. The microorganisms should be administered:

(1) As a suspension in the water (aqueous exposure):;

(2) In the diet in the form of diseased host insects or treated
feed;

(3) By injection; or

(4) Preferably as a cambination of all three routes of exposure.

If any test animals die during the test, the cause of death (e.g.,
toxicity, pathogenicity) should be determined, if possible. This
information would be used to determine what further tests, if any,
are warranted., PExposure and observation should extend for at least
30 days. Individual test animals animals should be removed
periodically throughout the test period and at test termination for
examination to assess pathogenicity.

If a sublethal infection is observed in test animals prior to
test termination, it may be necessary to continue the observation
period in order to more adequately assess the significance of the
iafection (e.g.,, will it be lethal?). Several published studies
address certain aspects of the above-described protoool: Committee
on Mathods for Toxicity Tests with Aquatic Animals, 197%; Ignoffo
et al., 1973; Van tssen and Anthony, 1976; Wolf, 1975; Lignwner et
al., 13 Couch et al., 1975; and Hetrick, et al. 1979.

The following paragraphs discuss, in more detail, some of the
Tier I aquatic organism tests.
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(1) Test organisms. The guidelines provide that the species
tested be selected from the list of species recommended by the
Committee on Methods for Toxicity Tests with Aquatic Organisms (p.
21) (1975), with the exception of goldfish. These species are
desirable test organisms for several important reasons:

= (1) They are used to evaluate chemical pesticides, and thersfore
EPA has considerable background data on these species for
coaparative purposes;

= (2) Standard methods for the care and handling of these species
are available; and

= (3) The species are widely distributed, are generally available,
and have a variety of food habits and habitat requirements.

When possible, consideration should be given to testing species
representatives of the geographic region where the microorganism is
to be applied, and when applicable, species likely to prey upon or
scavenge the diseased target host animals should be tested.

Unless there are other overriding consid.rations,‘tho rainbow
trout should be used as the freshwater fish test species. It is
a desirable test animal because:

- (1) It is a good indicator species in terms of sensitivity to
chemical toxicants;

- (2) It is partially insectivorous;

= (3) No other species has been shown to be preferable in terms
of sensitivity to microbial pest control agents;

~ (4) There is considarable background data on this species
pertaining to its microbial diseases (Mann, 1978); and

- (S) Standard tissue culture procedures are available for this
species (Wolf and Quimby, 1969 and 1973).

Use of young fish (3-6 months o0ld) is preferable since they
would be more likely to display a lethal pathogenic effect, vhereas
older fish may simply carry the infection and not die.

Due to the broad phylogenetic spectrum from which to choose,
it is difficult to select the most appropriate aquatic invertebrate.
Generally, a test organism that is phylogenetically similar to the
target host should be chosen. Such a test organism would be the
most likely to be susceptible to infection by the microbial agent.
Therefore, when evaluating a microbial agent whose target host is
an insect, it would be appropriate to choose an agquatic insect
(e.g., caddisfly) as the nontarget aquatic invertebrate test
species.
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Daphnia, a Cladoceran, has the advantage of having considerable
background data for comparative purposes. Pound (1977) exposed the
entomopathogen Mattesia to Daphnia and observed a bioconcentration
effect. This resulted from the filter feeding habits of Daphnia,
and is a desirable feature in terms of assuring that the test animal
ingests the micrcorganism. Both Daphnia and certain aquatic insects
have the advantage of a short life cycle or aquatic phase, and both
undergo periods of natural stress and potential susceptibility to
the microorganism as a consequence of molting. A potential drawback
of these species is their small size which would preclude the use
of injection as a route of exposure, although insscts as small as
adult mosquitoes can be injected with as much as one microliter of
solution. . The use of crayfish or possibly a freshwater prawn would
overcomse this problem and retain the advantage of testing an animal
that would molt during the test sxposure period.

(2) Method of pest control agent administration. Three
methods of pesticide administration should be considered:

- (1) Suspension in the test water (aqueous exposure);

- (2) Dietary, in the form of diseassd target host animals or
incorporated into the standard feed; and

- (3) 1Injection.

If appropriate, and when possidble, all three routes should be used
simultanecusly in a single test to ensure that the susceptible

route of exposure, if any, has been tasted and to challenge the non-
target test animal with the maximum possible hazard. Different
pathogens may be capable of infection by different routes of
exposure, so that no single route may adequately screen all
microorganisms. Each of the proposed routes has certain advantages
and disadvantages. Therefore, a multiple route of exposure would
be extremely beneficial and cost-effective in screening microbial
pest control agentse.

Addition of the microorganism directly to the test water is
4 routine procedure. It simulates the type of natural exposure
that could occur immediately after application of a microbial pest
control agent. It also simulates the route of exposure by which
many known pathogenic agents infect fish and aquatic invertsebrates.
However, care must be taken to assure that a high concentration of
microorganisms (in the water) does not lower water quality to an
unacceptable level.

Dietary exposure also simulates certain natural conditions.
In fact, it is perhaps the most important means of infection for
the normal hosts of entomopathogenic agents (Surtees, 1971).
Therefore its use in evaluating effects on nontarget fish and
aquatic invertebrates is logical. This route offers a further
advantage: it increases the possibility of exposing the test
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‘aniszals to a different life stage of the microorganism than may be
present in the formulated product if diseased target hosts (e.g.,
insects) are used as the feed.

An injection (e.g., intraperitoneal for fish) does not simulate
‘a natural route of exposure but it does insure that a known quantity
of microorganisms is brought into direct contact with the test
animal at the cellular level. Also, for many microorganisms, injec-
tion would probably be the most stringent test for infectivity.
This route may subject the test animals to some stress, but it has
been used routinely to assess microorganism effects in aquatic
animals. Protocols for the aqueous exposure, distary, and injection
sethods of administration are described by the Committee on Msethods
for Toxicity Tests with Aquatic Organisms (1975); Van Essen and
Anthony (1976); and Lightner et al. (1973), respectively. Undeen
and Maddox (1973) also describe the injection method. Macek et al.
(1979) dsscribe studies in which figh wers simultaneocusly adminisg-
tered chemical pesticids by agquecus and dietary exposures.

Finally, oral intubation is another possible route of exposure,
and is one that has been ussd to evaluate microorganism effects in
fish (Savan et al., 1979; and Narayanan et al., 1977). This route
has the advantage of assuring that a known amount of test material
is ingested. This advantage, however, does not ocutweigh the rigk
of injury or undue stress that could result from using this method
in combination with an injection. Therefore, the oral intubation
method is not recoomended.

{(3) Test substance. The substance to bes tested will depend
in part on the method of pesticide administration used in the
study. It is essential to test the most challenging form of the
microorganism (in terms of pathogenicity or toxicity). It is
equally important to test the life stage(s) to which nontarget
aquatic animals are most likely to be exposed. These objectives
should be achievable through the use of multiple routes of admin-
istration, provided it is known which form is most challenging and
vhich form is most likely to be encountered by the nontarget animal.
The technical grade of the active ingredient (the microorganism as
it exists in the formulated product) should be used for the aqueous
exposure. The formulated product should be tested if it is to be
applied directly to water. The material to be injected should be
the fora(s) or life stage(s) of the microorganisa that best meets
the two aforementioned obectives (i.e., most challenging form, and
form to which nontarget animals are most likely to be exposed).

The use of diseased target hosts would be most ‘Yssirable for the
dietary exposurs. If this is not feas{BEF"¥¢n Rtreated feed
should be zrepared, using the same l:ife gtage{:. <hat appear :in
diseased target host organisms.

(4) Selection of treatment concentrations. Treatment concen-
trations must be related to the number of microorganisms to which
aguatic animals may be exposed under actual use conditions. And, in




66

keeping with the maximum hazard philosophy, treatment concentrations
‘must be relatively high. Consideration must be given to the level
of exposure resulting from direct application as well as exposure
resulting from consumption of dissased target host organisms (usually
insects). Exposure, in terms of frequency and mumber of aicro~
organisms, could be extremely high in the latter case.

Treatment concentrations for dietary exposure would be deter-
mined by the degree of infection in the digeased host. If possible,
hosts killed by the pathogen should be usad to assure high numbers
of microorganisms, and the presence of any toxin that say have
been formed. Treated feed should be fortified to contain at least
1x, and if feasible, 2-10x the host equivalent. (Host equivalent
is the maximum asount of active ingredient that one infected host
can contain.)

The highest feasible concentrations should be used in the
aqueous sxposure and injection. At a minimum, the concentration
for aqueous exposure should equal the theoretical concentration
present in six inches of water immediately after a direct applica-
tion of the microbial pest control agent to six inches of water.

A treatment concentration 100-1000x this level would be preferable
to impose maximum hazard and incorporate an ample margin of safety.
However, the use of such a high concentration may be limited by
its adverse effect on water quality such as oxygen depletion and
production of metabolic wastes by the microorganisms. The tresa-
tment concentration used for an injection should be linked to host
equivalent. If possible, the injected material should contain a
concentration of microorganisms equal to or greater than the
adjusted host equivalent.

(Adjusted host equivalent = host x .vWeight of test animal
weight of host organism

In certain situations this concentration would not be feasible
and would have to be reduced. Reduced concentrations should be a
fraction of the adjusted host equivalent, in the range of 0.1-0.5x.
Modifications to the adjusted host equivalent dosage amount should
be supported by a rationale based on sound scientific reasoning.

(S) Test duration. Exposure and cbservation must be extended
to at least 30 days (unless test animals die) to allow time for
any potential infection, microorganism replication, or pathogenic
or toxic effects to manifest themselves. If a sublethal infection
is observed, then the test should be extended to evaluate the
significance of the infection. Similarly, i€ test animals begin
to die near the end of the 30-day period, the tast should be con-
tinued to determine the fate of the remaining test population.
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The 30-day test duration was selectead on the basis of past
research [Savan et al. (1979); Pound (1977); Van Essen and Anthony
(1976); Lightner et al. (1973)]; and the recommendation of Summers
et al. (1975). Certain factors may dictate that this period be
sodified. Por example, if infection and dsath of target hosts is
normally not evident for many days (i.e., 20-30), it would be
logical to lengthen the period of exposure for the test animals.
Conversely, a shorter period of exposure may be warranted in tests
using anizmals with short life cycles (i.e., Daphnia or mysid
shrimp).

(6) Observation and examination of test animals. Daily
observations dre required to record mortalities and note any
beshavioral, pathogenic, or toxic effects. Test organisms must be
exapined for infection or any microorgqanism-related effects
periodically throughout the study and at test termination. The
most difficult aspect of this requirement is the verification of
the presence or absence of an infection. The general methods of
assessnent that may be required to make this datermination include
histopathology, serology, and mucleic acid hybridization. These
mathods, and the situations in which their use may be appropriate,
were presented in the general discussion of terrestrial and aquatic
animals, part B=-1.(2)(d), and in Table 1 of this Discussion.

Undeen and Maddox (1973) used the following criteria in their
work with Nosema algerae to distingquish between a true infection
and microorganisms observed in the test animal. In a true infection:

« (1) Both vegetative forms and spores had to be present in the
test animal; and

= (2) The number of spores recovered had to exceed the number
injected by 100x.

This type of approach may be useful for certain other microorganisms.

(b) Tier III test protocols. The embryoclarvae, lifecycls,
and aguatic ecosystem tests in Tier III (§§ 154-28 through =29)
would follow the same general protocols that are referenced for
these types of tests in Subdivision E of the guidelines (§§ 77-4
through =-7). Bowever, generally accepted standard protocols for
conducting these studies with microbial pest .control agents have
not been developed. In fact, few, if any, such tests have ever
been conducted with microbial pest control agents. Therefors, at
the ocutset, the Agency recognizes that new and different test
dasigns and test paramsiers may be more appropriate than modified
Subdivision E tests. Research and methods development are nesded
in this area before the Agency can make specific recommendations
concerning protocols and tier progression.

(z) The role of in vitro and Tier IV tasting. The Agency
recognizes that there are in vitro tests available to assess the
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infectivity of certain microorganisms, one of which is tissue
culture for viruses. Cell lines are established for several
species of fish (Wolf, 1975), and such a test might be a useful
means of assessing infectivity in certain situations. However,
the relationship betwean effects demonstrated by in vitro tests
and effects likely to occur under in vivo situations is uncertain.
For example, Ignoffo (1975) states that "Tissue, completaly non-
susceptible in ths intact organism, may support viral multiplica-
tion when explanted into a culture media.® Therefore, the results
obtained from tissue culture tests could be useless in accurately
predicting environmental hazard. Another potential drawback of
tissue culture studies is that, often, no host cell culture (e.g.,
insect cell culture) has been developed. Therefore, such a study
would have no positive control group and the validity of a negative
resuit would always be subject to some doubt.

The Agency has concluded that, at the present time, in vitro
studies such as tissue culture cannot be substituted for the in

vivo studies provided in Tier I. At the same time, the Agency
recognizes the potential value of these studies for the following

purposes:

= (1) As a relatively inexpensive and rapid mseans to screen for
potential infectivity in a brocad spectrum of species; and

= (2) As a tast to support or check the results of in vivo tests.

Therefore, a provision for tissue culture studies is included in
Tier III of the testing scheme.

(d) Tier IV Testing. The Agency recognizes the possible
danger in using simulated or actual field tests (Tier IV) as the
final test of the safety of a microbial pest control agent. If an
agent has progressed through the tier system and requires a field
test, it must have displayed significant adverse effects in some or
all of the previously conducted laboratory tests. This fact would
argue against the use of & field test, since such a test could
release potentially hazardous microorganigms, with the potential to
proliferate in the environment and cause widespread environmental
damage, unless adequate quarantine measures could be taken. There-
fore, before any Tier IV field test is to be undertaken, the appli-~
cant should discuss its plans with the Agency ogpcerning potential
hazards. 1If the Agency dstermines that a Tier IV field test would
pose an unacceptable risk, then the microbial pest control agent
would not likely be acceptable for resgistration.

On the other hand, the Agency also recognizes the potential
value of Tier IV simulated or actual field tests as a further check
on the safety of microbial pest control agents that demsonstrate no
hazard in Tier I tests, or that demonstrate a hazard that could be
adequately controlled by quarantine methods in the field. These
zests could be conducted concurrently with full scale efficacy
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testing, and the Agency would strongly encourags such testing. This
would provide the opportunity to evaluate pesticidal effects (both
direct and indirect) on a much broader spectrum of nontarget species
than is.possible in Tier I testing.

(e) Assessment of other potential hazards: opportunistic

infections and latent viruses. Opportunistic infections in nontar-
get aguatic animals are recognized by the Agency to be a potential
hazard. A similar concern is ncted for the formation of latent
viruses. Research indicates that aquatic animals may be rendered
significantly more susceptible to microbial infection, (e.g., by
viruses and bacteria) when stressed by such factors as Aroclor

1254 (Couch and Courtney, 1977), copper (Hetrick et al., 1979),
texzperature, salinity, pesticides, and other pollutants, (Snieszko,
1974, and Schwartz, 1974). This increased susceptibility raises
several important questions:

- (1) what is the likelihood of an opportunistic infection (from
& microbial pest control agent) occurring in an sbnormal host
such as a nontarget aquatic animal?

= (2) Will the proposed Tier I test adequately screen microbial
pest control agents for potential opportunistic effects? Or
could a microbial pest control agent be non-infective in a Tier
I test, but infect stressed nontarget animals?

= (3) Will a latent virus be detected by a Tier I test and, if
so, how can its significance be assessed?

There is far too little background information and research on
microbial pest control agents to suggest an answer to the first
question. However, the Agency believes that the potential for this
type of problem should not be ignored. The Agency is confident
that both sublethal infections and latent viruses produced in Tier
I tests can be detected if the proper methods of detection are
smployed. However, the potential for an apparently non-infective
agent (in Tier I testing) to infect stressed animals is unknown.
And, at present, the Agency is not aware of any practical, generally
accepted, routine screening test that could be used in Tier I to
determine the potential for such an occurrence. If a sublethal
infection is observed in Tier I, then further testing may be
wvarranted. A microorganism/stress interaction test is proposed in
Tier III as a means of assessing sublethal infections, but further
research is needed to develop the protocol for such a tast. With
regard to -latent viral infections, the Agency is mot awvare of a
standard method to evaluate the potential for a latent virus to
reactivate and cause adverse effects in aquatic animals. PMurther
research is required.

(£) Oncogenic effects. The Agency recognizes the potential
for oncogenic effects that are associated with viruses. The

probability of oncogenicity in nontarget agquatic animals, as a
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result of exposure to a viral pesticide, is unknown. At this time,
the Agency is unawvare of any standard method that could be used to
screen for such an effect. Purther research is required to develop
an appropriate test and determine when its use is justified.
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B-4. Nontarget Plant Testing.

1. Approach. The plant testing scheme proposed herein is based on
the tier testing scheme found in Subdivigion J of the registration
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quidelines (Hazard EFvaluation: Nontarget Plants). Those guidelines
and their accompanying preamble should be perused with respect to
the plant tier testing scheme, the tasts, and the dose.

The Agency has dstermined that phytotoxicity data for conven-
tional chemical and biorational biochemical pesticides will be
requested only on a case~-by-case basis. We have based this on the
premises that these substances readily degrade, their long-term
effects are minimal, and that most off-target effects are due to
environmental and/or spplication equipment factors. On the other
hand, the Agency has datermined that phytotoxicity studies should
be submitted for all microbial agent pesticides. The pesticide
science for these agents is relatively new and their adverse effects
can be far-reaching. These effects may occur because the microbe
is capable of extensive regeneration in a favorable environment.
If it is transported to other off-target areas and the selectivity
is not known, considerable damage to desirable plants can occur.

2. Discussion and masjor issues. Plants and animals of an undis-
turbed natural system exist within a narrow balance. This balance
is maintained by competition for space and by the biological con-
trol of those organisms that might becoms pests to the system.
During a disturbance of the balance, a biotic entity for which
natural enemies in that area do not exist could be introduced and
become dominant. Such is the case with a number of plants that are
now destructive weeds and such could be the case for introduced
organisms that man may use to attack these weeds. However, suffi-
cient surveillance and careful examination of such introduction
can prevent the adverse effects to the extent that introduced
weeds are causing.

Of great econamic and natural threat to a majority of the
aquatic areas of Florida and one which is spreading to agquatic
areas fram California to Virginia is the water hyacinth, Eichornia
crassipes. A bioclogical control agent has been found for this
menace in Cerospora rodmanii, a fungus. It is highly specific,
easily disseminated, and has not been found to affect man, wild-
life, fish or domestic animals (Freeman, 1977). It is so specific
that, in tests with ovaer 80 higher terrestrial and agquatic plants,
there was no infection of healthy plants (Conway and Preeman,
1977). Unhealthy plants may, howaver, be detrimentally affected.
A requast for an expesrimental use parait has been granted by the
EPA for testing in Plorida and Louisiana.

Algal blooms have dsstroyed oncs clear lakss and ponds through-
out the United States because of introduced contagination. The
various algal blooms are in many instances being partially con-
trolled by agents such as viruses that are cultured and employed
as microbial pest control agents. A number of the viruses have
been identified along with their respective host(s) (Brown, 1972).
One of the better known and first to be identified is LPP-1 which
attacks species of Lyngbya, Plectonema, and Phormidium.
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The primary concerns with respect to the use of living
organisms on Or near desirable or nontarget plants in the control
of pest plants are the selectivity of the organisms, the purity
of the organism or strain produced (quality control), and the
persistence or lack thereof of the organism. Both Freeman (1977)
and Brown (1972) stated several criteria that must be satisfied in
varying degrees in order for the pathogen to be a desirable candi-
date as a biological control agent for pestiferous plant species.
These criteria include:

= (1) Selectivity for the specific pest organism;
= (2) Absence of adverse effect on man;

« (3) Absence of adverse effect on domestic animals, fish, wild-
life, and desirable insects:;

= (4) Absence of adverse effect on nontarget or desirable plants;
-~ (6) Absence of any detrimental effects on water quality;

- (7) Lack of accumulation in non-target organisms;

(8) Ease of production, dissemination, and self-maintaining
when established;

(9) Effectiveness under the environmental conditions of the
intended use locations; and

(10) Simplicity of assay for its presence in small amounts,
both quantitatively and qualitatively.

Wizh respect to selectivity, the most important consideration
is that a number of strains of the pesticide organism may exist,
each being selective for an individual or group of organisms.
Therefore, when an organism is mass-produced and used in areas
other than its original habitat, the organism must be tested for
its selectivity not only to the specific pest plant but also to
closely related (same genus or family) nontarget plants.

Testing procedurss similar to those found in the Subdivision J
guidelines, i.e., the tasting sections for both the target areas
(§ 121-1) and nontarget areas (§§ 122-1 through 125-4), wou.cé be
used. (See § 154-1, Figure 8.) Plant species and varieties similar
to the pest and to the desirable target area plants would be tested
in addition to a basic set of plants for possible susceptibility.

Suring mass production of live organisms to be used for pest
control, other strains may develop or chemical by-products may be
introduced that are injurious to plants in general. Quality control
testing is necessary to determine any detrimental effects of the
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end-products of the production process. This testing may be done
by chemical analyses (primarily for toxic chemical by-products) and
biological analyses for purity of the snd=product. The biological
analysis would have to be tailored to each organism to be tested
but would follow the applicable gquidelines as found in Subdivision
Je

It may be dasirable for ths pesticide organism tc have some
persistence characteristics. Such characteristics would include
ability to survive introduction and to grow and reproduce in
sufficient numbers that the organism will be efficacicus. Where
persistence occurs dues to sporulation, dstrimental effects of the
viable spores and their products would need to bs determined.
Testing for the parsistence of the pasticide organism which might
exist in the presence of nontarget plants and for any detrimental
effects dus to this quality would need to be conducted in a manner
similar to the selectivity testing noted above.

In the testing regime, one of the considerations with respect
to uses for pest animal control is whether the material is to be
used within its area of natural occurrence. Where a microbial pest
control agent is proposed for use in an area where it does not
naturally occur, tests would be psrformed to determine if the
microbial pest control agent is phytotoxic and, if so, the extent
of the effect.

The ultimate test in all of these schemes would be the evalua-
tion of these microbial control agents for nontarget plant resis-
tance and susceptibility under field conditions. Conway and Free-
man (1977) have stated that because many plants do not show defined
responses to a pathogen, criteria ars nesded to evaluate the degree
of damage necessary to classify a fungus (or other microorganism)
used for biological control as a threat to other crops and nontarget
planta. The data supplied as proposed by these guidelines should
provide the necessary iaformation to meet this criterion for the
evaluation process.
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B-5. Nontarget Insects.

1. Terrestrial insects. (a) Approach. Assessment of potential
nontarget insect hazard from uses of microbial pest control agents
is made difficult by a number of factors:

= (1) Most amicrobial pest control agents will be specifically
selected and/or designed for their ability to control pest
insects. As such, nontarget insects represent the organism group
most at risk, being, in most cases, relatively closely related
to the target organisa.

= (2) There are very few nontarget insects whose importance to
aan can be measured economically. There are many species wvhose
importance (e.g., in a food chain, or in regqulation of population
levels of a crop pest) may be difficult to justify the expendi-
tures necessary for testing and evaluation.

= (3) OUnlike chemical pesticides, most microbials will work
through pathogenicity rather than toxicity. The simple, short,
first-tier tests which should suffice for hazard evaluation for
some chemical pesticides will not be appropriate for microbial
agents. Adequate assessment of pathogenicity will demand time to
evaluate the microbial agent for infectivity and for its abilicty
to reproduce or develop in the test insec:.

- (4) BHazard evaluation for a microbial pest control agent will
involve determination of the host range as an important factor.
A problem hers is that extrapolation, even across species lines,
is often not dependable. For this reason, the Agency will
provide for testing with representatives from a number of
"beneficial insect® taxa. Information froa these tests will be
used in conjunction with host range data (developed during
efficacy testing) to develop a clearer idea of the overall insect
host range.

The Agency is aware that this first tier of testing may, in
scne cases, be more extensive than the baseline data requiraments
in Subdivision L. However, there should be very fevw aicrobials
which require effects testing beyond the baseline level.

In viev of the factors cited above, the tisr-tasting scheme
for microbial pest control agents is based on a fairly extensive
first tier. The purpose of the Tier I testing is to assess toxicity
and pathogenicity of the microbial agent to the honey bee and to
three species of predaceous and parasitic insects. Selection of
the predator/parasite species to be tested should take into account
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“such factors as the likelihood of exposure to the microbial agent,
phylogenetic proximity of the test species to target pest species,
and similar relationships. A rationale for selection ghould be
developed by the registrant.

Testing beyond Tier I, will vary depending on whether or not the
microbial pest control agent is a genetically-engineered microorgan-
ism. While further testing for non-genetically-engineered microorgan-
isms will depend on results of Tier I testing, genetically-engineered
microorganisms will automatically go to Tier II testing (environmental
expression). Beyond this point, the testing for the two types of
microbial pest control agents is substantially similar. The testing
scheme is discussed in detail detail in the following sections on
tier progression.

(b} Tier Progression. (1) Tier l. Under these guidelines,
toxicity/ pathogenicity tests on the honey bee and on three species
of insect predators and/or parasites are indicated for all microbial
pest control agents (see § 154-1, Figures 9 and 10). Selection of
predator and parasite spacies for testing is made by the registra-
tion applicant. Species selected should be representative of groups
which will be exposed under the conditions of proposed uss, and which
have some important relationship with the target pest. Rationale for
selection is to be provided by the registrant. The main purpose of
the Tier I testing is to determine presence of toxic or pathogenic
effects on representatives of a few major orders of beneficial in-
secns. As noted above, the represaentative test species selected, in
addition to the honey bee, should be of some importance in the agro-
ecosystem to be exposed to the microbial control agent. Data derived
from Tier I testing will be used in conjunction with available infor-
zation on use pattern, host range (specificity), fate, and other
similar factors, to assess potential for adverse effects. 1If data
indicates no potential for adverse effects, no further taesting would
be indicated. Should ths results of Tier I testing indicate toxic
and/or pathogenic effects, then Tier Il testing (environmental ex-
pression) would followe.

For all genetically-engineered microorganisms, testing includes
appropriate Tier I tests and Tier II (environmental expression)
testing.

(2) Tier II. The data for Tier II are desétribed in environ-
mental expression testing (§ § 155-15 through =23) of these guidelines.
For nongenetically-engineered microorganisas, .if.sxpression character-
istics precluds exposure, no further testing vquld be indicated. 1If
data indicate that nontarget insects will be exposed to the microbial
pes: control agent, then the registration applicant should consulit
with the Agency regarding possible Tier III testing.
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Por all genetically-engineered microorganisms, available infor-
mation on use pattern, host range, and other similar factors should
be used in conjunction with the Tier I and Tier II data to assess the
microbial agent's potential for advarse effects on nontarget insects.
If no adverse potential is indicated at this point, no further test-
ing would be indicated. If data indicate that the potential for haz-
ard exists, data on expression characteristics should be closely
examined to detsrmine exposure potential. If expression characteristics
do not indicate exposure, no further testing would be indicated. De-
termination that certain susceptible nontarget insects would be exposed
should usually lead to consultation with the Agency regarding further
testing or registrability of the product.

(3) Tier III. PFor all microbial pest control agents, Tier III con—
sists of advanced tests specifically responding to adverse effects
identified in earlier tier testing. Such tests may be simulated

or actual field tests, but further research is needed to develop

the protocols for such testing. In any case, Tier IlI testing

would be preceded by consultation with the Agency.

2. Aguatic Insects. (a) Approach. Tier I testing, as outlined
in the “"Aquatic Animal Tier Testing Scheme for Microbial Pest Control
Agents” (§ 154=1) will include toxicity/pathogenicity testing with
Daphnia, or a species of aquatic insect, or both, depending on use
pattern. Detection of pathogenicity/toxicity in Tier I testing will
automatically lead to expanded testing which, if the impacted site
is fresh wacter, will most likely involve testing with aquatic insects.

VIII. ENVIRONMENTAL PFATE AND EXPRESSION

A. Biochemical Pest Control Agents: Environmental PFate Testing.

1. Scope and approach. The term environmental fate pertains to
biochemical pest control agents (wvhereas the term anvironmental
expression pertains to microbial pest control agents). The purpose
of environmental fate testing is to generate the data necessary to
egtimate the concentration of a biochemical pesticide and its
degradates occurring in or on various media (i.e...scif;mater,

air) at intervals after pesticide application. Generally these

data would be submitted if adverse effects are observed in Tier I
environmental effects tests or if the biochemical is applied directly
to water. Pigure 4 cutlines the Environmental Pate testing

philosophy.

Certain studies in Subdivision M refer to Subdivision N tests
that specify identification of any degradation products comprising
more than ten percent of the initial concentration, or in some
cases lavels greater than 0.01 ppn (section series 161 and 162).
These studies are hydrolysis, photodegradation (soil, water, and
vapor phase), aercbic soil metabolism, and aquatic metabolism
studies. The Agency recognizes that application rates of many
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biochemical pesticides may be so low that identification of degra~
dat.on products, or even calculation of percent parent material
Temaining, may be difficult at best. Therefore, the guidelines
provide that biological monitoring techniques may be substituted
for quantitative chemical analysis by instrumental methods.
Specifically, this approach could be used:

= (1) To demonstrate the decline in concentration of the initially
applied parent pesticide material, target organisms could be
used in a biocligical monitoring test to demconstrate pesticide
decline in a manner similar to efficacy testing;

= (2) To demonstrate the safety of a degradation product (mixture
material and/or degradates and/or metabolites), biomonitoring
tests aimed at making this determination should employ a
test design gimilar to that required for Tier I toxicology
testing (i.e., rat acute oral LDgg).

This is a novel approach to the problem and in many situations
may be less expensive than instrumental analysis. However, standard
accepted protococls for this testing approach are few, particularly
regarding biomonitoring tests to demonstrate safety. Purther
discussion of this approach is presented in the discussion section
that follows.

2. Discussion. The Tier Il eavironmental fate testing scheme
consists of twelve separate tests. Seven of these tests are
identical to those described for conventional chemical pesticides
in Subdivision N or Subdivision D. The remaining five tests are
nevw. These tests, (volatility of dispensed product, dispenser-water
leaching, UV (ultraviolet) absorption spectra, biomonitoring for
degradation products, and biomonitoring for disappearance of bio=-
chemicals) address some of the unique properties of biochemical
pesticides.

The following discussion pertains only to the five test methods
unique to this subdivision. The discussion includes justification
for each of the selected teat methods, use of the data, and specific
problems the Agency recognizes in conducting these tests.

(a) Volatility of Dispensed Product (§ 155-4). .(1J.,Choice

of Method. Volatility data are difficult to interpret due to
inability to easily control such variables as temperature,. surface
area, and flow rate. An ideal assessmeant of volatility.dswelves
field volatility measurements similar to those performed by Plimmer
et al., (1978) on a gypsy moth pheromone (disparlure) in a forest
environment. However, such measurements are presently at the research
stage and are very closely. Volatility measurements performed
solely in a laboratory environment are easier and cheaper, but are
not always environmentally relevant because the following factors
nay af®fect the concentration of biochemical vapor over treated
reas:
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Figure 4--ENVIRONMENTAL FATE TESTING PHILOSOPHY

Pfotential adverse effects are seen in Tier I testing. (If not, no
testing is indicated in Tier II unless product has agquatic use pattern or
biochemical is not applied in a controlled release device, in which case
tester should proceed directly to Persistence Testing.)
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TRANSPORT TESTING:

Volatility (§ 155=4)
Dispenser water leaching (§ 155-5)
Vapor pressure (§ 151=17)
water solubility (§ 151=17)
|
|

I
v

Estimated Environmental Concentration (EEC) determination from
mass-balance analysis.
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EEC indicates potential hazard. (If not, no further testing is indicated.)
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PERSISTENCE TESTING:
Adsorption/desorption (§ 155-6)
Octanol/water partition coefficient (§ 155-7)
Hydrolysis (§ 155-9)
Aercbic soil metabolism (§ 155-10)
Aercbic aquatic metaboligm (§ 155«11)

So0il photolysis (§ 155-12)
Aquatic photolysis (§ 155=13)
|

!
v

Potential for adverse effects to nontarget organisms.
(1f not, no further testing is indicated.)
|
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Additional nontarget organism testing is indicated (Tier III).
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(1) Micrometeorological factors (temperature, wind speed,
rainfall);

- (2) Degradation of biochemicals inside dispensers in uncon-
trolled environments, if applicable;

= (3) Changing rates of biochemical diffusion to dispenser
surfaces, if applicable;

- (4) Vapor phase degradation; and
- (5) Adsorption to plant leaves.

The proposed method combines field and laboratory testing,
allowing the assessment of factors (1), (2), and (3) above. Vapor
phase degradation (4) can be measured and accounted for as described
in the discussion on UV-visible absorption measurements. [See
paragraph (c), below.] Unfortunately, the present state of the art
on these compounds (e.g., semiochemicals) prohibits consideration
of factor (S).

(2) Use of the data. Volatility data will be used in two
ways. The data will be evaluated along with dispenser water leaching
data, if applicable, to predict the extent of loss of biochemicals
to soil or water. PFor example, if the volatility of a formulated
biochemical is very high and the water leaching very low, it would
be unlikely that a large percent of the biochemical would reach the
soil. The data will also be used to estimate vapor phase concentra-
tions near sites of application in cases where there is concern
regarding beneficial insects and/or reentry hazards. Volatility is
a complex issus, and the Agency invites comments on the method pre-
sented in § 155-4,

(b) Dispenser-water leaching (§ 155-5). (1) Choice of
method. Standard methodology is not available which stimulates
rainfall leaching biochemicals from dispensing devices. However,
tne method provided is one that has met with some agreement among
Agency and outside exparts. Although it is a novel approach, the
chemistry involved is simple and classic. The method involves an
eignt-hour exposure of the formulated pesticide to water, followed
by quantitative analysis.

Eight hours was chosen as the leaching extraction time for two
reasons. First, an eight-hour exposure to water seems to be a
reasonable simulation of heavy, prolonged rainfall. Second, a few
hours is generally sufficient tims for liquid-ligquid extractions.
Por example, USEPA (1979) recently recommended a one-hour extraction
time for the octanol/water partition coefficient. If the dispenser

is constructed such that it is at least partially permeable to wvater,

then ligquid extraction will occur, since the biochemically active
ingredients are usually dissolved in organic inerts.



81

(2) Use of the data. Dispenssr-water leaching data will be
used with volatility data to assess the potential for leaching of
active ingredients to water or soil. 1If the potential for leaching
is great (i.e., the estimated environmental concentration is greater
than 1/S LCgg or ECgg of the exposed non-target species), further
testing may be indicated.

(c) Ultraviolet-Visible Absorption Spectra (§ 155-8). (1)
Choice of methods. The methods required are very similar to those
previously described by EPA (1979) in testing quidelines for new
cheaical substances under the Toxic Substances Control Act (44 FR
16240). The vapor phase absorption spectrum is preferred, but the
liquid phase spectrum (in inert solvents) is acceptable. The
methods are simple and inexpensive, and they yield useful data.

(2) Use of the data. UV-visible absorption spectra data will
be used in the prediction of vapor phase half-lives when there is a
potantial for harm to beneficial insects. The three predominant
means of atmospheric transformation are photolysis, reactions with
hydroxyl radical, and reactions with ozone. Photolytic half-lives
can be estimated in the following manner. The UV-visible absorbances
are converted to absorption cross sections. These data are then
used in combination with the solar flux and an estimate of the
quantum yield to calculate the photolytic half-life. Transforma-
tion products can often be predicted, if necessary, by the scheme
developed by Hendry and Kenley (1979). Rates of reaction and
formation of transformation products resulting from reaction with
hydroxyl radicals and ozone may also be predicted using the approach
dascribed by Hendry and Kenley (1979).

(d) Biomonitoring for disappearance of biochemicals. (1)
Choice of Methods. Generally technigques very similar to those used
in efficacy assessments (see section series 156) can be used to
follow disappearance of biochemicals. Test methods will vary with
the sites and the pests. Some relevant test methods are contained
in volumes 1, 2, 3, 4, 8, and 10 of an American Institute of
Biological Science (AIBS) report to EPA (1977, 1978). Pheromone
activity as has been datermined with the electroantennogram method
(EAG) (Arm, 1975; Schneider, 1969) may not be appropriate for
monitoring activities of mixtures, since only isoclated peaks are
examined with GC-EAG. DBiocassay mathods for detecting plant growth
requlators in soil and water are contained in a report by Mitchell
and Livingston (1968).

(2) Use of the data. The data can be used for determining
half-lives of biochemicals in lieu of instrumental determinations.

(e) Biomonitoring for degradation products. (1) Choice of
methods. Determination of all degradation products exceeding 10

percent of the initial pesticide concentration (as in portions of
the Tier II tests that refer to tests in Subdivision N of the
quidelines) can be time-consuming and costly, and may generate data
that are difficult to interpret toxicologically. Thus the guidelines
allow registrants to test concentrated mixrures of transformation
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products in the Tier I human health effects screen (§§ 152-10
tarough =18). If significant adverse effects are detected, further
identification of transformation products may be warranted. These
alternative methods apply to hydrolysis, aquatic photodegradation,
and aquatic metabolism studies.

An established method for concentrating a mixture of degradation
products in a toxicologically and chemically gignificant manner is
not available. The gquidelines method solicits performance of
environmental fate tests at much higher concentrations than would
normally be used in such studies. It is necessary to raise the
concentration of these studies because maximum concentrations
required in effects tests are generally higher than the maximum
concentrations required in environmental fate studies.

(2) Use of the data. The data from either test chosen to be
performed will be used to determine the toxicological significance
of degradation products identified in environmental fate testing.
The Agency welcomes comments on the relative cost effectiveness of
the biomonitoring and bicassays as alternative approaches (relative
to instrumental identification of reaction products) asz well as
comments on their scientific merit.

(3) Tier progression. A biochemical pesticide will reach
Tier II, environmental fate testing, because either.

= {1) The biochemical will be introduced directly into an aquatic
environment (i.e., direct application to water), or

= (2) Adverse effects on non-target organisms are observed in
Tier I.
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B. Microbial Pest Control Agents: Environmental Expression Testing.

i« Introduction. The guidelines employ the term "environmental
expression” to be used with microbial pest control agents in order
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to distinguish them from chemical pesticides and the term "environ-
mental fate." Environmental expression is defined as the ability
of the physiologically active component of the microbial pest
control ‘agent to propagate and become established in a new niche
or host after it has been introduced (applied). The term “fate,"
on the cther hand, has been associated with chemical pesticides
and is defined in the FIFRA quidelines as the transport and trans-
formation of a chemical by natural means after it is released to
the environment from a point source, disposal site, and/or disper-
sive use. This definition does not apply to microbial pest control
agents and, therefore, the guidelines set forth the above distinc-
tion and use of the term “"environmental expression.”

The tier tasting scheme in gection series 154 and 155 of Sub-
division M is desighed to present the maximum hazard to nontarget
organisms in the initial (Tier I) testing of microbial pest control
agents. When the Tier I maximum hazard tests yield negative results,
no further testing is indicated and thus testing is kept to a
minimum. Positive results (toxic or pathogenic effects) observed in
Tier I will mandate further testing in Tier II, environmental
expression testing.

Tier II consists of screening tests that will eliminate the
need for Tier IIl testing whenever the results show that the agent
will not become permanently established once applied or inadvertantly
inserted into a new niche or host, or cannot survive except under
special conditions (e.g., specific host, obligatory heterotroph).

Data development in Tier III testing requires methods that
approach the state of the art in microbial ecology. Without Tier
Il testing, positive results in Tier I would require that the
rzegistrant proceed to the more sophisticated Tier III testing,
which would probably be very costly. Thus Tier II tests can
eliminate the need for intensive Tier IIIl tests for many agents.

In Tier II, the agent is tested for ability to persist in a
terrestrial, freshwater, marine, or estuarine environment so that
potential exposure of nontarget corganisms can be determined. For
example, an agent could be saprophytic (i.e., dependent on decaying
matter for nutrition in its normal environment), but could proliferate
indepandently and unchecked in a new aiche. I:ﬁ*;lgan be determined
that the application of the microbial pest control dgent will not
give it an opportunity to proliiferate in a new niche, then no
further testing is needed. The reason it cannot survive and grow
may be the lack of an obligatory nutrient, or an absence of suitable
hosts other than the target organism. If, however, there is a
possibility of insertion of the microbial pest control agent into a
new niche where no natural antagonists of the agent are known, then
Tier -III testing must be done to datermine-the possible toxic or
pathogenic effects of such insertion.

Actual field testing (Tier IV) may be necessary to decide
whether the agent can proliferate in a given environment, but
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because the agent is capable of permanent persistence (a property
act demonstrated by chemical agents), such testing should only be
undertaken after the registrant and the Agency have carefully
considered the possible consequences.

The registrant may be able to identify chemical or physical
aarkers with which the presence of the agent can be detected. Such
markers could be either in the host or the environment. PFor example,
standard laboratory procedures employ biocassay for quantitative
assay of viruses, but these depend on the infective potency of the
agent. However, in measuring potency of an industrial product or
screening field samples, bicassay may be useless because the virus
form being studied is one which is not infectious to tissue culture
cell lines. There is great need for rapid and unequivocal iden-
tification of such virus forms in field samples or in any schenme
designed to monitor the snvironment after application of a pesti-
cidal virus. Raserach in the area may lead to dsvelopmeant and
distridution of type-specific antisera to pest management workers
who can make checks on virus identity with unsophisticated equip-
ment.

2. General information. This section outlines the scope and
approach for Tier II microbial testing.

(a) Tier Il testing. A microbial pesticide will reach Tier

1l:

- (1) Whenever Tier I testing gives positive results (toxic or
pathogenic effects) in maximum hazard testing; or

- (2) Whenever the agent is a2 genetically engineered organism.

(b) Approach. Use pattern (terrestrial, freshwater, and/or
‘estuarine/marine) in conjunction with positive Tier I tast results
will determine which one of three environmental expression tests
should be conducted under Tier II testing. The tests include a
greenhouse tast for determining expression in a terrestrial
environment and two agquaria tests for determining expression in
freshwater and in estuarine/marine environments.

IX. PRODUCT PERFORMANCE DATA REQUIREMENTS

Product performance (efficacy) data requiresents have been
generally wvaived for most products. It should be noted, however,
that the Administrator may require, on a case-by~case basis,
efficacy data on any specific product whenever he dsems that such

—dita"are necelsiry Yo miKke Droper eVAlUACIDRS TOr decisions as to
acceptability to register or to maintain or cancel registrations.
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Certain efficacy-related data on biorational pest control
agents have been solicited in these guidelines. These data would
ordinarily be subject to the waiver policy: the available informa-
tion on host spectrum and the time and the minimum effective dosage
required for a product to achieve the desired level of pest control
or other product performance standard. Such information would
ordinarily be developed (and reported) in connection with efficacy
studies and is considered important in the evaluation of nontarget
organiss safety data concerning biorational pesticides.

X. EXPERIMENTAL USE PERMITS

Data to support applications for experimental use permits for
biorational pesticides, as described in section series 157, generally
iaclude those data that would ordinarily be developed first in
preparation for product development and registration. PFor example,
most product analysis information would be developed early in the
product development stages, and the Tier I toxicology and nontarget
organism toxicity tests would usually be conducted first in prepar-
ation for registration. Unless these test results indicate toxic,
pathogenic, or other harmful properties, no data on residues or
environmental fate would be necessary. Efficacy data follow the
pattern already proposed in the Subdivision I guidelines, which
waives the requirements for most products not dealing with public
health areasg, but § 157-4(g) also proposes the submittal of data on
host spectrum, and time and minimum effective dosage required to
achieve the product performance standard.

XI. PROMOTING BIORATIONAL PESTICIDES BY MODIFYING LABEL CLAIM
REQUIREMENTS

Consistent with the Agency's mandate to “protect health and
the environment,” the ZPA is currently pursuing avenues to promote
the development and use of bioclogical control agents. With publi-
cation of “"Regulation of ‘Biorational' Pesticides; Policy Statament
and Notice of Available Background Document™ (44 FR 23994, May 14,
1979), the EPA recognized "that biorational pesticides are inher-
ently different from conventional pesticides” and that “the funda-
mentally different modes of action of biotationall and the conse-
quent lower risks of adverse effects from their use” must be taken
into account. Bmbracing this policy, with the development of
Subdivision M gquidelines, the Agency has endeavored to reduce the
burden of extensive data devaelopment by the introduction of the
tier testing concept. This departure from standard procesdures is
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intended to function as a catalyst for development of additjional
innovative control agents. Those parties interested in the develop~
aent of the Agency's rationale supporting the direction of its
propossed policies and guidelines may refer to ths above notsd Federal
Register Notice.

In addition to those concepts expressed within the Biorational
Policy Statement, Sections 20(a) and 28 of the amended FIFRA mandate
the Agency to a role supportive of biorational pesticide use.
Sections 20(a) and 28 of the Act express Congress' intent for the
promotion of Intsgrated Pest Management (IPM) and "the safe use
and effectiveness of chemical, biological and alternative sethods
to combat and control pests....” In response to Congressional
vishes, the Agency has moved forward with the funding of applicable
research, the reduction of data requirsments and the expeditious
processing of registration applications for biorational pesticides.

The Agency recognizes, however, that thus far it has only
partially tapped its arsenal of regulatory alternatives available
for the promotion of those methods compatible with the desires of
Congress. Public awareness of the unique qualities inherent in
biorational pesticides is an integral element to the successful
promotion of these agents for practical use. One of the more
obvious vehicles available for reaching the public is pesticide
labeling. Declaration of certain unique characteristics of these
agents, those responsible for their special recognition, is cur-
rently prohibited by 40 CFR 162.t0(a)(5)(ix). This section pro-
hibits "claims as to the safety of [a)] pesticide or its ingredients,
including statements such as 'safe,' 'nonpoisonous,' ‘noninjurious,’
'harmless' or 'nontoxic to humans and pets'....” Historical inter-
pretation of this section has prohibited label stataments concern-
ing the lack of toxicity or effect to specific predators and para-
sites. The Agency could amend this section to allow claims as to
lack of adverse effect on beneficial agents critical to IPM and
crop production systems when supported by the appropriate data.

(It is not the intent of this proposal to sanction any claims as

to the safety to or lack of effect on humans, pets, or the environ-
ment, since such claims are not considered to contribute signif-
icantly to the success of programs relating to IPM. The lower
degres of risk inherent in biorational pesticides will be discerned
by the label signal words and the relative reduction of precau-
tionary statements.) This amendment would be only for those agents
subject to Subdivision M guidelines. Data in support of these
clains would be subaitted under Subdivision M guidelines, section
saries 154, on Non-Target Organism Haszards.
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SUBDIVISION M -- GUIDELINES FOR BIORATIONAL PESTICIDES

Series 150: OVERVIEW, DEFINITIONS, AND GENERAL PROVISIONS

§ 150-1 Overview.

(a) Scope and purpose. This subdivision dascribes the kinds
of data required by 40 CFR Part 158 to support the registration of
biorational pesticide products. Biorational pesticides considered
in these guidelines include both biochemical pest control agents
(hereinafter called "biochemical agents”) and microbial pest control
agents (hereinafter called “"microbial agents®). Pesticides that
do not meet the definition of "biorational pesticide" (i.e.,
biochemical or microbial agents) as set forth in 40 CFR § 158.65
shall be tested as required by the other sections of Part 158.
Certain biological control agents (e.g., macroscopic predators
and parasites) are exempt from the requirements of PIFRA, as
authorized by sec. 25(b) of PIFRA and specified in the Exemption
from Requlation of Certain Biological Control Agents publighed in
the Fedsral Register of June 2, 1982 (47 FR 23928). Generally,
the testing gquidelines for biochemical agents are delineated
separately in this subdivision from those for microbial agents.
Each section in this subdivision identifies the kinds of data
required by Part 158, the standards that the studies and data
should meet, and the conditions under which esach kind of data is
required as specified in Part 158.

{b) Exceptions to testing bioraticnals under Subpart M.
Although certain pesticides may be bicrational pesticides by defini-
tion, it may be more appropriate to test them as conventional pes-
zicides (for biochemicals) or to require testing at higher tiers
‘esg., Tier II or III) as part of the minimum testing requirements
(for microbials). The following are some examples of characteris-
tics of pesticides that may indicate that the pesticide should not
be tested as an ordirary biorational pesticide:

(1) The active ingredient(s) or any of its (their) metabolites,
degradation products, or impurities is (are) structurally related
to a recognized carcinogen, and a theoretical worst case risk based
upon the dose~response relationship for the most potent tested
animal carcinogen in the chemical class exceeds the risk permitted
for nitrcosamines and other unintenticpal coataminants of pesticide
products.
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(2) The product is a genetically engineered microorganism
with characteristics or species relationships closely allied to
xnown pathogens that cause serious crop damage, human infections,
seriocus diseases of domestic animals, or similar problems.

(c) Relationship to other subdivisions of the gquidelines.

This subdivision constitutes a complete set of quidelines for
biorational pesticides. To avoid needless duplication, references
are made to other subdivisions whenever the guidelines are iden-
tical. Each section series in this subdivision corresponds to a
subdivision of the pesticide quidelines for conventional pesti-
cides.

To illus:zatc:

Series 151 Product Analysis corresponds to Subdivision D -
Product Chemistry;

Series 152 Toxicology corresponds to Subdivision F -- Hazard
Evaluation: Eumans and Domestic Animals;

Series 153 Residue Analysis corresponds to Subdivision QO -~
Residue Chemistry:;

Series 154 Nontarget Organism Hazard corresponds to a combination
of Subdivision E == Hazard Evaluation: Wildlife and Aquatic
Organisms; Subdivision J ~- Hazard Evaluation: Nontarget Plants;
and Subdivision L ~-- Hazard Evaluation: Nontarget Insects;

Series 155 Environmental Fate and Expression corresponds to
Subdivision N ~= Environmental Fate;

Series 156 Product Performance corresponds to Subdivision G --
Product Performance;

Series 157 Experimental Use Guidelines corresponds to Subdivision
1 -- Experimental Use Permits; and

Series 158 label Development corresponds to Subdivision B --
Labeling for Pesticides and Devices.

§ 150-2 Dpefinitions.

(a) Terms used in this subdivision are defined in TIFRA, in
§ 162.3 of the FIFRA gec. 3 regulations, and in the following
sections of the quidelines:

§ 60~2 of Subdivision D
§ 70-2 of Subdivision E
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80-2 of Subdivision F
30-2 of Subdivision G
100-2 of Subdivigion
110-2 of Subdivision
120=2 of Subdivision
140-2 of Subdivision
160-2 of Subdivision
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(b) In addition, for the purposes of this subdivision:

{1) “Adjusted host equivalent” means the host equivalent
times the ratio of the weight of the test organisms to the weight
of the host organism.

{(2) "Allomone” means a chemical emitted by one species that
modifies the behavior of a different species to the benefit of the
enitting species.

(3) "Aquatic animals® means all vertebrates and invertebrates
that inhabit fresh, estuarine, or marine waters for all or part of
their life cycles. '

(4) “Aquatic use” means the use of a pesticide in a fresh
water, estuarine, or marine aguatic system by either direct
application or direct discharge of treated water.

(S) “Biochemical pest control agent” means a semiochemical,
plant regulator, hormone, or enzyme used as a pesticide.

(6) “Biological control agent” means a living organism
introduced into the environment to control the population or
biological activities of another life form considered to be a pest
under sec. 2(t) of FIFRA.

. (7) *“"Biorational pesticide™ means microbial pest control
agents such as viruses, bacteria, protozoa, fungi and biochemical
pest control agents, either naturally occurring or identical to a
natural product, that attract, retard, destroy, or otherwise exert
a pesticidal activity. The Agency will determine on a case-by~case
basis whether synthetic biochemical agents not identical to natural
biochemical agents are biorational pesticides.

(8) "Environmental expression” means the extent and manner in
which a microorganism establishes and maintains its presence in an
ecological niche.

{9) "Enzootic®™ means a disease that is present in an animal
population at all times but that occurs in only small numbers of
individuals at any given time.
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{10) "Epizootic” means a disease attacking many animals in a
population at the same time; widely diffused and rapidly spreading.

(11) “Estimated environmental concentration™ means an estimate
of the concentration of a biorational pesticide occurring in or on
various media (i.e., soil, water, air) after pesticide application,
as deternmined from the results of environmental fate Tier II testing
(§¢ 155-4 through -13) or environmental expression Tier II testing
(§§ 155-18 through =-20).

(12) “Genetic engineering” means to artificially alter the
genetic constitution of an organism by recombinant DNA techniques.

{13) “EHabitat” msans the plants, animals, and physical
components of the environment that constitute the natural food,
physical-chemical conditions, and cover requirements of an organism.

(14) "Bigh volatility" means that the estimated volatility of
a substance based on vapor pressure and solubility in water is
greater than 5 x 105 atm. m.3/mole ([derived from Henry's Law
Constant H = vapor pressure (atm)/ water solubility (gmole pesti-
cide/m3 water].

(15) "Hormone" means a chemical agent, produced by a tissue
or endocrine gland, that controls physiological functions or behavior
of an organism.

(16) "Host equivalent” nmeans that amount of microbial agent
active ingredient that one infected host (e.g., & late instar larva)
can contain.

(17) “Hydrosoil® means the sediment underlying bodies of
water.

{18) “Improved strain"™ means an altered organism of potentially
increased benefit to man created by causing a small change in the
make up or sequence of the genetic material by chemical, radiation
or other external mutation means.

(19) “Rairomone” means a chemical emitted by one species that
modifies the behavior of a different species to the benefit of the
receptor species.

(20) “Maximum expected environmental concentration" means the
highest concentration of a pesticide occurring at any given time
(usually immediately after application) at a site.or in a medium
{e.g., wvater, vegetation, or soil) as determined from the pesticide
application rate.
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(21) “Maximum hazard testing® means testing that is designed
20 maximize the test (non-target) organism's susceptidility to any
toxic or pathogenic effects of the test substance.

(22) *“Microbial pest control agent” means any of those
bacteria, viruses, protozoa, and fungi that are used to control
pests. Other microbial entities will be considered to be microbial
pest control agents as they are developed.

(23) “"Natural occurrence” means the occurrence of an organism
in its normal niche where it grows, develops, and reproduces.

(24) “"Naturally occurring” means the natural concentration or
population of the organism or biochemical (that could also be
ezployed as a pest control agent) present as airborne, particulate,
or liquid material and that would be in a form that could result in
exposure of nontarget organisms, including humans.

(25) "“Niche"™ means the ecological position or function of an
organism in a community of plants and animals.

(26) "Opportunistic pathogen” means a microorganism that
takes advantage of a temporary environmental or host condition
(i.e., host disability or weakness) to cause a disease in the host
organism.

(27) “Passive dispensing device"” means an apparatus (e.g.,
hollow fiber container, impregnated substrate) used to dispense a
pesticide into the air through volatiligzation.

(28) “"Phezcmone” means a chemical substance produced by an
organism (e.g., insects) that modifies the behavior of other
individuals of the sams species,

(29) "pPlant regulator (natural)” means a substance produced
by a plant that alters plant growth, development, and differentation.

(30) "Purest infective form"™ means that preparation of
infective virus containing the least amount of extraneous material.

{31) "Semiochemical™ means a chemical emitted by a plant or
animal that modifies the behavior of receptor organisus of like or
different species; semiochemicals include pheromones, allomones,
and kairocaones.

(32) For the purposes of section series 155 the term “substrate”
means the natural material in the environment to which the microbial
pest control agent is applied.

(33) "Terrestrial wildlife®” means non-domestic birds or
animals.
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{34) “"Toxin" means a poisonous substance, generated by a
ajicroorganism, plant, or animal, capable of causing toxicosis when
introduced into body tissues but also capable of inducing a
counteragent or antitoxin.

{35) *“Typical end-use product” means a pesticide product
representative of a major formulation category (e.g., emulsifiable
concentrate, gramular product, wettable powder) that contains the
active ingredient of the registration applicant's product.

§ 150-3 General provisions.

(a) Scope. The standards contained in this section apply to
all studies in this subdivision unless another section of this
subdivision contains a specific standard on the same subject.

(b) Basic standards for testing. (1) Test substance for
bioclogical and environmental studies. (i) Tests requiring use of
the technical grade of the active ingredient shall be conducted
with the manufacturing-use product if both are identical, or with
the technical grade of the active ingredient used to produce the
manufacturing-use or end-use pesticide product if not identical.

(ii) The lot of the substance tested gshould be the same
throughout the duration of the study, and the research sample should
be stored undsr conditions that maintain purity and stability. 1If
the stability of the test substance cannot be maintained for the
duration of the study or if, for other reasons, it is not possible
to use the same lot throughdut the test, subsequant lots of the
test substance should be selected to be as nearly identical to the
original lot as practical. Chemical or biological assays should be
performed to ensure composition identity and consistency.

(1ii) Each lot of the test substance should be analyzed, to
the limits of technical feasibility, and the name and quantities of
ingredients, contaminants, and impurities listed. The determination
should include the quantity of unknown material, if any, so that 100
percent of the test sample is s&ccounted for. The tast substance
should be within the limits of purity, if any, eextafied {n accordance
with §§ 15115 or =25 of this subdivision.

(iv) If the test or control substancs is to be incorporated
into feed or other vehicle, the pariod ‘Wuring which the test or
control substance is stable in such a mixture should be determined
prior to the start of the study. No mixture of test or control
substance with the feed or vehicle should be maintained or used
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Juring a period exceeding the known stability of the test or con-
trol subgtance in the mixture. Alternatively, daterminations of
the stability of the test or control substance in random samples
of the diet or vehicle mixture should be made at least monthly
during the study to ensure that proper mixing, formulation, and
storage procedures are being followed and that the appropriate
concentration of the tast or control substance is contained in
the aixturs.

(v) If the test or control substance is incorporated into
feed or other vehicle, its homogeneity and concentration in the
diet should be determined prior to the start of the study and each
time a nev aixture is prepared. Random samples of the mixture should
be analyzed at least monthly to ensure that proper mixing, formu-
lation, and storage procedures are being followed, and that the
appropriate concentration of the test or control substance is
contained in the mixture. :

(vi) In addition to or in lieu of data otherwise specified
in this subdivision, the Agency may require, after consultation
with the applicant, data derived from testing to be conducted
with:

(A) An analytically or microbiclogically [e.g., purest infec-
tive form, (PIF) for viruses] pure grade of an active ingredient;

{(B) The technical grade of an active ingredient;

(C) The labile form of infectious material (e.g., non-occluded
virus);

(D) An inert ingredient of a pesticide formulation;
(E) A contaminant or impurity;

(F) A metabolite (from animals or piants) or desgradation
product of an active or inert ingredient;

(G) The end-use formulated product;

(H) Any additional substance (including cther pesticides recom-
manded for tank-mixing with the test substance) thdt enhances the
toxic activity of the product for which registration is sought; or

(I) .Any combination of the substances aentioned in paragraphs
(b)(1)(vi)(A) through (H) of this saction.

(2) Administration or application of test substance and

vehicles. (i) The manner of administration or application of the
test and control substance for biological or environmental testing
should be selected so as to maintain accuracy of the dosage or
treatnent.
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(1) A vehicle used to dissolve or Wilute the test substance
or positive control substance should be chosen to possess the
following characteristics if possible:

(A) It does not alter the absorption, distribution, metabolism,
or retention of the test substance:;

(B) It does not alter the cheaical or biological properties
of the test substance or enhance, reduce, or alter the toxic or
infective characteristics of the test substance;

(C) At ths levels used in the study, it does not produce
physiological effects and is nontoxic; and

(D) It closely resembles the vehicle, if any, to be used
under expected conditions of use of the pesticide product. It
should be identical to the vehicle if possible.

(3) Controls for biological and environmental studies.
Controls are used in the biological or environmental studies
contained in this subdivigsion to ensure that observed effects are
associated with the test substance exposure. The appropriate
control groups should be idantical in every respect to the treated
groups except for exposure to the test substance.. In studies
involving animals or plants, all controls should (to the extent
possible) be from the same source, be of the same age, receive the
same care, and receive the same nutriment as the animals or plants
receiving the test substance. To prevent bias, a system to randomly
assign organisms (or groups) to treatment and control categories
is recommended when use of such a system is possible and appropriate
(double~blind study).

{i{) Untreated (negative) controls. Untreated (negative)
control groups aze usually recommended. Untreated contrcls receive
neither the test substance nor any ancillary material (vehicle).

(11) YVehicle control groups. (A) If a vehicle is used to
administer the test substance, a concurrent vehicle control group
may be recommended. Vehicle control groups receive treatment with
the vehicle alone, and the vehicle is usually administered at the
highest level that the vehicle is administered in any test group in
the study. Consult individual sections of this subdivision for
those tests vhere a vehicle control is recocmended.

(B) As provided in paragraph (b)(3)(1iY¥F%his section, the
vehicle should be selected on the basis of information establishing
that it is non-toxic at the levels used in the study, has no indepen-
dent physiological effects, and does not alter the chemistry or
toxicity of the test substance. If, however, there are insufficient
data on the effects of the vehicle, testing of the vehicle may be
necessary.
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(iii) Positive contrcls. Positive controls generally are not
necessary. These serve as internal quality controls, and demonstrate
XKnown test organism sensitivity and response to known toxic or
infective agents. They are also used to ascertain if a strain or
species reacts similarly to another strain or species when exposed
to the same known or standard toxicant or infective agent. Consult
individual sections of this subdivision for those tests where a
positive control is recommended.

(iv) Historical controls. Historical control data are
when the Agency desires information on longevity, spontaneous
diseases, or other characteristics of a species or strain selected
for study, and for certain comparative or statistical purposes.
Consult individual sections of this subdivision for those tests
where historical control data are required.

§ 150-4 Reporting of data.

Each test report submitted under this subdivision should satisfy
the reporting provisions of this section, unless a specific section
elsewhere in this subdivision directs otherwise.

(a) General requirements. (1) Identification. Each test
should identify:

(i) The name and address of the laboratory or site where the
test was performed; and

(ii) Each party primarily responsible for any written or other
matter contained in the report, and the portions of the report for
which the party is responsible.

(2) vVerification. Each test report should be:

(i) Signed by each of the senior scientific personnel,
including the laboratory director responsible for performing and
supervising the testing and preparing, reviewing, and approving the
test report; and

(ii) Certified by the applicant or an authogjsed agant of the
applicant as a complete and unaltered copy of the report provided
by the testing laboratory, whether independent or owned, operated,
or controlled by the applicant.

{b) Pormat and content. The test report should include all
information nacessary to provids a complete and accurate description
and evaluation of the test procedures and results. A test report
should contain at least three parts: a summary and evaluation of the
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test results, a description of the test procedures, and a listing
of the data and information required by each applicable ssction of
this subdivision. Metric units of measurement must be used although
gnglish units may be included. The systems may not be aixed (e.g.,
CQ/.QO in.).

(1) Summary and evaluation of test results. This section of
the test report should contain a summary and analysis of the data,

and the conclusions drawn from the analysis. The summary should
highlight any and all positive results or observations, and any
deviations from control data valuss indicative of toxic effects.
The sumnary should be presented in sufficient detail to permit
independent evaluation of the results.

(2) Description of the test procedure. This section of the
test report should contain a full description of the test procedure.

If an applicant believes any of the reporting requirements are
inapplicable, he should submit an explanatory statement to this
effect. A full description of the test procedure should include but
not be limited to:

(i) Deviation from standards. The report should indicate all
ways in which the test procedure fails to meet applicable standards
for acceptable testing contained in this subdivision, and should
state the reasons for such deviations. '

(ii)}) Test methoda. Specification of test methods, including
a full description of the experimental design and procedures, the
length of the study, and the dates on wvhich the study began and
ended, should be stated.

(iii) Substance tested. Identification of the test substance
should be provided, including:

(A) 1f the test gsubstance ig a chemical: chemical name,
molecular structure, and a qualitative and quantitative determina-
tion of its chemical composition (including names and quantities
of contaminants and impurities, within technically feasible limits.
The determination should also include quantities of unknown materials,
if any, to account for 100 percent of the sample;

(B) If the test substance is primarily bioldlyi¥al: scientific
name and, to the extent possible, serotype and strain or other appro-
priate designated type, and, to the extent possible, & qualitative
and quantitative determination of composition (including names and
quantities of known contaminants and impurities, within technically
feasible limits). The determination should also include quantities
of unknown materials, if any, to account for 100 percent of the
sasple;
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(C) Manufacturer and lot number of the test substance, and
relevant properties of the substance tested, (i.e., physical state,
pH, stability, and purity); and

(D) Identification and composition of any vehicles (e.g.,
diluents, suspending agents, and emulsifiers) or other materials
used in administering the test substance.

(iv) Animal and plant data. Animal and plant data should
include:

(A) Spacies and strain used, reasons for sglection of species
(Lf the species is other than the species recommended by sections
of this subdivision), and reasons for selection of strain;

(B) Source of supply of test organisms;

(C) Description of any pretest conditioning; (D) Method
used to randomly assign animals or plants to test or
control groups;

(E) Numbers of animals of each sex in each test or control
group; and

(F) Age and condition of animals or plants at beginning of
study.

(v) Environmental conditions. A description of the environ-
mental conditions under which the testing was conducted should be
reported. Further details may be provided by specific testing
sections elsevhere in this subdivisgion.

(vi) Treatments or doses. For studies where test substance
applications, treatments, or dosings are made, a complete descrip-
tion of such should be reported. Purther details may be provided
by specific testing sections elsewhere in this subdivision.

(vii) Treatment for diseases not caused the teast substance.
In studies where test organisms have been treated with some agent
or manipulated by some system to prevent or control infectious
diseases not caused by the test substance a full description of
such treatment or manipulation should reported. Such description
should include:

{(A) Identification of the test organisms affected and the
disease organism involved; '

(B) The nature and severity of the disease;

(C) The date of first observation and duration of the disease;



99

(D) The nature of the treatment or manipulation used to
control or eliminate the disease, and the dates of such actions;
and

(E) The ocutcome of the treatments in relation to the disease
and to the test results.

(viii) Observations. Method, frequency, and duration of
observations made during the study shall be reported. Other related
specific information to be reported may be provided by specific
testing sections elsewhers in this subdivision.

(ix) Availability of raw data, specimens, and samples of the
test substances. The location of all raw data, specimens and samples
of the test substances which are retained, and the name and address
of the individual who is responsidle for the archives, should be
reported.

(x) Raferences. Refersnces should be provided for the
statistical and other methods employed for analyzing the data, and
for any published literature used in developing ‘the test protocol,
performing the testing, making and interpreting the observations,
and campiling and evaluating the results.

(3) Reporting the results and evaluation of specific tests.
The test results and any evaluations of test results should be
reported in accordance with the requirements of the individual
spezific testing sections of this subdivision. Such results and
evaluations include all data, information, and analysis necessary
to support the registration application and its corresponding
product label claims, directions, and precautions.

(e) Statistical procedures. (1) General. Appropriate
statistical methods shall be used to summarize experimental data,
to express trends, and to evaluate the significance of differences
in data obtained from different test groups. The methods used
should reflect the current state of the art.

(2) Standard deviation and standard error. All data averages
or means should be accompanied by standard deviations, to indicate
the amount of variability in the data. 1In addition, the standard
errors of the means should also be calculated, as they are usaful
in comparing means from different test groups; however, notations
of statistically significant differences accompanied by the confidence
level or probability should also be used in place of standard error
determinations. Other methods of expressing data dispersion may
also be used, when appropriate.
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Series 151: PRODUCT ANALYSIS GUIDELINES FOR BIORATIONAL PESTICIDES

§ 151-1 General Information.

(a) Scope of product analysis requirements. (1) This
section series outlines guidelines for the submittal of data and
information on product analysis in support of applications for
registration of both biochemical pest control agents and microbial
pest control agents. These quidelines generally parallel those for
conventional chemical pesticide products specified in Subdivision D.

(2) Sections 151=10 through - 18 refer to guidelines for
biochemical agents and §§ 151-20 through =26 refer to guidelines
for microbial pest control agents.

§ 151=2 through -9 [Reserved]

Subseries 151A: PRODUCT ANALYSIS GUIDELINES FOR BIOCHEMICAL PEST
CONTROL AGENTS

§ 151-10 Product identity and disclosure of ingredients.

(a) Product identity. As required by 40 CPR § 158.165, each
application for the registration of a biochemical pest control
agent that is a pesticide product shall contain the product name
and the trade name(s) (if different). The company code number(s)
may be given.

(b) Confidential statement of formula. As required by 40 CFR
§ 158.165, an application for registration of a product shall
contain a confidential statament of formula. The appropriate EPA
form shall be used (i.e., Form 8570-4). The name of esach ingredient
in the product for which § 62-2 of Subdivision D specifies certified
limits to be established should be listed. A separate confidential
statement of formula is required for each alternats formula of a
product. See FIFRA sec. 10 for requirements related to protection
of trade secrets.

{c) Information on ingredients. As required by 40 CFR
§ 158.165, an application for registration should contain the
following information (if available) on sach ingredient which is
listed in the confidential statement of formula required by paragraph
(b) of this section:
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{1) Each biochemical (including microbial toxins) should be
identified by:

{i) The chemical name(s) from the Chemical Abstracts 1972-
1976 Index of Nomenclature, or other well-dsfined name;

(ii) The Chemical Abstracts (CAS) Registry Number(s);
{iii) The structural formula(s), empirical formula(s):

(iv) The amount of biochemical present in the product in
recognized units of potency or cther appropriate expression of
biological activity or percentage of weight;

(v) The genus and species names of the organism(s) from which
the biochemical was ssparated or with which it i{s commonly associated;
and

(vi) The specificity or host range of the biochemical activity
and mode of action. With respect to mode of action of the biochemical,
the applicant should discuss any potential hazard to man, the
snvironment, or non-target species.

(2) Ingredients, other than biochemicals, shall be identified
by:

(1) Percentage camposition (by weight) of each ingredient;

(id) wWhether the ingredient is an active ingredient, an
intentionally added ingredient, or an impurity:;

(iii) The chemical name from the Chemical Abstracts 1972-1976
Index of Nomenclature, or other well-dafined name;

(iv) The Chemical Abstracts (CAS) Registry Number:;

(v) The product name, the trade name, and the common name (if
established);

(vi) The expsrimental or internal code number;

(vil) For each active ingredient other than the biochemical,
the empirical formula, and the molecular weight or the molecular
weight range;

(viii) The structural formula, if it can be dstermined.

{(3) The composition.limits shall be given for each ingredient
for which § 158.110 of 40 CFR Part 158 requires limits to be certified.
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If space permits, this information can be listed in the confidential
statement of formula; otherwise, a separate statement on certification
of limits must be submitted.

§ 151-11 Manufacturing process.

As required by 40 CFR § 158.165, each product's registration
zust be supported by an accurate and current description of the
process used to mamufacture or formulate the product. The descrip-
tion shall contain the following information:

(a) Dcscfigtion of the basic manufacturing process. (1) Por
each biochemical derived from biological sources:

(i) The starting material shall be listed;

(ii) The steps taken, both chemical and bioclogical, to ensure
the integrity of the starting material and to limit the extraneous
contamination in the unformulated biochemical shall be given;

(iii) The procedures by which the manufacturer established
the identity and purity of the seed stock from which the unformulated
biochemical is produced shall be described; and

(iv) The quality control methods and the techniques used to
ensure a uniform or standardized product shall be reported. Unless
the quality control methods are well established and recognized,
they shall be submitted in destail with information regarding their
accuracy, sensitivity, and interfering substances.

(2) Por other ingredients, active and inert, the guidelines
are those set forth in § 61-2 of Subdivision D.

(b) Toxic or sensitizing substances. If the presence of
ingredients toxic or sensitizing to humans or other nontarget
mammalian gpecies is suspected at any stage of the manufacturing
process, then data must be sulmitted to show that the substances do
not exist in the final biochemical product or exist only in quantities
too small to pose any hazard.

§ 151-12 Discussion on the formation of unintentiomal ingredients.

As required by 40 CFR § 158.165, a registration application
shall include a discussion concerning potential formation and
presence of unintentional ingredients in the product in quantities
which may produce adverse human or environmental effects. As
described under § 61-3 of Subdivision D, such unintentional ingre~
dieats may be introduced during the manufacturing process with the
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starting material, process solvents, equipment, packaging, anad

other sources; from side reactions in the manufacturing process;

from interactions between ingredients; and from the degradation of
ingredients. The applicant ghould bass his discussion on established
chemical theory. PFor biochemicals, the unintentional ingredients

can include but are not limited to extraneous host residues and
residuss of contaminants that remain following the extraction or
purification process.

§ 15113 Analysis of samples.

A report on the results of preliminary analysis are required by
40 CFR § 158.165 to support the registration of each manufacturing-
use product and those end-use products produced by an integrated
formulation system. The guidelines of § 62-1 of Subdivision D regard-
ing the analysis of samples shall apply.

§ 151=14 [Raserved)

§ 151-15 Certification of ingredient limits.

As required by 40 CFR § 158.165, each registration must be
supported by a csrtification of ingredient limits. The guidelines
of § 62-2 of Subdivision D regarding the certification of limits
shall apply.

§ 151-16 Analytical methods for certified limits.

As required by 40 CFR § 158.165, information concerning analy-
tical methods %o verify certified limits are required to support the
registration of each manufacturing-use product and each snd-=use
product. The guidelines of § 62-3 of Subdivision D regarding analy-
tical mathods for certified limits shall apply.
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§ 151-17 Physical and chemical prooperties.

As required by 40 CPR Part 158, data on physical and chemical
properties are required to support the registration of each manufac-
turing-uss product and each end-use product. See 40 CFR § 158.50
and § 158.165 to determine whether these data must be submitted;
Section II-B of this subdivision contains additional discussion of
the formulators' exsmption and who, as a general rule, is responsible
for sulmission of the required data.

~

b >
The data pertaining to phygical and chemical properties are
listed in Table 1. Sections =1 through =21 of Subdivision D
should be consulted for information on the conduot of these tests.

§ 151-18 Submittal of samples.

When required by the Agency, as provided in 40 CFR § 158.165,
the applicant shall submit both a sample of the product conforming
to the limits certified under § 151-15, and a sample of an analyti-
cally pure grade of the biochemical in the product. When requested
by the Agency, the applicant shall alsco submit a sample of any
additional substances in the product as listed in § 15S1=-10(c) of
this subdivision. The samples should be sent to: Chief of Chemical
and Biological Investigations Branch, Benefits and Field Studies
Division, OPP/OPTS (TS-768), U.S. Environmental Protection Agency,
Building 402 ARC-East, Beltsville, MD 2070S5.

§ 151-19 [Reserved]
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Table 1-=-SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR BIOCHEMICAL

PEST CONTROL AGENTS
Test Substance

Technical or
purer grade

of the active Manufacturing- End-use
Property ingredient use product product
Color Yes Yes Yes
Physical state Yes Yes Yes
Odor Yes Yes Yes
Melting Point Yes (solids) No No
Boiling point Yes (liquids) No No
Density or specific Yes Yes Yes
gravity
Solubility Yes No No
Vapor Pressure Yeas (pure form) No No
Octancl/water Yes (for non-polar No No
partition coeff. organics, pure
form)
pH Yes Yes Yes
stability Yes No No
Flammability
~flashpoint No Yes Yes
(combustible liquids only)
-flame extension No No Yes
(aercsols only)
Storage stability No Yes Yes
Viscosity No Yes Yes
{liquids only
Miscibiliry No Yes Yes
(emulsifiable liquids only)
Corrosion characteristics No Yes Yes

(wvhen packaged in metal, plastic,
or papar containers)
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Subgeries 151B: PRODUCT ANALYSIS GUIDELINES FOR MICROBIAL
PEST CONTROL AGENTS

§ 151-20 Product identity and disclosure of ingredients.

(a) Product identity. As required by 40 CPR § 158.165, each
application for registration of a microbial pest control agent
shall contain the following information: the product name; the
trade name(s) (i{f different). The company code number(s) may be
given.

(b) Confidential statement of formula. As required by 40 CFR
§ 158.165, an application for registration of a product shall contain
a confidential statement of formula. This statement shall include
the nature and quantity of diluents and the identity and purpose
of inert ingredients such as ultraviolet screens, stickers, spreaders,
and other such material. The appropriate EPA form shall be used
(i.e., Porm 8570-4). The name of sach ingredient in the product
for which § 62-2 of Subdivision D requires certified limits to be
established shall be listed. A ssparate confidential statement of
formula is required for each alternate formula of a product. See
Section 10 of the Act for requirements rslated to the protection
of trade secreats.

(e¢) Information on ingredients. Information on ingredients is
required by 40 CFR § 158.165 to support eacch application for
registration. (1) The identification of bacteria, protozoa,
viruses, or fungi in the product shall (to the extent possible)
include the following:

(i) The taxonomic position, serotype, and strain, or any
other appropriate designation. The precise test procedures and
criteria used for identification [i.e.,, the morphological, biochemical,
analytical (physical, chemical), serological, or other identification
means) and the results of such tests should be provided;

(ii) The common, alternative, and superseded names;

(i1i) The natural occurrence of the organism, its relationship
to other species (particularly those that are pathogenic), and its
history:

{iv) . A description of any unusual morphological, biochemical,
or resistance characteristic(s) of the organism if such characteris-
tic(s) are different from the classic description of the organism;
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(v) The amount of microbial agent present in the product in
.recognized units of potency, percentage of weight, units of viability
or replication, or other appropriate expression of biological
activity: and

{vi) The biological properties of the active agent with
respect to target species, pest host range, life cycle, and mode of
action. With respect to the properties of the microhial agent, any
potential hazard (such as infectivity) to man, the environment, or
nontarget species should be discussed.

{2) An application for registration shall contain the following
information on each ingredient, other than the microbial agent,
listed in the confidential statement of formula required in paragraph
(b) of this section which is known to be present or which maight
reasonably be identified in the pesticide product.

(i) Percentage composition. (by weight) of each ingredient;

(ii) whether the ingredient is an active ingredient, an
intentionally added ingredient, or an impurity;

{iii) The chemical name from the Chemical Abstracts 1972-1976
Index of Nomenclature, or other well=defined name:;

(iv) The Chemical Abstracts (CAS) Registry Number;

(w) The product name, the trade name, and the common name (if
established);

(vi) The experimental or internal code numbaer;

(vii) Por each active ingredient other than the microbial
agents, the empirical formula, and the molecular weight or the
molecular weight range;

(viii) The structural formula (when known); and

(ix) The composition limits for each ingredient for which
§ 62-2 of Subdivision D requires limits to be certified. If space
pernits, this information can be listed on the confidential state-
ment of formula; otherwise, a separate statement on certification
of limits must be submitted.
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§ 151=21 Manufacturing process.

As required by 40 CFR § 158.165, each application for registra-
tion of a manufacturing-use product or end-use product should
contain & description of the basic manufacturing process as required
in § 61-2 of Subdivision D. The starting and intermediate materials
should be listed together with the steps taken to ensure the inte~
grity of these materials, and the steps taken to limit the extra-
neous contamination, both chemical and biological, in the unformu-
lated microbial agent. This description shall include the procedures
used by the manufacturer to establigh the identity and purity of
the culture from which the unformulated microbial agent is produced,
the method of manufacture, and techniques used to ensure a uniform
or standardized product. The integrity of the product as determined
by the most specific and sensitive chemical or ssrological test
sust be demonstrated. If the test is not a recognized standard
test, a detailed description of the test together with information
regarding specificity, interfering substances, accuracy, and
senaitivity must be provided.

§ 151-22 Dpiscussion on formation of unintentional ingredients.

As required by 40 CFR § 158.165, each registration application
should include the following information:

{a) Theoretical discussion. The theoretical discussion con-
cerns the formation of each substance, aside from the control
agents and intentionally added, chemically characterized active and
inert ingredients, that might reasonably be present in the pesticide
product, as outlined in § 61=3 of Subdivision D. Examples of such
extraneous materials are: bacterial and fungal toxins, allergens,
and other metabolic products; mutant strains; microbial contaminants
with particular references to potentially infective or antagonistic
forms; side products from chemical reactions employed in the manu-
facturing process; fermentation residuss from the growth of bacteria
or fungi; extraneocus host residues from viruses produced in cell cul-
tures, whols animals, or other living forms; residues of contaminants
that remain following the purification or extraction process; and
impurities in chemicals used in the manufacturing process. The
discussion shall include the procedures used to snsure the purity
of the unformulated microbial agent; if purity (within reascnable
limits) cannot be achieved, then the means of coantrolling contami-
nant levels to an acceptable limit must be delineated.

{b) Toxic or sensitizing substances. If substances toxic or
sensitizing to humans or other non-target mammalian species are
known or suspected to be present at any stage of the manufacturing
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process, then data must be submitted to show that the substances do
not exist in the final product or exist only in quantities too
small to pose any hazard.

(c¢) Buman or animal pathogens. Hman or other nontarget
animal pathogens such as (but not limited to) Shigella, Salmonella,
and Vibrio must not be present in the manufacturing-use product or
the end-use product.

¢ 151-23 Analysis of samples.

A report on the results of preliminary analysis are required by
40 CPR § 158.165 to support the registration of each manufacturing-
use product and those products produced by an integrated formulation
systex.

The guidelines of § 62-1 of Subdivision D regarding the analysis
of samples shall apply, with the exception that a quantitative

serological or other appropriate test of the microbial agent may be
substituted for the chemical analysis.

§ 151=-24 [Reserved)]

§ 151-25 Certification of ingredient limits.

As required by 40 CFR § 158.165, each registration must be
supported by a certification of ingredient limits. The guidelines
of §§ 62-2 and 62-3 of Subdivision D regarding certification of
limits and analytical methods, respectively, shall apply. The limits
for microbial agents should also be expressed in terms such as in-~
ternational units of potency per milligram when these are determined
in serological or other appropriate tests.

§ 151-26 Physical and Chemical oroperties.

(a) When required. Data on physical and chemical properties
are required to support the registration of each manufacturing-use
product and each end-use product. See 40 CFR § 158.50 and § 158.16S
to determine whether these data must be sulmitted; Section II-B of
this subdivision contains additional discussion of the formulators'
exemption and who, as a general rule, is responsible for submission
of the required data.
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{b)  Substances tested. Table 2 presents the relevant data
pertaining to physical and chemical properties for microbial agents.
Sections 63-1 through «21 of Subdivision D should be consulted regard-
1ag the <conduct and the specific provisions of the tests.

§ 151=27 Submittal of samples.

When required by the Agency, as provided in 40 CFR § 158.165,
the applicant shall submit a sample of the technical grade of the
active ingredient, manufacturinguse product, or @nd-use product.
When required by the Agency, the applicant shall submit a sample of
any additional substances in the product as listed in § 150-10(c) of
this subdivision. The samples should be sent to: Chief of Chemical
and Bioclogical Investigations Branch, Benefits and Field Studies
Division, OPP/OPTS (TS-768), U.S. Environmental Protection Agency,
Building 402 ARC-East, Beltsville, MD 2070S. i
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Table 2--SUMMARY OF PHYSICAL AND CHEMICAL DATA FOR
MICROBIAL PEST CONTROL AGENTS

Test Substance

Technical grade

of the active Mamifacturing- End-use
Property ingredient use product product
Color Yes Yes Yes
Physical state Yes Yes Yes
Odor Yes Yes Yes
Density or specific Yes Yes No
gravity
Stabilicy Yes No No
Storage stability Yes Yes Yes
Viscosity No Yes Yes

(liquids only)
Miscibility No Yes Yes
(emulgifiable liquids only)

Corrosion characteristics No Yes Yes

(vhen packaged in metal, plastic
OY paper containers)
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Series 152: TOXICOLOGY GUIDELINES FOR BIORATIONAL PESTICIDES

§ 152-1 General information.

{({a) General. This section series sets forth gquidelines for
testing to datermine the potential for detrimental effects to humans
and domestic animals caused by biorational pesticides. The section
series is divided into:

(1) Guidelines for the evaluation of biochemical pest control
agents set forth in §§ 152-10 through -29; and

(2) Guidelines for the evaluation of microbial pest control
agents set forth in §§ 152-30 through -~53.

(b) Biochemical agents. Testing of biochemical agents for pos-
sible effects on humans and domestic animals is performed in a tier
sequance. The potential for adverse effects can be ascertained by
acute toxicity, irritation and hypersensitivity tests, by short tem
mutagenicity tests, and by cellular immune response studies. When
detrimental effects are found in the first tier of tests, additional
studies at the Tier II and III levels will be required as provided
in 40 CPR § 158.165. The tier sequence and studies involved are
outlined in Table 3.

(c) Microbial agents. The testing of microbial agents for possible
effects on humans and domestic animals is performed in a tier sequence.
These tests consist of acute toxicity/infectivity studies, cellular lmmune
response studies, and irritation, hypersensitivity, virulence enhancement,
tissues culture, teratogenicity, mutagenicity, subchronic, and chronic
studies. Not all studies pertain to each organism at each tier. The
general tier sequence and studies involved for microbial agents are
outlined in Table 4.

§§ 152-2 through =9 [Reserved]
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TABLE 3--SUMMARY OF TIER TESTS ON BIOCHEMICAL PEST CONTROL AGENTS

Test Substance!

Test Description of Species Tested

TIER I

LDS50 Determination
Oral
Dermal
Inhalation

Irritation

Ocular, primary
Dermal, primary

Hypersensitivity
Immediate

Non-immediate

Mutagenicity Tests

Cellular Immune
Response

TIER II2

Mutagenicitv Tests

Subchronic Oral

Subchronic Dermal

Subchronic
Inhalation

Cellular Immune

Response

Rat
Rat, mouse, or rabbit
Rat, mouse, rabbit, or guinea pig

Albino rabbit
Guinea pig or albino rabbit

Buman exparience during
product development
Hamster or albino guinea pig

Microbial organisms (see text)

Mouse

Mammalian cell (see text)
Mouse, rat or dog

Rabbit or quinea pig (species not tested
in primary Tier I test)

Rat

Mouse

Teratogenicity Test Two species from rat, mouse, hamster,

TIER I1I2
Chronic Exposure

Oncogenic Test

rabbit

Rat

Nawly weaned mouse; newly weaned rat

m( MP,
m' HP'
m' ”'

QRN

MP, EP
MP, EP

%, MP, EP
MP, EP

%, MP, EP

G, MP, EP

Abbreviations used: MP = manufacturing-use product; EP = end-use product;

1C = technical grade or represontative technical grade of active ingredient.
Not ‘all %ests may be indicated for each biochemical pest control agent; the
appropriate tests will depend on the results of Tier I and/or Tier 1II

tests.
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TADLE 4--SUMMARY OF PIER TESTS ON MICROBIAL PEST CONTROI. AGENTS

Description of Species Tested

Test Substance!

__Test and Informatlon Cuncerning Test Bacteria Fungi Virus Protozoa
TIER |
LDS0 Determination
oral Rat G, EP, MP | TG, EP, MP | TG, EP, MP | TG, EP, Mp
permal Rat or mouse ™, EP, MP | TG, EP, MP | TG, EP, MP | TG, EP, MP
Inhalation Mouse, rabbit, or guinea pig <, ep, ¢ | TG, EP, MP | TG, BP, MP | TG, EP, MP
| | |
Infectivity | | |
Intravenous Newly weaned mouse and hamster 62 | | e1¢2 |
Intracerebral Newhorn mouse; newborn hamster | | p1¥2 |
Intracerebral Mouse and rabbit | I | 162
Intraperitoneal Mouse and rabbit { | | mc2
Intraperitoneal Mouse and one other species | 162 | |
| i |
Irritation | | |
Dermal, primary Guinea pig or rabbit EP, MP | EP, MP | EP, MP | EP, MP
Ocular, primary Rabbit EP, MP | xp, MP | EP, MP | EP, MP
| | |
Hypersensitivity } | |
Immediate Human experience during product | | i
development ™, MP, EP | TG, MpP, EP | TG, MP, EP | TG, MP, EP
Non-immediate Ramster or guinea pig MP, EP | Mp, EP | up, EP | mp, EP
Non-immediate Hamster or guinea pig MpP, EP ] mp, EP | up, EP ] mp, EP
| ! |
Cellular Immune _ | | |
Response Mice ™ | 16 | ¢ | 16
| | |
Tissue Culture Various cell lines | | |
(See section on viral agents) i | PIF |
| | |
| | |

1 Abbreviations used:

EP = end-use formulated product; TG = technical grade or representative
technical grade of active ingredient; PIF = purest infective form; MP = manufacturing-uge product.
2 One half of the animals in the test shall be immunodepressed.
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TABLE 4--CONPINUED

Description of Specles Tested and Teat Substance!
Test Informatlion Concerning Test Bacteria Fungi Virus Protozoa
TIER 113
| | |
Acute Oral Puppies administered large doses | | | mp, EP
| | |
Acute Oral Newly weaned mouse; newly weaned hamster | | mp, EP |
| | |
Acute Inhalation A different species than used in Tier 1 ' | | mp, £V
| | |
Acute Inhalation Newly weaned mouse; newly weaned hamster | | wp, EP |
| | |
Acute Interperitoneal Two species other than those used in Tier I, i | |
or Intracerebral Half the group are immunodepressed. ™G { < | | ¢
| | |
Subchronic Oral Mice, rat, or dog; 90 day test | | { 106
| | i
Primary Dermal Guinea pig; use - dilution doses EP | Epr | EP | EP
( \ {
Primary Ocular Rabbit; use - dilution doses rP | ep | ep | EP
| | |
Cellular Immsune | | |
Response Antibody formation cell medlated response b 1 o] | < | 16 | TG
: | | |
Teratogenicity Test Two species from rat, mouse, hamster, rabbit | | 16 |
| ! |
Mutagenicity Tests Mammalian cell (see text) ] | 1 | r6,PIF | TG
| ] |
Virulence Enhancement Mice or hamster; serial passage 6 | % | |
| | |

3 Not all tests may be indicated for each microblal pest control agent; the appropriate tests will depend on the
results of Tier I and/or Tier 1I tests.
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TABLE 4--CONTINUED

Description of Species Tested and Test Substance!
Test Information Concerning Test Bacteris Fungl Virus Protazos

TIER 1113 | | |
| | |

Chronic Oral Rat G { 1 | 16 | ¢
| | |

Oncuogenicity Test Newly weaned mouse; newly weaned rat ™G ]. ¢ | 16 } TG
| | |
Mutagenicity Test Mammals, using the expected route of exposure | | |

for humans ~ | ¢ |16 | T
l | [

Teratogenicity Test Two species from rat, mouse, hamster, or rabbit % ] 16 | 716 ! TG

3 Not all tests may be indicated for each microbial pest control agent; the appropriate tests will depend on the
results of Tier I and/or Tier Il tests.
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Subseries 152A: TOXICOLOGY DATA GUIDELINES FOR BIOCHEMICAL AGENTS

Group A-1: Tier I Testing

§ 152-10 Acute oral toxicity study: Tier I.

(a) When r red. Data from the acute oral LDS0 tests are
required by 40 CFR % 158.165 to support the registration of each
sanufacturing uss product and each end-use product unless the
substance to be tested under paragraph (b) of this section is a

gas or highly volatile substance that cannot be adainistered
orally.

(b) Test standards. The test standards set forth in § 150-3
of this subdivision and § 81-1(d) through {(g) of Subdivision F
should be met, with the following exception:

{1) Route of administration. Intubation is the preferred
method of administering the oral dose.

(c) Reporting. 1In addition to the information required by
§ 150=4 of this subdivision and § 81(h) of Subdivision P, the
following should be reported:

(1) Information on gross pathology of animal tissues, organs,
and fluids, with emphasis on the gastro-intestinal tract as this
receives the initial challenge dose;

(2) Clinical signs of illness and toxicity such as slevated
temparature, unkempt appearance, altsred feeding habits, weight
loss, and other signs of distress or physical depression; and

(3) Any signs of recovery from these symptoms.

(d) Tier progression. (1) If acute adverse effects (e.g.,
the LDSQ is greater than S g/kg) are observed, then:

(1) The subchronic oral dosing test (§ 152=20) shall be re-
quired as specified in 40 CFR § 158.165 if either of the following
criteria is met:

(A) The use for which registration application is made re-
quires a tolerance for the pesticide or an exemption from the
requirement to obtain a tolerance, or requires the issuance of a
food additive regqulation; or
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(B) The use of the pesticide product is likely to result in
repeated human exposure (e.g., from repeat applications or per-
sistence) to the product, its active ingredient(s), metabolite(s)
or degradation product(s) through the oral route; and

(ii) Teratogenicity studies (§ 152-23) shall be required
as specified in 40 CFR 158.165 if any of the following criteria
are met:

{(A) Use of the pesticide, under widespread and commonly recog-
nized practice, may reasonably be expected to result in significant
exposure o human females; or

(B) Its use requires a tolerance or an exemption from the
requirement to obtain a tolerance, or its use requirses issuance of
a food additive requlation.

(2) If no acute adverse effects are observed (e.g., the LDSO
is greater than 5 g/kg), then no further testing is recommended.

§ 152-11 Acute dermal toxicity study: Tier I.

(a) When rg%rod. Data on the single~dose dermal LDgg are
required by 40 CFR 158.165 to support the registration of each
manufacturing-use product and each enduse formulated product,
unless the substance to be tested under paragraph (b) of this
section is a gas or highly wvolatile substance that cannot be admi-

nistered dermally.

(b) Test standards. The test standards sset forth in § 150-3
of this subdivision and § 82-2(d) through (g) of Subdivision P should
be xmet with the following exceptions:

(1) Test species. A generally recognized strain of laboratory
rat, acuse, or rabbit should be tested.

(2) Number of animals and seslection of dose levels. (i) A
trial test is recommended for the purpose of establishing & dosing
regimen which shall include one dose level higher than the expected
LDgg and at least one dose level lower than the expected LDgy. If
data based on testing with at least 5 animals per sex with abraded
skin are submitted showing that the lLDgg is greater than 2 ¢/kg for
the 24-hour contact period, no further testing at other dose levels
is necessary. 1If mortality occurs, the recommendations of paragraph
{(b)(ii) of this section appiy.

(ii) The number of animals per dose level, and the number and
spacing of dose levels should be chosen such that mortality rates
between 10 percent and 90 percent are produced, in order that



119

calculation of the LDSO (abraded skin and intact skin) of males and
females with a 95 percent confidence intefval of 20 percent or less

can be made. At least 3 dose levels of the test substance, in addition
to controls, should bs tested; test groups shall contain approximately
equal numbers of male and female animals.

(¢} Reporting. 1In addition to the information required by
§ 150-4, the following recommendations should be met:

(1) Information on the gross pathology of animal tissues,
organs, and fluids;

(2) TPathological changes to the skin receiving the initial
challenge dose;

{3) Clinical signs of illness or toxicity such as elevated
temperature, unkeapt appearance, altered feeding habits, weight loss,
and other forms of distress or physical depression; and

(4) Any signs of recovery from thess symptoms.

(4) Tier progression. (1) If acute adverse effects are
observed, then subchronic dermal toxicity tests (§ 152-21) shall be
required as specified in 40 CPR § 158.165 when pesticide use is
likely to result in repeated human skin contact with the product,
its active ingredients, or their breakdcwn products.

(2) If no acute effacts are observed (e.qg., during testing,
greater than 2 g/kg), then no further testing is recommended.

§ 152-12 Acute inhalation toxicity study: Tier I.

(a) When required. (1) A determination of the acute inha-
lation toxicity is required by 40 CFR § 158.165 to support the regis-
tration of each manufacturing-use product if:

(1) The product is a gas:;
(i1) The product produces a respirable vapor; or

(1ii) Twenty percent or more of the aerodynamic equivalent of
the product is composed of particulates not larger than 10 microns
in diameter.

(2) A determination of the acute inhalation toxicity is re-
quired by 40 CPR § 158.135 to support the registration of each end-use
formulated product if:
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{i) The end-use formulated product (as registered or under
condizions of use) is a gas, or causes a Trespirable vapor; or

(ii) Twenty percent or more of the asrodynamic egquivalent of
the end-use product (as registered or under conditions of use) is
composed of particulates not larger than 10 microns in diameter.

(b) Test standards. The test standards set forth in § 150-3
of this subdivision and § 81-3(e~-g) of Subdivision P should be met
with the following exception:

(1) Species. Testing should be performed with laboratory strains
of the rat, mouse, rabbit, or guinea pig.

(2) Ecuipment. The particle size created by the disseminating
device must be in the respirable range for the species under test.

(¢) Reporting. In addition to the information reccmmended by
§ 150=4 of this subdivision and § 81=3(h) of Subdivision F, the
following should be reported:

(1) Information on the gross pathology of animal tissues,
organs, and fluids;

{2) Clinical signs of illness or toxicity such as elevated
temperature, unkempt appearance, altared feeding habits, weight loss,
and other signs of distress and physical depression; and

(3) Any signs of recovery from these gymptoms.

(d) Tier progression. (1) If acute effects are observed, then
the subchronic inhalation toxicity study (§ 158.135) would bs
required as specified in 40 CFR § 158.165, when pesticide use may
result in repeated inhalation exposure at a concentration which is
likxely to be toxic as determined from results of the acute inhalation
testing and other testing.

{(2) If no acute effects are observed (e.g., the ICS50 is greater
than 5 mg/liter for 4 hours duration), then no further testing is
recommended.

§ 152=-13 Primary eye irritation study: Tier I.

(a) WwWhen required. (1) General requirement. Data on primary
eye irritation are required by 40 CFR § 158.165 to support the registra-
tion of each manufacturing-use product and each end-use product.
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(2) Corrosive pesticides. Data which demonstrate that the test
substance specified by paragraph (a) of this section has a pH of 1-
3 or 12-14 may be sulmitted in lieu of data from a primary eye
irritation study conducted in accordance with paragraph (b) of this
section. For all requlatory purposes, the Agency will assume that
such a substance is corrosive.

{3) Dermal irritation data. When studies conducted with the
test substance in accordance with § 152-14 indicate severe dermal
irritation, the data for that section will suffice to meet the
requirements of this section; the Agency will assume that a severe
dermal irritant will be a severe eye irritant.

(b) Test standards. The test standards set forth in § 150-3
of this subdivision and § 81-4(e & £) of Subdivision P should be met,
with the following exceptions:

(1) Test species. Testing should be performed on the albino
rabbit. Selection of other marmalian species may be acceptabls, but
should be justified.

(c) Reporting. The reporting requirements set forth in § 150-4
of this subdivision and § 81=4(¢) of Subdivision P should be net.

§ 152-14 primary dermal irritation study: Tier I.

(a) When recquired. (1) General recuirement. Data on primary
dermal irritation are required by 40 CFR § 158.165 to support the
registration of each manufacturing-use product and each end-use
product.

(2) Corrosive pesticides. Data which demonstrate that the test
substance specified by paragraph (a) of this section has a pH of 1-
3 or 12-14 may be sulmitted in lieu of data from & primary dermal
irritation study conducted in accordance with paragraph (b) of this
section. For all regulatory purposes, the Agency will assume that
such a substance is corrosive.

(b) Test standards. The test standards set forth in § 150-3
of this subdivision and § 81-5(e) and (f) of Subdivision F should be
met, with the following exceptions:

(1) Test species. Testing should be performed on either the
albino rabbit or the guinea pig. Selection of other mammalian species
may be acceptable, but should be justified.

(¢) Reporting. The reporting requirements set forth in § 150-4
of this subdivision and § 81=5(g) of Subdivision F should be met.
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§ 152-15 Hypersensitivity study: Tier I.

(a) When required. Data on hypersensitivity are required by
40 CFR § 158.165 to support the registration of each manufacturing-use
product and of each end-use prodduct whose use will result in
repeated human skin contact under conditions of use.

{b) Test standards. The test standards set forth in § 150-3
of this subdivision and § 81-6(e) and (£) of Subdivision P shall be
met, with the following exceptions:

(1) Species. The test should be performed on at least one
mammalian species. The albino guinea pig and hamster are the preferred
species.

(2) Age and sex. Young adult males should be used when albino
guinea pigs are tested. Young adults of either sex may be used when
hamsters are tasted.

(¢) Reporting. The reporting requirements are the same as

those set forth in § 150=4 of this subdivision and § 81-6(g) of
Subdivision F.

§ 152-16 Hypersensitivity incidents: Tier I.

(a) When required. Data on incidents of hypersensitivity to
humans or domestic animals that occur during the production or testing
of the technical chemical, the manufacturing-use product, or end-use
product shall be reported as required by 40 CFR § 158.165 with the
toxicology data supplied in support of an application for registra-
tion. Por reporting of incidents taking place after registration,
refer to the requirements in sec. 6(a)(2) of PIFRA.

(b) Reporting. The reporting provisions for these incidents
shall be the same as those for conventional chemical pesticides, as
spacified in the Pesticide Incident Report form (EPA form number 8550-
S, OMB number 158~R0008). The following information.shall be provided,
if available:

{1) The name of the biocheaical agent;

(2) The length of exposure to the agent;

(3) The time, date, and location of exposure to the agent;

(4) The gituation or circumstances under which exposure to
the agent occurred.

(5) Clinical observations.



123

§ 152-17 Studies to detect genotoxicity: Tier I.

(a) When required. (1) Data derived fros short-term microbial
sutagenicity tests are required by 40 CFR § 158.165 to support the
registration of each end-use product that meets any of the
criteria listed under (i)=-(iii) below, and each manufacturing-use
product which may legally be used to formulate such an end-use
product. See 40 CFR 158.50 and 158.165 to determine whether these
data must be sulmitted; Section II-B of this Subdivision contains
an additional discussion of the formulators' exeamption and who, as
a general rule, is responsible for sulmigsion of the required
d‘uo

(i) The use for which registration application is made requires
a tolerance or an exsmption from the requirement to obtain a tolerance,
or requires issuance of a food additive regqulation; or

(ii) The pesticide product is likely to result in significant
human expogsure by inhalation or dermal routes before or during the
normal reproductive portion of the human lifespan; or

(iii) The active ingredient(s) or any of its (their) metabolites
is (are) structurally related to a known mutagen Or oncogen, or be-
long(s) to any chemical class of compounds containing known mutagens
or oncogens. (Examples of chemical classes containing known mutagens
are alkylating agents, N-nitroso-campounds, polymuclear arcmatics,
heterocyclic hydrocarbons, certain natural products such as aflatoxins,
halogenated ethers and halohydrins, nucleic acid analogs, aromatic
anines, azo dyes, and nitro derivatives).

({b) General test standards. The applicable test standards set
forth in § 150-3 of this subdivision and § 84 of Subdivision F as
well as the following test standards apply to the conduct of all
studies necessary to produce the data outlined by this section:

(1) Test substance. (i) The technical grade of the active
ingredient or the manufacturing-use product shall be tested to
support the registration of a manufacturing-use product or an end-
use product.

(2) Tests to be performed. The mutagenicity tests should
include tests appropriate to address the following three categories:

(1) Gene mutations;

(i1) Structural chromosomal aberrations; and,

(ii1) Other genotoxic effects as appropriate for the test
substance, e.g., numerical chromoscme aberrations, direct DNA damage
and repair.
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Currently recognized tests for each of these categories are identified
in § 84 of Subdivigion P. Because of the rapid improvements in this

field, registrants are encouraged to discuss with the Agency: testing
battery sslection, protocol design and results of preliminary testing.

(3) Replication. All tests should be repeated at least once for
reproducible determinations of response.

(4) Number and range of dose levels. (i) A suizable range of
concentrations should be used, including at least three concentrations

such that the lowest produces no effect (insignificant difference
from control) and the highest induces some toxicity (if possible) to
the test organisms.

(i4) Pror substances showing positive results, it is necessary
to obtain reproducible dose-response curves in a narrow range of
doses, if this is possible.

(5) Positive control groups. Concurrent positive control
substances should be selected for each test, in order to assure both
the sensitivity of the indicator organisms and the function of the
metabolic activation systenm.

{(6) Negative control groups. Concurrent negative controls
should include the solvent, and, in addition, the test should include
either a concurrent non-solvent negative control or a historical
documentation for maintenance of genetic integrity of the indicator
organisms.

(c) Specific test standards for the tests. Each test should be
performed in accordance with the applicable standards described in
§ 84 of Subdivision P.

(d) Reporting. The reporting requirements set forth in § 150-4
of this subdivision should be followed.

{e) Tier progression. (1) If mutagenic effects are observed
in any microbial test, then short-term mammalian mutagenicity tests
(§ 152-19) shall be required as specified in 40 CPR § 158.165.
Consultation with the Agency is suggested to determine which tests
are to be performed, as this decision may be contingent upon which
microbial tests give positive results.

(2) If mutagenic effects are not obtained, as dafined by the
standards of § 84 of Subdivision ¥, then no Turtle¥ testing is required
by 40 CFR § 158,165,

(g) References. Refer to § 84-5 of Subdivision F.
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§ 152-18 Cellular immune response studies: Tier I.

{(a) When required. Data on cellular immune response as deter-
mined from tests listed in paragraph (b) are required to support
the registration of each mamifacturing-use product and sach end-use
product. See 40 CPR § 158.50 and § 158.165 to determine whether
these data must be sulmitted; Section II-B of this subdivision
contains an additional discussion of the formulators' exemption
and who, as a general rule, is responsible for sulmission of the
required data.

(b) Test description. The following tests of effect(s) on
immunocompetence are included in the cellular immune response studies:

(1) Blood cell counts;

(2) Leukocyte number and cell classes, including T and B cells;
{(3) Functional activity of blood leukocytes;

(4) Macrophage number and function; and

(S) Serum protein determination.

(¢) Test standards. In addition to the test standards set

forth in § 150-3 of this subdivision, the following standards should
be followed:

(1) Test substance. The technical grade of each active ingre-
dient of the biochemical agent should be tested.

(2) Dosage. At least three dose levels of the biochemical
should be tested.

(3) Species. The test should be performed using appropriate
strains of the adult male and female laboratory mouse.

(4) Test methods. The following methods should be used for each
test:

(1) Blood cell count. Three groups of 10 male and female mice
each are separately injected (intraperitoneal) with 0.5 ml containing
a test substance undiluted, diluted 1l0x,.or AlLlytadswifox,.respectively.
Three groups of 5 mice each similarly injected with physiological
saline should serve as controls. Routine blcod counts should be per-
formed at 15 and 30 days after exposure. Standard hemocytometer
assays should be used to ascertain the total number of peripheral
blood leukocytes as well as differential counts.
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{1i) Leukocyte responses and T and B cell numbers. Three
groups of 10 male and female mice each are separately injected
{intraperitoneally) with 0.5 ml containing a test substance undi-
luted, diluted 1l0x, or diluted 1l00x, respectively. ' Three groups
of 5 mice each similarly treated with physiological saline should
serve as controls. Pifteen and 30 days after treatment, treated
and control mice are to be tested for absolute peripheral blood T
and B lymphocyte numbers, and/or their ratio, in order to ascertain
vhether or not there has been a significant shift in the populations
of these cells. PFor determining B cells, several standard assays
are available such as the immunofluorescent antibody test for
surface IgG containing leukocytes. These tests should be used to
detect alterations in the ratio of peripheral blood leukocytes
having surface markers. Alternatively, sheep red blood cell rosette
assays with antibody sensitized erythrocytes or similar indirect
assays for cells with receptors for immunoglobulins could be used.
For the T cell, indirect immunoflucrescent assays using standard
techniques should also be used. For example, antisera with reactivity
to specific mouse lymphocyte surface antigens (theta) will be used
in a standard fluorescant antibody test.

{iii) PFunctional activity. Functional activity of blood
leukocytes from test animals should be determined in regard to
responsiveness to plant mitogens such as phytohemagglutinin and/or
concanavalin A as indicators of T cell activity, and to B cell mitogens
such as endotoxin (bacterial lipopolysaccharide or dextran sulfate).
Give each of three groups of 10 male and female mice intraperitoneal
injections of 0.5 ml undiluted test substance, test substance diluted
10X, or test substance diluted 100X, respectively. Three groups of
S mice each similarly injected with physiological saline should serve
as controls. Control and treated mice should be tested at various
times thereafter, for example, at 15 and 30 days. After sacrifice,
peripheral leukocytes or splenocytes, and standard numbers of washed
cells (approximately 106 viable cells/culture) stimulated with at
_east two doses of the above-named mitogens in triplicate should be
assesgsed for tritiated thymidine uptake by standard techniques. The
effect of the test substance on the expected leukocyte transformation
{i.e., blastogenesis) response of lymphoid cells to the mitogens
should be compared for control and test substance-treated animals to
determine whether there are any significant differences.

(iv) Macrophage number and function. Approximately 10 male or
female mice should be injected (intraperitoneal) with 0.5 ml of
undiluted test substance. The mumber and percent of peritoneal and/or
splenic macrophages should be determined by stamliard phagocytic index
tests., Treated animals should be tested at least twice after exposure
(for example, at 15 and at 30 days) by:

{A) Determining the number and percent of peritoneal and splenic
macrophage uptake of latex particles, bacteria or yeast; or
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(B) Microscopic examination for percent of peritoneal and
splenic macrophages that adhere to glass plates; and

(C) The number of cultured adherent cells that show esterase
activity by msans of histochemical stains.

(v) Serum protein determination. Approximately 10 male and
ferale nice should be injected (intraperitoneal) with 0.5 ml of
undiluted test biochemical. Sevean and 15 days after exposure, serum
protein levels should be determined by standard radial gel-diffusion
assays and by electrophoresis to measure any overt affect(s) on such
levels. Immuncelectrophoresis can be used to measure effects on
concentrations of the different classes of immunoglobulins found in
the gamma fraction of serum such as Ig G, A, M, and D.

(d) Reporting. The reporting requirements set forth in § 150~
4 of this subdivision and § 80-4 of Subdivision P should be met.

(e) Tier progression. (1) If an indication of abnormality is
observed in any of the tests listed in paragraph- (b) of this section,
then the applicable Tier II cellular immune response studies (§ 152-24)
shall be required as specified in 40 CFR 158.165.

(2) If no abnormality is observed in any of the tests listed
in paragraph (b), then no further testing is recommended.

(f) References. The following references provide useful
information in developing acceptable protocols for cellular immune
response studies.

(1) Bloom, B.R., and J.R. David. 1976. In vitro Methods in Cell-
Mediated and Tumor Immunity. Academic Press, Inc., New York.

(2) Brunner, K.R., B.D. Engers, and J. Cerottini., 1976. The
Cr release assay as used for the quantitative measurement of cell-
mediated cytolysis in vitro. Pp. 423-428 in In vitro Methods in Cell-
Mediated and Tumor Immunity. B.R. Bloom and J.R. David, eds., Acadenmic
Press, Inc., New York.

(3) Clp.l, PoJeAs, WePM. Tmbo.t, ReM.W. DeWaal, J.L.J. Jansen,
and R.A.P. Koene. 1979. Passive enhancement of mouse skin all-grafts
by alloantibodies is Fc dependent. J. Immunol. 122:421-42S.

(¢) Prishbein, L. 1979. Studies in :nvmm Science 4:
Potential -Industrial Carcinogens and Mutagens. EKlseiver Scientific
Publishing Co., New York.

(S) Garvey, J.S., N.E. Cremer, and D.H. Sussdorf. 1977.
Methods in Immunology. W.A. Benjamin, Inc., Reading, MA.
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(6) Harrington, J.R. 1974. Macrophage migration from an agarose
droplet: a micro-method for assay of delayed hypersensitivity in the
mouse. Cell. Immunol. 12:476-480.

(7) Jerne, N.K., and A.A. Nordin. 1963. Plaque formation in
agar by single antibody-producing cells. Science 140:405.

(8) Roski, I.R., D.G. Poplack, and R.M. Blaese. 1976. A
nonspecific eaterase strain for the identification of monocytes and
macrophages. Pp. 359-362 in In vitro Methods in Cell-Mediated and
Tumor Immunity. B.R. Bloom and J.R. David, eds. Academic Press,
Inc., New York.

(9) lLeaijh, P.CeJs, McR. Van Den Barselaar, and R. Van Purth.
1977. Kenetics of phagocytosis and intracellular killing of Candida
albicans by human granulocytes and monocytes. Infect. Immu., 17:313-
318,

(10) Ling, N.R., and J.E. Kay. 1975. Lymphocyte stimulation.
Elsevier, Amsterdam.

(11) Mathe, G, 1976. Cancer active immunotherapy, Veol. SS5.
Recent results in cancer research. Springer-vVerlag, New York.

(12) Pepys, M.B., C. Sategna~Guidetti, and D.D. Marjah. 1976.
Enumeration of immunoglobulin-bearing lymphocytes in whole peripheral
blood. Clin. Exp. Immuno. 26:91-94.

(13) Rose, N.R., and H. Friedman. 1976. Manual of Clinical
Immunology. American Society for Microbiology, Washington, D.C.

(14) Russell, E.S., and S.E. Bernstein. 1966. Blood and blood
formation. Pp. 351-372 in Biology of the Laboratory Mouse. E.L.
Green (ed.), McGraw-Hill Book Company, New York.

(15) Schnyder, J., and M. Baggiolini. 1978. Role of phagocytosis
in the activation of macrophages. J. Exp. Med. 14:1449-1457.

(16) Territo, M.C., D.W. Golde, and M.J. Cline. 1976. Macrophage
activation and function. Pp. 142-147 in Manual of Clinical Immunology.
N.R. Rose and E. Friedman, eds. American Society of Microbiology,
Washington, D.C.

(17) verner, G.H., R. Maral, F. Floc'h, .32 MeJouanne. 1977,
Toxicological aspects of immunopotentigtion by adjuyapts and
immunostirulating substances. Bulletin de L'Institut Pasteur 75: 5-
84.
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{18} Winchester, R.J.’, S.M. PFu, and T. Hoffman. 1975. 1IgG on
.ymphocyte surfaces: technical problems and the significance of a
turd cell. population. J. Immunol. 114:1210-1212.

Group A-2: Tier II Testing
§ 152~19 Mammalian mutagenicity tests: Tier II.

(a) When required: (1) Data from short-term mammalian
mutagenicity tests are required by 40 CFR 158,165 to support the
registration of each manufacturing-use product if positive results
were obtained in any one of the Tier I microbial tests (§ 152-17)
conducted to support registration of the manufacturing-use product.

(2) Data from short-term mammalian mutagenicity tests are
required to support the registration of each end-use product if
positive results were obtained in any one of the Tier I microbial
tests (§ 152-17) conducted to support registration of the end-use
product.

(3) Prior consultation with the Agency is suggested to
determine which of these tests must be performed. This would be
contingent upon which Tier I Microbial Test(s) gave positive results.
For example, if the Tier I test listed below in column "I" was
positive, then corresponding Tier II tests in column “II" would be
required as follows:

A. Positive Tier I Test B, Example of a Required Tier Il Test

(A) Bacterial assay for ~-====> Mammalian cell gene mutation

(A) Bacterial assay for. -====> Mammalian cell gene mutation

reverse mutation (Ames) assay
{B) Prophage induction eeee=> Mammalian cell transformation
assay in lysogenic E. coli assay
(C) DNA damage/repair =====> In vivo mammalian cytogenetic
assay in E. coli assay

(D) Yeast mitotic recom- ~-===> In vitro mammalian cell cyto-
bination assay genetic assay
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See 40 CFR 158.50 and 158.165 to determine whether these data must be
sutmitted; Section II-B of this Subdivision contains an additional
discussion of the formulators' exemption and who, as a general rule, is
responsible for sutmission of the required data.

({b) General test standards. The general provisions for testing
as set forth in § 150-3 of this subdivision, as well as the following
test standards, apply to the conduct of all studies necessary to
produce the data outlined in this section.

(1) Test substance. (i) The technical grade of the active
ingredient or the manufacturing-use product shall be tested.

(2) Tests to be performed. The required mammalian mutagenicity
assays pay include tests appropriate to address one or more of the
following three categories depending on results of the Tier I
microbial assays:

(1) Gene mutations;
(11) Structural chromosomal aberrations; and,

(iii) Other genotoxic effects as appropriate for the test
substance, e.g., numerical chromosome aberrations, direct DNA damage
and repair.

Currently recognized tests are specified in § 84 of Subdivision F.
Becsuse of the rapid improvements in this field, registrants are
encouraged to discuss with the Agency: testing battery selection,
protocol design and results of Tier I testing.

(3) For substances showing positive results, it is necessary
to obtain reproducible dose-rasponse curves in a narrow range of
dosages, if possible.

(4) Replication. Each of the tests selected according to the
criterion of paragraph (a){(1) above should be repeated at least once
for reproducible determination of response.

(5) Route of administration. For in vivo assays, the route of
administration should be that corresponding to potential human exposure.

(6) Positive control groups. Concurrent positive control
substances should be selected for sach test in order to ensure the
sengitivity of the indicator organisms as well as the function of the
metabolic ‘activation gystem for in vitro assays.

(7) Negative control groups. Concurrent negative controls
should include the solvent, and, in addition, the test should include
either a concurrent non-solvent negative control or a historical
Aocumentation for maintenance of genetic integrity of the indicator
organisms.
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(c¢) Specific tests standards. Each test should be performed in
accordance with the applicable standards described in § 84 of
Subdivision F. 4

(d) Reporting. The applicable reporting requirements set forth
in § 150-4 of this subdivision and § 84 of Subdivision P should be
met.

(e) Tier progression. {1) If mutagenic effects (as defined
by positive results) are found in any one of the ghort-term mammalian
assays, then the Tier III oncogenicity studies (§ 152-29) are required
as specified by 40 CFR § 158.165.

(2) If mutagenic effects are not obtained, then no further
testing is recommended.

(£) References. Refer to § 84-5 of Subdivigion F. 1In addition,
the following referances are provided for the mammalian cell
transformation assay.

(Y) General:

{i) Berwald, Y., and L. Sachs. 1963. In vitro cell transfor~

pation with chemical carcinogens. Nature 200: 1182-1184.

(ii) Butterworth, B.E. 1979. Recommendations for practical
strategies for short-term testing for mutagens/carcinogens. Pp 89~
102 in strategies for Short-term Testing for Mutagens/Carcinogens.
3. Butterworth, ed. CRC Press, West Palm Beach, Fla.

(iii) Heidelberger, C. 1975. Chemical carcinogenesis. Ann.
Rev. Biochem. 44:79-121.

(iv) Kraha, D.F. 1979. The use of cultured mammalian cell
transformation systems to identify potential carcinogens. Pp 55-66
in Strategies for Short-term Testing for Mutagensg/Carcinogens. B.
Butterworth, ed. CRC Press, West Palm Beach, Fla.

(2) HEC (Primary Syrian hamster embryo):

(i) Berwald, Y. and L. Sachs. 1965. In vitro transformation
of normal cells to tumor cells by carcinogenic hydrocarbons. J. Nat.
Cancer Inst. 35:641-661. (Original description of technique.)

(ii) Casto, B.C., N. Janosko, and J.A. DiPaoclo. 1977.
Development of a focus assay model for transformation of hamster
cells in vitro by chemical carcinogens. Cancer Res. 37:3508-3515.
(Detailed description of focus assay.)
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(iii) DiPaoclo, J.A., P. Donovan, and R. Nelson. 1969.
Quanticative studies of in vitro transformation by chemical carcino-
gens. J. Nat. Cancer Inst. 42:867-876. (Detailed description of
colony assay.)

(iv) Pienta, R., J. Poiley, and W. Lebherz. 1977. Morphological
transformation of early passage golden Syrian hamster embryo cells
derived from cryo-preserved primary cultures as a reliable in vitro
bicassay for identifying diverse carcinogens. Int. J. Cancer 19:642-
655,

{v) Pienta, R., M. Shah, W. Lebherz, and A. Andrews. 1977.
Correlation of bacterial mutagenicity and hamster cell transformation
with tumorigenicity induced by 2,4-tolusnediamine. Cancer Lett. 3:45-
2.

(vi) Poiley, J., R. Pienta, and R. Raineri. 1976. Transforma-
tion of hamster embryo cells by N-2-acetylaminofluorene in the
presence of microsomal enzymes. NCI Carcinogenesis Program, Fourth
Annual Collaborative Confarence, Orlando, Florida, p. 85. U.S.

Dept. of Health, Education and Welfare, Public Health Service,
National Institutes of Health, Bethesda, Md.

(vii) Umezawa, K., T. Hirakawa, M. Tanaka, Y. Katoh, and S.
Takayama. 1978. Statistical evaluation of Pienta'’s in vitro
carcinogenesis assay. Toxicol. Lett. 2:23=27.

(3) Ad-HEC (Adenovirus-infected Syrian hamster embryo):

(i) Batch, G., P. Balwierz, B. Casto, and J. Dipaclo. 1978.
Characteristics of hamster c¢ells transformed by the combined action
of chemical and virus. Int. J. Cancer 21:121=127.

(4) RLV=-RE (Rauscher virus-infected Syrian hamster embrvo):
L) Dunkel, V., J. Wolff III, R. Pienta. 1978. In vitro

transformation as a presumptive test for detecting chemical carcinogens.
The Cancer Bull. 29:167-174.

(ii} Preeman, A., Z. Weisburger, J. Weisburger, R. Wolford,
J. Maryak, and R. Huebner. Transformation of cell cultures as an
indication of the carcinogenic potential of chemicals. J. Nat. Cancer
Inst. 51:799-808.

{(iii)" Mishra, N., C. Wilson, K. Pant, and P. Thomas. 1978.
Simultaneous determination of cellular mutagenesis and transformation
of chemical carcinogens in Pischer rat embryo cells. J. Toxicol. and
Environ. Health 4:79-91.
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{5) BHX=2!' (Baby hamster kidney):

{i) 1Ishii, Y., J.A. Elliot, N.X. Mishra, and M. Leiberman.
1977. Quantitative studies of transformation by chemical carcinogens
and ultraviclet light using a subclone of BHKyy Clone 13 Syrian
hamster cells. Cancer Res. 37:2023-2029.

(i1} Ppurchase, I.F.H., E. Longstaff, E. Ashby, J.A. Styles,
D.Anderson, P.A. Lefevre, and F.R. Westwood. 1978. An evaluation
of six shortterm tests for datecting organic chemical carcinogens.
Appendix lIl. Mammalian cell transformation. Brit. J. Cancer 37:931-
93s.

(iii) Styles, J.A. 1977. A method for detecting carcinogenic
organic chemicals using mammalian cells in culture. Br. J. Cancer
36:558-563.

(6) C3H-3T3 (CH3 mouse embryo fibroblast):

{i) Kakunaga, T. 1973, A quantitative system for assay of
malignant transformation by chemical carcinogans using a clone derived
from BALB/3T3. Int., J. Cancer 12:463-473.

(7) Balb-10T1/2 (Balb mouse embryo fibroblast):

(i) Reznikoff, C.A., D.W. Brankow, and C. Heidelberger. 1973.
Estab.ishment and characterization of a cloned line of C3H mouse
embryo cells sensitive to postconfluence inhibition of division,
Cancer Res. 33: 3231-3238, (Origin of C3H 10T1/2.)

(ii) Reznikoff, C.A,, J.S. Berstram, D.W. Brankow, and C.
Heidelberger. 1973. Quantitative and qualitative studies of chemical
cransformation of cloned C3H mouse embryo cells sengitive to
postconfluence inhibition of cell division. Cancer Res. 33:3239-
3249,

§ 152-20 Subchronic oral dosing studies: Tier II.

(a) When recuired. Data from subchronic oral dosing studies
are required by 40 CFR § 158,165 to support the registration of each
end-use product for which acute adverse effects were observed during
acute oral toxicity studies (§ 152-10) and each mamufacturing-use
product which may legally be used to formulate such an end-use
product when either of the criteria presented in (1) and (2) below,
are met. See 40 CFR § 158.50 and—§-158.165 to determine-whether
these data must be submitted; Section II-B of this subdivisgion
contains an additional discussion of the formulators' exemption
and who, as a general rule, is responsible for suibmission of the
required data,
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{1) The use for which registration application is made requires
a tolerance for the pesticide or an exemption from the requirement
to obtain a tolerance, or requires issuing a food additive regulation;
or

{2) The use of the pesticide product is likely to result in
repeated human exposure to the product, its active ingredient(s), or
degradation product(s) through the oral route.

(b) Test standards. The test standards are set forth in
§ 150-3 of this subdivision and § 82-1(c) of Subdivision r.

(¢) Reparting. The reporting provisions are the same as
those required in § 82-1(h) of Subdivigion F.

(d) Tier progression. (1) Data on a chronic exposure study
(§ 152-26) are required by 40 CFR 158.165 if the potential for
adverse chronic effects are indicated based on:

{{) The subchronic effect level established in this study;

{ii) The pesticide use pattern (e.g., rate, frequency, and
location of application); and

(iii) The frequency and level of repeated human exposure that
is expected.

(2) Data on an oncogenicity study (§ 152-29) are required by
40 CFR 158.165 if the test results of this study reveal a morphologic
effect (e.g., hyperplasia, metaplasia) in any organ that potentially
could lead to necplastic change.

{3) 1If the potential for chronic adverse effects is not indi-
cated by paragraph (d)(1)(i),{(ii), and (iii) of this section, and
no morphological effects are noted (in any organ) that potentially
could lead to neoplastic change, then no additional testing is
recommended.

§ 152-21 sSubchronic dermal toxicity study: Tier II

(a) when required. Data from the subchronic dermal toxicity
studies are required by 40 CPR § 158.165 to support the registration
of each end-use product for which acutd”idvtrse effeacts wers Observed
during acute dermal toxicity studies (§ 152~11) and each manufactur-
ing~use product which may legally be used to formulate such an
and-use product and when the pesticide use is likely to result
repsated human skin contact with the product, its active ingre-
dients, or its breakdown products. See 40 CFR § 158.50 and
§ 158.165 to determine whether these data must be submitted;
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Section II-B of this subdivision contains an additional discussion
of the formulators’ exemption and who, as a general rule, is respon-
sible for sulmission of the required data.

{b) Test standards. The tast standards are set forth in § 150-3
of this subdivision and § B82-2(b) of Subdivision F.

(c) Reporting. The reporting provisions are the same as
chose for testing conventional chemical pesticides as set forth in
§ 82-2(h) of Subdivision F.

(d) Tier progression. (1) Data on a chronic exposure study
(§ 152-26) are required by 40 CFR 158.165 if a potential for adverse
chronic effects is indicated, based on:

(i) The subchronic effect levels established in this study;

{ii) The pesticide use pattern (e.g., rate, frequency, and
site of application); and

(iii) The site, frequency, and level of repeated human exposure
that is expected.

(2) Data on an oncogenicity study (§ 152-29) are required by
40 CFR § 158.165 if the test results of this study reveal a morphologic
effect (e.g., hyperplasia, metaplasia) in any organ that potentially
could lead to neoplastic change.

(3) If the potential for chronic adverse effescts is not indi-
cated based on paragraph (d)(1)(i), (ii), and (iii), and no mor-
phologic effects are noted (in any organ) that potentially could
lead to necoplastic change, then no further testing is reccmmended.

§ 152-22 Subchronic inhalation toxicity study: Tier II.

(a) When required. Data from the subchronic inhalation studies
are required by 40 CFR § 158.165 to support the registration of each
end-use product for which acute adverse effects were observed during
the acute inhalation study (§ 152-12) and each manufacturing-use
product which may legally be used to formulate such an end-use
product and wvhen pesticidal use may result in repeated inhalation
exposure at a concentration which is likely to be toxic as dstermined
from results of the acute inhalation testing and other testing.

See 40 CPR § 158.50 and § 158.165 to determine whether these data
must be submitted; Section II-B of this Subdivision contains an

additional discussion of the formulators' exemption and who, as a
ger.eral rule, is responsible for sulmission of the required data.
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(b) Test standards. The test standards set forth in § 150-3
of this subdivision and § 82=4(c) of Subdivision F should be met, with
the following exceptions:

(1) Equipment. The particle size created by the disseminating
device must be in the respirable range for the species under test.

(2) (Reserved)

(¢) Reporting. The reporting provisions are the same as
those set forth in § 82-4(g) of Subdivision F.

(d) Tier progression. (1) Data on a chronic exposure study
{(§ 152-26) are required by 40 CPFR § 158.165 if the potential for
adverse chronic effects is indicated, based on:

(i) The subchronic effect levels established in this study;

(ii) The pesticide use pattern (ea.g., rate, frequency, and sgite
of application), and

{iii) The site, frequency, and level of repeated human exposure
that is expected.

(2) Data on an oncogenicity study (§ 152-29) are required
by 40 CFR § 158.165 if the test results of this study reveal a morpho-
logic effect (e.g., hyperplasia, metaplasia) in any organ that
potentially could lead to neoplastic change.

(3) If the potential for chronic adverse effects is not indicated
based on paragraph (&)(1)(i), (ii), and (iii) of this section and no
morphologic effects are noted (in any organ) that potentially coculd
lead to neoplastic change, then nc further testing is recommended.

§ 152-23 Teratogenicity studies: Tier II.

(a) When required. Data from teratogenicity studies are
required by 40 CFR § 158.165 to support the registration of each
end-use product for which adverse effects were observed during
acute oral studies (§ 152-10) and each manufacturine-use product
vhich may legally be used to formulate such an end-use product
when either of the criteria in (1) or (2) below, are met. See 40
CFR § 158.50 and § 158.165 to determine whether these data must be
subnitted; Section II-B of this subdivision contains an additional
discussion of the formulators' exemption and who, as a general rule,
is responsible for sulmission of the required data.
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(1) Use of the product under widespread and recognized practice
2ay reasonably be expected to result in significant exposure to female
humans; or '

(2) - Its use requires a tolerance or an exemption from the
requirement for a tolerance, or its use requires issuance of a food
additive regqulation.

{b) Test standards. The test standards are the same as those
set forth in § B3-3(b) of Subdivision P.

(e) Reporting. The reporting requirements are the same as
those set forth in § 83-3(h) of Subdivision P.

§ 152-24 Cellular immune response studies: Tier II.

{(a) Wwhen required. Data on cellular immune response studies
(Tier II) are required by 40 CFR § 158.165 to support the registration
of each manufacturing-use product and each end-use product when
adverse effects are observed in the Tier I cellular immune response
studies described in § 152-18 of this subdivision.

(b) Test standards. In addition to the test standards set
forth in § 150-3 and § 152-18(c) of this subdivision, the following
standards should be met:

(1) Test substance. The technical grade of the active
ingredient(s) shall be tested.

(2) Species. Appropriate strains of the laboratory mouse should
be used to perform these studies.

{3) Test methods. (i) Antibody-forming activity. Immunized
mice are injected {(intravenously) with the test substance and the
antibody response is subsequently assayed. Groups of at least five
mice each of a standard inbred strain are injected (intravencusly)
with the maximum practical dose of the test substance. The animals
are then imsunized at two time intervals after treatment (for example
15 or 30 days) with a standardized dose  of an antigen such as sheep
erythrocytes (for example, 4 x 106 washed red blood cells). Four
days latsr, the spleen is removed and the number-ef*splenic antibody
plaque~forming cells (PFC) in the spleen of animals exposed to various
levels of pesticides are to be determined. For this purpose the
standard hemolytic antibody plaque assay for B lymphocyte responses
to erythrocytes can be performed. It is not sufficient to merely
dstermine the serum antibody levels, since such tests are relativaly
ingensitive for detection of all but gross changss in antibody
responsiveness.
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(ii) Cellvmediated immune responses. To determine whether
cellmediated immmune (CMI) responses have been affected by the test
substance, at least one assay for COMI should be performed either with
antigens derived from whole animals, from mammalian cells in culture,
or from other antigens. The tests should be performed for animals
treated with the maximum dose of a test subgtance. A tast should be
performed with groups of at least five animals each at two time
intervals after exposure, such as 15 or 30 days. Selection of the
specific assays are the option of the registration applicant. A
typical in vivo assay could be used to determine allogenic skin graft
rejection time and/or resistance of treated animals tc highly allo-
genic tumor cells. For eaxample, groups of five mice each could be
given a full thickness allogenic skin graft, and mean survival
time determined in comparison to the survival time of allogenic
skin grafts on untreated animals. Alternatively, animals could be
injected with test tumor cells (e.g., mastacytoma or other well-
studied tumor cells) in which an LD50 can be resadily established
for control animals. The effect of the pesticide on the resistance
or susceptibility of the animals to challenge by the tumor cells
in terms of altering either the LDS0 or the time of rejection of
the tumors could be assayed in comparison to controls. In vitro
assays could also be performed; for example, spleen cells from
animals sensitized with a normal allogenic skin graft or given a
tunor cell injection could be assayed for quantitative cell-mediated
immune responses (CMI) followed by a standard chromium release
assay. For example, in a chromium release assay chromium-labeled
target cells (of an appropriate donor strain) are expcsed to sple-
nocytes from sensitized animals in vitro to ascertain responsiveness
of "killer™ T lymphocytes present in treated animals. Por such
tests, 106 lymphoid cells are obtained from sensitized animals,
either control animals, or animals treated with a maximum dose of
test substance at an earlier time (e.g., day 1S5). 1In addition,
lymphoid cells from treated animals could be tested for their
ability to generate the "migration inhibitory factor” in vitro.

For these tests, 106 splenocytes are placed in microcapillary tubes
with or without a specific antigen such as the purified protein frac-
tions of mycobacteria. Treated animals are first sensitized with
the Bacillus CamilleGuerin (BCG) or mycobacteria extract. The
ability of the mononuclear spleen cell suspension to migrate from
the chamber in the presence of antigen can be determined and used
as a correlate of cellular immunity. Many modifications of such
CMI responses in vitro are available, including several well stan-
dardized uqration inhibition type tests. In addition, a test for
blastogenic responsiveness of lesukocytes similar ¥¥"Ehe antigen
tests could be performed. For example; 4in a typical test systen
spleen cells from treated animals are cultured in microwell chambers
with and without a mitotic stimulator such as phytohemaglutinin,
concanavalin A, lipopolysaccharide, or even an extract of allogenic
cells. The ability of the spleen cells to respond to thege mitogens
in wvitro as measured by uptake of tritiated thymidine is considered
one assessment of cellular immunity.
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(c¢) Reporting. The reporting requirements are the same as
those set forth in § 150-4 of this subdivision and § 80-4 of Sub-
division F.

(d) Tier progression. If adverse cellular effects suggesting
oncogenic potential are observed in this study, data from an oaco-
genicity study (§ 152-29) are required by 40 CFR § 158.165.

(e) References. Refer to § 152-18(f).

§ 152-25 [Reserved)

Group A-3: Tier III Testing

§ 152-26 Chronic exposure study: Tier III.

(a) Wwhen required. Data on a chronic exposure study is re-
quired by 40 CFR § 158.165 to support the registration of each end-use
product and each manufacturing-use product which may legally be
used to formulate such an end-use product if the potential for
adverse chronic effects are indicated based on:

(1) The subchronic effect levels established in the subchronic
oral toxicity studies (§ 152-20), the subchronic dermal toxicity
studies {§ 152-21), or the subchronic inhalation toxicity studies
(§ 152=22);

(2) The pesticide use pattern (e.g., rate, frequency, and site
of application); and

{(3) The frequency and level of repeated human exposure that is
expected.

(4) See 40 CFR § 158.50 and § 158.165 to determine whether
these data must be submitted; Section 1I-B of this subdivision
containg an additional discussion of the formulators' exemption
and who, as a general rule, is responsible for submission of the
required data.

(b) Combined testing. A chronic feeding study may be cambined
with an oncogenicity evaluation, pursuant to § 152-29, provided that
standards for both types of testing are met,

{(c) Test standards. The test standards set forth in § 83-1(4)
and (e) of Subdivision F should be met with the exception of the
following:
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(1) Route of administration. The route of administration should
be as similar as possible to the principal expected human exposure
route,

(i) Pesticides that need a tolerance or an exemption from the
requirement to obtain a tolerance or whose use requires a food ad-
ditive regqulation should be administered in the diet (unless some
characteristic of the pesticide precludes dietary administration
to test animals).

(ii) In all cases, use of routes of administration not
corresponding to the principal expected human exposure routas should
be justified in the test report. Pactors such s absorption metabo-
lism, and digtribution of the compound following administration as
well as results of previous tests should be taken into consideration
in selecting a route of administration other than that correspond-
ing to the principal expected human exposure route.

(£ii) Specific test protocols for the inhalation or dermal
exposure route should be discussed with the Agency prior to initia-
tion of the test.

(d) Data reporting and evaluation. The reporting and evalua-
tion requirements are the same as those set forth in § 83~1(f) of
Subdivision F.

§§ 152-27 through =28 [Reserved].

§ 152-29 Oncogenicity studies: Tier IXX.

{a) When required. Data from oncogenicity testing are re-
quired by 40 CFR § 158.165 to support the registration of each
end-use product and each manufacturing-use product which may legally
be used to formulate such an end-use product that meets either of
the following criteria:

(1) The active ingredient(s) or any of its (their) metabolites,
deg:radation products, or impurities produce(s) in subchronic studies
(§§ 152-20, =21, or -22) a morphologic effect (e.g., hyperplasia,
metaplasia) in any organ that potentially could lead to neoplastic
change; or

(2) If adverse csllular effects suggesting oncogenic potential
are observed in cellular immune response studies (§ 152-24) or in
mammalian mutagenicity assays (§ 152-19).
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, (b) Combined testing. An oncogenic evaluation may be combined
with a chronic feeding study, pursuant to § 152-26, provided that
szandards for both types of testing are met.

(c) Test standards. The test standards are the same as those
set forth in § 83-2(d) and (e) of Subdivision F.

(d) Reporting. The reporting provisions are the same as those
set forth in § 83-2(f) of Subdivision F.
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Subseries 152B: TOXICOLOGY DATA GUIDELINES FOR MICROBIAL PEST
CONTROL AGENTS

Group B~1: Tier I Testing.

§ 152-30 Acute oral toxicity/infectivity study with microbial pest
control agents: Tier .

(a) When required. Acute oral toxicity/infectivity data are
required by 40 CPR § 158.165 to support the registration of each
manufacturing-use product and each end-use product.

{b) Test standards. In addition to the standards set forth
in § 150~3 of this subdivision and § 80-3 and § 81(d) through (g)
of Subdivision F, the following standards should be met:

(1) Species. Testing should be performed on the laboratory
rat.

(2) Number of animals and gelection of dose levels.

(i) Trial testing is recommended to establish a dose level
greater than the LDS0. If submitted test data using at least five
animals per sex show that the oral LD50 is greater than 5 g/kg, no
further testing at other dose levels is necessary. If mortality
occurs, the provisions of paragraph (b}(2)(ii) of this section

apply.

{ii) At least 3 dose levels spaced appropriately should be
tested using adegquate numbers of animals to form test groups with
mor-ality rates in the 10 tc 90 percent range in order to permit
LDS0 determinations for males and females with a 95 percent confi-
dence interval of 20 percent or less.

{1ii) An adequate numbers of animals per dose level in addition
to those described in (b)(2)(ii) of this section should be exposed
to the microbial agent so that 2 female rats and 2 male rats can
be sacrificed at 1 week post-treatment to examine tissues and
organs for gross pathology and presence of the viable microbial
agent.

(iv) All animals should be dosed by qavage.
(3) Control animals. A concurrent group of animals treated with

the vehicle containing killed organisms (autoclaved) should be included
as a control in each acute oral LDSO study.
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(4) Dose quantification. Titers (of the microbial suspensions
‘administered to test animals) should be performed by plating dilutions
on laboratory surface media or other suitable media or on host
organisms to eaumerate viable organisas.

(S) Duration of tests. Surviving exposed animals and controls
should be observed for 14 days or until all signs of reversible
infectivity or toxicity subsides, whichever occurs later.

(6) Conduct of test.

(1) Fasting. Yood should be withheld from the animals during the
night prior to dosing.

(ii) Observation. The anizals should be observed frequently during
the day of doging and checked at least once sach sorning and late
afternoon theresafter. The following should be recorded even if the
animals recover completely from the exposure:

Nature and onset of all gross or visible clinical signs of
illness such as elevated tamperature, unkempt appearance,
altered feeding habits, weight loss, various forms of dis-
tress, and physical depression.

(iii) Examination of excreta. Urine and feces samples from the
test animals should be collected at 24, 48, and 72 hours following
test initiation and examined for the presence of the microbial
agent.

(ivw) Assay for specific antibody production. If test duration
exceeds 14 days, than an assay for specific antibody production should
be performed.

(v) Sacrifice and necropsy. All test animals surviving at the
end of the observation period should be sacrificed. All test animals,
whether dying during the test or sacrificed, should be subjected to a
complete gross necropsy. In addition microorganism dissemination,
replication, and survival in animal tissues, organs, and fluids should
be determined, including survival in the intestinal tract. Samples
should be cultured on laboratory surface media or other suitable
media or host organisms to provide qualitative and quantitative
measurements of survival and multiplication of the microorganism.

(¢) Data reporting and evaluation. In aldifien.to the require-
ments in § 80-4 of Subdivision P, the test report should include
the following information:

(1) Tabulation of response data by sex and dose level (i.e.,
number of animals dying per number of animals showing signs of
infectivity per number of animals exposed), and
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(L) Time of death after dosing:

(ii) The LDS0, for each sex and test substance, calculated at
the end of the observation period (with method of calculation
specified) expressed in mumbers of viable microorganisms per kg
body weight and mg test substance per kg body weight; and

(iii) Dose-response curve and slope.

(2} In addition, gross pathology, microorganism dissemination,
replication, and survival in animal tissues, organs, and fluids should
be reported, including survival in the intestinal tract. Results of
the assay for specific antibody production should be reported, wvhen
applicable.

(3) The test organism should be characterized according to genus,
species serotype and strain (according teo current acceptable taxonomy),
and the percentage of unknown fermentation solids or other materials
present indicated to account for 100 percent of the sample.

(4d) Tier progression.

(1) If evidence of infectivity, persistence, presence of viable
micyobial agent in test animal excreta, replication, or toxic effects
are observed in the acute oral studies, then the following Tier II
testing shall be required as specified in 40 CFR § 158.165:

(1) Bacteria or fungi. Acute intraperitoneal or intracerebral
tests shall be conducted in two animal species other than those
used in Tier I. Half of the test animals should be immuncdepressed
{§ 152-43). The bacterial and fungal virulence enhancement study
(§ 152-48) shall be conducted.

(ii} viruses. An acute oral infectivity study shall be conducted
on newly weaned mice and newly weaned hamsters (§ 152-40), and
the teratogenicity study (§ 152-47) shall be required.

(1ii) Protozoa.

(A) An acute oral infectivity study in puppies should be con-
ducted using large doses of protozoa (§ 152-40).

(B) A subchronic 90-day oral test in the mouse, rat, or dog -
should be performed (§ 152-42).

{2) If evidence of acute oral infectivity, organism persistence,
replication, or toxic properties (e.g., LDS0 greater than 5g/mg) is
not observed, additional testing will not be required.

(e) References.
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(1) The following references contain information useful for
developing an acceptable protocol.

(1) Fisher, R., and L. Rosner. 1959. Toxicology of the
microbial insecticide thuricide. J. Agric. Pood Chem. 7:686-688.

(i) Prord, S., and L. Friedman. 1967. BExperimental study of
the pathogenicity of aspsrgilli for mice. J. Bactericl. 954:928-933.

(iii) Forsberg, C.W. (ed.). 1976. Bacillus thuringiensis: its
effects on environmental quality. Publication no. 15385 of the
Environmental Secretariat, National Research Council of Canada.

{2) The following references provide information on acceptable
methods of calculating the LDSO: :

() Finney, D.J. 1971, Probit Analysis. 3rd Edition.
Chapters 3 and 4. Cambridge University Press. Cambridge, Eng.

(ii) Litchfield, J.T., Jr., and F. Wilcoxon. 1945. A simpli-
fied method of evaluating dose~effect experiments. J. Pharmacol.

E_XE. Theran 96:99-115.

(iii) Thompson, W.R. 1974. Use of moving averages and inter-
polation to estimate median effective dose. Bacteriological Rev.
11:115-145.

(iv) Weil, C.S. 1952. Tables for convenient calculation of
median effective dose and instruction on their use. Biometrics
8:249~263.

§ 15231 Acute dermal toxicity/infectivity study with microbial
pest control agents: Tier I.

(a) When required. Data on acute acrnll infectivity are
required by 40 CFR § 158.165 to support the registration of each
manufacturing-use and each end-use product.

(b) Test standards. In addition to the applicable standards
set forth in § 150-3 of this subdivision and § 80-3 and § 81-2(4)
through (g) of Subdivision F, an acute dermal infectivity study
should aset the following standards:

(1) Species. Testing should be performed with at least one
marmalian species, preferably the rat or mouse.

(2) Sex and age. Young adult male and famale animals should
be used.
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(3) Number of animals and selection of dose levels.

(i) A t-ial test is recommended for the purpose of establishing
a dosing regimen which should include cne dose level higher than the
expected LDSO0. 1If data from abraded gkin tests on at least S animals
of each sex are sulmitted showing that the dermal LD50 is greater than
2 g/kg for the 24-hour contact period, no further testing at other
dose levels is necessary. If mortality is produced, the praovisions
of paragraph (b)(3){(ii) of this section apply.

(11) At lesst 3 dose levels spaced appropriately should be
tested using adequate numbers of animals to form test groups with
mortality rates in the 10 to 90 percent range in order to permit LDSQ
determinations (abraded skin and intact skin) for males and for females
with a 95 percent confidsence interval of 20 percent or less. In addi-
tion, the requirements of paragraph (b)(3) (iii) of this section may

apply.

(ii1) Dpata from tests performed with the use dilutions of a pro-
duct may be necessary if the use dilution is intended for application
as a mist or spray.

(4) Control animals. A concurrent untreated control group of
animals should be included in the test. A concurrent vehicle con-~
trol group is recommended if a vehicle or diluent used in administering
the tast substance is expected to elicit an important toxicologic
response, or if insufficient data exists on the acute effects of
the vehicle.

(5) Dose guantification. Titers of microbial suspensions to
test animals should be performed by plating dilutions on laboratory
surface or other suitable media or host organisms for enumeration
of viable organisms.

(6) Conduct of test.

(i) Application. In all animals, the application site should
be as free of hair as possible. In addition, the application sites
in abraded-skin groups should be abraded in such a way as to penetrate
£he stratum corneum but not the dermis., The test substance must
be kept in contact with skin covering at least 10 percent of the
body surface for at least 24 hours. [See Draize (1944) for equiva-
lent sq. am. of body surface.] The preferred application site is
a band around the trunk of the test animal. . AJEapping amaterial
such as gauze covered by an impervious nonreactive rubberized or
plastic material should be used to retard evaporation and to keep
the test substance in contact with the skin. At the end of the
exposure period, the wrapping should be removed and the skin wiped
(but not washed) to remove remaining test substance.
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{ii) Duration of observation. Animals should bes observed for at
least 14 days after dosing or until all signs of reversible infectiv-
ity or toxicity in survivors subside, wvhichever occurs later.

(iii) Observations. The animals should be observed frequently
during the day of dosing and checked at least once esach morning
and late aftsrncon thersafter. The following should be recordad
even though ths animals recover completely from the exposure:
nature and onset of all gross or visible clinical signs of illness
such as elavated tempesrature, unkampt appeakrance, altered fseding
habits, weight loss, various forms of physical distress, depression,
and similar responsss.

(iv) Assay for specific antibody production. If test dura-

tion excseds 14 days, then an assay for antibody production should
be parformed.

{v) Sacrifice and necropsy. All test and control animals sur-
viving at the end of the observation pariod (14 days) are
sacrificed. All test animals, vhether dying &uring the test or
sacrificed, are subjected to a complete gross necropsy. In
addition to gross pathology, microorganism dissemination, replica-
tion, survival in animal tissue, organs, and fluids should be
datermined, including survival in the skin. Samples should be
cultured on laboratory surface or other suitable media or host
organisms to provide qualitative and quantitative measurements of
survival and multiplication of the microorganism.

{vi) Histopathology. Examination of skin should include histolo-
gical examination of treated tissues in accordance with § 80-3(b)(11)
of Subdivision F,

(c) Data reporting and svaluation. In addition to the appli-
cable general information required by § 80-4 of Subdivision F, the
zest report should includs the following information:

(1) Tabulation of response data by sex and dose level (number
of animals dying per number of animals showing signs of infectivity
per number of animals exposed);

(2) Time of death after dosing;

(3} Obsarvations of signs and symptoms;

(4) Gross pathological findings;

(5) Evidence of microorganism dissemination, replication, and

survival in animal tissues., organs,-and fluids, including survival
in skin;
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(6) LDSO0 determinations for each sex and for each test substance
for animals wvith abraded gkin and for animals with intact skin cal-
culated at the end of the observation period (with method of calcu~
lation specified) expressed in numbers of viable microorganisms
per kg body weight and mg of test substance per kg body weight;

(7) 95 percent confidence interval for the LDgg;
(8) Dose-response curve and slope; and
(9) Identification of the test microorganism, including:

{i) Genus, species, serotype, and strain (to the extent possi-
ble), according to current acceptable taxonocmy; and

{ii) The percent of unknown fermentation solids or other mater-
ials present to account for 100 percent of the sample.

(10) Results of assays for specific antibody production, when
applicable.

(d) Tier progression.

(1) Ko further testing is required by 40 CFR 158.165 for
viruses Or protozoa.

(2) 1f evidence of infectivity, organism persistence or repli-
cation, or toxic effects is observed following acute dermal studies
with bacteria or fungi, then acute intraperitoneal or intracerebral
tests fhall be conducted in two animal species other than those
used in Tier I (§ 152=43) as specified by 40 CPR 158.165. Half of
the test animals should be immuncdepressed. ‘

(e) References.

(1) Draize, J.HE., G. Woodward, and H.O. Calvery. 1944.
Methods for study of irritation and toxicity of substances applied
topically to skin and muccus membranes. J. Pharmacol. Exp. Ther.
83:377=390.

(2) Draize, J.H. 1965. Appraisal of the safety of chemicals
in foods, drugs and cosmetics = Dermal toxicity. Asgoc. of Food
and Drug Officials of the United States. Topeka, Kansas. Pp.
‘6’59 .
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4 152-32 Acute inhalation toxicity/infectivity study with microbial
pest control agents: Tier I.

(a) When required. Data on acute inhalation toxicity/infec-
tivity are required by 40 CFR § 158.165 to support the registration
of each-manufacturing-use and each end-use product if 20 percent
or more of the aerodynamic equivalent of the product (as registered
or undar conditions of use) is composed of particulates under 10
microns in diameter.

(b) Test standards. In addition to the applicadble standards
set forth in § 150-3 of this subdivision and § 80-3 and § 81-3(e)
through (g) Subdivision P, an acute inhalation LCgg study should
meet the following standards:

(1) Species. Testing should be performed with the laboratory
mouse, rabbit, or guinea pige.

(2) Sex and age. Young adult male and female animals should
be used.

(3) Number of animals and selection of dose levels.

(i) A trisl test is recommended for the purpose of establish-
ing a dose regimen which should includes one dose level higher than
the expected LCgg and at least one dose level below the expected
ICsp. If data based on testing with at least S5 animals per sex
are sulmitted showing that the ICgy is greater than § mg. equivalent
of viable micrcbial agent for 4 hours duration, no further testing
at other dose levels is necessary. If death occurs, the require-
ments of paragraph (b)(3)(ii) of this section apply.

{ii) At least three dose levels should be chosen using an ade-
quate number of animals. to form test groups with mortality rates
between 10 percent and 90 percent, and to permit LCS50 calculations
with a 95 percent confidence limit of 20 percent or less.

{4) Duration of test. In selecting the exposure period, allow-
ance must be made for chamber concentration equilibration time. If
no problems are encountered in maintaining a steady concentration
of the test substance in the chamber(s), the exposurs period should
be at least 1 hour., If problems are encountered in maintaining a
steady concentration, the exposure period should last up to 4 hours.
The animals should be observed for 14 days, or until signs of revers-
ible infectivity subside, whichever occurs later.

(S) Dose quantification. Titers of microbial suspensions ad-
ministered to test animals should be calculated by plating dilutions
on laboratory surface media or other suitable media or in host
organisms for enumaration of viable organisms.
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(6) Control groups.

(i) A concurrent untreated control group is necessary.

(ii)- If any solvent, other than water, is used in generating
the exposure atmosphere, a vehicle control group is necessary.
The vehicle control group should ba exposed to an atmosphere contain-
ing the greatest concentration of solvent present in any test
system.

(7) Exposure chamber design and operation.

(i) Inhalation exposure techniques described in this section
are based on the use of whole-body inhalation chasbers that allow
experimental animals to receive whole~body dermal exposurse and
possibhly large oral exposure, as wvell as exposurs by inhalation.

In some cases, the investigators will wawnt to use other inhalation
exposure techniques involving face masks, head-only exposures,
intratracheal instillation, or other similar techniques that reduce
or preclude added dermal and oral exposures. Socme alternative
techniques are described by Phalen (1976). When alternative tech-
niques are used, the procedures and results should be reported in

a manner similar to that required with the use of whole-body inha-
lation chambers.

(ii) Animals should be tested in a dynamic air flow exposure
chamber. The chamber design should be chosen to enable production
of an evenly distributed sxposure atmosphere throughout the chamber.
The chamber design should also minimire crowding of the test animals
and maximize their exposure to the test substance by the inhalaticn
route.,

(8) Operation measurements. The following measurements should
be taken with care to avoid major fluctuations in air concentrations
or major discrepancies in the oepration of the chambers:

(3) Air flow. The rate of air flow through the chamber should
be neasured continuously:

(1i) Chamber concentrations.

(A) Neminal concentrations of organisas should be calculated
for sach run by dividing the amount of the test substance containing
known numbers of organisms per unit volume of the test substance
used for the generating system by the air flowing through the
chamber during the exposurs.

{B} Actual chamber concentrations of organisms should bde
deternined by sampling chamber air near the breathing zone of the
animals as frequently &8s is necessary to obtain an averaged integrated
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external exposure which is representative of the entire exposure
period. The system used to generate the aerceol should be such
that the chamber concentrations and particle size distributions are
controlled under stable conditions, reflecting the current state-of-
the-art, and should not vary in a range greater than 30 percent of
the average (range/mean equal to or less than 30 percent);

(iii) Temperature and humidity. The temperature should be
maintained at 24 + 2¢ C, and the Mumidity within the chamber at

40-60 percent. Both should be monitored continuously:

(iv) Oxygen. _ The rate of air flow through the chamber should
be adjusted to insure that the oxygen content of the exposure atmos-
phers is at least 19 percent; and

(v) Particle size measurements. (A) General. The particle
size created by the disseminating device must be in the respirable
range for the spscies under test.  Aerosol particle size measure-
mants should be made on samples taken at the breathing level of
the animals. These analyses should bes carried out using techniques
and equipment reflective of the state-of-the~art. All of the
suspended aeroscl {on a gravimetric basis) should be accounted
for, even when most of the.aercsol is not raspirable.

(B) Sizing analysis. The sizing analysis should ba in tarms
of equivalent aerodynamic diameters and should be represented as
gecuetric mean (median) diameters and their gecmetric standard
deviations (see NIOSE syllabus in Appendix), as calculated from
log probability graphs or computer programs. The gize analyses
should be carried out frequently during the davelopment of the
generating system to ensure proper stability of &aerosol particles,
and only as oftsn thereafter during the exposure as is necessary
to determine adegquately the consistency of particle distributions
to which the animals are exposed, maintaining at least 20 percent
of the particles at 10 microns or less except when creation of par-
ticles in this size range would kill or injure the microorganism
under test. At a minimum, these analyses should be carried out
twice per hour for liquid test substances, and 4 times per hour
for dusts and powdars.

(9) Observation. The animals should be observed frequently
during the day of dosing and checked at least once each morning
and late afternoon for at least 14 days or until all signs of
reversible infectivity subside, vhichever occurs later. The follow-
ing should ba obsarvad even though the animals recover completely
from the exposure: nature and onset of all gross or visible clinical
signs of illness such as elevated tempesratures, unkempt appearance,
altered feeding habits, weight loss, various forms of distress and
dcpru'sion. and similar expresaions. In addition, an assay for
specific antibody production should be performed if test duration
exceeds 14 days.
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(10) Sacrifice and necropsy. All test animals surviving at
the end of the observation period should be sacrificed. All test
animals, vhether dying during the test or sacrificed, should be
subjected to & complete gross necropsy. In addition, microorganism
dissemination, replication, and survival in animal tissues, organs,
and fluids, and survival in nasal passages, tracheae, bronchi, and
lungs should be determined. Samples should be cultured on laboratory
surface or other suitable media €0 provids qualitative and quantita-
tive messurenents of survival in the host organism and multiplica~-
tion of the test microbial_ agent.

(c) Data reporting and evaluation. In addition to the
requirements in § 80-4 of Subdivision F, the test report should
include the following data:

(1) Particulate size;

(2) Description of the chamber deslilgn and operation, including
chamber type., dimsnsions, source of make~up air and its conditioning
(heating or cooling) for usa in the chamber, treatment of exhausted
air, housing and saintenance of the animals in the chambers, and
similar related information. Equipment for measuring temperature
and humidity, the generating syatem, and the methods of analyzing
airborne concentrations of microbial agent and particle sizing
should be desacribed;

{3) The following operation data should be tabulated both in-
dividually and in summary form, using means and standard deviations
{with or without ranges) in tabular form. The data summaries should
be grouped according to experimental groups, and differences (such
as in temperature and airflow) should be tested for statistical
significance.

(i) Adrflow rates ‘through the chamber;

(1i) Chamber temperature and humidity;

{iii) Nominal concentrations of microbial agent;
(iv) Actual concentrations of microbial agent; and

(v) Median particle sgizes and their geometric standard devia-
ticns, and the percentags of particles under 10 microns;

{4) Tabulation of response data {mumber of animals
dying per number of animals exhidbiting signs of infectivity
per number of animals exposed) at each exposure levsl for
each sex, and the time of death after dosing;

{$) Tabulation of body weights at the beginning of the
study and at each 7-day interval thereafter;



153

(6) The LCSO or LDSO of the microbial agent (calculated for
an exposure Oof one hour or from lethality data) for each sex and
sach test substance;

(7) Specification of the method used for LCS50 or LDSO
calculation;

(8) The 95 percent confidence interval for the LCS50 or LDSO;

{9) The dose-response curve and slope (with confidsnce limits);

{10) The findings from a histopathological atudy, if conducted,
including a complete record of lesions and abnormalities observed,
and the histological characterization of each kind of lesion or
abnormality observed, naming those which apparently caused death or
moribundity;

{11) The gross psthological findings; and

(12) Evidance of microorganism dissemination, replication,
and survival in animal tissuas, organs, and fluids, particularly in
nasal passages, tracheae, bronchi, and lungs.

{13) Results of the assay for sgpecific antibody production
shall be reported in tests exceeding 14 days duration.

{(d) Tier progression.

(1) No further testing involving the respiratory route of
exposure using bacteria or fungi is necessary.

(2) If evidence of infectivity, organism persistence or
replication, or toxicity is observed following the inhalation
infectivity/toxicity study using viruses or protozoa is found,
then a Tier II acute inhalation study (§ 152=41) with the micro-
bial acent shall be required by 40 CFR § 158.165. Tier II tests on
protozoa will use a diffesrent species than that used in Tier I and
tests on viruses will use newly weaned mice or newly weaned hamsters.
In addition, the teratogenicity study (§ 152-47) shall be required
for viruses as specified in 40 CFR § 158.165.

{3) If no evidence of acute inhalation infectivity, persistence,
replication, or toxicity is observed, then additional testing is
ROt NECessaAry.

(e) References. The following texts and articles give general
information as well as sufficient detajil to develop and carry out
inhalation toxicity/ingoctivity studies.
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(1) General references.

(1) Altman, P.L., et al. 1958. Handbook of Respiration.
Aero Medical Laboratory. Wright-Patterson Air Porce Base,
chio. (Includes extensive data on humans and animals.)

(ii) Casarett, L.J., and J. Doull. 1975. Toxicology: Basic
Science of Poisons. MacMillan Publishing Co., Inc. New York.
(Good text on general toxicology, includes Chapter 9, “Toxicology
of the Raspiratory System”.)

{ii4) Comroe, J.H. 1974. Physiology and Respiration. 2ad
Ed. Year Book Medical Pub. Chicago. (Includes the anatomy,
physiology, physiological testing, and pathology of the lungs in
humans. )

(iv) Hatch, T.G., and P. Gross. 1964. Pulmonary Deposition
and Retention of Inhaled Aerosol. Academic Press. New York.
(Comprehensive teaxt which deals with the anatoamay, physiology,
deposition and retention, and pathological changes in the lung.)

(v) ICRP Committee, P. Morrow (Chairman). 1966 and 19¢7.
Deposition and retention models for internal dosimetry of the
human respiratory tract. Health Phys. 12:173-207 (1966). Errata
and revisions to report, Health Phys. 13:1251. (1967).

{(vi) Ignoffo, C.M. 1973, Effects of entomopathogens on
vertebrates. Ann. N.Y. Acad. Sci. 217:141-172.

{2) Advanced Monographs.

(1) Mercer, T.T., P.X. Morrow, and W. Stober. 1972. Assess-
ment of Airborne Particles. Charles C. Thomas. Springfield, Ill.

(i) Walton, W.H., ed., 1970. Inhaled Particles III. Proceed-
ings of an International Symposium organized by the British Occupa-
tional Hygiene Society. Llondon. September 14-23, 1979. Volumes
1 and II. Unwin Brothers lLimited. Gresham Press. Surrey, England.

(11’-) Wl.lton, WeH., ed. 1978. Inhaled Particles. Iv. Pro-
ceedings of an International Symposium organized by the British
Occupational Hygiene Society. London. September 22-26, 197S.
Volumes I and II. Pergamon Press, New Yorkr.

(3) Exposure Systems.

(1) Drew, R.T., and S. Laskin. 1973. BEnvironmental Inhala-
tion Chambers. Pp. l=4l1l in Methods of Animal -Experimentation, Vol. IV.
Acadenic Press Inc., New York and London.
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(1i) T¥raser, D.A., R.E. Bales, M. Lippmann, and H.E. Stokinger.
1959, Exposure Chambers for Ressarch in Animal Inhalation. Public
Health Service Monograph No. 57. U.S. Govermment Printing Office.
Washington, D.C.

{(iii) Hinners, R.G., J.X. Burkart, and C.L. Punte. 1968.
Animal inhalation exposure chambers. Arch. Environ. Health 16:194-206.

{iv) Phalen, R.F. 1976. Inhalation exposure of animals.
Eaviron. Health Perspect. 16:17-24.

(v) Roe, P.J.C. 1958, Inhalation tests; in Modern Trends in
Toxicollogy, Vel. 1. Boyland, E. and R. Goulding, eds. Appleton-
Century=Crofts, New York.

{(4) Generating Systams. Gas and vapor generation is relatively
simple compared to the large number of different systems needed to
genarats aeroscls of solids and liquids. Besides the following
references, all of the advanced monographs in paragraph (3) contain
descriptions of generating systeams.

(1) Drevw, R.T., and M. Lippman. 1972. Section I. Calibra~-
tion of Air Sampling Ingtruments. II. Production of Test Atmospheres
for Instrument Calibration; in Air Sasmpling Instruments. d4th
Ed. Mm. Conf. Gov. Ind. Hygienists.

(ii) Praser, D.A., et. 2l. 1959, ZPExposure Chambers for
Research in Animal Inhalation. Public Health Monograph Ro. 57.
Supt.Doc., U.S. Gov. Print. Off. Washington, D.C.

{(iii) Raabe, 0.Ge 1970. Generation and Charactarization of
Aeroscls. Pg. 123 in Inhalation Carcinogenesis. USAEF Conf-691001.
M.G. Hanna et al. Clearinghcuse for Federal Scientific and Tech-
nical Information. Springfield, Va.

(5) Sampling Methods.

(1) Lippman, M. 1972, Raspiratory Dust Sampling. Section G
in Alr Sampling Instruments. 4th Ed. American Conference of
Govermental Eygienists, Cincinnati.

(ii) Morrow, P.E. 1964. PEvaluation of inhalation hazarz
based upon the respirable dust concept and the philosophy and

application of sslective sampling. Amer. Ind. Evg. Assoc. 25:213=
236. ’

{1ii) National Institute of Occupational Health and Safaty.
1973. The Industrial Environment - Its Bvaluation and Control.
Supt.Doc., Gov. Print. Off., Washington, D.C. (Haa several good
chapters on sampling, and on chemical, instrumental, and physical
analyses of atmospheres.)
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{iv) Peterson, C.M. 1972. Aerosol Sampling for Particle
Size Analyses. Section P - Respiratory dust sampling in Air Sampl~-
ing Instruments. 4th Ed. American Conference of Governmental
Rygienists, Cincinnati.

(v) Preining, O., D. Sheesley, N. Djordevic, et al. 1967.
The size distribution of aerosols produced by air blast nebuliza-
tion. J. Colloid and Interface Sci. 23:3.

(vi) ulv.m' Le, C.E. Billinql' M.W. Pirst, et _..10 1971.
Particle Size Analysis {n Industrial Hygiene. Academic Press,
Inc., Nev York and london. (Sampling size analysis and ingtrumen-
tation with an emphasis on hygisne and air cleaning.)

(6) Pulmonary function testing. Pulmonary function tests have
been widely used in the evaluation of human respiratory function
but less widely used in animal research. Such analyses may be
required to indicats subtle damage to ths pulmonary system.

(i) Alaris, Y., A. Frum, H. Jennings, R. Haddock, et al.
1971. Distridution of ventilation in cyancmologus monkeys. Arch.
Environ. Health 22:633. (Illustrates testing in a primate.)

(11) Amdur, M.O0., and J., Mead. 1958. Machanics of respira-
tion in unanesthetized guinea pigs. Am. J. Physiol. 192:364.
(Zllustrates function testing in a rodent.)

{iii) Comroe, J.B., ot al. 1962, The Lung, Clinical Physiology
and Pulmonary Puncticn Tests. 24 E4. Year Book Msd. Publ.,
Inc., Chicage. (Provides a discussion of pulmonary testing along
with anatomy and physiology of the human respiratory system.)

{iv) Comroe, J.H. 1965. Physiology of Raspiration. Year
Book Med. Publ., Inc., Chicago. [Similiar to Comroe et al., 1962
{above),}

{v) Mauderly, J., and J. Pickrell. 1973, Pulmonary Punction
Testing of Unanaesthetized Beagle Dogs; in Rasearch Animals in
Medicine. L. Harmison, ed. DHEW Pub. No. NIH 72-333. (Illustrates
function testing in the dog.)

§ 152=33 Intravenous, intracerebral, and intraperitoneal toxicity/
infectivity studies with microbial pest control

agents: Tier I.

(a)} When recuired. Data from the following tests are required
by 40 CFR 158. 165 to support the registration of each manufacturing=-
use product and each end-use microbial pest control agant as follows:
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(1) Intravenous ("IV") infectivity study for bacterial and
viral agents;

(2) Intracerebral ("IC") infectivity study for viral and
protozoan agents; and

(3) Intraperitoneal (®IP") infectivity study for fungal and
protozoan agents.

(b) Test standards. In addition to the general standards set
forth in § 150-3 of this subdivision and § 80-3 of Subdivision F,
studies ocutlined in this section should meet the following standards:

(1) Substance to be tested. The technical grade of each
active ingredient {termed purest infective form ("PIF®) for viruses)
shall be tested.

(2) Species. Testing for studies required by this section
should be performed with ths following test animals:

{i) YSewly weansd mouse and newly weaned hamster for IV study
with bacteria and viruses;

(ii) Mouse and one other species for IP study with fungi;
{iii) Newborn mouse and newborn hamster for IC study with

viruses; and (iv) Mouse and rabbit for IC and IP studies with
orotozoa.

(3) Sex. Approximately equal numbers of males and females
should be used.

(4) Zmmunodepression. One half of the animals used in these
studies should be immunodspressed.

(5) Number of animals. An adequate anumber of animals should
be injected with a single high dose of test substance to permit
periodic sacrifice at 1, 2, 3, and 4 weeks (termination of study)
post-treatmant. At least 5 animals per sex, species, and state of
immunodepression par sacrifice for ths hamsters and mice should be
“"d.

(6) Control animals. A control group of animals (one half
immunodepressed) should be injected with the test Vehicle containing
killed test organism. All control animale should be sacrificed at
2our weeks postetreatment. At least five animals par sex, species,
and state of immunodepression should be used.
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(7) Conduct of test.

(1) Application. Approximately 0.05 ml (for mice and for
newborn and newly weaned hamsters) or 0.1 ml (for other animals)
of test substance should be injectad in accordance vith standard
procedures and sites for IV, IC, and IP tests. The test substance
should be injected in undiluted form. If the test substance is a
solid, it should be dissolved in a minimal amount of physiclogical
saline.

(11) Duration of observation. Surviving animals should be
cbserved for at least four weeks after dosing, br until all signs
of reversible infectivity in survivors subside, whichever occurs
later.

{1ii) Observations. The animals should be observed frequently
during the day of dosing and checked at least once sach morning
and lats afternocon thereaftar. The following should be observed
even if the animals recover coampletely from the exposure: nature
and onset of all gross Or visible clinical aigns of illiness such
a3 unkempt appearance, altaered feeding habits, weight loss, physical
depression, depression, and similar expressions.

(iv) Assay for production of specific antibodies. An assay for
the production of specific antibodies should be performed in each

study, excepting those using newborn or newly weaned test animals.

(v) Sacrifice and necropsy. All test animals surviving at the
end of the observation period should be sacrificed. All test animals,
whether dying during the tast or sacrificed, should be subjected to
4 complete necropsy. In addition to reporting gross pathology,
evidence of organism survival and/or multiplication in blood and
at distant sites such as the spleen, liver, lung, and brain should
be determined by culturing tissues on laboratory or other suitable
media or host to provide qualitative and quantitative evidence
of possible survival and multiplication of the test organism(s).

(8} Dose gquantification. Titers of microbial preparations ad-
ainistered to test animals should be determined by plating dilutions
on suitable media or host organisms for enumeration of viable
organigms. '

(c) Data reporting and evaluation. In addition to the infor-
mation required by ; 80=4 of Subdivision P, the test report should
include the following information:

(1) Tabulation of response data by species, sex, and state of
immunodepression as to numbers of animals exhibiting signs of
infectivity and/or confirmed recovery of test animal per number of
animals exposed;
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{2) The time of death after dosing;
{3) Results of gross pathological exaninations, including
recovery adn approximate numbars of viable tast microorganisms
found in various cultured tissuss; and

(4) ldentification of the test microorganism, including:

(1) Genus, spacies, serotype and strain (to the extent
possible) according to current acceptable taxonomy; and

(ii) The percant of unknown fermentation solids or other
saterials present to account for 100 percent of the sazmple tested.

{5) Results of the assay for production of specific antibodies
vhen applicable.

(d) Tier progression.

{(l) 1If evidence of prolonged survival or replication in mam-
malian hosts and significant damage to mammalian cells is observed
when viruses are tested, then data on teratogenicity testing
(§ 152=47) are required by 40 CFR 158.165.

{(2) 1If evidence of infectivity or organism persistencs,
replication, or toxicity is observed whan protozoa are tested, then
additional intraperitoneal and intracerebral testing (§ 152=-43) and
acute oral testing (§ 152=40) is required by 40 CFR 158.165.

(3) 1f evidence of infectivity is observed (e.g., prolonged
survival and/or replication) when bactsria or fungi are tested,
then the virulence enhancement test in Tier II (§ 152-48) using the
mouse or hamster shall be required by 40 CFR 158.165.

(4) If no evidence of infectivity or prolonged survival is
observed, =hen further testing is not necessary.

{e) References. The following references contain useful infor-
nation for developing an acceptable protocol.

(1) Hansen, G.D. 1973. Elimination rate of Bacillus
thuringiensis spores administered to mice. Abbott Laboratories
T-9, Project no. 70111, Information supplied to the subcommittee
by Abbott laboratories, North Chicago, Iil.

{(2) Iznoffo, C.M. 1973, Effects of sntomopathogens on
ver«ebrates. Ann. N.Y. Acad, Sci. 217:141=164.
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(3) Lamanna, C., and L. Jones. 1963. Lethality for mice of
vegetative and spore forms of Bacillus cersus and Bacillus cereus-
lixe insect pathogens injected intraperitoneally and subcutaneously.
J. Bacteriol. 85: 532-53S.

{4} L‘il., JeM., C.H. Carter, H. Rl‘mdc' and S.W. Preed.
1959, Criteria for the identification of Bacillus anthracis.
J. Bacteriol.77: 6€55=660.

§ 152-34 Primary dermal irritation study with microbial pest
control agents: Tier I.

(a) When r red. Data on primary dermal irritation are
required by 40 CPFR % 158.165 to support the rsgistration of sach
manufacturing-use product and each end-use product.

(b) Test standards. The general standards set forth in § 150-3
of this subdivision and § 80-3 of Subdivision P should apply. In
addition to thess general test standards, a primary dermal irritation
study should meet the following standards:

(1) Substances to be tested.

(1) The manufacturing-use product shall be tested to support
che registration of a manufacturinguse product.

(ii) The end-=uge product shall be tested to support the regi-
stration of an end-use product.

(2) Species and age. Testing should be performed with young
aduls guinea pigs or rabbits.

(3) Condition of test substances.

(i) If the substance is a liquid, it should be applied undiluted.

(ii) If the test substance is a solid, it should be slightly
moistened with physiological saline before application.

{4) Number of animals. At least six animals shall be used.
{5) Number and selection of dose levels. A dose of 0.5 al of

liquid or 0.5 g of solid or semi-solid microbial preparation is to
be applied to each application site.
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(6) Dose quantification. Titers of microbial suspension admin-
istered to test animals should be performed by plating dilutions on
laboratory surface media or other suitable media or host organism
for enumeration of viable organisms.

(7) Control groups.

(1) A wvehicle control group is recommanded if the wehicle
is known to cause any toxic dermal reactions or if there is insuf-
ficient information concerning ths dermal effects of the vehicle.

(14) Separate animals are not necessary for an untreated
control group. IEach animal serves as its own control.

(8) Conduct of test. The tsst substance is introduced
under one-inch square gauze patches. The patches should be applied
to two intact and two abraded skin sites on each animal. In all
animals, the application sitss should be clipped free of hair. The
abrasion should penetrate the stratum corneum, but not the dermis.
A wrapping material such as gauze covered by an impervious, non-
reactive rubberized or plastic material should be used to retard
svaporation and to kesp the test substance in contact with the
skin. The animals should be restrained. The test substance must be
kept in contact with the skin for 24 hours. At the end of the
exposure periocd, the wrapping should be removed and the skin wiped
{but not washed) to rmmove any test substance still remaining. It
may be necessary to rinse off the material if colored test substances
are used.

(9) Observation and scoring. Animals shall be observed and
signs of erythema and edema shall be scored at 24 hours and 72
hours after application of the test substance. The irritation is
to be scored according to the technique of J.H. Draize (1959).
Observation for irritation and scoring of any irritation shall
continue daily until all irritation subsides or is cbviously
irreversilble.

(¢c) Data reporting and evaluation. In addition to the
applicable general information required by § 80-4 of Subdivision

F [excepting paragraphs (b)(2)(iii)(A) and (b)(2)(wii)], the test
report shall include the following information:

(1) In tabular form, the following data for aach individual
animal and averages and ranges for sach test group:

(1) Scores for erythema and edema at 24 hours, at 72 hours,
and at any subsequent observation, and;

{ii) Primary skin irritation scores according to the technique
of Draize.
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(d) Tier progression.

(1) No further testing is necsssary for manufacturing-use
products.

(2) If evidence of primary dermal irritation is observed (marked
edema or broad erythema) in tests conducted on the end-use formulated
product, then:

(1) Primary dermal irritation studies in the guinea pig shall
be required by 40 CPR 158.165 using use dilutions of the end-use
product (§ 152-44).

(3) If no evidence of primary dermal irritation is observed,
then further testing is not necessary.

§ 152-35 Primary eye irritation study with microbial pest control
agents: Tier I.

(a) When required. Data on primary eye irritation are required
by 40 CFR 158.165 to support the registration of each manufacturing~

use product and each end-use product.

{b) Test standards. The general standards set forth in § 80-3
of Subdivision P apply. In addition to these general test standards,
a primary eye irritation study should meet the following standards:

(1) Substances to be tested.

$9) The manufacturing-use product shall be tested to support
the registration of a manufacturinguss product.

(ii) The end-use product shall be tested to support the
registration of an end-use product.

(2) Species and age. Testing should be performed using young
adult rabbits.

{3) Condition of tast substance.

(i) 1If the test substance is in liquid form, it should be
applied undiluted.

{il1) Z¢ the test substance is a so0lid, it should be slightly
moistened with physiological saline befors application.
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(4) Numbers of animals. At least nine animals should be used.

{5) Number and selection of dose. A dose of 0.1l ml of liquid
or 100 mg of s0lid should normally be applied to each test eye.
Smaller quantities may be used wvhen the standard quantities would
be lethal, or when 100 mg of the solid cannot feasibly be admini-
stered to the eye.

(6) Dose quantification. Titers of microbial suspensions to
test animals should be performed by plating dilutions on laboratory
surface or other suitable madia or a host organise for enumeration
of viable organisms.

(7) Caging. Caging should be designed to minimize exposure to
sawdust, wood chips, and other extraneous materials that might
entar the eys.

(8) Conduct of test. The tsst substance should be placed on
the averted lower lid of one eye: the upper and lower lids are then
then to be gently held together for 1 second bsfore releasing to
Prevent loss of material. Thas other eye, remaining untreated,
serves as a control. The treated eyes of 6§ rabbits shall remain
unwashed. The remaining 3 rabbits shall receive test material, and
then the treated eye should be flushed for one minute with lukewarm
water starting no sooner than 20~30 seconds after instillation. A
local anaesthetic to reduce pain in test animals may be used prior
to administration of the test substance, provided that evidence can
be presented indicating no significant difference in toxic reaction
to the test substance will result from use of the anaesthetic.

(9) Observation and scoring.

(i) Observation. Readings of ocular lesions should be made at
24, 48, and 72 hours after treatment and at 4 and 7 days after
=reamment. Readings should be made every 3 days thereafter, if
injury persists, for at least 21 days after treatment or until all
signs of reversible toxicity subside. Grading and scoring of
irritation are to be performed in accordance with Table S [from
Draize et al. (1965)]. The most serious effects, such as pannus or
blistering of the conjunctivae and other effects indicative of
corrosive action should be raported ssparately.

(c) Data reporting and evaluation. In addition to the
applicable general information required by § 80=4 of Subdivision F, the

test report should include, in tabular form, the following data for
each individual animal and the averages and range for each test
group {(eyes washed and unwashed):

(1) The primary eye irritation score at 24, 48, and 72 hours
and 4, 7, and 21 days and any other readings; and
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(2) A description of any serious lesions.

(@) Tier progression.

(1) No further testing is necessary for manufacturing-use
products.

{(2) If evidence of primary ocular irritation (e.g., severe
ocular lesions) is cbserved in tests conducted on the end-use
formulated product, then primary ocular irritation studies in the
rabbit (§ 155-45) shall be required by 40 CFR 158.165 using use~
dilutions of the end-use formulated product.

(3) If no evidence of primary ocular irritation is observed,
then further testing is not necessary.
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Table 5=-WEIGHTED SCORES FOR GRADING THE SEVEIRITY OF OCULAR LESIONS

I. Cornea

(A) Opacity - degzoc of density (area taken for reading)

- Scattered or diffuse area, details of iris clearly visible. « « . . .

= Easily discernible translucent areas, details of iris slightly

ODBCUT@®A ¢ o ¢ ¢ ¢ ¢ 6 o o+ o ¢ e o 6 e o »
= Opalescent arsas, no details of iris visidble, size of

d-i.cmibl.ooocooonoooo.oooooo'
- Opaque, iris invigible. ¢ ¢« ¢ ¢ « o o o o ¢ ¢ o o o &
(B) Area of cornea involved
- One mz (Qr l...) DUt NOL ZRLOe ¢ ¢ o ¢ ¢ ¢ o o
= Greater than one quarter but less than one~half . .
= Greater than one~half but less than three guarters
- Greatsr than'three QUATTEIS « o ¢ « ¢ o ¢ ¢ ¢ o o o

Score equals A x B x 5 Total maximum =
IX. Iris

(A) Values

pupil

.
* o o o
e o o o»

80

barely

& o o 0

= PFolds above normal, congestion, swelling, circumcorneal injection (any
one or all of these or combination of any thereof), iris still reacting

to light {sluggish reaction is positive) . « « « o o

=~ No reaction to light, hemorrhage; gross destruction (any one or

L[] L] L] L[4 L4 - o L] .

th.”) . [ . L * L L L] L] . L] L * L] e L] L [ ] L] L L) e L] L4 L] L] L] L]

Score equals A x 5

III. Conjunctivae
(A) Redness (refers to lpebral conjunctivae only)

Total possible maximum = 10

- Vessels definitely injected above normal,: « o+ o« ¢ o o o s o o o

= More diffuse, deeper crimson red, individual vesssls not easily

discernible . ¢ ¢ ¢ ¢ o ¢ 4 ¢ o 0 ¢ s s s s s s e o
- Diffuse b‘efy TOA o ¢ ¢ ¢ 06 ¢ ¢ o ¢ o 6 # s 6 o o o o
(B) Chemosis

- Any swelling greater than normal (includes nictitation membrane)
= Obviocus swelling with partial eversion of tha lids . ¢ ¢« ¢« ¢ ¢ o«
's“lliﬂg'ithlld’mtb‘lfCJno..dooouoooooooocoo-
- Swelling with lids about half closed to completely closed . . . « .

(€) Discharge

= Any amount different from normal (does not include small smount

. L L]

all of

e o © o
-

cbserved in inner canthus of normal AnimAls) oo o ¢ ¢ ¢ ¢ o ¢ ¢ s o o
= Discharge with moistening of the lids and hairs just adjacent to the

lld‘ L] L] e * [ ] L ] *® * L] L ] * ) Ll * L L] L] . L] * [ ) L] L ] L] [ ] * L4 L] L L4 * * .
= Discharge with moistening of the lids and considerable area around the

‘” L 4 " e [ 4 . L] ® * L ] [ o L [ 4 [ ] L] o LJ L ) L4 L L ] L L ] L ] [ ] [ ] e L] L] L] L] . .

Score equals (A + B + C) x 2 Total possible maximum = 20

The maximum total score is the sum of all scores obtained for the cornea,

iris, and conjunctivae.
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§ 152-36 Hypersensitivity study with microbial pest control agents:
Tier I.

(a) Vhen r red. Data from a hypersensitivity study are
requized by 40 CPR % 158. 165 to support the registration of each
end-use product for which commonly recognized use practices will
result in repeated human contact by inhalation or dermal routes
and each manufacturing-use product which legally may be used to
formulate such an end-use product.

(b) Test standards. In addition to the applicable general
standards set forth in § 150=3 of this subdivision and § 80-3 of
Subdivision P, a hypersensitivity study shall mset the following
standards.

(1) Substance to be tested.

(1) The manufacturing-use product sghall be tested to support
the registration of a manufacturing=-use product.

(1i) The end-use product shall be tested to support the
registration of an end-use product.

(2) Condition of test substance. The test substance should be
applied undiluted. If the test substance causes marked irritation,
it should be diluted with physiological saline until a concentration
is found which produces only slight irritation. If the tast
substance is a solid to be injected intradermally, it should be
dissclved in a minimum amount of physiological saline.

(3) Species. The test should be performed in the hamster or
guinea pig.

(4) Age and sex. Young adult males should be used when albino
guinea pigs are tasted. Young adults of either sex may be used
when hamsters are tested.

{S5) Number of animals. At least 10 animals should be used.

(6) Dose quantification. Titers of microbial:suspensions
should be determined by plating dilutions on laboratory surface or
other suitable media or a host organism for enumeration of viable
organisms.

{(7) Number and selection of dose levels. (i) An initial dose of
0.05 ml should be injected intradermally. This doss shall be followed by
injection of 0.1 ml thres times weekly on alternate days for three weeks,
so that a total of ten treatments is administered. Two weeks after the
tenth sensitizing treatment, the animals should be challenged by a final
injection (Landsteiner and Jacobs, 1935);
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(8) gcontrols. (i) A positive control, using a known
sensitizing agent, is recommended; and

{4i) A concurrent wvehicle control group is not required.
(9) Conduct of test.

(1) Preparation of test animals. Hair is removed first
by clipping and then by shaving to form a strip running from flank
to trunk along each side of each animal. This procedure should be
repsated as necessary.

(ii) Intradermal injection. After preparation of the test
animal, the test substance is injected intradermally. The
first sensitizing injection is be made at one end of one strip.
The succeeding injections should be made by moving along the shaved
strip choosing a new location for each treatment.

{10) Observation and scoring. Erythema, edema, and other
lesions are scored at 24 hours and 48 hours following each
application, according to the standard method (Draize, 1959).

(c) Data reporting and evaluation. In addition to the
applicable basic information in § 80-4 of Subpart P, the
following information should be reported:

(1) Tabulated scores for each animal for erythema and edema
at 24 and 48 hours post-applicaticon or post-injection; and

(2) Tabulated average scores from all sensitizing treatments,
and the score of the challenge treatment.

(d) Tier progqreasion. No tier progression fram the
hypersensitivity study is necessary.

§ 152-37 Hypersensitivity incidents with microbial pest control
agents: Tier I.

(a) When required. Data on incidents of hypersensitivity of
hunans or domestic aninals that occur during the production or
testing of tha technical grade of the sctive ingredient, the
manufacturing-use product, or the end-use product should be
Teported with the toxicology datas supplied in support of an appli~
cation for registration. Yor reporting of incidents taking place
after registration, refer to the requirengnts in_connection with
sec. 6(a){2) of FIFRA.
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(b) Reporting. The reporting requirements for these inci-
dents should be the same as those for coaventional chemical pesti-
cide incident reports as specified in the Pesticide Incident Report
form (EPA form number 8550-5, OMB form number 158~-R0008). The
£ollowing information should be provided if available:

{1} The name of the microbial sgent;
{2) The length of exposurs to the agent;
{3) The time, date and location of exposure to ths agent;

(4) The situation or circumstances under which exposure to
the agent occurred; and

(S) Any clinical observations.

§ 152-38 Effects of microbial pest control agents on the cellular
immune response system: Tier I.

(a) Test description. The following tests of effects on
immunocompetence are included in the cellular immune response
studies with microbial pest control agents:

(1) Blood cell count;

(2) Leukocyte response (B and T cells):

(3) Total leukocyte number (T and B cell ratios);
(4) Macrophage number and function; and

{S) Serum protein determination.

(b) When required. Data on cellular immune response studies
are required by 40 CrR § 158.165 to support the registration of each
end=-use product and each manufacturing use product. See 40 CFR
§ 158.50 and § 158.165 to determine whether thase data must be sub-
mitted; Section lI-B of this subdivigion contains an additional
discussion of the formulators' exemption and who, as a ceneral
rule, is responsible for submission of the required-data.

(¢) Test standards. In addition to the test standards set
forth in § 150-3 of this subdivision, the following standards should
be met:

(1) Test substance. The technical grade of the microbial
agent shall be tested.
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(2) Dosags. At least three doses of a given microbial agent
should be separately adninistered to test mice prior to performing
the cellular immune response evaluations.

(3) Test methods. The test methods for the five different
cellular immune response tests described in (1) through (v) apply
for any candidate microbial agent (i.e., bacterial, fungi, virus,
or protozoa):

(1) Blood cell count. Three groups of 10 male and 10 female
mice each are separately injected (intraperitoneally) with a 0.5 ml
dose containing different concentrations of test substance. One
group of mice are injected with undiluted test substance, one with
test substance d4iluted 10x, and a third group injected with agent
diluted 100x. Three groups of five mice each injected with
. physiological saline should serve as controls. Routine blood
counts should be performed at 15 and 30 days after exposure.
Standard hemacytometer assays should be ytilized to determine the
total number of peripheral blood leukocytes as well as differential
counts.

(1i) Leukocyte response (T and B cells). Thres groups of

treated mice and three groups of control mice are prepared as
described above (i) for blood cell counts. PFifteen and 30 days
after treatment, treated and control mice are to be tested for
absolute peripheral blood T and B lymphocyte numbers, and/or their
ratio, in order to ascertain whether or not there has been a
significant shift in the populations of these cells. An immuno-
fluorescent antibody test should be used to determine the number
of peripheral blood leukocytes exhibiting abnormal numbers of
total surface immunoglobulins. The E-rosette assay with sheep
erythrocytes should be used as a standard technique for ascer-
taining the number of T cells in the peripheral blood of mice.

{iii) Total leukocyte number (T and B cell ratios). Three
groups of treated mice and three groups of control mice are pre~
pared as described above (i) for blood cell counts. At several
time intervals after treatment, such as 15 and 30 days, trsated
and control mice shall be tested for absolute peripheral blood B
and T lymphocyte number and/or their ratio i{n order to ascertain
whether there has besn a significant shift in the population of
these cells. An immunofluorescent antibody test using antimouse
immunoglobulin serum is a standard method and could be used to
determins the number of peripheral blood leukocytes which exhibit
changes in surface izmunoglobulins characteristic for B lymphocytes.
for the T cells, indirect immunofluorescence assays using standard
techniques should alsc be used, as in § 152-18(c)({4)(ii) and
(iii). (See references for csllular i{mmune response test
§ 152-18.)
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(iv) Macrophage number and function. One group of at least S
mice are each injected intraperitoneally with 0.5 ml of undiluted
test substance. PFifteen and 30 days after exposure, the number and
percent of peritoneal and splenic macrophages should be determined
by standard phagocytic index tests, such as the uptake of latex
diffusion assays and electrophoresis. Amounts of individual classes
of immunoglobulins may be determined by immunoelectrophoresis to
deternine levels of Ig G, M, A, and D,

{v) Serum protein determination. Pive mice should be injected
with 0.5 ml of test substance. Seven and 15 days after axposure,
serum protein and immunoglobulin levels should be determined by
standard radial-gel diffusion assays and electrophbresis. Amounts
of individual classes of imrmunoglobulins may be determined by
immunoelectrophoresis to determine levels of Ig G, M, A, and D.

(4) Dose quantification. Determination of the number of
organigms in microbial suspensions administered to test animals
should be. performed by plating dilutions on laboratory media or host
organigm for enumeration of viable organisms.

(d) Tier progression. (1) 1If any indication of abnormality
is observed in any of the teasts specified in paragraph (a) of this
section, Tier II cellular immune response studies (§ 152-46) are
required by 40 CFR 158.165,

{2) If no indication of abnormality is observed in the tests
conducted as specified in paragraph (a) of this section, then no
further testing is necessary.

(e) References. Rafer to § 152-18(f).

§ 152-39 Tissue culture tests with viral agents: Tier I.

{(a) When recuired. Data from tissue culture tests (with
viral agents) are required by 40 CPFR § 158.165 to support the regi-
stration of each manufacturing-use product and each end-use product.
See 40 CFR § 158.50 and § 158.165 to determine whether these data must
be submitted; Section II-B of this subdivision contains an additional
discussion of the formulators' exemption and who, as & general rule,
is responsible for submission of the required data. *

(b) Test standards. (1) Substance to be tested. The purest,
most concentrated and infectious form of the virus shall be used.
Vizrus preparations should be free of insact hemclymph, as this may
prove toxic to cells in culture. The inoculur should be titered by
the most sensitive assay available and in the most permissive host
systam (cell culture or, if not available, host insect). For
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testing in the model systems, a minimum of five plaque~forming
units per cell is required when a plaqus assay for the virus is
available, or seven LD50's per cell when a plaque assay for the
virus is not available. 1If not feasible, the reasons for lack of
compliance should be noted and submitted, and maximal amounts of
infectious virus compatible with tissue culture systems shall be
assayed.

(2) Cell cultures. The following cells should. be used: 1
human line, e.g., WI38; 1 human primary cell type, e.g., foreskin;
1 human continuous line, e.g., Hela; 1 primate continuous line,
e.g., monkey CV=~1 or BSC~1 and, for assessmant of possible slowly
developing virus-cell interactions that could lead to virus
persistence and/or malignant transformation, mouse 3T3 Cells.

(3) Number of test systems. Replicate cultures containing
a minimgm of 10° cells sach should be inoculated in each tast.

(4) Observation of gross morphological changes (cytopathic
effects). 7Two confluent platss should be examined daily by light
microscopy for a minimum of 14 days for human and primate lines,
and weekly intervals for up to one month for the 3T3 cells.

{S) Inhibition of cell division. Two sub=confluent plates
should be used for msasuring the ability of infected cells to grow
to conflusncy after inoculation.

(6) Bicassay of culture fluid. Cells and culture fluid from
replicate confluent plates should be assayed for infectious virus on
alternate days for 14 days after inoculation. The bioassay chosen
should be the nost asnsitive available for detscting infectious
virus.

(7) Asssy for decay of input virus and potential appearance

of viral proteins and nucleic acid. (i) A sensitive quantitative
immunological test (e.g., the enzyme-linked immunosorbent assay)
should be performed on replicate cultures on alternate days for 14
days.

(ii) A sensitive gquantitative molecular hybridization test
for viral nucleic acid (e.g., kinetics of reassociation of highly
labeled viral DNA prode using infected cell DNA as driver) on
replicate cultures on alternate days for 14 days should be performed.

(8) Controls. 1In esach ingtance, mock=infsctsd cultures should
be similarly snalyzed. PFor each series of tests the inoculum will
be tasted in the permissive cell line or insect host as a positive
control and for direct reference to the data obtained from the
vertebrate cell lines.
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{ec) Data reporting and evaluation. The following information
should be provided on each test:

(1) Cytopathic effects (CPE) in the cell monclayers.

{1) The appearance of CPE in the cell monolayers described to
differantiate between cell destruction induced by the test virus
and nonspecific effects.

{(ii) Results of tube culture inspection for microscopic
evidence of cytopathic effects recorded as:

1+ = guggestive of virus-induced morphologic changes;
2+ = definite morphologic changes;

3+ = more than 50% cell Qegeneration; or

4+ = complete cell destruction.

(i11) The TCIDgy value calculated by a statistical method
(i.e., the Reed and Msunch Method). For computation of the
infectivity results, only tubes showing a 2+ CPE Or greater are
congidered to be infected.

(2) Inhibition of cell division.

(i) The procedure used for the study of cell~divigion inhibition
should be detailed.

(1) The initial cell-number seeded for adequate proliferation
deternined by either hemocytometer counting or slectronic enumeration.

(1ii) Results of the cell=number of infected and control cul=-
tures monitored during the of study, expressed as a percentage as
follows:

Average cell count, infected cultures = initial cell count y 109
Average cell count, control cultures ~ initial cell count

(iv) The percentage of confluency of cell monolayers from
infected and control cultures (determined after an appropriats
period of incubation).

(v) Any evidence of mitotic process prevention or interference
with chromosomal replication.

(3) Bicassay of culture fluid.
(1) Susceptible host sytem used for viral detection.

(i1) Records of the dilutions in the virus assay (e.g., 10~1,
10=2)., The serial dilution method is required.
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(1ii) The percentage infectivity calcylated from the number of
infected host cells following incculation with an appro-
priate series of consecutive virus dilution.

(4) Data from an assay for decay of input virus.

(1) Identity of viral antigens that do not grow well in cell
culture.

(A) Details of procedures of the Enzyme-Linked Immunosorbent
Assay (FLISA) for viral detection.

(i1) Report the cellular location of viral antigens in the
infected cell culturs.

(AR) Details of procedures of the immunofluorescence technique.

(S) Assay for potential appearance of viral proteins and nucleic
acid.

(1) Details of procedures of the DNA-DNA reassociation kinetics.

(d) Tier progression.

(1) If tissue culture teasts showv evidence of resplication or
persistence of the viral agent, or damage to host cells, then
additional testing in Tier II is required by 40 CFR 158.16€5.

The specific Tier II test requirements will depend on the results
of the tissue culture test and will be determined after consultation
with the Agency.

(2) If tissua culture tests show no evidence of replication
or persistence of the viral agent, or damage to host cells, then no
further testing is necessary.

(e) References.

{1) Bullock, S.L., and K.W. Walls. 1977. Evaluation of some
cf the paramaters ¢f the enzyme-linked impuncspecific assay. J.
Infect. Dis. 136: $279-528S.

(2) Eagvall, E., and P. Perlmann. 1972, Enzyme~linked
immunosorbent assay. ELISA. IIl. Quantification of specific
antibodies by enzyme-linked antiglobulin in antigen-coated tubes.
Je. lmmunol. 109:129=-13S,

(3) Gelb, L.D., D.E. Kohns, and M.A. Martin. 1971. Quantita-
tion of simian virus 40 sequences in African Green monkey, mouse
and virustransformed cell genomes. J. Mol. Biol. S57:129-14S.
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(4)  Goldman, M. 1968. Fluorescent Antibody Methods. Academic
Press, Inc. ‘New York, N.Y.

(S5) Hermann, J.E., R.M. ﬂ.ndry, and M.F. Collins. 1979.
Factors involved in enzyme-linked immuncassay of viruses and
avaluation of the method for enteroviruses. J. . Clin. Microbiol.
10:210-217.

(6) Righy, P.W.J., M. Kisckmann, C. Fhodes, and P. Barg.
1977. lLabeling deoxyribonucleic acid to high specific activity in
vitro by nick translation with DNA pclymerase I. J. Mol. Biol.
113:237=251.

(7 ”ld. 'W.s.!(., M. Green, and J.XK. lhck.y. 1978. Msthods
and rationale for analysis of human tumors for nucleic acid sequences
of oncogenic human DNA viruses. Methods Cancer Res. 15:69=-161.

(8) Yolken, R.EB., H.W. Rim, T. C.ldn, ReGo mtt, AR, Xl.lica,
R.M. Chanock, and A.Z. Fapikian. 1977. Enzyme-linked immunoscrbent
assay (ELISA) for detection of human reovirus—-like agent of infantile
gagtroenteritis., Lancet 2:263~266.

Group B-«2: Tier Il Testing.

§ 152-40 Acute oral toxicity/infectivity studies with viral or pro-

tozoan agents: Tier II.

(a) When required.

(1) End~use formulated products. Data on the acute oral
infectivity of viral or protozoan agents (Tier II) are required
by 40 CFR § 158.165 to support the registration of each end-use pro-
duct for which survival, replication, infectivity, toxicity, or
persistence of the microbial agent (virus or protozoa) is obssrved
in the test animals treated in the Tier I acute oral infectivity
tests (§ 152-30) or the intraperitoneal/intracerebral injection
tast for protozoa (§ 152-33).

(2) Manufacturing-use products. Data on the acute oral infec-
tivity of viral or protozoan agents (Tier II) are féddired by 40 CFR
§ 158.165 to . support the registration of each manufacturing-use product
for which survival, replication, infectivity, toxicity, or persistence
of the microbial agent (virus or protozoa) is observed in the test
animals treated in the comparable Tier I acute oral infectivity tests
(§ 152=30) or the intraperitoneal/intracerebral injection test for
protozoa (§ 152-33).
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(b) Test standards. In addition to the applicable general stan-
dards set forth in § 150=3 of this subdivision and § 80«3 of Subdivi-

sion F, the acute oral infectivity test with protozoa or viruses should
be conducted in accordance with the standards set forth in § 153=30

of this subdivigion, with the following exceptions:

(1) Substance to be tested. (i) The end-use product shall be
tested to support the registration of an end-use product.

(ii) The manufacturing-use product shall be tested to support the
registration of a manufacturing-use product.

(2). Species. (i) Por viral agents, tasting should be conducted
on newliy-veaned mice and newly-weaned hamsters.

(ii) Por protozoan agents, testing should be conducted on beagle
puppies.

(3) Number of animals and selection of dose levels.

(i) In tests using mice or hamsters, a trial test is recommended
for the purpose of establighing a dose ilevel higher than the expected
LD50. If data based on testing with at least five animals per sex are
submitted showing that the oral LDS0 is greater than 5 g/kg, no further
testing at other dose levels is necessary. If death occurs, the
requirements of paragraph (b)(3)(ii) of this section apply.

(ii} At least three dose levels spaced appropriately should be
tested using adequate numbers of animals per dose level to produce
test groups with mortality rates between 10 percent and 90 percent
to permit the calculation of an LDSO for males and females with a
95 percent confidence interval of 20 percent or less.

{iii) In tests using puppies, doses as large as possible should
be administered. Only one dcse per animal is administered. Adequate
aumbers of animals are tested so that necropsies can be conducted at
three time periods during the day.

(4) Duration of the test.

{i) Surviving exposed animals and appropriate controls should be
observed for at least 60 days or until signs of revaersible infectivity
subside, whichever occurs later.

(5) Copduct of test. (i) Fasting. PFood should be withheld from
the animals 24 hours prior to dosing mice with protozoan agents.

(4i) Observation. The animals should be observed frequently dur-
ing the day of dosing and checked at least once each wmorning and late
afterncon thersafter. The following should be recorded even though
the animals recover completely from the exposure: nature and onset
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of -all .gross or visible tlinical signs of illness such as elevated
temperature, unkempt appearance, altered feeding habits, weight
loss, and various forms of distress and physical depression.

(1i1) Sacrifice and necropsy. All test animals surviving at ter-
mination of the observation period should be sacrificed. All tast
animals, whether dying during the test or sacrificed, should be sub-
jected to a complete gross necropey. If pathology is observed,
organs and tissuss must be eaxamined microscopically. In addition to
gross pathology, the following should be determined: microorganism
dissemination, rsplication and survival in animal tissues, organs,
and fluids, including survival in the intastinal tract. Samples
should be cultured on laboratory surface or other- suitable media or
2 host organism to provide qualitative and quantitative mesasursments
of survival and multiplication of the microorganism. 1In addition, for
tests of viral agents, samples of blood, spleen, liver, heart, skeletal
muscle, lung, and small intestine should be examined for infectivity.
These samples should also be assayed by sensitive molecular techniques,
to be performed using radioimmunocassay, enzyme-linked immunosorbant
assay, or nucleic acid hybridization tests.

(¢) Data reporting and evaluation. In addition to the informa-
tion required by § 80-4 of Subdivision P and § 152-30 of this subdivi~
sion, the test report should include the following information:

(1) When using the gerologic and nucleic acid tests to detect
viruses, the sensitivity, specificity, and limits of each aasay

shall be defined by a comparison to a standard assiay using the permis-
sive systen,

(d) Tier progression. (1) A chronic feeding study (§ 152-50)
is required by 40 CFR ; 158.165 for viral agents if the potential for
chronic adverse effects is indicated, based on:

(i) Results of this study (§ 152-40);

(1i) Results of comparable tests in § 152-30 conducted on other
species; and

(iii) The extent of expected human expcsure based on residue
analysis data developed in accordance with section series 153.

(2) Data on a chronic feeding study (§ 152=50) and on oncogeni-
city studies (§ 152-51) are required by 40 CFR § $$8.165 for protozca
if the potantial for oncogenic, or other chronic adverss effects are
indicated based on:

(1) Reasults of this study (§ 152-40);

(ii) Rasults of comparadle tests in § 152-30 conducted on
other species; and
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(iii) The extent of expected human exposure based on residue
analysis data developed in accordance with section series 153.

(3). 1f agent replication, persistence, and the potential for
chronic adverse effects are not indicated, then no further testing
is necessary.

(e) Raferences. Refer to § 152-30.

§ 152-41  Acute inhalation toxicity/infectivity study with viral or
protozoan agents: Tier.xx.

(a)  ¥hen required.

(1) End~use products. Data on acute inhalation (Tier II)
are required by 40 CFR ; 158,165 to support the registration of each
and=usge product for which survival, replication, infectivity,
toxicity, or persistence of the microbial agent (virus or protozoa)

is observed in the test animals treated in the comparable Tier I
acute inhalation tests (§ 152-32).

(2) Manufacturing-use products. Data on acute inhalation
(Tier II) are required by 40 CPR ; 158.165 to support the registration
of each manufacturing-use product for which survival, replication,
infectivity, toxicity, or persistence of the microbial agent (virus
or protozoa) is observed in the test animals treated in the compara-

ble Tier I acute inhalation tests (§ 152-32).

(b) Test standards. In addition to the applicable general
standards set forth in § 150-3 of this subdivision and § 80=-3 of
Subdivision F, the acute inhalation study with viruses or protozoa
should be conducted in accordance with the standards get forth in
§ 152=32 of this subdivision, with the following exceptions:

(1) Substance to be tasted.

{i) The end-use product shall be tested to support the registra-
tion of an end-use product.

{ii) The manufacturing-use product shall be tested to support
the registration of a manufacturing-use product.

(2) Species.

(1) For viral agents, testing should be conducted on newly=-
weaned mice and newly-wesaned hamsters.
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(i) Tor protozoan agents, testing should be conducted on a dif-
ferent species than used in the Tier I test [§ 152=32(b)(1)].

(3) Duration of test. Test animals should be observed for 60
days, or until signs of reversible infectivity subside, whichever
occurs later.

(4) Conduct of tast.

(1) Observations. The animals should be observed frequently
during the day of dosing and checked at least once sach morning
and late afternocon thereafter. BEven if the animals recover com=-
pletely from the exposure, the nature and onset of all gross or
visible clinical signs of illness such as elevated temperature,
unkempt appearance, altered feeding habits, weight loss, various
forms of distress, physical depression, and other similar expres-
sions should be recorded.

(414) Sacrifice and necropsy. All test animals surviving at
ternination of the observation period should be sacrificed. All
test animals, whether dying during the test or sacrificed, should
be subjected to a complete gross necropsy. If gross pathology
is observed, organs and tissues must be examined microscopically.
In addition to reporting gross pathology, microorganism dissemin-
ation, replication, and survival in animal tisgsues, organs, and
fluids should be determined, including survival in the intestinal
tract. Samples should e cultured on laboratory surface or other
suitable media or a host organism to provide qualitative and quanti-
tative measurements of survival and multiplication of the microor-
ganism. In addition, for tests of viral agents, samples of blood,
spleen, liver, heart, skeletal muscle, lung, and small intestine
should be examined for infectivity and be assayed by sensitive
molecular techniques, to be conducted using radioimmunocassay,
and/or enzyme-linked immuncsozrbant assay, and by nucleic acid
hybridization tests.

{c) Data reporting and evaluation. In addition to the
provisions set forth in § 152-32 of this subdivision, the follow=
ing apply:

(1) When using serologic and nucleic acid tests to detect
virus, the sensitivity, specificity, and limits of each assay should
be defined by comparison to a standard assay using the permissive
system.

(4) Tier progregsion..

(1) If replication or persistence in mammalian species is
indicated, then Tier III oncogenicity and mutagenicity tests
(§§ 152=51 and =52) may be required as specified in 40 CFR § 158.1€S5.
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(2) ‘Cartain additional etudies in Tier III are required by
40 CFR. 158,165 if the potential for chronic or other adverse effects
is indicated based on:

{1} Results of this study (§ 152-41);

(11) Results of comparable tasts in § 152-32 conducted on other
species; and

{4ii) The extsnt of human exposure expected based on residue
analysis data developed in accordance with section saries 153.
Specific test requirements shall be established based on results
of this test.

(3) If the potential for chronic or other adverse effects is
not indicated, then no further testing is necessasry.

(e) Refersnces. The following references provide information
on virus detection. In addition, refer to § 152-32 for references
on conducting inhalation studies.

(1) Bullock, S.L. and K.W. Walls. 1977. Evaluation of some
of the parameters of the enzyme-linked immunospecific assay. J.
Infect. Dis. 136: 5279-52850

(2} Engvall, E. and P. Perlmann. 1972. Enzyme-linked immuno=
sorbent assay. ELISA. 1III. Quantification of specific antibodies
by enzyme-~linked antiglobulin in antigen-coated tubes. J. Immunocl.
109:129=138,

{3) Hermann, J.E., R.M. Hendry, and M.F, Collins. 1979, Pac-
tors involved in enzyme~linked immunc—asgsay of viruses and evalua-
tion of the method for enteroviruses. J., Clin. Microbicl. 10:210-
217.

(4) YOlk.n' R. Ho, B.W. Kim, Te CJ..B, ReGo Wyatt, A.R. nlic&,
R.M., Chanock, and A.Z. Kapikian. 1977. Enzyme-linked immunoabscr-
bent assay (ELISA) for detection of human reoviruslike agent of
infantile gastroenteritis. lLancet 2:263-266.

(5) G.lb, LQD.' D.E. mhﬂ., and M.A. Martin,. 1971. Muu’
tion of simian virus 40 sequences in Africa Green monkey, mouse
and virustransformed cell genomes. J. Mol. Biol. 573:129=145.

(6) l!.i.qby. PeWeJe, M. Kiekmann, C. *hodes, and P. Berg. 1977.
Labeling deoxyribonucleic acid to high specific activity in vitro by
nick translation with DNA polymerase I. J. Mol. Biol. 113:237=251.

(7) wWold, W.S.M., M. Green, and J.K. Mackey. 1979. Msthods
and rationale for analysis of human turors for nucleic acid sequences
5¢ oncogenic human DONA viruses. Methods Cancer Res., Vol. 15.
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§ 152-42 Subchronic oral dosing study with protozoa: Tier II.

(a) When required.

Data from subchronic oral infectivity tests are required to
support the registration of each end-use product for which there
is evidence of survival, replication, infectivity, or parsistence
of the protozoan agent in the Tier I oral infectivity test
(§ 152~30) and to support each manufacturing-use product which
may legally be used to formulats such an end-use product. See 40
CPR § 158.50 and § 158,165 to determine whether these data must be
submitted; Section II-B of this subdivision contains an additional
discussion of the formulators' exemption and who, as & genaeral
rule, is responsible for submisgsion of the requirad data.

{b) Test standards. The applicable general test standards
and applicable specific test standards set forth in § 80-3 and 82(e)
through (g), respectively, of Subdivisgion P shall apply, with the
following exceptions:

(1) Species. Testing should be performed in one mammalian
species, the mouse, rat, or dog,

(2) Observation of animals. In addition to the applicable

specifications set forth in § 82=1 of Subdivision F, the specifica-
tions set forth in § 152=40 of this subdivision apply.

(3) Sacrifice and necropsy. In &ddition to the applicable
specifications set forth in § 82-1 of Subdivision F, the specifica-
tions set forth in § 152-40 of this subdivision shall apply.

(e) Data reporting and evaluation. The applicable provisions
set forth in § 82«1 of Subdivision F and § 152-40 of this subdivision

apply.

(d) Tier progression.

(1) Data on oncogenicity (§ 152-51), mutagenicity (§ 152-52),
and/or chronic exposure (§ 152-50) studies are required by 40 CEFR
158. 165 if the potential for oncogenic, mutagenic, or other adverse
chronic effects are indicated, based on:

{i) Rasults of this study (§ 152-42); and

(1i) The  extent of expected human exposure based on residue
analysis data developed in accordance with section series 153.

{2) If the potential for oncogenic, mutagenic, or other
adverse chronic effects iz not indicated, then no further testing is
neczessary.
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4 152-43 Acute intraperitoneal or intracerebral toxicity/infectivity
tests with bacteria, fungi, and protozoa: Tier II.

(a) When required. Data from acute intraperitoneal (IP) or
intracerabral (IC) infectivity tests are required by 40 CPR § 158.165
to support the registraticn of each snd-use product for which, in
Tier I acute oral infectivity testing (§ 152-30), or dermal toxi-
city/infectivity testing (§ 15S2-31), or intraperitoneal and intra~
cerebral injection testing (§ 152-33), the test microorganism
{bacteria, fungi, or protozoa) survived for more than 2 waaks,
causad toxic effects, or caused & severe illness response in an
experimental animal as evidenced by irreversible gross pathology,
severe veight loss, toxemia, or death. These data are also required
to support the registration of each manufacturing-use product
which may legally be used to formulate such an end-use product.

See 40 CFR § 158.50 and § 158.165 to determine whether these data must
be submitted; Section II-B of this subdivision contains an additional
discussion of the formulators' exemption and who, as a general rule,
is responsidble for sulmission of the required data.

(b) Test standards. The acute IP or 1IC infectivity test should
be conducted in accordance with the standards set forth in § 152-33,
with the following exceptions:

{1} Substances to be tested. (i) The technical grade of
the active ingredient shall be tested.

(2) Species. Two species octher than those used in the compar-
able Tier I test should he tested. The preferable test species are
the rat, guinea pig, rabbit, and besagle dog.

(3) Number of animals and selection of dose levels. Test
anizals, both normal and immunodepressed, should be injected using
at least three graded doses of microorganisms, in sufficient numbers
to permit sacrifice at approximately two~week intervals throughout
the entire test period. At least five animals per sex, species,
dose, and stats of immunodepression per sacrifice should be used.

(4) Control animals. A control group, one-half immunode-
pressad, should be injected (IP or IC as appropriate) with the
test vehicle containing the killed (autoclaved) test microorganisno.
Control animals should be sacrificed concurrently with the treated
animal groups. At least five animals per sex, species, and state
of immunodepression should be used per sacrifice.

(S) Conduct of test. (i) Application.. Approximately 0.1
ml of test solution per graded dose of test microorganism should
be injected in accordance with standard procedures and sites for
Ir and IC tests.
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(.ii) Duration of test. Surviving animals should be observed for
at least four months in tests of bacterial agents and six months in
tests of fungal agents, or until the microorganisms are no longer
detsctable at the injection site or at remote sites.

(c) Data and reporting and evaluation. In addition to the
applicable information required by ; 80-4 of Subdivision P and
§ 152-33 of this subdivision, the test report should include the
following information:

(1) The LD50 for each sex for each test substance for injected
animals calculated at the end of the observation period (with method
of calculation specified) expressed in numbers of viable microor-
ganisas per kg body weight and mg product per kg body weight;

(2) The 95 psrcent confidence interval for the LDS50; and

(3) The dose response curve and slope.

(d) Tier progressiocn.

(1) If evidence of microbial agent replication, persistence,
or death of test animals is observed, then the Tier IIX chronic
feeding study (§ 152-50) is required by 40 CPR § 158.165.

(2) Data on oncogenicity and/or mutagenicity tests (§§ 152-51
and -52, respectively) are required by 40 CFR § 158.165 if the poten-
tial for mutagenic or oncogenic effects are indicated based on:

(1) Results of this test (§ 152-43); and

(1i) The extent of expected human exposure based on residue
analysis data developed in accordance with section series 153.

(e) References. Refer to § 152-33(e}.

§ 152-44 Primary dermal irritation study with microbial agents:

Tier II.

(a) When required. Data from a primary dermal irritation study
(Tier II) are required by 40 CPR § 158.165 to support the registration
of each end-use product for which marked edema or broad erythema
was observed in the Tier I dermal irritation study (§ 152-34).

(b) Test standards. The test standards set forth in § 152-34
apply, except that the use-dilution of the end-use product should
be tested.
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(c) Data reporting and evaluation. The provisions of § 152-34
apply..

(d) Tier progression. No additional tests are necessasry.

§ 152=45 Primary eye irritation study with microbial agents:
Tiexr II.

(a) When required. Data on primary eye irritation (Tier II)
are required by 40 CFR § 158.165 to support the registration of each
end-use product for which severe ocular lesions are observed in
the Tier I primary eye irritation study (§ 152-35 of this subdivision).

{(b) Test standards. The test standards set forth in § 152-35
apply except that the use dilution of the end-use formulated product
should be tested.

(c) Data reporting and evaluation. The provisions of § 152-35
apply.

(d) Tier progression. No additional testing is required.

§ 152-46 Effects of microbial pest control agents on the cellular
immune response system: Tier II.

(a) When required. Data on cellular immune response (Tier
II) are required to support the registration of each end-use formu-
lated product for which results of the Tier I cellular immune
response test (§ 152-38 of this subdivision) indicate abnormalities
in any of the studies identified in paragraph (a) of § 152-38 and
to support the registration of each manufacturing-use product
which may legally be used to formulate such an end-use product.
See 40 CFR § 158.50 and § 158.165 to determine whether these data
must be submitted; Section II-B of this subdivision contains an
additional discussion of the formulators' exemption and who, as a
general rule, is responsible for sulmisgsion of the required data.

{b) Test standards. [Reserved)

(¢) Reporting and evaluation of data. (Reserved]

(d) Tier progression. If results of the cellular immune
response test indicate a potential hazard to humans or domestic
animals because of the survival or multiplication of the
microorganism, then appropriats Tier III tests are required by 40
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CPFR 158.165. Specific data requirements in Tier IXI will be deter-
mined based on the results of this test (§ 152-46) and consultation
with the Agency. Data requirements could include oncogenicity

(§ 152-51), chronic feeding (§ 152-50), and/or mutagenicity studies
(8§ 152-52).

(e) References.
(1) Refer to § 152-18(¢f).

{2) The following provides ussful information for daveloping
an acceptable protocol for tests to assess antibody-forming
activity and cellular immune responses:

(1) Antibody-forming activity. At least
two groups of five mice esach are treated with

the high levael of test substance used in Tier
I (§ 152-18). At two time intervals after ex-
posurs (15 and 30 days), test and control
animals are ismunized with a standardized dose
of arn antigen (sheep erythrocytes; 4 X 108
washed red blood cells). PFour days later, the
animals are sacrificed and the spleen is ob~
tained. The numbers of splenic antibody plaque-
forming cells and erythrocytes are determined
by a localized hemolysis-in~-gel assay using
the standard Jerne plaque assay to determine
whether there are any untoward affects on
anti~body=producing B cell compatence.

The plaque assay is described below as an
example for both in vive and in vitro tests.
It is not suitable merely to test the serum
antidbody levels of the mice, since such test~
ing may be too insensitive to detect changes
in numbers of individual antibody producing
Cells in animals already exposed to detri-
mental levels of pesticides.

(1i) Cellular immune responses. Groups
of pesticide-treated mice should be injected
with the technical preparation of the control
agent in the appropriate manner to deterxine
vhether there has been an effect on cell-
asdiated immune responses. _sit least One_.a&ssay
for cesll-mediated immunity, either with whole
animals or with cells in culture, should be
performed for animals treated with the maximum
dose of the microbial pest control agent which
elicited effects in Tier I testing (§ 152-38).
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The test should be psrformed with groups of at
least five animals or more at 15 and 30 days
after exposure. Typical in vivo assays would
be based on a determination of allogenic skin
graft rejection and/or resistance to highly
allogenic tumor cells.

{A) In vivo test. Groups of ten mice
each are given a full thickness allogenic skin
graft, and mean survival time is determined
and compared with the survival time of allogenic
skin grafts on untreated animals. Injection of
a tumor cell line could be performed using
mastacytona tumor cells in which the LD50 is
readily established for control animals. It
will then be possible to dstermine whether the
pesticidetreated animals show a significant
enhanced susceptidbility to the same numbers of
aastacytoma cells.

(B) In vitro test., Spleen cells from
animals sensitized with the normal allogenic
skin graft or given tumor cells as described
in paragraph (e)(ii)(A) are used for quantita-
tive call-mediated immune responses in which
chromium=labeled target cells are exposed to
splenocytes from sensitized animals in vitzo
in order to ascertain respeonsivenass of killer
T lymphocytes in the tresated animal spleen.
Lymphoid cells (106) obtained from sensitized
animals - either control animals or animals
treated 15 and 30 days previously with a maxi-
mum dose of pesticide - are tested in a chromium
release assay with labeled target cells in cul-
tures. In addition, lymphoid cells from treated
animals are to be tested for their ability to
generate migration inhibitory factor in vitro.
For these tests, splenocytes (106) are placed
in microcapillary tubes, with or without a
specific antigen (such as the purified proteln
darivative or mycobacteria if the animals were
sensitized with the BCG strain of mycobacterium
or extracts of the allografts). The ability
of the mononuclear spleen cesll suspensiodis to
‘migrate from the chamber in the preseaéd of
antigen would be.used as a correlate of cellular
immunity. As an alterpative to one of the
above procesdures, a blastogenic test could be
performed. Spleen cells (106) are cultured
in microwell chambers with and without a stimu-
lator such as phytohemaglutinin, concanavalin
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A, or lipopolysaccharide. The ability of the
spleen cells to rsspond to these mitogens in
vitro by taking up tritiated thymidine cor-
responds to an asssssnent of cellular immunity.

§ 152-47 Teratogenicity test with viral agents: Tier II.

{a) Wwhen red. Data on teratogenicity studies are
required by 40 CFR i 158. 165 to support the registration of each
end-uge product for which the Tier I tests on viral agents
(§ 152-30 through =33 and -39) show replication of the virus in
marmal ian hosts and significant damage to mammalian cells
and to support the rgistration of each manufacturing-use
product which may legally be used to formulate such an end-use
product. See 40 CFR § 158.50 and § 158.165 to Adetermine whether
these data must be sulmitted; Section II-B of this subdivision
contains an additional discussion of the formulators' exemp-
tion and who, as a genersl rule, is responsible for submission
of the required data.

(b) Test standards. The applicable general test standards
and applicable specific test standards set forth in § 80-3 and
§ 83~3(e) through (g), respectively, of Subdivision P, apply, with
the following exceptions:

(1) Substance to be tested. Testing shall be performed with
the technical grade of the active ingredient (virus).

(c) Data reporting and evaluation. The applicable provisions
of § 83-3 of Subdivision F apply.

(d) Tier progression. If evidence of teratogenic effects due
to treatment with the viruses is demonstrated, then additional
testing in Tier III may be required by 40 CFR § 158.165 following
consultation with the Agency.

§ 152-48 Bacterial and fungal virulence enhancement: Tier II.

(a) When required. Data froa a bacterial or fungal
virulsnce enhancement study are required by 40 CPR § 158,165 to
support the registration of each end-use product containing
bacteria or fungi as the active ingredient when Tier I infecti-
vity tests (§ 152-30 or ~33) indicate prolonged survival (in-
cluding presence of viable microbial agents in test animal
excreta) and/or multiplication (infectivity) of the bacterial
or fungal agent, respectively. These data are also required
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to support the registration of esach manufacturing-use product
which may legally be used to formulate such an end-use product.
See 40 CFR § 158.50 and § 158.165 to datermine whether these

data must be sulmitted; Section II-B of this Subdivision contains
an additional digcussion of the formulators' exsmption and who, as
a general rule, is responsible for submission of the required
data.

(b) Tast standards. In addition to the applicable general
standards set forth in § 150-3 of this subdivision and § 80-3 of
Subdivision F, bacterial or fungal virulence snhancemsnt studies
should meet the following standards:

(1) Substance to be testsd. The technical grade of the active
ingredient shall be tested.

(2) Age, sex and species. Testing should be performed on the
adult male and female laboratory mcuse or hamster.

(3) Number of animals. At least 10 animals per dose level, at
least three dose levels to conduct each of three LD50 assays, and at
least 20 animals per each of five separate serial passage experiments
should be provided.

(4) Conduct of test. An initial intraperitoneal LDS0 study
(expragssed as numbers of microorganisms per kg body weight and mg
product per kg body weight) to determine virulence should be per-
formed. The test bacteria or fungi shall be serially passed through
mice or hamsters at least five times, in order to evaluate potential
for virulence enhancemant. These steps should be followed by a
final IP LD50 to detect possible virulence enhancement, expressed
as numbers of microorganisms, per kg body weight and mg product
per kg body weight, following final passage.

(i) Initial intraperitoneal LDS0. An IP LDSO should be per~
formed using at least taree different dose levels of the test
bacteria or fungi suspended in physiological saline administered
¢o groups of at least 10 animals each. Animals should be observed
for mortality during a two-week period.

(1i) Serial passage. Two groups of at least 10 each should be
injected intraperitoneally separatsly with suspensions of the test
bacteria or fungi in physiological saline, and an adjuvant such as
Freund's adjuvant, or gastric sucin. Moridund animals and animals
surviving & two-week observation period should be sacrificed. At~
tempts o recover the test bacteria or fungi from animals dying
during testing or at terminal sacrifice should be mads by culturing
sanples of blood, liver, spleen, and kidneys on suitable media.
Bacteria or fungi thus recovered and identified from tissues should
be further cultured or inoculated directly following suspension in
saline or adjuvant intoc similar groupa of untreated animals, thus
completing one serial passage. This process should be repeated
through at ieas:t five serial passages.




(4ii) Pinal intraperitoneal LDSO0. IP LDS0's conducted in the
sane Banner as the initial IP LD50 should be performed with tast
bacteria or fungi recovered from the fifth passage:

(A) an IP LDSO performed with serially-passed bacteria or fungi
suspsnded in saline; and

(B) An IP LD50 performed with serially-passed bacteria or fungi
suspended in an adjuvant.

{c) Data reporting and evaluation. In addition to the informa-
tion in § 80~4 and paragraphs (b)(4)(i), (ii) and (iii) of this

section, the test report should include the follpwing information:

(1) Tabulation of response data by sex and dose level (i.e.,
munber of animals showing signs of toxicity per number of animals
exposed) ;

(2) Time of death after dosing;

(3) IP LDSO's performed prior to serial passage, and IP LDS0's
performed following serial passage in mice (specify methcd of LDSO
calculation) expressed as numbers of bacteria or fungi per kg body
weight:

(i) Using inoculum suspended in physiological saline; and
(ii) Using inoculum suspended in an adjuvant.

(4) 95 percent confidence interval for the LD50 expresaed as
numbers of organisms;

{S) Dose response curve and slope;

(6) PFor each animal subjected to necropsy, the kinds of tis~
sues from which the test bacteria or fungi could be recovered and
identified par tissues cultured should be reported; and

(7) Compare mumber of organisms for initial and final IP LDSO
values: reduced numbers of microorganisms per kg body weight for
final IP LD50 values would indicate increased virulence.

(d) DTier progression. (1) 1If evidence of virulence enhance-
mant is observed with bacterial or fungal agents thama. & chronic
feeding study (§ 152-50) is required as specified by 40 CFR 158.165.

(2) £ no evidence of virulence enhancement is observed, no
further testing is necessary.
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§ 152-49 Mammalian mutagenicity testing with microbial pest
control agents: Tier 1l.

{(a) VWhen required. Dats from short-terz mammalian mutagen-
icity tests, as spacified in § 152-19, are regquired by 40 CFR 158.165
to support the registration of each end-use product that meets any
of the criteria presanted in (1)=(3), below and to support the
registration of esch manufacturing-use product which may legally be
used to formulate such an end-use product. See 40 § CFR 158.50 and
§ 158.165 to dstermine vhether these data must be sulmitted; Section
I1I-B of this subdivision contains an additional discussion of the
formulators' exemption and who, as & general rule, is responsible
for sulmission of the required data.

(1) Acute infectivity tests are positive in Tier I studies
(as specified in §§ 152-30 through =33 of this subdivision);

(2) Adverse cellular effects are observed in cellular ismune
response studies (as specified in Tier I § 152-38); or,

(3} Positive results are obtained in tissue culture tests
with viral agents (as specified in § 152-39).

(b) Test standards. Tests should be performed according to
both the general and specific standards set forth in § 152-19 of
this subdivigion, with any necessary modifications due only to the
nature of the test substance.

(c) Test substance. The technical form of the active ingre-
dient shall be tested. In addition, the purest infective form
(PIF) shall be tested for viral agents.

(d) Reporting. The information to be reported is the same
as that specified in § 152-19 of this subdivision with any necessary
modifications due to the nature of the test substance.

({e) Tier progression. Positive results for mutagenicity in any
mammalian cell or organism test will require additional mutsgenicity
testing in Tier III (§ 152-52) and/or oncogenicity testing (§ 152-
S1) as specified 4in 40 CFR § 158.165. The specific test required in
Tier IXI shall be determined after consultation with the Agency.

(f) References. Refer to § 152-19.
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Group B-3: Tier III Testing.

§ 152-50 Chronic feeding study: Tier III.

(a) When required. Data on a chronic feeding study are re-
quired by 40 CPR § 158.165 to support the registration of each end-use
product for which the potential for chronic adverse effects (e.g.,
seplication or persistence of viral or subviral constituents,
protozoans, fungi, or bacteria) are demonstrated Dy any of the
following Tier II tests: §§ 152-40 through =43, =46, and -49.

These data are also required to support the registration of each
manufacturing-use product which may legally be used to formulate
stch an end-use product. Consultation with the Agency is advised
before performing these studies. See 40 CFR § 158.50 and § 158.165
to determine whether these data must be submitted; Section II-B of
this subdivigsion contains an additional discussion of the formula-
tors' examption and who, as a general rule, is responsible for
sulmission of the required data.

(b) Combined testing. A chronic feeding study may be combined
with an oncogenic evaluation pursuant to § 152-51, provided that
standards for both types of testing are met.

(c) Test standards. The applicable general and specific
standards set forth in ;5 80-3 and 83(d) and (e), respectively,
of Subdivision P apply, with any necessary modifications due to
the nature of the test substance.

(d) Data reporting and evaluation. The provisions set forth
in § 83-1 of Subdivision F shall apply, with any necessary modifi-
cations due to the nature of the test substance.

§ 152-51 Oncogenicity studies: Tier III.

(a) When r sd. Data from oncogenicity testing may be
required by 40 CFR % 158. 165 to support the registration of each
end-use product for which the potential for oncogenic effects is
indicated (e.g., adverse cellular effects due to presence, replica-
tion, Or parsistence of viral or subviral constituents,-or bacteria,
fungi or protozoans; or mutagenic affects) by any of the following
Tier IXI tests: §§ 152-40 through =43, =46, and ~49. These data
are also required to support the registration of each manufacturing-
use product which may legally be used to formulate such an end-use
product. Ccnsultation with the Agency is advised before performing
these studies. See 40 CPR § 158.50 and § 158.165 to determine whether
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these data smust be submitted; Section I1-B of this subdivision
contains an additional discussion of the formulators®' exemption
and who, as a general rule, is responsible for submission of the

required data.

(b) Combined testing. A chronic feeding study may be combined
with an oncogenic evaluation pursuant to § 152-50, provided that
standards for both types of testing are met.

{(c) ‘Test standards. The applicable general and specific
standards set forth in §§ 80-3 and 83(d) and (e), respectively, of
Subdivision F apply, with any necessary modifications due to
the nature of the test substance.

{d) Data reporting and evaluation. The provisions set forth
in § 83-2 of Subdivigion F shall apply, with any necessary modifica-
tions due to the nature of the test substance.

§ 152-52 Mutagenicity testing: Tier III.

{a) When required. Data from whole animal mutagenicity test-
ing may be required by 40 CPR § 158.165 to support the registration
of sach end-use product for which the potantial for mutagenic effects
is indicated (e.g., adverse cellular effects due to presence, repli-
cation, or persistence of viral or subviral constituents, bacteria,
fungi or protozoa) by any of the following Tier II tests: §§ 152-40
through =43, and =46 or ~49. These data are also required to
support the registration of each manufacturing-use product which
may legally be used to formulate such an end-use product. Consul-
tation with the Agency is advised before performing this testing.

See 40 CFR § 158.50 and § 158.165 to determine whether these data must be
submitted; Section II-B of this subdivision contains an additional
discussion of the formulators®' exemption and who, 2s a general rule,

is responsible for sulmigaion of the required data.

(b) Test standards. The applicable general and specific
standards set forth in §§ 80-3 and B84-1 through =4 of Subdivision P
apply, with any necessary modifications due to the nature of the
test substance.

(c) Data reporting and evaluation. The provisions set forth
in §§ 84=1 through =4 of Subdivision F apply, with any necessary
modifications dus to the nature of the test substance.

(48) Refarences. Refer to § 84-5 of Subdivision F.
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§ 152-53 Teratogenicity studies: Tier III.

{(a) When required. Data on teratogenicity studies ares re-
quired by 40 CPR § 158.165 to support the registration of each end-use
product for which the potential for teratogenic effects is expscted
based on the presence or persistence of fungi, bacteria, viruases,
or protozoa in mammalian species as & result of testing performed
in Tier 12 (.ogo' ,‘ 152-40 throuqh =43, -‘6‘ -‘8' and “‘9). These
data are also required to support the registration of each manufac-
turing-use product which may legally be used to formulate such an
end-use product. Consultation with the Agency is advised before
performing these studies. See 40 CFR § 158.50 and § 158.165 to
deternine whether these data must be sulmitted; Section Il1-B of
this subdivision contains an additional discussion of the formula-
tors' exemption and who, as a general rule, is responsidle for
submission of the required data.

(b) Test standards. The applicable general and specific
standards set forth in §§ 80-3 and 83-3(e) through (g), respec-
tively, of Subdivision ¥ apply, with any necessary modifi-
cations due to the nature of the test substance.

(c) Data reporting and evaluation. The provisions set forth
in § 83-3 of Subdivision P apply, with any necessary modifica-
tions due to the nature of the test substance.

Series 153: RESIDUE ANALYSIS GUIDELINES PFPOR BIORATIONAL PESTICIDES
§ 153-1 oOverview.

(a) Requirements. A petition for a tolerance or for an
exemption from the requirement of a tolerance must be submitted
as specified in 40 CFR § 158.165 in connection with each applica-
tion for registration of a biorational pesticids product where
usage may result in residuss in or on food for humans or feed for
domestic animals used for human focd. This petition must contain
data satisfying the requirements of 40 CPR § 158.165 which are
detailed in this section series (153) unless specifically exempted
from the requiremeants.

(b) Purpose. Residue chemistry data are designed to provide
the information necessary to determine the site, nature, and magni-
tude of residues in or on food or feed. This information includas
plant metabolism data, residue data, analytical methodoloqy, and,
when indicated, animal metabolism data and animal feeding studies
to determine the carryover of residues into meat, milk, pouletry,
and eggs.
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(e) Authority. Pesticides intended for use on food or feed
crops, Or where usage may reasonably be expscted to result (directly
or indirectly) in residues in food or feed, will not be registered
unless & tolerance, or an exemption from the requirement of a
toclerance, has been established by the Agency, as provided for under
Sections 406, 408, or 409 of the Pederal Pood, Drug, and Cosmetic
Act ("FYDCA" 21 U.S.C. 346, 346a and 348). The procedural requla-
tions for filing petitions for a tolerance or an exeamption are in-
cluded in 40 CFR § 180.7.

(d) Location of guidelines. § 153-3 lists the guidelines
for biochemical pest control agents and § 153=4 refers to guidelines

for microbial pest control agents.

§ 153-2 [Reserved)

§ 153-3 Residue data guidelines for biochemical pest control
agents.

(a) When recuired. (1) A petition for a tolerance or for an
exemption from the requirement of a tolerance is required by 40
CFR § 158.165 in connection with each application for the registration
cf each end-use product and manufacturing—-use product composed of or
containing a biochemical when the following conditions are met:

{i) The product is intended for use on food or feed crops or its
use is expected to result in residues in or on food or feed:; and

{ii) The rate of application exceeds 0.7 ounces (20 grams) of the
biochemical (active ingredient) per acre per application.

(2) Residue data requirements will be determined on a case-by-
case basis for biochemicals applied directly to food or feed and for
biochemicals with application rates not expressable in ounces per
acre per application.

{3) Residue data will not be required and an exemption from
the requirement of & tolerance will be recommesnded for products
intended for use on food or feed crops or for uses expected to result
in resicduss in or on food or feed, when the following conditions are
met:

(i) Toxicology data developed from Tier I testing in accordance
with §§ 152-10 through -18 of this subdivision indicate that testing
at Tier II is not required; and



194

(34i) The Tate of application is equal to or less than 20 grams
©of biochemical (active ingredient) per acre per application.

(b) Procedures, standards, and reporting. (1) General. 1In
addition -to the applicable general provisions of §§ 150-3 and -4,
the informstion provided ir Subdivision O (Series 170) should bs used
as general gquidelines for test procedures, test standards, and the
tQOnuq of data.

(2) Specific aspacts. (1) The full range of residue chemistry
data detailed in Subdivision O (Series 170) apply to products for,
which:

(A) Toxicity testing procseds to Tier II or III, as described in
$§§ 152-19 through =29 of this subdivision, or

(B) The application rate exceeds 0.7 ounces (20 grams) active
ingredient per acre per application.

(11) A petition for a tolerance or an exemption from the require-
ments of a tolerance shall be required in connection with each appli-
cation for registration for each biochemical that meets either of
the criteria set forth in paragraph (b)(2)(i)(A) or (B) of this
section. '

§ 153-4 Residue data recquiremants for microbial pest control agents.

(a) When required. Residue data are required by 40 CFR § 158.165
to be included in a petition for a tolerance or for an exemption
from the requirement of a tolerance, in connection with each appl-
ication for registration of a mamufacturing-uge product or end-use
product ccomposed of or containing a microbial agent, when the fol-
lowing conditions are net:

(1) When the product is intended for use on food or feed crops,
or

{(2) When use of the product is expected to result in residues
in or on food or feed; and

(3) when results of Tier I toxicology studies conducted in
accordance with §§ 152-30 through =39 of this subdiwision indicate
that Tier II toxicology studies described in §§ 152-40 through =48

are required.

(4) Ragidus data will not be required and an exemption from
the requirement of a tolerance will be recommended for products
intended for use on foed or feed crops or for uses expected to
result in residues in or on food or feed, when the toxicology data
developed from Tier I testing, in accordance with §§ 152-30 through = 39
of this subdivision, indicate that testing at Tier Il is not required.
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(b) Procedures, standards, and reporting. In addition to the
provisions set forth in 3; 150-3 and -4 that are applicable, the
following quidance is provided for conducting, developing, and report-
ing the residue data that the Agency requires to support a petition
for a tolerance or for an exemption from the requirement of a

tolerance:

(1) Subdivision O (Series 170) contains applicable information.
For the qualification of viable bacteria or fungi (or their spore
forms), artificial media may be employed following washing, homogeni-
zation, centrifugation, or other appropriate treatments to collect
and/or concentrate the organism. With viruses and protozoa, specific
hosts may be required for quantitative msasurements of viable resi-
duas. These recovery techniques may be supplemented or even replaced
by appropriate proven technigques iavolving fluorescent antibodies
or electron microscopy.

(2) Discussion with appropriate Agency scientists may be helpful
before steps are taken to develop residue data of the nature outlined
in this section.
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Series 154: NONTARGET ORGANISM HAZARD GUIDELINES FOR
BIORATIONAL PESTICIDES

§ 154~1 General information.

(a) Scope of quidelines for nontarget organisms. Section
saries 154 outlines the Agency guidelines for the subtmission of
data and information relating to pesticidal effects on terrestrial
wildlife, aquatic animals, plants, and benefitial insects in support
of applications for registration of naturally occurring or synthetic
biochemical pest control agents and microbial pest control agents.
In many instances these guidalines refer to other subdivisions per-
taining toc conventional pesticide products.

(b) Approach. The tests to evaluate pesticidal effects on
terrestrial animals, aquatic animals, plants, and beneficial
insects are arranged in a hierarchical or tier system, beginning
with acute testing at Tier I. Tier Il testing involves Environ-
mental Pate testing for hiochemical agents and Environmental
Expression tasting for microbial agents (section series 155) to
estimate environmental concentrations of pesticides after applica-
tion. Tier III consists of further acute, subacute, and chronic
labocratory testing on nontarget organisms, and Tier IV consists of
applied field tests encompassing both nontarget organisms and
environmental fate or expression. The results of each tier of
tests must be evaluated to determine whether further testing is
necessary. It is expected that the extent of testing will diminish
with each subgequent tier. (Fiqures 1 through & illustrate the
tier testing systems for biochemicals for terrestrial wildlife,
aguatic animals, plants, and terrestrial and aquatic insects,
regspectively. Piqures € through 10 illustrate the tier testing
systems for microbial pest control agents for terrestrial wildlife,
aquatic animals, plants, and terrestrial and aguatic insects,
respectively.)

(c) QOrganization. The guidelines are divided into two
broad categories - those for biochemicals and those for microbial
pest control agents. The protocols to develop the data are
organized in a tier arrangement within each of these categories
and each tier contains testing protocols pertaining to the major
groups of pontarget organisms (terrestrial wildlife, aquatic
animals, plants and insects). Table € illustrates this corganiza-
tion.

§§ 154-2 through =5 [Reserved].
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Figure 1=--TERRESTRIAL WILDLIFE TIER TESTING SCHEME FOR BIOCEEMICAL
PESTICIDES

QUESTION: 1s the bhiochemical highly
volatile ~ (estimated volatility
> 5x1075 ata. m3/mol.)?

I |

YES NO
l I
\'4 v
THE POLLOWING TEST THE POLLOWING TESTS
IS INDICATED: ARE INDICATED:
1) Avian Single 1) Avian Single Dose
Dose Oral Oral Toxicity Test,
Toxicity Test, § 154-6.
§ 154-6. 2) Avian Dietary Toxicity

) Test, § 154-7.
| i
| |
{

v
Conasider use patterm,
available fate data, and
human safety data
|
|
| |

v v
Potential adverse No potential
effects observed adverse effects:
| no further
| testing necessary
v
TIER II Environmental
INVIRONMENTAL Fate Testing,
FATE TESTING § series 155
|
}
| |
v v

Fate characteristics Yate vharacteristics do
indicats exposure not indicate exposure: no
{ further testing necessary

!

v
TIER 1II Conduct testing in
IFFECTS TESTING accordance with

Subdivision E,
§ 154-12
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Figure 2=-=AQUATIC ANIMAL TIER TESTING SCEEME PFOR BIOCHEMICAL PESTICIDES

The biochemical is not introduced
directly into an aquatic environ-
ment when used as directed

|

v
1. Does use pattern or formulation
preclude significant exposure of
aquatic environment, under normal

use conditions? or:

2. Is the amount applied small (< 0.7
0Z. A.Il./AcTe (20 grams/acre)? or:

3. Is the estimated volatility >

The biochemical is introduced
directly into an aguatic environ-
aent wvhen used as directed
]
v
Conduct testing as indicated in
Subdivision E of the guidelines,
§§ 72-1 through =7

S$x10”5 atm. m3/mol?
!

TIER I v v
If answver is YES to one or more, If answer is NO to all three,
conduct the following conduct both effects (TIER 1)
tests: and fate (TIER II) tests:
1. Pish acute biocassay 1. Pish acute biocassay
(§ 154-8) (§ 154-8)
2. Aquatic invertebrate acute 2. Aquatic invertebrate acute
biocassay (§ 154-9) bicassay (§ 154-9)
!
l I !
v v }
No potential adverse Potential adverse |
effects: no further effects observed |
testing necessary | ]
!
\'4
TIER II Conduct environmental
fate tasting (§ series 155)
|
I |
v v
Fate characteristics Fate characteristics
do not indicate indicate aquatic
agquatic exposure: exposure
no further |
testing necessary I
v
TIER III Conduct testing as

indicated in
§ 154-13
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Figure.3--NONTARGET PLANT TIER TESTING SCHEME FOR BIOCHEMICAL PEST
CONTROL AGENTS.

TIER I. Consider the mode of action and use:

(Tests to bde conducted on a case-by-case basis as specified in
40 CFR § 158.165)

! i
Used to control plant Used to control animals
growth and development {including insects)
J |
| I |
| | v v
v v General broadcast Bait or other
Test: Target area Test: Nontarget area (not contained) containers:
phytotoxicity, phytotoxicity, § 154-10 | ne testing
§ 154-10 | | | necessary
f {
To be used at levels To be used at levels

[ !
! |
| | exceeding 3x the up to 3x the highest
| | highest level of level of the naturally
| | naturally occurring occurring biochemical
| | biochemical 1
J | I | |
! I v v
i | Synthetic or not used Naturally
| ! within plant cocemunity occurring;
| J type from which derived no testing
! | | necessary
I | I
| v v
{ Terrestrial use; Aquatic use;
| Test: Terrestrial Test: Aquatic
| phytotoxicity, phytotoxicity,
| § 154-10 § 154=10
| | |
i I
\'4 v
Adverse effects No effects; no further testing
|
TIER II Environmental fate testing (§ series 155)

|
Determine movement from site of application:
]
l J
Movement by soil, water, or air No movement anticipated;
! no further testing
v
TIER III Conduct aguatic and terrestrial phytotoxicity testing, § 154-14
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Figure 4=-NONTARGET INSECT TESTING SCHEME FOR BIOCHEMICAL PESTICIDES -
TERRESTRIAL INSECTS

TIER I
Adverse effects noted during efficacy
testing, and/or other data exist

to indicate potential for adverse
effects on nontarget insects

YES NO
| |
| {
TIER I v v
Environmental fate testing No testing
(§ series 1S5) necessary
|
I
v
Fate testing indicates potential for exposure.
! l
! I
v v
YES NO
I |
TIER III l l
v v

Consult with the Agency prior to No further testing
testing. Type of dats will depend
on the nature of adverse effect
noted (§ 154-15)
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Figure 5=-NONTARGET INSECT TESTING SCHEME FOR BIOCHEMICAL PESTICIDES =
AQUATIC INSECTS

The biochemical is not The biochemical is introduced
introduced directly into an directly into an agquatic
agquatic environment when environment vhen used as
used as directed directed
| |
I |
| I
v v
TIER I Test according to the Conduct testing as indicated
aquatic animal tier in by Subdivisions E and
testing scheme for L of the guidelines
biochemical pesticides,
(§ 154-9)
|
I !
A v
Potential adversge effects obgerved No potential adverse effects:

! no further testing necessary
v
TIER II Conduct environmental fate
testing (§ series 155)
]
|
| |

v v
Fate characterigtics indicate Fate characteristics do not
aquatic exposure indicate aquatic exposure; no

i further testing necessary
v
ZER 1IZ Conduct testing as indicated in
Subdivisions E and L of
the guidelines
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Figure 6=-TERRESTRIAL WILDLIFE TIER TESTING SCHEME FOR MICROBIAL
PEST CONTROL AGENTS

Non<genetically-engineered Genetically-engineered
microorganisms microorganisms
| » 1
] ]
v v
TIER I I) The following II) The tests in TIER I are
EFFECTS tests are indicated plus TIZR II
TESTING indicated environmental

exprassion testing
1) Avian singles dose oral toxicity }
and pathogenicity test (§ 154-16). |
|

2) Avian injection pathogenicity v
tests (§ 154-17) Consider use pattern, any
available expression data
3) Wild mammal single dose oral and human safety data

toxicity and pathogenicity
testing (§ 154=-18), would be
indicated only if data regquired
for human safety are not ‘
sufficient to assess potential
effects to vild mammals
I

— . e e e — —— — T — o —

v
Consider use pattern, any s No potential adverse .
availadble exprassion data effects; no further
and huzman safety data testing necessary
|
v v
Toxic and/or pathogenic Potential adverse
effects effects
[
v
TIER Il Environmental expression
ENVIRONMENTAL testing, § series 155
EXPRESSION ]
TESTING | y Expression characteristics do

| not indicate axposure; no
v further testing necessary
Expression characteristics
indicate exposure
|

—— — A s ——— — — — —

I
I
|
!
I
I
I
v
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Figqure 6==(continued)

I
v

Toxic effects
|

!
v

Conduct testing according
to Subdivision E and proceed
with tier testing as indicated
in Subdivision E; see § 154-25

s No adverse esffects;

TIER III Type of effect(s)
EFPFECTS from TIER 1 testing
TESTING |

|

v

Pathogenic effects

|

I

v

Long term avian pathogenicity
and reproduction test,
§ 154-26

|

|

|

|

I

v

Pathogenic effects observed

!

}

v
TIER IV
EFFECTS AND for registration.
EXPRESSION
TESTING

no further testing
necessary

The applicant should re=consider the application
Pathogenic effects at TIER III
and beyond raise serious questions concerning the
registration of any microbial pest control agent.

The Agency will review all data and decide if a
decision concerning registration should be made

without further testing.
|

|
v

Conduct simulated and actual

field testing for mamnals

and birds (§ 154-33) pending

prior Agency review
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Figure 7-<AQUATIC ANIMAL TIER TESTING SCHEME FOR MICROBIAL PEST
CONTROL AGENTS

Non=gsnetically-engineered Genetically=engineered
microorganisms microorganisms
| !
v v
Conduct toxicity/pathogenicity tests Conduct the appropriate TIER I
as follows: tests, plus TIER II

environmental expression tests

TIER X Terrestrial Application

1. Preshwater f£ish toxicity/pathogenicity test -
one species (§ 154-19)

2. Freshwvater aquatic invertebrate toxicity/-
psthogenicity test - one species (§ 154-20)

Direct application to fresh water

1. Preshwater fish toxicity/pathogenicity test =
two species (§ 154-19);

2. Preshwater aquatic invertebrate toxicity/-
pathogenicity test = two species (§ 154-20)

Direct application to marine or estuarine wvaters

1. Estuarine & sarine animal toxicity/pathogenicity
test ~ one fish species and one invertebrate
species (§ 154=21)

2. Preshwater f£ish toxicity/pathogenicity test -
one species (§ 154-19)

3. Freshwater aquatic invertebrate toxicity/
pathogenicity test ~ one species (§ 154-20)
I |
! l

v v
No potential Potential
adverse effects adverse effects
observed obssrved
! ]
| l
v

Do host spectrum or beneficial
insect tests indicate a broad
host spectrum such that suscep-
tibility of aquatic invertebrates
is likely?

[ |

v v

€@ e e i — ———— —  ———— = .+ —— — —_— . — — — —
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Figure 7==(continued)

TIER II

TIER III

TIER IV

NOTE:

v v
If NO, then no further If YES, either:
testing is necessary 1. Test additional aquatic

I
|
|
invertebrates (§ 154-20); |
or: |
2. Conduct TIER II testing |
|
|
|
|
|

| ]
| I
I | (§ series 155)
|
|

v
Additional species tested, Additional species tested,
no potential adverse effacts; potential adverse effects
no further testing necessary observed |

v
Conduct environmental
expression testing
| (§ series 155)
| I

\4 v
No exposure indicated; Environmental expression
no further testing ] analysis indicates
necessary { exposure
v

Further testing
| indicated TIER III I

v v
Pathogenic, or pathogenic and toxic effects: Toxic effects:
1. Definitive aquatic animal pathogenicity Conduct testing according
tests (§ 154-27); or to Subdivision E, and
proceed with tier testing
2. Embryolarvae and life cycle tests as indicated in Sub-
1§ 154-28); or division E (see § 154-25)
3+ Aquatic ecosystem-pathogenicity tests
(§ 154-29); or
4. Special tests: tissue culture, micro-
organism/stress interaction tests |
(§ 154~30) !
I I
v v
No adverse effects; Adverse effects
no further testing observed
necessary |
I
v

Simulated@ or actual field
tests of aquatic animals
(see note, below) (§ 154-34)

Pathogenic effects at TIER III and beyond raise serious gquestions

concerning registration. The Agency will review all data before TIER V
testing and decide if a decision concerning registration should be made
without further testing.
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Figure 8~=<NONTARGET PLANT TIER TESTING SCHEME FOR MICROBIAL PEST
CONTROL AGENTS

} no testing necessary

TIER I. Consider the use and mode of action:
Used to control plant Used to control
growth and developaent animals
1 |
| | I
Test: Target area Test: Nontarget aresa }
phytotoxicity., phytotoxicity |
§ 154-22 | ]
I | ] |
Agent not Agent naturally
| occurring in occurring in area
| area to be used to be used
| | I
| | I
| | v
| Used at level To be used at levels
| exceeding below or similar to
| natural occurrence natural occurrence;
|
{

— . —— . — — —— —— —— — f—— — ——— — vom— —

Terrastrial Use Aquatic use
| |
v v
Test: Terrestrial Test: Aquatic
phytotoxicity, phytotoxicity,
§ 154-22 § 154~22
| !
I ]
Adyerse v

effacts No effects; no further testing necessary
]
TIER IZ Environmental expression testing, § series 155

|

Determine movement from site of application:
|
[ [
{ v

Movement in soil, water, or air No movement anticipated;

| no further testing necessary
|
| l

v v
Adverse effects on terrestrial plants Adverse sffects on aquatic plants ar
are indicated in TIER I, and terrestrial indicated in TIER I, and aquatic expx
exposure is indicated in TIER II testing sure is indicated in TIER 1I testing
! |
v v
TIER III Conduct terrestrial Conduct aquatic
phytotoxicity testing phytotoxicity testing

(§ 154=31) (§ 154-31)
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Figure S=~NONTARGET INSECT TIER TESTING SCHEME FOR MICROBIAL PEST
CONTROL AGENTS: TERRESTRIAL INSECT TESTING WITH
NON=GENETICALLY-ENGINEERED MICROORGANISMS

TIER I Tesgt:
1. Honey Bee toxicity and pathogenicity test (§ 154-24); and
2. Toxicity and pathogenicity tests on three other species of
beneficial insects from the following groups (no more than
one species per group):

Predaceous hamipterans (§ 154-23)
Predaceocus coleopterans (§ 154-23)
Predacecus mites (§ 154-23)
Predacecus neuropterans (§ 154-23)
Parasitic hymenopterans (§ 154-23)

|
v

Consider Tier 1 test results, use pattern,
available research and development data on
specificity, available fate information
| l
| [

v v
Potential toxic and/or No potential adverse
pathogenic effects effects observed:;

J no further testing

] necessary

I

v

TIER II1 Invironmental expression testing

indicated (§ series 155)

| |

| v

| Expression characteristics
| indicate exposure
|

v v
Expression characteristics Consider the type of adverse effect
éo not indicate axposure datermined from TIER I testing
| | l
I I l
| v v
v Pathogenic effects Toxic effects

No further testing necessary | |
I
|

!
|
v v

TIER III Consult with Agency Consult with Agency
regarding simulated or regarding possible use
actual field testing restrictions, label
(§§ 154-35 and =36) precautions, or further
or other testing testing specific

specific to the problem to the problem



Figure 10-=NONTARGET INSECT TIER TESTING SCHEME FOR MICROBIAL PEST CONTROL
AGENTS: TERRESTRIAL INSECT TESTING WITH GENETICALLY-ENGINEERED
MICROORGANISMS

TIERS I AND II

Conduct appropriate TIER I tests, plus
TIEZR II environmental expression tests

v

Consider use pattern, and available research
and dsvelopment data on host range

I
v

No potential adverse effects;
no further testing necessary

I
|
I
v

Potential adverse effects indicated

|
v

|

I

| Expression characteristics
| do not indicate exposure;

{ no further testing necessary
v

Expression characteristics
indicate expogsure

v

Type of adverse effect
determined from TIER I testing

l
v

Pathogenic effects
|

|
TIER 1II |
|
|
v
Consult with Agency regarding
simulated or actual field
testing (§ 154-35 and =36),

or other testing specific to
the problem

l
l

|
v

Toxic effects
|
!

!
v

Consult with Agency regarding
possible use restrictions, label
precautions, or further testing

specific to the problem
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‘fable 6-- SUMMARY OP NONTARGET UAZARD GUINDELINES BY PESTICIDE TYPE, TIER, AND NON-TARGET ORGANISM cnroup

1)

(2)

Terrestrial wildiife Aquatic Animals Plants Beneficial Insects
Biochemicals
TIER I $§ 154-6, -7 anad §§ 154-8 ana -9 § 154-10 and § 154-11
§ 71-3 (8ubdivision E) § 122-1 and -2
{Subdivision J)
TIER 1X Environmental fate tests (§§ 155-1 through -14)
TIER 111 § 154-12 § 154-13 § 154-14 § 154-15
Microbials
TIER 1 ¢ 1sa-16, -17, § 154-19, -20, § 154-22 § 154-23 and -24
and ~-18 and -21
TIER 1X Environmental expression tests (see §§ 155-15 through -23)
TIER 111 $$ 154-25 ana -26 § 154-25 ana § 154-39 None

-27 through -30

TIER IV $ 154-33 § 154-234 None § 154-35 and -36




210

Subseries 154A: BIOCHEMICAL AGENTS

Group A=1: Tier I Testing.

§ 154=6 Avian single dose oral toxicity test: Tier I.

(a). When required. Data on the avian acute oral toxicity of a
biochemical pesticide are required by 40 CFR § 158.165 to support
the registration of each end=-use product intended for outdoor appli-~
cation and esach manufacturing-use product that may legally be used
te formulate such an end-use product. See 40 CPR § 158.50 anad
§ 158.165 to determine whether these data must be submitted; Section
II-3 of this subdivision contains an additional discussion of the
formulators' exemption and who, as a genaral rule, is responsible
for submigsion of the required data.

(b) Test standards. The data should satisfy the genaral test
standards in § 70=3 of Subdivision E and all of the following test
standards: .

(1) Test substance. The technical grade of each active ingre-
dient in the product shall be tested.

(2) Species. Testing should be performed on one avian species
(preferably bobwhite quail or mallard duck). The species selected
should be the same as that selected for the avian dietary toxicity
test in § 154=-7.

(3) Age. Birds used in this test should be at least 1€ weeks
old at.the beginning of the testing period. Within a given test,
all birds should be of the same age,

(4) Controls. A concurrent control group is recommended. If a
vehicle (carrier, solvent, or diluent) is used, the concurrent control
group should be treated with the vehicle. Vehicles known to be
toxic, synergistic, or antagonistic should not be used.

{S) Number of birds ver dosage level. Each treatment and con-
trol group should contain at least 10 birds. When ogly.one treatment
group is tested, at least 30 birds ghould be tested at that dosage
level.
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(6) Determination of LD50. The test data must establish:

{i) That the avian single-~dose oral LD50 is greater than a maximum
test dosage, x mg/kg, where x is determined by the following equation:

maximum application rate in grams

x Bg/kg = 2000 mg/kg x active ingredient per acre
454 g/acre®

Only one concurrant vehicle control group and one treatment group
dosed at x mg/kg may be necessary; or

(11) A precise LDS0 valus and corresponding 95 percent
confidence interval.

{c) Reporting and evaluation of data. The rsquirements of
§ 70~4 and § 71~1(c) of Subdivision E apply for all products to be
tested in accordance with this section.

(d) Tiexr progression. (1) Testing at Tier II is Tequired by
40 CPR § 158.165 if any one or more of the following occur:

{i) The maximum expected environmental concentration is equal
t0 Or greater than 1/5 the avian single-dose oral LDSO value
expressed in ppm. The LDS0 in mg/kg is converted to ppm by the
following formula:

ppm = LDS0 ¢ average daily food consumption (g)
body weight (gq)

(1i) Signs of abnormal behavior are observed in the avian
singledose oral toxicity test at levels equal to or less than the
maximum expected environmental concentration;

(iii) Growth, developrment, or reproductive effects may be
expected, based on observed effects in the avian singledose oral
toxicity test, available environmental fate data, use pattern
information, and results of tests required to support human safety
(Subdivision F).

(2) I1f none of the criteria in paragraph (d){1) of this
section are met, then additiocnal testing at Tier II [environmental
fate testing (§§ 155-1 through =14)] is not necesspry.

(e) Reference: test protocol. An example of an acceptadle
protocol for conducting an avian single~dose oral toxicity test is
provided in § 71-1 of sSubdivigion E.

* (Number of grams per pound. One pound is a typical application rate
for conventional pesticides.)
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§ 154=7 Avian dietary toxicity test: Tier 1.

(a) Uhen required. Data on the avian dietary toxicity of a
biochemical pesticide are required to support the registration of
sach end-use product that is not highly volatile (estimated volatility
greater than 5x105 atm. m3/mol.) and that is intended for outdoor
application, and each manufacturing-use product that may be used to
formulate such an end-use product. See 40 CPR § 158.50 and § 158.16S
to deteraine vhether thase data must be subaitted; Section II-B of
this subdivision contains an additional discussion of the formulators'
exemption and who, as & general rule, is responsible for submission
of the required data.

(b} Test standards. Data should satisfy the general test
standards in § 70-3 of Subdivision E and all of the following
test standards:

(1) Test substance. The technical grade of each active
ingredient in the product shall be tested.

(2) Speciss. Testing should be performed on one avian species
(preferably bobwhits quail or maliard duck). The species selected
should be the same as that selectsd for the avian single-dose oral
toxicity test required by § 154-6.

(3) Age. Birds used in this study should be from 10 to 17
days old at the beginning of the testing period. Within a given
tast, all birds should be of the same age.

(4) Controls. A concurrent control group is required. 1If
a vehicle (carrier, solvent, or diluent) is used, the concurrent
control group should be treated with the vehicle. Vehicles known to
be toxic, synergistic, or antagonistic should not be used.

(5) Number of birds per concentratiocn level. Each treatment
and control group should contain at least 10 birds. When only one

treatment group is tested, at least 30 birds should be tasted at
that treatment level.

(6) Determination of LCS0. The test datz must establish:

(i) That the 8 day dietary {5 days treated diet and 3 days
untreated diet) 1CS0 is greater than a maximum test concentration,
X ppm, where X prm is determined by the following equation:

paximum application rate in grams

xppm = 5000 pp» x active ingredient per acre
454/acre*

*Number of grams per pound. One pound is a typical application
rate for conventional pessisides.
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Only one concurrent vehicle control group and one treatment group
fed a concentration equal to x ppm may be necessary; or

(ii) A precise LDS0 value and corresponding 95 percent
confidence intervals.

(c) Reporting and evaluation of data. The provisions of
§ 70=4 and § 71=2(c) of Subdivision E apply for all products to be

tested in accordance with this section.

(4). Tier progression. (1) Testing at Tier II is required by
40 CFR § 158.165 if any one or more of the following occur:

(i) The maximum expected eavirommental concentration is egqual
to or greater than 1/5 the avian dietary ICsg value

(1i) Signs of abnormal behavior are cbserved in the avian
dietary toxicity tast at levels equal to or less than the maximum
expected environmental concentration;

(iii) Growth, development, or reproductive effects may be
expected, based on cbserved sffects in the avian dietary toxicity
test, available fate data, use pattern information, or results of
tests required to support human safety (Subdivision F).

(2) If none of the criteria in paragraph (d)(1) of this
section is met, then additional testing at Tier II, Environmental
Fate Testing (§§ 155-1 through =14), is not necessary.

(e) Reference: test protocol. An example of an acceptadle
protocol for conducting an avian dietary toxicity test is provided
in § 712 of Subdivision E and as required by 40 CFR 158.145.

§ 154-8 Freshwater fish acute biocassay: Tier I.

(a) ¥hen required. (1) Toxicity (or toxic-like effects)
data on a freshwater fish are required by 40 CPR § 158.165 to
support the registration of each end-use product intended for
ocutdoor terrestrial application and each manufacturing-use product
that legally may be used to formulate such an .ndéglt.g;oduct.

See 40 CFPR § 158.50 and § 158.165 to determine whathe? these data
must be submitted; Section 1I-B of this subdivision contains an
additional discussion of the formulators' exemption and who, as a

general rule, is responsible for submission of the required data.

{2) IZ the pesticide will be intrcduced directly inte an
acuatic enviromment when used as directed, then it must be tested
as indicated in §§ 72«1 through =7 of subdivision E, and as
required by 40 CFR § 158.145.
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(d) Test -standards. The genaral and specific test standards
for Siochenical pesticides are the sane as those set forth in
Subdivision E in §§ 70-3 and 72-1, respectively, with the following
exceprions:

(1) ?Testing should be performed on one species, preferably
rainbow trout; and

(2) One maximum hazard concentration may be tested in lieu of
conducting & definitive ICgy or ECgp test if exposure of 30 organisms
to a concentration of 1,000 times the expected aquatic environmental
concentration or 100 mg/l of water (whichever is greater) produces
less than 50 percent mortality.

(¢) Reporting of data. The reporting provisions are the
same as those set forth in Subdivision E of the guidelines
(§ 72=1).

(d) Tier progression. (1) Biochemical agents that meet one
of the following three criteria will not require testing at Tier IX
{enviroomental fate (§§ 155-1 through =14)] except as noted in
paragraph (4)(2) below:

(1i) The amount of biochemical applied is small (less than 0.7
ounces (20 grams) active ingredient per acre per application); or

(1ii) The estinated volatility of the biochemical is high
(equal to or greater than 5x10~5 atm. m3/mol).

(2) Biochemical agents that meet one or more of the above
three criteria of paragraph (d)(1) of this section require testing
at Tier II [environmental fate (§§ 155-1 through =14)] if any of
the following occur:

(i) Signs of abnormal behavior are reported in the Tier I
test at concentrations less than or equal to the maximum expected
concentration in water; or

{ii) The maximum expected concentration in water is equal to
or greater than 0.1 the ICg5p detarmined by testing outlined in this
section; or

(1ii) The maximum expected concentration in water is squal to
or greater than 0.01 the ICgp determined by testing emtlined in
this section and adverss effacts on growth, develdevelopment, o
reproduction may be expected, based on Tier I test data (§ series
154), available environmental fate data (e.g., from the product's
research and development), use pattern information, or available
effects data on phylogenetically similar target species.
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(3) If the criteria in paragraph (d)(1) of thisg section are
aot met, then additional testing at Tier II (§§ 155-1 through =-14)

is required.

(e¢) References. (1) Examples of acceptable protocols for
conducting a freshvater figh acute toxicity study may be found in
the following references. PFisgh species listed in reference (ii)
are acceptable, with the exception of goldfish:

(1) AST™ Standard E 729-80, Practice for Conducting Acute
Toxicity Tests with Pishes, Macroinvertebrates, and Aaphibians.
Anerican Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103,

(i1) Committee on Methods for Toxicity Tests with Agquatic
Organigms. 1975. Methods for Acute Toxicity Tests with Pigh,
Macroinvertebrates and Amphibians. U.S. Environmental Protection
Agency, Ecol. Res. Series, EPA 660/3-75~009. 61 pp.

{(2) The following may contain useful background information
for developing acceptable protocols:

(1) Weber, C.E. (ed.). 1973. Biological field and laboratory
methods for measuring the quality of surface waters and effluents.
U.S. Environmental Protection Agency, Environ. Monit. Series, EPA
€70/4=73-001,

(ii) Anonymous. 1975. Standard Methods for the Examination
of Water and Wastawater. 14th Ed. American Public Health Assoc.
washington, D.C.

§ 154-9 Freshwater aquatic invertebrate acute biocassay: Tier I.

(a) When required. (1) Toxicity (or toxic-like effects)
data on a freshwater aquatic invertebrate are required by 40 CFR
§ 158.165 to support the registration of each end-use product in=
tended for outdoor terresstrial application and each manufacturing-
use product that legally may be used to formulate such an end-use
product. See 40 CPR § 158,50 and § 158.165 to determine whether
these data must be submitted; Section II-B of this subdivision
contains an additional discussion of the formulators' sxemption
and vho, as a4 general rule, is responsidle for submission of the
required data.

(2) If the pesticide will be introduced directly into an
acquatic environment when used as directed, then it must be tested
as indicated in §§ 72-1 through =7 of subdivision E and as required
by 40 CFR § 158.145.
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({b) Test standards. The general and gpecific test standards
for biochemical pesticides are the same as those get forth in
Subdivisicn E in §§ 70-3 and 72-1, respectively, with the following
exception: One maximum hazard concentration may be tested in lieu
of conducting a definitive 1Cgg or ECgg test if exposure of 30
organisas to a concentration of 1,000 times the expected aguatic
environmental concentration or 100 mg/l of water (whichever is
higher) produces less than 50 percent mortality.

(c) Reporting of data. The provisions for reporting of data
are the same as those set forth in Subdivision B of the guidelines
(§ 72-2).

(&) Tier progression. (1) Biochemical agents that meet one
or more of the following three criteria will not require testing at
Tier II, (Environmental Fate (§§ 155-1 through =14)] except as
noted in paragraph (d)(2) below:

(1) The use pattern or formulation precludes the possibility
of significant exposure of aquatic animals when the pesticide is
used as directed; or

{ii) The amount of biochemical applied is small (less than
0.7 ounces (20 grams) active ingredient per acre); or

(iii) The estimated volatility of the biochemical is high
(equal to or greater than 5x10=5 atm. m3/mel).

(2) Biochemical pesticides that meet one or more of the above
three criteria require testing at Tier II [environmental fate (§§
185~1 through =14)] if any of the following occur:

(1) Signs of abnormal behavicor are reported in the Tier I
test at concentrations less than or equal to the maximum expected
concentration in water; or

{ii) The maximum expected concentration in water is equal to
or greater than 0.1 the ICgy determined by testing outlined in this
section; or

{1ii) The maximum sxpected concentration in water is egual to or
greater than 0.01 the ICgy determined by testing outlined in this
section, and adverse effects on growth, detglopment, or reproduction
way ba expected, based on Tier I test data, availabdle-envirommental
fate data (e.g., from the product's research and develogment), use
pattern information, or available effects data on phylogenetically
similar target species.
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(3) 1If the criteria in paragraph (d)(1) of this section are
a0t met; then additional testing.at Tier II (§§ 155-1 through =14)

is required.

(e) Referances. (1) Examples of acceptable protocols for
conducting a freshwater aquatic invertebrate acute toxicity study
may be found in the following reference. Aquatic invertebrate
test temperatures found in refersnce (ii) are acceptable with the
exception of 17°C for Daphnia spp. Daphnia should be tasted at 20°

+ 1¢C.

{i) AST™M Standard £ 729-80, Practice for Conducting Acute
Toxicity Tests with Pishes, Macroinvertsbrates, and Amphiobians.
American Society for Testing and Materials, 1916 Race Strest,
Philadelphia, PA 19103.

(1i) Committee on Methods for Toxjicity Tests with Aquatic
Organisms. 1975. Methods for Acute Toxicity Tests with PFish,
Macroinvertebrates and Amphibians. U.S. Environmental Protec-
tion Agency, Ecol. Res. Series, EPA 660/3-75-009. 61 pp.

{2) The following may contain useful background information
for developing acceptable protocols:

(i) Weber, C.E. (ed.). 1973. Biological'field and laboratory
methods for measuring the gquality of surface waters and effluents.
U.S. Environmental Protection Agency, Environ. Monit., Series, EPA
670/4-73=001,

(ii) Anonymcus. 1975. Standard Methods for the Examination

of Water and Wastewater. 14th Ed. American Public Health Assoc.,
Washington, D.C.

§ 154=10 Plant studies: Tier I.

(a) wWhen regquired. (1) Data on the toxic effects of a bic-
chemical pesticide on plant growth and development are required as
specified by 40 CFR § 158.165 to support the registration of
each end-usa product intended for outdoor applicaticn and sach
pnanufacturing-use product that legally may be used to formulate
such an end-use product. ([See § 120=1(e) of subdivision J.] See
40 CFR § 158.50 and § 158.165 to determine whether these data must
be submitted; Section II-B of this subdivision contains an addi-
tional dicussion of the formulators’ exemption and who, as & gen-
eral rule, is responsible for submission of the required data.
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(2) When plant studies are required as outlined in paragraph
(a)(1) of the section, the indicated tests (in Subdivision J) should
be conducted for the following use patterns:

{1} Plant-controlling biochemical pesticides. The target
area phytotoxicity test (3 121=1), ths seed germination/sseding
emergence and vegetative vigor tests (§ 122-1) and the growth and
reproduction of aquatic plant tests (§ 122-2) should be performed.

(ii) Animal-controlling biochemical pesticides. The seed
germination/seedling emergence and wvegetative vigor tests (§ 122-2)

should be performed except where:

(A) The material is to bs used in a contained manner rather
than in a general broadcast or band manner;

{B) The material is to be used as a brcadcast treatment at
levels less than three times the naturally-occurring level; or

(C} The material occurs naturally in the plant community type
vhere usage of the product is intended.

{b) Test standards. The phytotoxicity studies as outlined in
this subdivigsiorn should meet the Subdivision J general test standards
{(§ 120=3) and specific test standards [§ 121=-1(b), 122=1(d), and
122=2(b)) for the appropriate tests with the following exceptions.

(1) Test substance. A typical end-use product shall be
tested.

(2) Dose levels. One concentraticn level equal to not less
than the maximum label rate should be tested where the active
ingredient application solution concentration is 10 ppb or greater.
The phrase "the maximum label rate” means the amount of active
ingredient that may be used per land area or applied directly to
the surface of & 15-cm or 6-inch c¢olumn of water.

(c) Reporting. 1In addition to the general information required
in § 120-4(d) of Subdivision J, the reporting requirements for the
other tests (§§ 121=-1(c), 122-1(c), and 122=2(c)] should be followed.

(d) Tier progression. (1) If an adverse wffect or response
on plant growth and develcpment for any terrestrial plant species
is 25 percent or greater with respect to the control or S0 percent
or greater for aquatic plants, then testing at $ier"31 tEnvironmental
Fate, §§ 1551 through 155~14) is required as specified in 40 CFR
§ 158.165.

(2) If less than a 25 percent adverse effect or response 1is
noted for terrestrial plants or S0 percent for aquatic plants no
additonal testing at higher tiers is ordinarily necessary. The
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Agency, however, after reviewing the data, may require certain

additional tests to determine & mOre accurate no observed sffect
level.

§ 154-11 Nontarget insect testing: Tier I.

(a) When required. (1) General. Tier I testing for effects
of biochemical pesticides on nontarget insects is required on a case-
by~case basis as specified by 40 CFR { 158.165 to support the regis-
tration of sach end-use product, and of each manufacturing-use
product that legally may be used to formulate such an eand-use
product.

(2) Tests required., (i) Terrestrial insects. The registrant
must report any adverse effects noted during efficacy testing (%
156-2), and/or any data that indicate potential for adverse effects
on nontarget insects.

(ii) Acuatic insects. (A) If the biochemical is introduced
directly into an agquatic environment when used as directed, testing
rust be conducted in accordance with Subdivisions E and L.

(B) If the biochemical is not introduced directly into an
aquatic environment when used as directed, testing must be conducted
as specified in § 154-9.

{b) Test standards. Studies conducted in accordance with
paragraph (a)(2)(ii)(A) should meet the applicable requirements
outlined in §140=3 of Subdivision L. Studies conducted in accordance
with paragraph (a){2) (ii)(B) should meet the applicable requirements
outlined in §§ 150-3 and 154-9 of this subdivision.

{¢) Reporting and evaluation of data. The test report should
contain the information required in Subdivision L (§ 140-4 and
other applicable sections) or this subdivision (§ 150-4 and
other applicable sections), as appropriate.

(d) Tier progression. (1) Terrestrial insects. Tier II
testing (§ series 155) is required by 40 CFR § 158.165 according to
the following criteria:

(1) If adverse effects are noted during efficacy testing (§
156-2), or

(ii) If other data exist wvhich indicated potential for adverse
effects on nontarget terrestrial insects.
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(2) If neither of the criteria in paragraph (d)(1)(i) or (4ii)
of this section apply, no further testing is necessary.

(3) Aquatic insects. (i) If the biochemical is introduced
directly into an agquatic environment when used as directed, testing
is required as outlined in Subdivisions E and L.

(i1) If the biochemical is not introduced directly into an

aquatic environment when used as directed, testing is required as
specified in § 154-9.

Group A=2: Tier III Testing.

§ 154=12 Terrestrial wildlife testing: Tier III.

(a) when required. Data on the effects of a biochemical
pest control agent on terrestrial wildlife are required by 40 CFR
§ 158.165 as outlined in section series 71 of Subdivision E to
support the registration of each end-use product intended for
outdoor application and esach manufacturing-use product that
legally may be used to formulate such an end-use product, if:

(1) Environmental fate characteristics indicate that the
estimated concentration of the biochemical pesticide in the
terrestrial environment is equal to or greater than 1/5 the avian
dietary LCSO0 or thea avian single dose oral LDS50 (converted to ppm);
or

{(2) The pesticide or any of its metabolites or degradation
products are stable in the environment to the extent that potantially
toxic amounts may persist in the avian feed.

(3) See 40 CPR § 158.50 and § 158.165 to determine whether
these data must be sulmitted; Section Il-B of this subdivision
contains an additional discussion of the formulators' exemption
and who, as a general rule, is responsible for sulmission of the
required data.

{b) Test standards. The test standards in § 70-3 and §§ 71-2
through =5 of Subdivision E apply.

(c) Reporting and evaluation of data. The reporting and
avaluation provisions in § 70-4 and {§ 71=2 through =5 of Subdivi-

sion E apply.
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(d) Tier -progression. PFurther testing shall be -conducted as
specified in Q; 71=-2 through =5 of Subdivision E.

§ 154-13 Agquatic animal testing: Tier III.

(a) When required. Data on the 40 CFR § 158.165 effects of a
biochemical pest control agent on agquatic animals are required to
support the registration of sach end-use product intended for out-
door application and each manufacturing-use product, that legally
may be used to formulate such an end-use product if environmental
fate characteristics indicate that the estimated environmental
concentration of the biochemical agent in the agquatic environ-
ment is equal to or g¢greater than 0.0!' of any ECS50 or LCSO deter-
mined in testing outlined by § 154-8 or -9. See 40 CFR § 158.50
and § 158.165 to determine whether thess data must be sulmitted;
Section II-B of this subdivision contains an additional discus-
sion of the formulators' exemption and who, as 2 general rule, is
regsponsible for submission of the required data.

(b) Test standards. The test standards in § 70-3 and §§ 72-1
through =7 of Subdivision T apply.

(c) Reporting and evaluation of data. The reporting and
evaluation provisions in § 70-4 and §§ 72-1 through =5 of
Subdivision E apply.

(d) Tier progression. Further testing shall be conducted as
outlined in §§ 72~1 through =7 of Subdivision E and regquirsd by 40
CFR § 158.165.

§ 154-14 Plant studies: Tier III.

{a) When required. Data on the effects of a biochemical pest
control agant on plant growth and development ars required by 40 CFR
§ 158.165 on a case-by-case basis to support the registration of
each end-use product agent intended for cutdoor application and
each manufacturing-use product that legally may 38 used to formulate
such a product where the material may be moved from the site of
application by air, soil, or vater. The extent of movement will
be determined by the Tier II environmental fate tests (see § series
155). [See § 120-1(e) of Subdivision J.) Refer 40 CFR § 158.50
and § 158.165 to determine whether these data must be submitted;
Section II-B of this subdivision contains an additional discussion
of the formulators' exemption and who, as a general rule, is
responsible for sulmission of the required data.
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‘(b) Test standards. The test standards in Tiers II through
IIX (§ 123-1 through § 124-2) of Subdivision J apply.

(c) Reporting. -The reporting provisions in Tiers II through
III (§ 123-1 through § 124-2] of Subdivision J apply.

(d) Tier progression. The tier progression criteria in Tiers
II through IIXI [§ 123-1 through § 124-2] of SBubdivision J apply.

§ 154-15 Nontarget insect testing: Tier III.

{(a) When required. Data on the effects of a biochemical pest
control agent on nontarget insects are required by 40 CFR § 158.165
to support the registration of each end-use product intended for
outdoor application and each manufacturing=-use product that legally
may be used to formulate such an end-use product, when reasults of
Tier I tests (§ 154-11) indicate potential adverse effects on
nontarget insects and results of Tisr II tests (section series
155) indicate exposure of nontarget insects. Tier III testing
should only be performed following consultation with the Agency.

(b) Test standards. The test standards in § 140=3 of
Subdivision L apply.

(¢) Reporting and evaluation of data. The reporting and
evaluation requirements in § 140-4 of Subdivision L apply.

(d) Tier progression. None.
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Subseries 154B: MICROBIAL AGENTS

Group B=1: Tier I Testing.

§ 154=16 Avian single-dose oral toxicity and pathogenicity test:
Tier I.

(a) When required. Datz on the avian acute oral toxicity of a
microbial pest control agent are required by 40 CPR § 158.165 ¢o
support the registration of each end-use product intended for ocut-
door application and each manufacturinguse product that legally may
be used to formulate such an end-use product. See 40 CFR § 158.50
and § 158.165 to determine vhether these data must be submitted;
Section II-B of this subdivision contains an additional discussion
of the formulators' exemption and who, as a2 general rule, is
responsidble for submission of the required data.

{b) Test standards. Data should be derived from tests that
satisfy the general test standards in § 150-3 of this subdivision
and the following test standards:

(1) Test substance. The technical grade of each active ingre~
dient in the product shall be tested,

(2) Species. Testing should be performed on one avian species
(preferably bobwhite quail or mallard duck).

(3) Age. Birds used in this test should be from 10 to 17 days
old at the beginning of the test period. Within a given test, all
birds should be cof the same age.

({4) Controls. (i) A negative control group is necessary;

{1ii) A concurrent control group is recormendsd and should be
treated with the technical grade of the active ingredient containing
inactivated microbial agent.

(5) Number of birds per dosage level. Each treatment and
control should contain at least 10 birds. When only one treatment

group is tested, at least 30 birds should be tested at that level.

(6) Maximum hazard dosage level. The highest dosage level
tested should not be less than 10 times the adjusted host equivalent
amount. If the 10x amount is not feasible, a 5x or 2x amount should
be tested. A reason shall be provided to support any reduction in
the highest dosage level from 10 times the adjusted host equivalent
amount.



224
(7) Determination of an LDSC. The test data must establish
that the avian single-dose oral LDS0 or EDSO is greater than the
maximum hazard dosage level, or must establish an LDS0 or EDSO
value and corresponding 95 percent confidence intervals, if possible.

(8) Duration of test. Control and treated groups should be
abserved for at least 30 days after dosing.

{c) Reporting and evaluation of data. In addition to the
information specified in ; 150=-4 of this subdivision, the test
report should contain the following information:

(1) Age of the bhirds tested;

(2) Mean body weights for each test and control group at
weekly intervals;

(3) Diet used;
{4) Pen dimensions;

(S) Ambient temperature and humidity; (6) Photoperiod and
lighting;

(7) Total feed consumption for each test and control
group at weekly intervals;

(8) Preparation of test material;

(9) Amount of test material dosed per bird;

{10} Amcunt of vehicle dosed per bird, if a vehicle is used;
(11) Number of birds per treatment level;

(12) Number of controls used;

(13) LDSO or EDS0 in mg/kg, with 95 percent confidence linmits,
if obtained;

(14) Methods used for calculation of LDS0;

(15) Slope of the dose response line, if obtained;
cmsrtlllian - ¢ v~ ~

(16) Time and date of mortalities;

(17) All signs of intoxication, abnormal behavior,
and regurgitation (if any occurs):
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(18) Reports of any pathogenic effects or pathological changes;

{19) Results of gross necropsies conducted on enough birds to
characterize any gross lesions; and

(20) Resasons to support a reduction (if any) in the highest
dosage level raquired by paragraph (b)(6) of this section.

(d) 2Tier progression. (1) If any toxic or pathogenic
effects are obsarved at the maximum hazard dosage level in this
study, testing at Tier II, environmental expression testing
;55 155-15 through =20), is required as specified by 40 CFR

158.165.

{2) 1If toxic or pathogenic effects are not observed in this
study, additional testing at higher tiers is ordinarily not
necessary.

({e) References. The following references are provided for use
in the davelopment of acceptable test protocols for conducting an
avian single dose oral toxicity test with a microbial pest control
agent:

(1) 1Ignoffo, C.M. 1973. Effects of entomopathogens on verte-
brates. Annals N.Y. Acad. Sci. 217:141-164.

(2) Lautenschlager, R.A., and J.D. Podgwaite. 1979. Passage
of nucleopolyhedrosis virus by avian and mammalian predators of
the gypsy moth, Lymantria dispar. Environ. Entomol. 8(2):210-214.

(3) Friend, M., and D.O. Trainer. 1971. Experimental duck
virus hepatitis in the mallard. Avian Disease 16(4): 692~-699.

(4) Narayanan, K., G. Santharam, S. Easwaramoorthy, and S,
Jayaraj. 1978. lack of susceptibility of poultry birds to nuclear
polyhedrosis virus of groundnut red-hairy caterpillar, Amsacta
albistriga (W.). Indian J, Exper. Biol. 16(12):1322-1324.

($) Podgwaite, J.D., and R.R. Galipeau. 1978. Effects of
nucleopolyhedrosis virus on two avian predators of the gypsy moth,
USDA, For. Serv. Res. Note, NE - 251, 2 pp.

{6) Summers, X., R. Englar, L.A. Falcon, and P. Vail, eds.
1975. Guidelines for Safety Testing of Baculoviruses, Pp. 179~184
in Baculoviruses for Inssct Pest Control. Safety Considerations.
American Society for Microbiology, Washington, D.C.

{(7) T™icker, R.X., and M.A. Haegele. 1971, Comparative acute
oral toxicity of pesticides to six species of birds. Toxicol.
Appl. Pharmacol. 10:57-65 (see pp. 57-59).
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{8) Wolf, K. 1975. Evaluation of the exposure of fish and
wildlife to muclear polyhedrosis and granulogis viruses. Pp. 109-111
in Baculoviruses for Inssct Pest Control. Safety Considerations.
American Society for Microbiology, Washington, D.C..

§ 154-17 Avian injection pathogenicity test: Tier I.

(a) When required. Data on the avian acute injection patho-
genicity of a microbial pest control agent are required by 40 CFR
§ 158.165 to support the registration of each -end-use product in-
tended for outdoor application and each manufacturing-use product
that legally may be used to formulate such an end-use product.

See 40 CPR § 158.50 and § 158.165 to determine whether these data
must bs submitted; Section II-B of this subdivision contains an

additional Adiscussion of the formulators' exsmption and who, as a
general rule, is responsible for sulmission of the regquired data.

{(b) Test standards. Data sufficient to satisfy the require-
ment in paragraph (a) of this section should be derived from tests
which satisfy the purposes ©f the general test standards in
§ 150-3 of this subdivision, and all the following test standards:

(1) Test substance. Data should be derived from testing
conducted with the technical grade of each active ingredient in the
product.

(2) Species. Testing should be performed on one avian species
{preferably bobwhite quail or mallard duck).

(3) Age. Birds used in this test should be from 10 to 17
days old at the beginning of the testing period. Within a given
test, all birds shall be the same age.

{(4) Controls. (1) A negative control group is necessary:

(ii) A concurrent control group is necessary and should be
treated with ths technical grade of the active ingredient containing
inactivated microbial agent.

{iii) 7Two untreated contact control birds are recommanded,
and should be placed in with the treatment group receiving the
maxisum hagard dosage.

(5) Number of birds per dosage level. =Zach treatment and
control group should contain at least 10 birds. When there is only
one treatment group at least 30 birds should be tested at that
trsatnent level.
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(6) Route of exposure. The test m&terial should be adminis-
tered by intraperitoneal or intravenous injection. The intravenous
route may not be fsasidble because of problems related to the size
of particles in the inoculum or technical problems related to the
age or size of the birds.

(7) Maximum hazard dosage level. The highast dosage level
tested should not be less than an amount equal to one adjusted host
equivalent. If thig amount is not feasible, a 1/2x, 1/5x or 1/10x
amount should be tested. A reason shall be provided to support any
reduction in the highest dosage level from an amount equal to the
adjusted host equivalent amount.

(8) Determination of an ED50. The test data must establish
that the avian injection IED50 is greater than the maximum hazard
dosage lavel, or sequentially lower levels shall be tested to
provids a dose-response series which includes at least one level in
which no mortality occurs. If possible, an EDS0 value and corre—
sponding 958 confidence intervals shall be established.

(9) Duration of test. Control and treated birds should be
observed for at least 30 days after dosing.

(c) Reporting and evaluation of data. In addition to the
information specified in ; 150=-4 of this subdivigion, the test

report should contain the following information:

(1) Age of the birds tested;

(2) Mean body weights for each test and control group at weekly
intervals;

(3) Diet used;

(4) Pen dimensions;

(5) Ambient temperature and humidity;
(6) Photoperiod and lighting;

(7) Total feed consumption for esch test and contreol group at
weekly intervals;

(8) Preparation of test material;
{9) Amount of test material injected per bird;
{10) Amount of vehicle injected per bird, if vehicle is used;

{19) Number of birds per treatment level;
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{12) Number of controls used;
(13) Time and date of mortalities;
(14) EDSO in mg/kg, with 958 confidence limits, if obtained;

{15) Results of ¢gross necropsy conducted on all birds dying
before termination of the test and on a reprasentative sample of
those that survived, and on the two contact control birds. The
necropsy report should includs any evidence of multiplication of
microbas (e.g. lesions), at:

(i} The site of injection; and

(ii) Distant sites including liver, kidney, lungs, spleen,
cerebrospinal system, gastrointestinal systeam, and circulatory
system;

{16) A dascription of the methods used to assess the cause
and effects of any lesions noted vhere there is evidence that the
microbial agent is sultiplying in the bird;

(17) Assessment of any effects noted; and

(18) Reason to support reduction in highest dosage section.

(d) Tier progression. (1) If any pathogenic effects are
observed at the maximun hazard dosage level in this study, testing

at Tier 1I [environmental expression testing (§§ 155-15 through
«20)] is required as specified in 40 CFR § 158.165.

(2} If no pathogenic effects are observed in this study, no
additional testing at higher tiers ordinarily is necessary.

(e} References. The following references are provided for
use in the development of accsptable test protocols for conducting
an avian injection pathogenicity test with microbial pest control
agents:

(1) m, H.H., and D.B. w‘lk.:o 1979. The metabolism of
DOT in vivo by the Japanese quail (Coturnix coturnix japonica).
Pesticide Biochen. Physiol. 10:40-48.

(2) Priend, M., and D. O. Trainer. 1974a. Experimental DDT-
Duck hepatitis virus interaction studies. J. Wildl. Manage.
38(4):887-895.

(3) e 1974b. Experimental Dieldrin-Duck hepatitis
virus interaction studies. J. Wildl. Manage. 38(4):896-902.
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(4) e 1972. Duck hepatitis virus interaction with
DDT and Dieldrin in adult mallards. Bull., Environ. Contam. Toxicol.
T(3):202-206.

(S) TFriend, M,, and D.0O. Trainer. 1971. Experimental duck
virus hepatitis in the mallard. Avian Disease 16(4):692-699.

(6) « 1970. Polychlorinated biphsenyl: dinteraction
with duck hepatitis virus. Science 170(3964):1314~1316.

{7) Summers, M., R. Engler, L.A. Falcon, and P. Vail, eds.
1975. Pp. 179-184 in Guidelines for Safety Testing of Baculoviruses.
Baculoviruses for Insect Pest Control: Safety Considerations.
American Society for Microbiology, Washington, D.C.

§ 154-18 Wild mammal toxicity and pathogenicity testing: Tier I.

(a) wWhen required. Data on wild mammal toxicity and patho-
genicity may be required by 40 CFR § 158.165 on a case-by-case basis
to support the registration of end-use products intended for outdoor
application and manufacturing-use products that legally may be used
to formulate such end-use products. The toxicity and pathogenicity
data cutlined in Subdivision F for evaluating hazard to humans and
domestic animals are normally adequate to indicate hazard to wild
mammals. Under certain conditions, however, these data are not
sufficient to assess the potential hazard to wild mammals likely
to be exposed to a microbial pest control agent. An exanple of
one circumstance when such data may be required is the situation
in which data indicate that there is considerable variation in
sensitivity of different mammalian species to the effects of a
microbial pest control agent, and there is evidence that wild
mammals are heavily exposed to microbial pest control agents.

See 40 CFR § 158.50 and §158.165 to determine whether these data
must be submitted; Section IX~B of this subdivision contains an

additional discussion of the formulators' exemption and who, as a
general rule, is responsible for submisgion of the required data.

{b) Test standards. Data should be darived from tests that
satisfy the general test standards in § 150-3 of this subdivision
and the following test standards:

(1) Test substance. Data shall be derived from testing con-
ducted with the technical grade of each active ingredient in the
product.

(2) Species. Testing should be performed on a Dammalian spe-
cies representative or indicative of those found in the area(s)
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likely to be affected by the proposed use pattern(s). Test animals
may be reared in peas or captured in the wild, and should be pheno-
typically indistingquishable from wild mammals. Endangered or
threatsned animals shall not be used.

(3) Controls. (i) A negative control group is necessary; and

{4ii) A concurrant control group is necessary and should be
treated, vhen possible, with the technical grade of the active
ingredient containing inactivated (e.g., auvtoclaved) microbial
agent.

(4) Route of exposure. The test material -should be admi-
nistered by gavage (acute oral dose) or by injection (intraperiton-
al or intravenous). The route shall be determined after consulta-
tion with the Agency.

(5) Mixisum hazard dosage level. The standards for maximum
hazard dosage level, deatermination of an EDS0O, and duration of
test that are found in the avian single dose oral toxicity and
pathogenicity test § 154-16(b) and the avian injection patho-
genicity test § 154-17(b) apply alsc to the respective tests on
nammals.

(c) Reporting and evaluaticn of data. In addition to the
information specified in ; 150=4 of this subdivision, test reports
should contain the same information required for the avian single~
dose oral toxicity and pathogenicity test § 154-16(c) and the avian
injection pathogenicity test § 154-17(c), adapted appropriately for
mamnalian test procedures.

(4) Tier progression. (1) If any toxic or pathogenic effects
on mammalian species are observed at the maximum hazard dosage level
in this study, testing at Tier II [environmantal expression testing
(§§ 155-15 through =20)] is required as specified by 40 CFR § 154.165.

(2) If toxic or pathogenic effects are not cobserved in this
study, additional testing at higher tiers is ordinarily not necessary.

(e} Refersnces. The following references are provided for
use in the development of acceptable test protocols for conducting
wild mammal toxicity and pathogenicity tests with microbial pest
control agents:

{1) Agr. Res. Servics, USDA Animal Disease and Parasite
Research Division., 1969, The toxicity of some organic herbicides
to cattle, sheep, and chickens. A.R.S. Production Research Report
No. 106.

(2) Barnes, R.W., C.P. Meincke, W.C. McLane, and C.S. Rehn-
borg. 1970. Long-term feeding and other toxicitypathogenicity
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studies on rats using a commercial preparation of the nuclear-
polyhedrosis virus of Heliothis zea. J. Invert. Pathol. 16:112-
115.

{3) TFisher, R., and L. Rosner. 1959. Toxicology of the
microbial insecticide, Thuricide. Agric. Pood Cham. 7({10):686~688.

(4) Ignoffo, C.M. 1973. Effects of entomopathogens on
vertebrates. Annals N.Y. Acad. Sci. 217:141-164.

(S) Ignoffo, C.M. 1971. Intraperitoneal injection of white
mice with nucleopolyhedrosis virus of the beet armyworm, Spodoptera
.uggo Je Invert. Pathol. 17(3)3‘53"‘5‘0

(6) I@o:fo, CeM., W.M. Barker, and C.W. “CCQYQ 1973. Lack
of per os toxicity or pathogenicity in rats fed the fungus, Hirsutella
thompsonii. ZEXntomophaga 18(3):333-335.

(7) Ignoffo, C.M., C. Garcia, R.W. Xapp, and W.B. Coate.
1975. An evaluation of the risks to mammals of the use of an ento-
mopathogenic fungus, Nomuraea rileyi, as a microbial insecticide.
In: Baculoviruses for Insect Pest Control: Safety Considerations.
Selected papars from FPA/USDA Working Symposium, Amer. Soc.
Microbiology, Washington, D.C.

(8) 1Ignoffo, C.M., and A.M. Heimpel. 1965. The nuclear poly-
hedrosis virus of Heliothis zea (Boddie) and Heliothis virescens
{Fabricus) Part V. Toxicity=-pathogenicity of vizus to white mice
and quinea pigs. J. Invert. Pathol. 7:329=340.,

(9} anoffo, C.H.' J.J. Petersen, B.C. Chlpm, and J.F.
Novotny. 1574. Lack of susceptibility of mice and rats to the
mosqui o nematode, Reesimermis nielseni, Tsai and Grundmann. Mos-
gquito News 34(4):425-428.

(10) Lamanna, C., and L. Jones. 1963. Lethality for mice of
vegetative and spore forms of Bacillus cereus and Bacillus cereus-
like insect pathogens injected intraperitoneally and subcutanecusly.
J. Bacteriology 85:532-535.

(11) Lautenschlager, R.A., C.H. Kircher, and J.D. Podgwaite.
1977. Effect of nucleopolyhedrosis virus on selected mammalian
predators of the gypsy moth. USDA, Por. Serv. Res. Paper, NE-377,

€6pe.

(12} Zautenschlager, R.A., and J.D. Podgwaite. 1979. Passage
of nucleopolyhedrosis virus by avian and sammalian predators of the
gypsy moth, Lymantria dispar. Environ. Entomol. 8(2):210-214.

(13) Lautenschlager, R.A., and J.D. Podgwaite. 1977. Passage
of infectious nuclear-polyhedrosis virus through the alimentary
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tracts of two small mammal predators of the gypsy moth, Lymantria
dispar. Environ. Entomol. 6(5):737-738.

(14) Meinacke, C.F., W.C. Mclane, and C.S. Rehnborg. 1970.
Toxicitypathogenicity studies of a nuclear-polyhedrosis virus of
Heliothis zea in white mica. J. Invert. Pathol. 15:10-14.

(15) Pounds, J«G. 1977. Safety and potential hazards of the
entocmopathogen Mattesia trogodermas to non-target species. Ph.D.
Thesis, University of Wisconsin, Madison, Wisconsin. 131 pp.

{16) Summars, M., R. Engler, L.A. Galcon, and P. Vail, eds.
1975. Pp. 179-184 in Guidelines for Safety Testing of Baculoviruses
for Insect Pest Control: Safety Considerations. Amarican Society
for Microbiology, Washington, D.C.

(17) Smirnoff, W.A., and C.P. MacLeod. 1964. Apparent lack
of effects of orally introduced polyhedrosis virus on mice and of

pathogenicity of rodant-passed virus for insects. J. Insect Pathol.
6:537=538,

(18) watts, D.M., ReFo Tmi.llop JeM. D.lmpl.' B.F.
Eldridge, P.K. Russell, and P.H. Top; Jr. 1979. Experimental
infection of vertebrates of the Pocamoke Cypress Swamp, Maryland
with Reystone and Jamestown Canyon viruses. Am. J. Trop. Med. Hyg.
28(2):344-350.

{19) Wedbb, R.E., and E. HBorsfall, Jr. 1967. Endrin resistance
in the pine mouse. Science 156:1862.

{20) Wolf, K. 1975. Evaluation of the exposure of fish and
wildlife to nuclear polyhedrosis and granulosis viruses. Pp. 109-
111 in Baculoviruses for Insect Pest Control: Safety Considerations.
American Society for Microbiclogy, Washington, D.C.

§ 154~19 Preshwater fish toxicity and pathogenicity testing: Tier I.

{(a) When recuired. Data on pathogenicity and/or toxicity to
fish are required by 40 CFR § 158.165 to support Eﬁi ‘pgiltration of
each end-use product intended for outdoor appli each
nanmufacturing-use product that legally may be used to formulate
such an end-use product.
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{b) Test standards. Data should b& derived from tests that
satisfy the general test standards in § 150-3 of this subdivision,
and the following test standards:

(1) Test substancs. (i) Data to support the registration of
an end-use formulated product or a manufacturinguse product shall
be derived from testing conducted with:

{A) The technical grade of each active ingredient in the
product whan the test substance is added directly to the test water;
and

(3) The most challenging form (in terms of pathogenicity and
toxicity) of each active ingredient (microorganism) in the product
vhen the test substance is administered in the diet or by injection.

{ii) In addition, data from testing with the end-use product
are required to suppert the registration of any end-use product if
an ingredient in the snd-use product other than the active ingredient
is expected to:

(A) Enhance the toxicity or pathogenicity of the active
ingredient; or

(B) Enhance the ability of the active ingredient (microorganism)
to survive or replicate in an aquatic environment:; or

(C) Independently cause toxicity to aquatic organisms.
(2) Test organisms. (i) Testing should be performed on one

or two fish species depending upon the site of pesticide application
as follows:

(A) Terrestrial application: test one species, preferably
rainbow trout.

(B) Direct application into a freshwater environment: test
two species, preferably rainbow trout and bluegill sunfish.

(C) Dirsct application intoc an estuarine or marine environment:
test one species, preferably rainbow trout.

(ii) Testing of additional f£ish species may e required in
Tier III in order to obtain additiocnal information on host spectrum.
The type and number of species to be tested shall be determined
following consultaticon witll the Agency.

{4ii) rish species likely to prey upon or scavenge the target
host organisms should be tested, when applicable.

(iv) Testing of young fish (3-6 months old) is preferable.
Yery young (not yet actively feeding), spawning, or recently spawned
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{wv) Pish should weigh between 0.5 and 5.0 grams and be from
the same year class. The standard length of the longest f£ish should
be no more than twice that of the shortest fish.

(3) Method of pesticide administration. (i) The test
substance should be adninistered as a suspension directly into the

water (i.es., aqueous exposure).

(11) Two additional methods of pesticide administration should
be considered and used in combination with the agqueous exposure in
the same test, vhenever poesidble. The two mathods ares:

(A) Dietary administration: food to be administered in the
form of target host organisms infected with the microbial agent or
feed supplemented with microbial agent; and

(B) Administration by intraperitoneal injaction.

(4) Treatment concentrations. (i) 1If the test substance pro-
duces a toxin, then a sufficient number of treatment concentrations
should be tested to determine toxicity as described in paragraphs
{b)(5)(id)(A),(B) and (D)(5)(iil) of this section.

(1i) If the test substance does not produce a toxin, or no
toxin has been identified, then a single, replicated, maximum hazard
exposure may be tested. Treatment concentrations or doses should be
selected as follows, whenever possible:

{A) At a minimum, the concentration in the test water (for
aqusous exposure) should, whenever possible, equal the maximur
calculated pesticide concentration in a six=inch layer of water
imnediately following a direct application to a six-inch layer of
water;

(B) Peed used in the dietary exposure should be supplemented
with the test substance to achieve a microbial concentration greater
than or egual to the host equivalent; and

(C) The injected test substance should contain a concentration
of active ingredient equal to the adjusted host equivaleat.

(iii) The f£fish infectivity test(s) conducted in Tier III may
require the use of lover treatment concentrations and/or a greater
number of treatment concentrations in ordsr to Ustieriine the
concentration (or dose) response relationship or the ainimm
effective concentration.

(S) Determination of toxicity or pathogenicity. (i) The

pathogenicity of the test substance on the test organisms following
a sufficiently long period of exposure and observation should be
detarmined.
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(ii) If the test substance produces a toxin, then the following
shall be determined:

(A) A precise LCgqp value with 95 percent confidence intervals;
or

(B) That the LCspy is greater than 100 mg/l or 1,000 times the
estimated environmental concentration, whichever is higher.

(44i) If data are submitted to satisfy either criteriom in
paragraph (b} (5)(ii)(B) of this section, the data should be derived
from a study containing at least 30 organisms tested at concentra-
tions equal to0.0r greater than the applicable criterion (100 mg/l
or 1,000x estimated environmental concentration).

(¢) Reporting and evaluation of data. In addition to
information meeting the general reperting requirements of § 150-3
of this subdivision, a report of the results of a fish toxicity and
infectivity test would include the following:

(1) LCgp data (if the test substance produces a toxin).
(i) Such data should show:

(A) The 96=hour LCg5g, the corresponding 95 percent confi-
dence intervals, and, when possible, the ICgy values at 24 hour
intervals for the duration of the test; or

(B) That the LCgp is greater than 1,000 times the expected
environmental concentration or 100 mg/1l.

(ii) 1If the data submitted in accordance with paragraph
(e){1)(1)(B) of this section indicate that the 1Cgp is greater than
1,000 times the expected environmental conceantration of the pesticide,
than the basis for calculating the estimated environmental concen-
tration should be shown.

(2) Detailed description of the steps taken to determine
microorganism dissemination, replication, or survival in the test
animals tissues, organs, or fluids:

(3) Detailed description of dilution water, including:

(1) Source;

(ii) Chemical characteristics (e.g., dissclved oxygen content, DH,
dissolved salts); and

(1ii) Pretreatment (if any);
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(4) Detailed description of the test, including:

(i) Design;

(ii) Containers;

{4ii) Medium (e.g., depth and volumse);

(iv) Treatments;

(y) Method of exposing fish to the test substance (e.q.,
placing microbial agent in water which already contains fish or
placing fish in water which already contains thé microbial agent):

{vi) DNumber of organisms per treatment;

(vii) Loading (weight of organisms par unit volume of medium
or unit surface);

(viii) Lighting, scclimation, and test tamperatures (averages
and range);

(ix) Amount of test substance administered by each route of
exposure; and

(x) Any unusual feature of the test method;

(5) Detailed descriptions of methods (or references to
sstablished methods) used for all chemical analyses of water for
chemical content and toxicant concsntrations:

(6) Detailed description of methods used for all microbial
analyses of water and test organisms, and results of such analyses,
including validation studies;

{7) Detailed description of the effects of exposure to the
test substance including:

(1) The criteria used to daternmine the effects;

(11) Percentages of orgqanisms that died or showed effects of
treatment; and

{144) A summary of these obaarvations; and

(8) Any additional relevant information about the test or its
results that would assist in the determination of hazard potential.

(d) 7Tier progression. (1) 1If toxic or pathogenic effects
are observed, then testing at Tiexr Il {environmental expression
testing (§§ 155-15 through =20)] is required as specified by 40 CFR
§ 158.165.
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(2) Further ‘tier testing is not necessary if results of this
study do not indicate toxic or pathogenic effects.

(e) References. The following may contain useful background
information for developing acceptable protocols:

(1) Anonymous. 1975. Standard Methods for Examination of
Water and Wastewater. 14th B4, American Public Bealth Assoc.,
Washington, D.C. 1193 pp.

(2) ASTM Standard E 729-80, Practice for Conducting Acute
Toxicity Tests with Figshes, Macroinvertebrates, and Amphibians.
American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.

(3) Committee on Methods for Toxicity Tests with Aquatic
Organisms. 1975. Methods for acute toxicity tests with fish,
macroinvertebrates, and amphidbians. U.S. Environmental Protection
Agency, Ecol. Res. Series, EPA 660/3~75-009. 61 pp.

(4) B.ciek' P.M., M.D. Mittll, and J.L. !‘rytr. 1973.
Increased susceptibility of rainbow trout to infectious hematopoietic
necrosis virus after exposure to copper. Appl. and Envir. Microb.
37(2):198=201.

(5) Buang, E., and J.S. Pagano. 1977. Nucleic acid
hybridization technology and detection of proviral genomes. Chapter
13 in The Atlas of Insect and Plant Viruses, K. Maramorosch, Ed.
Academic Press, New York.

{(6) Ignoffo, C.M. et al. 1973. Susceptibility of agquatic
vertebrates and invertebrates to the infective stage of the mosquito
nematode Reesimermis nielseni. Mosquito News 33(4):599-602.

{(7) Macek, K.J., S.R. Petrocelli, and B.H. Sleight III.
1979. Considerations in assessing the potential for, and significance
of, biomagnification of chemical residues in aquatic food chains.
ASTM STP, pp.251-268, American Society for Testing and Materials,
Philadelphia.

(8) Mazzone, H.M., and G.H. Tignor. 1976. Insect viruses:
serological relationships. Adv. in Virus Res. 20:237-270.

{(9) Paganoc, J.S., and E. Huang, 1974. The application of RNA~
DNA cytohybridization to viral diagnostics. In: Viral Immunodiagnosis.
E. Xurstak and R. Morisset, eds. Acadenmic Press, Inc.

(10) Pound, J.F. 1977. Safety and potential hazards of the
entomopathogen Mattesia trogodermae to nontarget species. Ph.D.
Dissertation. U. Wisconsin.
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(11) Reynolds, G.J. 1978. Enzyme labelled antibody in
histopathoclogy. Qualityline (Winter 1978/1979):2-10.

(12) S&umith, C.E. and M.D. Summers. 1978. Analysis of
baculovirus genomes with restriction endonucleases. Virology 89:517-
$27.

(13) Summars, M., R. Ingler, L.A. Palcon, and P. Vail, eds.
1975%. Baculoviruses for Insect Pest Control: Safety Considerations.
Selected papers from EPA-USDA Working Symposium, American Society
for Microbiology Washington, D.C.

(14) Undeen, A.E., and J.V. Maddox. 1973. The infection of
nonmosquito hosts by injection with spores of the microsporidan

Nosema algeras. J. Invert. Path. 22:258-26S.

(1S) Van Essen, F.W., and D.W. Anthony. 1976. Susceptibility
of nontarget organisms to Nosema algerae (Microsporida: Nosematidae),
a parasite of mosquitoes. J. Invert. Path. 28:77-85.

(16) Weber, C.E. (ed.) 1973. Biological field laboratory
methods for measuring the quality of surface waters and effluents.
U.S. Environmental Protection Agency, Environ. Monit. Series, EPA-
670/4-73=-001.

§ 154-20 Freshwater agquatic invertebrate toxicity and pathogenicity
testing: Tier I.

{(a) When required. Data or pathogenicity or toxicity (or
both, when applicable) to an aquatic invertebrate are required by
40 CFR § 158.165 to support the registration of each end-use product
intended for outdoor application and each manufacturing-use prod-
duct that legally may be used to formulate such an end-use product.
See 40 CFR § 158.50 and § 158.165 to determine whether these data
must be submitted; Section II-B of this subdivision contains an
additional discussion of the formulators' examption and who, as a
general rule, is responsible for submission of the required data.

{b) Test standards. Data should be derived from tests that
satisfy the general test standards in § 150-3 of this subdivision
and the following test standards:

(1) 7Test substance. {i) Data to support the registration of
end-use products and manufacturing-use products shall be derivead
from tests conducted with:

(A) The technical grade of each active ingredient in the
product when the test substance is added directly to the test water
(aqueocus exposure); and
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(B) The most challenging form (in terms of pathogenicity and
toxicity) of each active ingredient (microorganism) in the product,
when the test substance is administered in the diet or by injection.

(ii) In addition, data from testing with the end-use product
are required to support the registration of any end-uge product if
an ingredient in the end-use product other than the active ingredient
is expscted to:

(A) Enhance the toxicity or pathogenicity of the active
ingredient;

{B) Enhance the ability of the active ingredient (microorga-
nism) to survive or replicate in an aquatic environment; or

{C) Independently cause toxicity to agquatic organisms.
(2) Test organisms. (i) Testing should be performed on one

or two aquatic invertebrate species, depending upon the site of
pesticids application as follows:

{A) Terrestrial application: test one spscies.

{B) Direct application into a freshwater environment: test
two species.

(C) Direct application into an estuarine or marine environment:
test one species.

(ii) Testing of additional aquatic invertebrate species may
be required in Tier I as specified in paragraph (d}(3)(i) of this
section.

(iii) Aquatic invertebrate species likely to prey upon or
scavenge the diseaged target host organisms should be tested, when
applicable.

(iv) Immature invertebrates should be used whenever possible.
(3) Method of pesticide administration. (i) The test

substance should be administered as a2 suspension directly into the
water (i.e., agqueous exposure).

(44) Two additional methods of pesticide administration should
be considered and used in coabination with the agueous exposure in
<he accompanying tests, vhenever possible. The two methods are:

(A) Dietary administration: feed to be administered in the
form of target host organisms infected with the microbial agent or
feed supplemented with microbial agent; and
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(B) -Administration by injection.

(4) Treatment concentrations. (i) If the test substance
produces a toxin, then a sufficient number of treatment concentra-
tions must be tested to permit a determination of toxicity as
descrided in paragraphs (b)(S5){ii)(A), (B), and (b)(5)(iii) of
this section.

(ii) If the test substance does not produce a toxin, or no
toxin has been identified, then a single, replicated, maximum hazard
exposure may be tested. Treatment concentrations or doses shall be
selected as follows:

(A) At a minimum, the concentration in the test water (for
aqueous exposure) should, vhenever possible, equal the maximum
calculated pesticide concentration in a sixe-inch layer of water,
imzediately following a direct application to a six-inch layer of
vatar;

{({B) Peed used in the dietary exposure should bs supplemented
with the test substance to achieve a microbial concentration greater
than or equal to the host equivalent, whenever possidle.

(C} The injected test substance should contain, whenever
possidble, a concentration of active ingredient equal to the adjusted
host equivalent.

(S) Determination of toxicity or pathogenicity. (i) Satis-
factory data should establish whether the test substance had a

pathogenic or toxic effect on the test organisms during a suffi-
ciently long period of exposure and observation.

{ii) If the test substance produces a toxin, then satisfactory
data must establish either:

(A) A precise ECg5q or LCgqp value with 95 percent confidence
intervals; or

(B) That the ICgqy or 1Cgp is greater than 100 mg/l or 100,000
times the estimated environmental concentration, whichever is
hiqh.:o

{(iii) 1If data are sulmitted to satisfy either criterion in
paragraph (b)(5)(1i)(B) of this section, the data should be derived
from a study containing at least 30 organisms tested at concentra-
tions egqual to or greatsr than the applicable criterion (100 mg/l
or 1,000 times the estimated environmental concentration).

{c) Peporting and evaluation of data. 1In addition to infor-
mation general reporting requiremets of § 150-4 of this subdvision,
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a report of the results of an aquatic invertebrate toxicity and
infectivity test would include the following:

(n ECgq Or ICgg data (if the test substance produces a
toxin).

(1) Such data should show:

{(A) The ECg; ©r 1Cgp, the corresponding 95 percent confi-

dence intervals, and when possible, the ECgy or 1LCgp values at
24=hour intervals for the duration of the test; or

(3) That the ECgg or 1Csg is greater than 1,000 times the
expscted environmental concentration or 100 mg/l, whichever is
higher.

(ii) If the data sulmitted in accordance with paragraph
()(1)(4)(B) of this section indicate that the LCgy or ECgp is
greater than 1,000 times the sxpected environmental concentration
of the pesticide, then the basis for calculating the estimated
environmental concentration should be shown.

(2) Detailed description of the steps taken to determine
microorganism dissemination, replication, or survival in the test
animal tissues, organs, or fluids.

(3) Detailed description of dilution water, including source,
chemical characteristics (e.g., dissolved oxygen content, pH,
dissolved salts), and pretreatment (if any).

(4) Detailed description of the test, including:

(1) Design;

(ii) Container;

(iid) Medium (e.g., depth and volume);
(iv) Treatments;

(v) Method of exposing organisms to the test substance (e.g.,
placing chemical in water vhich contains organisms or placing
organisms in water which contains chemical);

(vi) Nunber of organisms per tresatment;

(vii) Lighting, acclimation, and test temperatures {averages and
range);

(viii) Amount of test substance administered by each route of
exposure; and
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{ix) Any unusual feature of the test method.

(S) Detailed descriptions of methods {or references to
established methods) used for chemical analyses of water for chemical
content and toxicant concentrations.

(6) Detailed descriptions of mathods used for all microbial
analyses of vater and test organisms, and the results of such
analyses, including validation studies.

(7) Detailed dascription of the effects of exposure to the
test substance, including:

(1) The criteria used to dstermine the affects;

{1i) Statement of percentages of organisms that died or showed
effacts of treatment; and

(iii) A summary of these observations.

{(8) Any additional relevant information about the test or its
results that would assist in the datermination of hazard potential.

(d) ZTier progression. (1) If toxic or pathogenic effects
are observed, then testing at Tier II [environmental expression
(§§ 155-15 through =20)] shall be required specified in 40 CFR
§ 158.165.

(2) 1If no toxic or pathogenic effects are observed, then no
further testing at higher tiers is ordinarily necessary, except as
noted in paragraph (d4)(3) of this section.

(3) If host spsctrum or beneficial insect tests indicate a
broad host spectrum such that susceptibility of agquatic invertebrates
is indicated, then either:

(i) Additional aquatic invertebrate species must be tested as
described in paragraphs {(a) through (¢) of this section; or

(1i) Testing at Tier II, environmental expression (§§ 155-15
through -20) is required.

(4) If toxic or pathogenic effects are observed in tests con-
ducted in accordance vwith paragraph (4)(3)(i) of this section, then
testing at Tier II [environmental expression (§§ 485-15 through -20)]
is required. 1If not, then no further tier testing -.is necessary.

(e) Referances. The following references may contain useful
background information for developing acceptable protocols:
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(1) -Anonymous. °1975. Standard Methods for Examination of
Water and Wastewatsr. 14th Ed4. American Public Health Assoc.,
Washington, D.C. 1193 pp.

{2) AS™ Standard E 729-80, Practice for Conducting Acute
Toxicity Tests with Pighes, Macroinvertebrates, and Amphibians.
American Society for Testing and Materials, 1916 Race Straet,
Philadelphia, PA 19103.

(3) Cammittee on Methods for Toxicity Tests with Aquatic
Organisms. Mathods for Acute Toxicity Tests with Pish, Macroinver-
tebrates, and Amphidians. U.S. Environmental Protection Agency,
Bcol. Res. Series, EPA 660/375-009. 61 pp.

(4) Huang, E., and J.S. Pagano. 1977. Nucleic acid hybri-
dization technology and detection of proviral genomes. Chapter
13 in The Atlas of Insect and Plant Viruses, K. Maramorosch, ed.
Academic Press, N.Y.

(5) 1Ignoffo, C. M. st al. 1973. Susceptibility of aquatic
vertebrates and invertebrates to the infective stage of the mosquito
nematods, Reesimermis nielseni. Mosguito News 33(4):599=602.

(6) Li.gh‘hitx, D.¥V., R.R. Proctor, A.K. Splrk.l. JeR. Adams,
and A.M. Eeimpsl. 1973. Tasting Penaeid shrimp for susceptibilicy
to an insect Nuclear Polyhedrosis virus. Environ. Entomology
2(4):611=613,

{(7) Mazzone, H.M., and G.H. Tignor. 1976. Insect viruses:
serological relationships. Advances in Virus Research 20:237-270.

(8) Pagano, J.S., and E. Huang., 1974. The application of
RNA-DNA cytohybridization to viral diagnostics. In: Viral
Immunodiagnosis. E. Rurstak and R. Morisset, eds. Academic Press,
Inc. New York.

() Pound, J.G. 1977. Safety and potential hazards of the
entomopathogen Mattesia trogodermae to nontarget species. Ph.D.
Dissertation. U, Wisconsin.

(10) Reynolds, G.J. 1978. Enzyme labelled antibody in
histopathology. Qualityline (Winter 1978/1979):2-10.

(11) Smith, C.E. and M.D. Summers. 1378. Analysis of baculo-
virus gsnones with restriction endonucleases. Virologqy 89:517-527.

(12) Summers, M., R. Engler, L.A. Falcon, and P, Vail, eds.
1975. Baculoviruses for Insect Pest Control: Safety Considerations.
Selected papers from EPA-USDA Working Symposium, American Society
for Miecrobioclogy, Washington, D.C.
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(13) DOndeen, A.H., and J.V. Maddox, 1973.. The infection of
nomosquito hosts by injection with spores of the microsporidan
Nosema algeras. J. Invert. Path. 22:258-26S.

(14) Van Essen, F.W., and D.W. Anthony. 197€. Susceptibility
of nontarget organisms to Nosema algerae (Microsporida: Nosematidae),
a parasite of mosquitoes. J. Invert. Path. 28:77-85,

(15) Weber, C.E. (ed.) 1973, Biclogical field laboratory
msthods for measuring the quality of surface waters and effluents.
U.S. Invironsental Protection Agency, Environ. Monit. Series, EPA-
670/4=73=001.

§ 154~21 2stuarine and marine animal toxicity and pathogenicity
tests: Tier I.

(a) J¥hen required. Data on pathogenicity and/or toxicity to
estuarine and marine animals are required by 40 CFR § 158.165 to
support the registration of each end-use product intended for
direct application into the estuarine or marine environment or
expscted to enter this environment in significant concentrations
because of expected use or mobility pattern and of each manufac-
turing-use product that legally may be used to formulate such an
end-use product. See 40 CFR § 158.50 and § 158.165 to determine
whether these data must be sulmitted; Section II-B of this sub-
division contains an additional discussion of the formulators'
exezption and who, as a general rule, is responsible for submisgion
of the required data.

(b) Test standards. Data should be derived from tests that
satisfy the general test standards in § 150-3 of this subdivision
and the following test standards:

(1) Test substance. (i) Data to support the registration of
an enduse product and a manufacturing-use product shall be derived
from tests conducted with:

(A) The technical grade of each active ingredient in the
product wvhen the test substance is added directly to the test water;
and

(B) The most challenging form {im terms of pathogenicity and
toxicity) of each active ingredient (microorganism) in the producz,
when the test substance is administered in the diet or by injection.

{ii) In addition, data from testing with the end-use are
regquired to support the registration of any end-use product 1f an
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ingredient in the end-use formulation other than the active ingredient
is expscted to:

(A) Enhance the toxicity or pathogenicity of the active
ingredient; or

(B) Enhance the ability of the active ingredient (microorga-

(2) Test organisms. (i) Toxicity and pathogenicity should be
detarnined for one species of shrimp and one sstuarine or marine
£ish species.

(ii) Testing of additional estuarine or marine animal species
may be required in Tier I as specified in paragraph (d4)(3)(1i) of
this section.

(ii{) Estuarine or marine animals likely to prey upon or
scavenge the diseased target host organisms should be tested, when
applicable.

~ (iv) Testing of young fish (3 to 6 months old) and immature
invertedbrates is preferadle. Very young (not yet actively feeding),
spawning, or recently spawned fish should not be tested.

(v) Fish should weigh between 0.5 and 5.0 grams and be from
the same year class. The standard length of the largest fish should
be no more than twice that of the shortest fish.

(3) Method of pesticide administration. (i) The test
substance ghould be administered as a suspension directly into the
water (i.s., AQuescus exposure).

{ii) Two additional methods of peasticide administration should
be considered and used in combination with the aqueocus exposure in
the same test, vwhenever possible. The two methods are:

(A) Dietary administration: food to be administered in the
form of target host organisms infected with the microbial agent or
feed supplemented with mjcrobial agent; and

(B) Adminisgtration by injection,

(4) Treatment concentrations. (i) If the test substance
produces a toxin, then a sufficient number of treatment concentrations
zust be tested to determine toxicity as described in paragraphs
(b)(5)(ii) and (i1ii) of this section.

{ii) 1If the test substance does not produce a toxin, or if no
toxin has been identified, then a single, replicated, maximum hazard
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exposure may be tested. Treatment concentrations or dose should be
selected as follows:

(A) At a minimum, the concentration in the test vater (for
agqueous exposure) should, whenever possible, equal the maximum
calculated pesticide concentration in a 6~inch layer of water
impnediately following a direct application to a 6é~-inch layer of
vater.

{B) Peed used in the dietary exposure should be supplemented
wvith the test substance to achieve a microbial concentration greater
than or egqual to the host equivalent, vhenever possible.

(C) The injected test substance should contain, if possible,
a concantration of active ingredient egqual to the adjusted host
equivalent.

{1ii) The estuarine or marine organism toxicity and infectivity
tests conducted in Tier III may require the use of lower treatment
concentrations and/or a greater number of treatment concentrations
in order to datermine a concentration response relationship or
minism effective concsntration.

(S5) Determination of toxicity, or pathogenicity and infectivity.
(1) Satisfactory data must establish whether the test substance had

a2 toxic or pathogenic effect on the test organisms during a
sufficiently long pericd of exposure.

(ii) .If the test substance produces & toxin, then satisfactory
data must establish either:

{A) A precise EC50 or LCSO value with 95 percent confidence
intervals; or

(B} That the ECgp or LCgp is greater than 100 mg/l or 1,000
times the astimated environmental concentration, whichever is
higher. 1If data are submitted to satisfy either criterion in this
paragraph, the data should be derived from a study containing at
least 30 organisms tested at concentrations equal to or greater
than the applicable criterion (100 mg/l or 1,000x the estimated
environmental concentzation).

(c) Reporting and evaluation of data. <n addition to
information meeting the general requirements of § 150=4 of this
subdivision, a report of the rasults of estuarine or marine animal
toxicity and pathogenicity tests would include the following:

(1) ECgg or 1Cgg data (if the test substance produces a
toxin).

(<) Such data should show:
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{8) That the ICgp or ECgp is greater than 1,000 timss the
expected environmental concentration or 100 mg/l, whichever is
high‘ro

(44) If the data sulmitted in accordance with paragraph
(e)(1}(1)(B) of this section indicate that the ICgg or ECgy is
greater than 1,000 times the expscted environmental concentration

of the pesticide, then the basis for calculating the estimated
environmental concentration should be shown.

(2) A detailed dsscription of the steps taken to determine
microorganism dissemination, replication or survival in the test
animal tissues, organs, or fluids;

{3) Detailed description of dilution water, including source,
chemical characteristics (e.g., dissolved oxygen content, pH,
dissoclved salts), and pretreatment (if any):;

(4) Other pertinent datails, including:

(1) Design;

(1i) Containers;

{iii) Medium (e.g., depth and volume);

{iv) Treatments;

(v) Method of exposing organisms to the test substance (e.g.,
placing test substance in water which contains organisms or placing
organisms in water which contains the test substance);

(vi) Number of organisms per treatment;

(vii) Loading (weight of organisms per .unit volume of medium
or unit of surface);

(viii) Lighting;
{ix) Acclimation and test temperatures (average and range);

{x) Salinities; (xi) Amount of test substance administered
by sach routs of exposure; and

{(xii) Any unusual feature of the test;

(5) Detailed description of methods (or references to
established methods) used for all chemical analyses of water for
chemical content and toxicant concentrations;
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{6) Detailed description of methods used in all microbial
analyses of water and test organisms, and the results of such
analyses, including validation studies.

(7) Detailed dsscription of the effects of exposure to the
test substance, including:

(1) The criteria used to datermine the effects;

{ii) A statement of tha psrcentage of organisms that died or
showed effects from tha treatment; and

{114) A summary of these observations.

(8) Any additional relevant information about the test or its
results that would assist in the deteraination of hazard potential.

(d) Tier progression. (1) 1If toxic or pathogenic effects
are observed, then testing at Tier II {environmental expression
(§¢ 155=15 through =20)] is required as specified in 40 CFR § 158.165.

(2) If no toxic or pathogenic effects are observed, then no
further testing at higher tiers isg ordinarily necessary, except as
noted in paragraph (d)(3) of this section.

(3) If ef’icacy or beneficial insect tests indicate a broad
host spectrum such that susceptibility of estuarine or marine
invertebrates is indicated, then either:

(1) MAdditional estuarine or marine invertebrate species must
be tested as described in paragraphs (a) through (c) of this section;
or

(ii) Testing at Tier II [environmental expression (§ 155-15
through =20)) is required.

(4) If toxic or pathogenic effects are observed in tests con-
ducted in accordance with the requirements of this section, then
testing at Tier II {environmental expression (§ 155-15 through
=20)] is required. Otherwise, no further tier testing is necessary.

(e) Refersnces. The following may contain useful background
information for developing acceptable protocols:

(1) Anonymous. 1975. Standard Meths##™cr Examination of
Water and Wastewater. 14th Ed. American Public Health Assoc.,
Wuhinqton, D.C. 1193 PP

{(2) ASTM Standard E 729=-80, Practice for Conducting Static
Acute Toxicity Tests with lLarvae of Pour Species of Bivalve Molluscs.
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American Society for Testing and Materials, 1916 Race Street, Phila~
delphia, PA 19103.

(3) Anonymous. 1978. Bioassay Procedures for the Ocean
Disposal Permit Program. U.S. Environmental Protection Agency,
Office of Rasesarch and Development. EPA-600/9-78-010. 121 pp.

(‘) llhn.r, L.B., CuD. &m, and D.R. Nimmo. 1975. A salt-
water flow-through bicassay method with controlled temparature and
salinity. Prog. Pish-Cult. 37(3):126-129.

(5) Chrk' J.R., and R. L. Chtkc eds. . 1964. Seavater
systens for experimental aguariums. U.S. Dept. Int., P{sh, and
Wild.SCrV., Bur. Spox‘t. Pish. Wild. Res. R.p- Noe. 63, 192 PP

(6) Committee on Methods for Toxicity Tests with Aquatic
Organisms. 1975. Methods for acute toxicity tests with fish,
macroinvertebrates, and amphibians. U.S. Environmental Protection
Agency, Ecol. Res. Series, EPA 660/3-75-009. 61 pp. (Marine and
estuarine species listed in thig publication are acceptable.)

(7) Couch, J«A., M.D, Summers, and L. Courtney. 197S.
Environmental significance of baculovirus infections in estuarine
and marine shrimp. Annals N.Y. Acad. Sci. 219:528-536.

{(8) DaeaBen, E.A. 1970. Design and construction of saltwater
environment simulator., Fed. Water Qual. Admin., Pacific N.W. Water
Lab., Working Paper 71:1-30,

(9) Ket‘rick, FoeM., M.D. Knittel and J.L. m.ro 1979.
Increased susceptibility of rainbow trout to infectious hematopoetic
necrosis virus after exposure to copper. Appl. Environ., Micro.
37(2):198=201.

{10) Buang, E. and J.S. Pagano. 1977, Nucldic acid
hybridization technology and detection of proviral genomes. Chapter
13 in The Atlas of Insect and Plant Viruses. K. Maramorosch, ed.
Academic Press, N.Y.

(11) Ignoffo, C.M., @t al. 1973. Susceptibility of aquatic
vertebrates and invertebrates to the infective stage of the mosquitoe
nematode, Reegsimermis nielseni. Mosquito News 33(4):599-602.

(12) . uqht.ncr. D+V., R.Re Proctor, A.K. Splxkl. JsRe Adanms,
and A.M. Heimpal. 1973. Testing Penaeid shrimp for susceptibility
to an insect Nuclear Polyhedrosis virus. Environ. Entomol. 2(4):611~
613.

(13) Macek, KsJ., 5.R. Petrocelli, and B.H. Sleight III.
1979. Considerations in assessing the potential for, and significance
of biomagnification of chemical residues in aquatic food chains.
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ASTM STP, ppe 251-268, American Society for Testing and Materials,
Philadelphia.

(14) Mazzone, H.M., and G.H. Tignor, 197€. Insect viruses:
serological relationships. Adv. in Virus Res. 20:237-270.

(15) Pagqano, J.S., and E. Huang, 1974. The application of
RNA-DNA cytohybridization to viral diagnostics. In: vViral
Imunodiagnosis. £. Rurstak and R. Morisset, eds., Acadenic Press,
Inc. ¢ Neo¥o

(16) Pound, J.G. 1977. .Safety and potential hazards of the

entomopathogen Mattesia trogodermae to nontarget species. Ph.D.
Dissertation. U. Wisconsin.

{17) Reynolds, G.J. 1978. Enzyme labelled antibody in
histopathology. Qualityline (Winter 1978/1979):2-10.

(18) Shelbourne, H.E. 1962. Experimental seavater systems
for rearing fish larvae. Pp.81-93 in Seawater Systems for Experimental
Aquariums. J.R. Clark and R.L. Clark, eds. U.S. Dept. Int., Fish.
wild. Serv., Bur. Sport'. Pish. wild. Res. R.po No.63. 192 PP

(19) Smith, C.E. and M.D. Summers, 1978. Analysis of
baculovirus gencmes with restriction endonucleases. Virclogy 89:517-
527.

(20) Strickland, J.D.H., and T.R. Parsons. 1968. A practical
handbock of seawvater analysis. Pish Res. Board Can. Bull. No.
16700 31 ppo

(21) Summers, M., R. Engler, L.A. Falcon, and P. Vail, eds.
1975. Baculoviruses for Insect Pest Control: Safety Considerations.
Selected papers from EPA-USDA Working Symposium, American Society
for Microbiclogy Washington, D.C.

(22) Undeen, A.E., and J.V. Maddox. 1973. The infection of
nomosquito hosts by injection with spores of the microsporidan
Nosema algerae. J. Invert. Path. 22:258-265.

(23) Van Essen, P.W., and D.W. Anthony. 1976. Susceptibility
of nontarget organisms to Nosema algerae (Microsporida: Nosematidae),
4 parasite of Mosquitoes. J. Invert. Path. 28:77=8S5.
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(24) Weber, C.E. (ed.) 1973. Biological field laboratory
methods for measuring the quality of surface waters and effluents.

U.S. £Environmental Protection Agency, Environ. Monit. Series, EPA-
670/4-73=001.

(25) wWhite, DeBe«; ReR. Stickn.y, De Hillcr'lnd LeHe. Xniqht.
1973. Seawater systems for aquaculture of estuarine organisms at
the Skidaway Institute of Oceancgraphy. Ga. Mar. Sci. Center,
Technical “p¢ Ser. No. 73=1. 18 Pe

{(26) wWood, L. 1975. A controlled condition systam (CCS)
for continously flowing seawater. Limnol. Oceanogr. 10:475-477.

§ 154=22 Plant studies: Tier I.

(a) When required. (1) General. Data on the toxic or other
adverse effects of a pesticide organism on plant growth and develop~
ment are required by 40 § CFR § 158,165 to support the registratioen
of each end-use product intended for outdoor application and each
manufacturing=-use product that legally may be used to formulate such
an end-use product. See 40 § CFR § 158.50 and § 158.165 to determine
whether these data must bs submitted; Section II-B of this subdivi-
sion contains an additional discussion of the formulators' exemption
and who, as a general rule, is responsible for submission of the
required data.

(2) Test required. The intended tests of Subdivision J should
be conducted for the following use patterns:

{i) Plant~controllin sticide organisms. The target area
plant toxicity test (; 121=1), and the growth and reproduction of
vegetative vigor tests (§ 122=1), and the growth and reproduction
of aquatic plants test (§ 122=2) of Subdivision J should be performed

where the pesticide organisa is used to control plant growth and
development.

(1i) Animal-controlling pesticide organisms. The seed
germination/sesdling emergence and vegetative vigor test (§ 122-1)

and the growth and reproduction of aquatic plants test (§ 122-2)
should be performed except where:

(A) The material occurs naturally in the area of intantional
usage; and

(B) The level does not exceed the naturally occurring
concentration.
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(b) Test standards. The plant studies as outlined in this
section should meet the Subdivision J general test standards
(§ 120=3) and specific test standards [§§ 121=1(b), 122-1(b), and
122-2(b)] for the appropriate tests with the following exceptions.

{1) Test substance. A typical end-uss product ahall be
tested. §

{(2) Dose levals. One concentration level equal to no less
than the maximum label rate shall be tested. The phrase “"the
maximum label rate” mesans the amount of active ingredient in the
recommanded quantity of carrier, such as vater to be used per land
area or applied directly to the surface of a 15-cm or 6é-inch column
of water.

(3) Additional plants. In addition to the plant species
identified in Subdivision J (§ 122=1 and =2), five species of the
same genus or, if not available, of the sane family should be tested
in ordar to evaluate the selectivity of the microbial agent. The
species should be of economic importance such as horticultural or
agronomic crops, ©r vegetation useful to domastic or wild animals.

(e} Reporting. 1n addition to the general information outlined
in Subdivision J [i 120-4(b)), the reporting requirements for the
other tests [§§ 121=1(c), 122-1(c), and 122-2(c)] should be followed.

(d) Tier progression. (i) If an adverse effect or response
on plant growth and development is 25 percent or greater for
terrastrial plants and 50 percent or greater for agquatic plants
with respect to the control, testing at Tier II (Environmental
Expression, §§ 155-15 through 155-23) is required as specified
in 40 CFR § 158.165,

(ii) If less than a 25 percent adverse effect or response for
terrestrial plants or 50 per cent for aquatic plants is noted, no
additional testing at higher tiers is ordinarily necessary. The
Agency, after review ing the data, may recommend certain additional
tests to determine a more accurate no obscrived effsct level.

§ 154-23 Y¥ontarget insect testing for toxicity/pathogenicity ¢o
insect predators and parasites: Tier I.

(a) When required. Data on the toxicity/pathogenicity of a
microbial pest control agent are required by 40 CPR § 158,165 to
support the registration of each end-use product containing a
microbial pest control agent intended for outdoor application when
the proposed use pattern indicates that insect predators and/or
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parasites may be exposed to the pesticide, and each manufacturing-
use product that legally may be used to formulate such an end-use
product. .See 40 CFR § 158.50 and § 158.165 to determine whether
these data must be submitted; Section II-B of this subdivision
contains an additional discussion of the formulators' exemption
and vho, as & general rule, is responsible for submission of the
required data.

(b) Test standards. In addition to satisfying the applicable
general test standards outlined in § 150-3 of this subdivision,
this study should meet the following standards:

(1) Test substance. Data must be derived from testing con-
ducted with the technical grade of each active ingredient in the
product;

(2) Test species. Testing should be performed on three species
of insects, representing three of the following groups:

Predacsous hemipterans
Predaceous coleoptarans
Pradaceous mites
Predaceous neuropterans
Parasitic hymenopterans

(3) Controls. A concurrent control group is recommended and
should be treated with microbe-free (or non=viable microbe) material
from the culture system used for propagation of the microbial pest
control agent; and

(4) Duration of test. Control and treated insects should be
observed for at least 30 days after dosing.

(c) Reporting and evaluation of data. The reporting provisions
are the same as those specified in § 150-4 of this subdivision.

(d) ZTier progression. (1) Non-genetically engineered
microorganisms. (i) Data derived from Tier I testing will be used
in conjunction with available information on use pattern, host
range, and other similar factors, toc assess potential for adverse
effects. If data indicate potential for adverss effects, Tier II
testing will be required as specified in 40 CFR § 158.165.

(i1} If toxic or pathogenic affacts are not obsarved in this
study, additional testing is ordinarily not necessary.

(2) Genetically-sngineered microorgani « Testing at the

Tier II level is recommended for all genetically-enginsered micro-
organisms, regardless of the cutcome of results in Tier I.
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§ 154-2¢ ‘Honey bee toxicity/pathogenicity test: Tier I.

(a) When required. Data on the toxicity/pathogenicity of a
microcbial pest control agent are required by 40 CPR § 158,165
to support the registration of each end-use product intended for
outdoor application when the proposed use pattern indicates that
honey bees may be exposed to the pasticide, and for each manufac~
turing-use product that legally may be used to formulate such an
end-use product. See 40 CPR § 158.50 and § 158.165 to determine
vhether these data must be submitted; Section II-B of this subdivi-
sion contains an additional discussion of the formulators® exemp~
tion and who, as. a general rule, is responsible for submigsion of

the required data.

(b) Test standards. In addition to satisfying the applicable
general test standards outlined in § 150-3 of this subdivision, this
study shall meet the following standards:

(1) Test substance. Data must be derived from testing con-
ducted vith the technical grade of each active ingredient in the
product.

(2) Test species. Testing shall be performed on the honey
bee, Apis mallifera.

(3) Age. Tast insects should be worker bees of uniform age.

(4) Controls. A concurrent control group is recommended and
should be treated with microbe~free (or non=viable microbe) material
from the culture system used for propagation of the microbial pest
control agent. ’

{(5) Duration of test. Control and treated bees should be
observed for at least 30 days after dosing.

(c) Reporting and evaluation of data. The reporting require-
ments are the sams as those specified in ; 150~4 of this subdivigion.

(d) Tier progression. (1) Non=genetically engineered micro-
or ses. (i) Data derived from Tier I tasting.will be used in
conjunction with available information on use pattern, host range,
and other factors, to assess potential for adverse effects. If
data indicate that the potential for adverse effects exists, Tier
II testing will be required as specified 4n-40 CPR§+358.165.

(i1) If toxic or pathogenic effects are not observed in this
study, additional testing is ordinarily not necessary.
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(2) Genetically-engineered Ricroorganisms. Testing at the

Tier Il level is recommsnded for all genetically=engineered micro-
organisms, regardless of the outcoms of Tier I testing.

(e) References. The following references are provided for
use in the development of acceptable test protocols for conducting
a honey bee toxicity/pathogenicity test with a microbial pest
control agent:

(1) DQVidﬂonp W.R., H.L. Morton, J.0. lbff.tt, and S. 51nq.to
1977. Effect of Bacillus sphaericus strain SSII-1 on honey bess,
Apis mellifera. J. Invert. Pathol. 29:344346.

(2) Menapace, DeM«, ReR. Sackett, and W.T. Wilson. 1978.
Adult honey bees are not susceptible to infection by Nosema locustae.
J. Econ. Entomol. 71:304=306.

(3) Morton, Hele., J.0. Moffett, and F.D. Stewart. 1975.
Effect of alfalfa looper nuclear polyhedrosis virus in honey bees.
J. Invert. Pathol. 24:139-140.

Group B=2: Tier III Testing.

§ 154=-25 Terrestrial wildlife and aquatic organism toxicity
testing: Tier III.

(a) When required. The data outlined in saction series 71
and 72 of Subdivision E are required by 40 CFR § 158.165 to support
the registration of esach end-use product and each manufacturing-use
product that may be legally used to formulate such an end=-use
product when toxic effects on nontarget terrestrial wildlife or
aquatic organisms are reported in one or more Tier I tests
(§§ 154-16 through =21) and results of Tier II tests (section
series 155) indicate exposure of the microbial agent to the
affected nontarget tarrestrial wildlife or aquatic organisms.

See 40 CFR § 158.50 and § 158.165 to determine whether these data
must be submitted; Section 1I-B of this subdivision contains an
additional discussion of the formulators' exemption who, as a
general rule, is responsible for submission of the required data.

(b)) Test standards. The tast standards are the sane as
those found in §§ 71=1 through =5 and 72=1 through =6 of Subdivi~
sion E.
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(¢) Reporting and evaluation of data. The reporting and
evaluation provisions are the same as those found in §§ 71-1

through =5 and 72«1 through =6 of Subdivision E.

(d}) Tier progression. PFurther testing shall be required as
specified in 40 CFR § 158.165 and outlined in §§ 71=1 through =5 and
72=1 through =6 of Subdivision E.

§ 154=26 Long=term avian patho city and reproduction test:

Tiexr IXI.
(a) When required. Data on the long=term avian pathogenicity

and reproduction effects of a microbial pest control agent are re~
quired by 40 CFR § 158.165 to support the registration of each end-
use product intended for ocutdoor application and each manufacturing=-
use product that legally may be used to formulate such an end-uge
product vhen:

{1) Pathogenic effects are observed in Tier I (§§ 154=16 and
=17) at a level aqual to the adjusted host equivalent amount; or

(2) Chroniec, carcinogenic, or teratogenic effects are reported
in tests outlined by §§ 152-53, =54, and =56, respectively, for
evaluating hazard to humans and domestic animals; and

(3) Environmental expression testing (§§ 155-15 through =20)
indicates that exposure of terrestrial animals to the microbial
agent is likely.

(4) See 40 CFR § 158.50 and § 158.165 to determine whether
these data mist be submitted; Section II-B of this subdivision
contains an additional discussion of the formulators' exemption
and wvho, as a general rule, is respongible for submission of the
required data.

(b) Test standards. Data should satisfy the general test
standards in ; 150=3 of this subdivision, and the following test
standards:

(1) Zest substance. Data shall be derived from testing
conducted with the technical grade of each active ingredient in the
product.

{2) Species. Testing should be performed on one avian
species (preferably the bobwhite quail or mallard duck). The
species selected should be the same as that selected for the
avian injection pathogenicity test in § 154-17,
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(3) Age. Birds approaching their first breeding season should
be used.

(<) Controls. A concurrent control group is recommanded and
should be treated with the technical grade of the active ingredient
containing inactivated microbial agent.

(5) Concentration levels. At least two treatmant levals
should be used. The test concentrations should include an actual or
expected field residue exposure level and a multiple of that level
such as 5x.

(6) Number of birds per treatment group. Each treatment
group should be replicated. Por bobwhite quail and mallard ducks,

a minimum of 12 pen replicates should be used.
(7) Duration of exposure. Birds gshould be expcsed to treated

diets beginning not less than 10 weeks before egg laying is expected,
and extending throughout the laying season.

{e) Reporting and evaluation of data. In addition to the
information specified in § 150-4 of this subdivision, the test

report should contain the following information:

{1} Test results. The following information should be reported
for all test groups:

(i) All observed abnormal behavior;

(13) All obgerved morphological and physioclogical responses;

(iii) Time and date of mortalities:;

{(iv) Results of gross necropsy tests conducted on all birds
dying before termination of the test and on a representative
sazple of those that survived;

(w) Any evidence of multiplication of microbes (e.g.,
lesions) in selected body tissues that would normally be affected
by an infection including the liver, kidney, lungs, spleen, cere-

brospinal system and gastrointestinal tract.

{vi) Degcription of the method chosen =o assess the cause and
effacz of any lesions noted;

(vil) Morhidicy:
(viii) Accidental deaths or injuries:

(ix) Observable clinical signs; and
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{x} Clinical tests.

(2) Test conditions. The following information should be
reporzed for treated and untreated test groups:

(1) Species;

(ii) strain;

(iii) Age;

(iv) Body welight;

(v) Number of birds per test (include sex ratio);
(vi) Individual identification of biras;

(vii) Diet;

(viii) Storage;

{ix) feed consumption {grams per day):

(x) Cbservation on palatability or repellency:

{xi) Housing conditions of test birds:

{A) Space allocations for mating, nesting;

(3) Measurements taken to insure that the birds were pro-~

tected from injuries;

(c) Lighting program, including hours per day and wattage
or foorcandles at bird level;

{xii) Diagram of test layout:
{xiii) Temperature;
(xiv) Water supply:; and

(xv) Pretesst and test history or medical and chemical admini-
stration.

(3) Egg and hatching data. The following information should
be reported for each treated and untreated test group:

(i) Egg shell thickness;

(L) Cracked egags:
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{1ii) Eggs laid (number eggs per bird per day and per season);
{1v) Hatching egg storage data:
(A) Temperature;
(B) Humidity;
() Incubation data:
{D) Eggs set; and
(E) Egg-turning frequency:
(v) Fertility (viable embryos);
(vi) Live 3-week embryos:

{vii) Embrvos that mature, embryos that pip shell, embryos
that liberate themselves, and a determination of hatchability:

(viii) Dead embryos;

(ix) Fourteen~-dav=0ld survivors:
(%) Crippled survivors:;
{x1)} Post-natchling mortality;

(xii) Weights of fourteen-day~old survivors; and

(xiii) Any signs of pathogenic effects in post-hatchling sur-
Tivors.

{(4) Pesticide test data. The levels of concentration of
the nicrobial pest control agent in the feed and the rationale
for choosing such levels should be reported.

{a) ier progression. (1) If pathogenic effects are observed
at actual or expected exposure levels:

(1) The applicant should reconsider the proposed registration
of «ne product: and

{(4i) The Agency will, at this time, review all_the data and
determine if a decision regarding acceptability for registration
shoull be made. Testing at Tier IV, simulated or actual field
zesting (§ 154-33) may not be feasible. If adequate constraints or
quarantine methods are possible, testing at Tier IV is required as
specified by 40 CFR § 158.165.
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(2) If no pathogenic effects are observed at actual or ex-
pected field residue exposure levels, no additional testing is
oriinarily neceassary.

(e) Refearences. The following references are provided for
use in the developaent of acceptable test protocols for conducting
long=term avian pathogenicity and reproduction tests with microbial
pest control agents:

(1) Heinz, G. H. 1976. Methylmercury: Second year feeding
effects on mallard reproduction and duckling behavior. J. Wildl,
Manag. 40(1):82-90.

(2) Heinz, G.H., and L.N. Locks. 1976. Brain lesions in
mallard ducklings from parents fed methylmercury. Avian Diseases
20(1):9«17.

(3) U.S. Environmental Protection Agency, Registration of
Pesticides in the United States: Proposed Guidelines, Subpart E--
Hazard Evaluation: Wildlife and Aquatic Organisgms. 1978 (July 10).
Fed. Reg. 43(132):2972929731.

§ 154-27 Definitive aquatic animal pathogenicity tests: Tier III.

{a) When required. Data from definitive pathogenicity tests
with £ish and/or agquatic invertebrates are required by 40 CFR § 158.165
to support the registration of each end-use product intended for
use in water or expected to be transported to water from the intended
use site, and when pathogenicity or infectivity was observed in
Tier 1 tests and to support the registration of each manufacturing=
use product that legally may be used to formulate such an end-use
product. See 40 CPR § 1538.50 and § 158.165 to determine whether there
daza must be submitted; Section II-B of this sudivision contains an
additional discussion of the formulators' exemption and who, as a
general rule, is responsible for submission of the regquired data.

(b) Test standards. Data should bs derived from tests that
sazisfy the general test standards in § 150-3 of this subdivision,
and the test standards in Tier I (§§ 154-19 and =207, ‘with the
following sxceptions:

(1) Test substance. Data gshould be derived from testing
conducted with the meost challenging form of each active ingredient
(nicroorganism) in the product, as determined from results of Tier
I cesting.

(2) Test organisms. Testing should be conducted on one or
more o¢ the following types of species depending upon resul:ts of
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Tier I tests, intended use sites, and estimated environmental
soncentrations:

{3) Freshwater fish (e.g., rainbow trout):
(ii) TFreshwater aguatic invertebrate:;

(iii) Estuarine or marine fish (e.g., sheepshead ninnow):
and/or

{(iv) Estuarine or marine invertebrate (e.g., shrimp).

(3) Method of pesticide administration. The test substance

should be adminigtered either as a suspension in the test water
(aqueous exposure) and/or in the diet as determined from results
of Tier I tests.

(e) Reporting and evaluation of data. The provisions in
mrier I, §§ 154-19 and =20, apply.

{(d) Tier progression. (i) If pathogenic effects are
obgserved, further testing at Tier IV (§ 154-29) may be specified
in 40 CFR § 158.165.

{ii) If pathogenic effects are not observed, additional
cesting at higher tiers is ordinarily not necessary.

(e) References. Refer to paragraph (e) in §§ 154-20
and =21,

§ 154-28 Fish embrvo=larvae studies and life cvcle studies of fish
and aquatic invertebrates: Tier III.

(a) When required. Data from fish embryo-larvae studies and/
or £ish life cycle studies and/or aquatic invertebrate life cycle
studies are required by 40 CFR § 158.165 to support the registration
of each end-use product intended for use in water or expected to
be transported to water from the intended use site, and when
pathogenicity or infectivity was observed in Tier I tests and to
support the registration of each manufacturing-use produc:t that
nay be legally used to formulate such an end-use product. See 40
CPR § 158.50 and § 158.165 to determine whether these data must be
submitted; Section II-B of this subdivision contains an additional
discussion of the formulators' exemption and who, as a general
rule, is responsible for submission of the required data.
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saz1s%vy the general test standards in § 150-3 of this subdivision,
and the following test standards:

{1) Test substance. Data shall be conducted with the most
challenging form of each active ingredient (microorganism) in the
product, as determined from results of Tier I tests (§§ 154~19 and
-=20) or other Tier III tests (§§ 154-27, =29, and -30).

{2) Duration of test. (i) Pish embryo-larvae test. The
ezbryoclarvae test requires that aquatic organisms be exposed to the
cest substance during the embryc-larval phase (e.qg., a fish "egg=fry”
test), but not during all stages of life-cycle of one generation of
the test species.

(1i) Agquatic invertebrate and f£ish life-cycle tests. The
aquatic invertebrate and fish life=cycle tesats require that the
test animals be cultured in the presence of the test substance from
egg to egg or from one stage of the life cycle to the same stage of
the next generation.

(3) Test organigms and methods. The applicant should consult
with the Agency regarding the appropriate species and test methods.
The choice of species and test methods may have to be tailored to
the microorganism's characteristics.

(c)] Reporting and evaluation of data. In addition to the
information specified in § 150=4 of this subdivision, the test
report should contain the following information (when appropriate)
on the nontarget test organism:

(1) Reproductive effects;

{2) Detailed records of spawning, egg numbers, fertility, and
fecundity;

(3) Estimated no observed effect level:;
{(4) Mortality data;
(5) Statistical evaluation of effects;

(8) Locomotion, behavioral, physiological, and pathological
effects;

(7) Definition of the criteria used to determine effects:
(8) Summary of observed signs of pathogenicity or other effects:

{2) Verification of micro-organism(s) responsible for any
observed pathogenic effects; and
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{113) Stage of life cycle in which organisms were tasted.

(d) Tier progression. (1) If pathogenic effects are observed,
fir=her testing at Tier IV, at § 154-34, may be required as specified
12 30 CFR § 158,165,

(2) If no pathogenic effects are observed, additional testing
at higher tiers is ordinarily not necessary.

(e) References. The following may contain useful background
information for developing acceptable protocols:

(1) Zish early-life stage:

(%) National Water Quality lLaboratory Committee on Agquatic
Biocassays. 1971. Recommended biocassay procsdure for fathead
minnow Pimephales promelas (Rafinesque) chronic tests. Naticnal
Water Quality lLaboratory. Duluth, Minn. 13 pp. (Revised January
1972.)

(ii) 1971. Recommended bicassay procedure for
brook trout Salvelinus fontinalis (Mitchell) partial chronic tests.
National Water Quality Laboratory, Duluth, Minn. 11 pp. (Revised
Sanuary 1972).

(iii) Hansen, D.J., P.R. Parrish, S.C. Schimmel, and L.R.
Goodman. 1978. Lifecycle toxicity test using sheepshead minnows
iCyorinodon variegatus). Pp.109-116 in Bioassay Procedures for
the Ocean Disposal Permit Program. U.S. Environmental Protection
Agency, Office of Res. and Dev. EPA 600/9-78=010.

(2} Fish and aquatic invertebrate life-cycle tests:

(1) Biesinger, K.E. 1974(a). Procedure for Daphnia magna
tests in standing system. U.S. Environmental Protection Agency,
Zav.ron. Res. Llab., Duluth, Minn.

(ii) Biesinger, K.E. 1974(b). Procedure for Daphnia magna
chronic tests in flowing system. U.S. Environmental Protection
Agency, Environ. Res. lLab., Duluth, Minn.

(iii) Hansen, D. J., P. R. Parrish, S. C. Schimmel, and L. R.
Socdman. 1978, Life-=cycle toxicity test using sheepshead minnows
(Cyprinodon varieqatus). Pp. 109-116 in Biocassay Procedures for the
Ocean Disposal Permit Program. U.S. Environmental Protection
agency, Office of Res. and Dev. EPA~-600/978-010.

{(iv) Nimmo, D.E., T.L. Bamaker, and C.A. Sommers. 1978. En-~
zire life-=cycle toxicity test using mysids (Mysidopsis bahia) in
flowing water. Pp. 64~68 in Bioassay Procedures for the Ocean
Oisposal Permit Program. U.S. Eavironmental Protection Agency,
S%fice of Res. and Dev. EPA~600/9=78-010.
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(V.) Schiml, SoCo, and D.J. Hansen, 1974. Sh“pshgad min-
aow Syprinodon variegatus: an estuarine fish suitable for chronic
{eatire life-cycle) bicassays. Proc. 28th Ann. Cong. S.E. Assoc.
Gme-?ilh Comm. Ppo 392-3981

{vi) National Water Quality Laboratory Committee on Aguatic
Biocassays. 1971. Recommended biocassay procedure for fathead
minnow Pimephales promelas (Rafinesqui) chronic tests. National
Wacer Quality Laboratory, Duluth, Minn. 13 pp. (Ravised January
1972.)

(3)‘ Additional information Additional information may be
found in the following reference:

(i) Biesinger, K.E. 1974{c). Culturing methods for Daphnia
and certain other cladocerans. U.S. Environmental Protection
Agency, Eaviron. Res. lab., Duluth, Mian.

§ 154-29 Agquatic ecosystem—pathogenicity tests: Tier III.

(a) When required. Data from aquatic ecosystem=~pathogenicity
tests are reguired by 40 CFR § 158.165 to support the registration
of each snd-use product intended for ocutdoor application and
each manufacturing use product that legally may be used to formu=
late such an end-use product, if, after an analysis of the micro~
bial agent's properties, the individual use patterns, and the
results of previous nontarget organism and environmental expres-
sion tests, it is detsrmined that use of the microbial agent may
result in adverse sffects on the nontarget organisma in aguatic
environments, including those of the water column and bottom
sediments. When a microbial pest control agent is used in or is
expected O transport to water from the intended use site, maior
considerations for requiring these infectivity tests include, but
are not limited to:

(1) Infectivity or pathogenicity demonstrated in preavious
testing; and

(2) Viability of the microorcanism in natural waters as demon-
strated in Tier II tests.

(3) See 40 CFR § 158.50 and § 158.165 to determine whether
these data must be submitted; Section II=-B of this subdivision
contains an additional discussion of the formulators' exemption and
who, 438 a general rule, is responsible for submission of the required
daza.,
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{b) Zest standards. Specific standards will be establish-
el on A case-by=case basis. Data sufficient to satisfy the general

zest ‘standards in § 150-3 of this subdivision, and the following
cest standards:

(1) Test substance. Data shall be derived from testing con-
ducted with the most challenging form of each active ingredient
(microorganism) in the product, as determined from results of Tier
I tests or any other Tier III tests.

{2) Test organisms. (i) Following consultation with the
Agency, the registration applicant should choose one or more of
the following species to be used in aquatic ecosystem testing:

{A) A typical bottom=-feeding fish (e.g., catfish or carp):

(B) A cold-water fish, a warm-water fish, or a marine fish
(e.g., brook trout, rainbow trout, bass, bluegill, northern pike,
walleye, or sheepshead minnow);

(C) Molluscs {(e.g., cyster or freshwater clams);

(D) Crustaceans (e.g., Daphnia spp., shrimp, or cray fish): or

(E) Nymphs (e.g., mayfly).

(c) Reporting and evaluation of data. In addition to the in-
formaz:ion ocuzlined in § 150-4 of this subdivision, specific data

reporting and evaluation provigions will be established on a case-
bv-case basis following consultation with the Agency.

(d) Tier orogression. (1) If pathogenic effects are observ~
ed zhen simulated and actual field testing may be reguired by 40
CFR § 158.165 and specified in § 154-33,

{2) 1f no pathogenic effects are observed, additional testing
at higher tiers is ordinarily not necessary.

(e) References. The following may contain useful background
information for developing acceptable protocols:

{1) Johnson, B.T., and R.A. Schoettger. 1975, A biological
sodel for egtimating the uptake, transfer, and degradation of
xenobiotics in an aquatic food chain. Fed. Regis. 40(123):26906~
26909, (June 25, 1975,)

(2) Macek, X.J., M.E. Barrows, R.F. Frasny, and B.H. Sleight,
2II. 1975. Bioconcentration of c“-pcsticidcs by bluegill sunfish
during continuous exposure. Pp. 119=142 in Structure-activity cor-
relations in studies of toxicity and bioconcentration with aquatic
srsanisms. 35.D. Veith and D.E. Konasevich, eds. Proceedings of
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a Syaposium, Burlington, Ontario, March 11-13, 1975. Sponsored by
Szanding Committee on Scientific Basis for Water Quality Criteria
of the International Joint Commission's Research Advisory Board.

(3) Schimmel, S.C., J.M. Patrick, Jr., and A.J. Wilson. 1977.
Acute toxicity to and bioconcentration of endosulfan by estuarine
animals. Pp. 241-252 in Aquatic Toxicology and Hazard Evaluation.
F.L. Mayer and J.L. Hamelink, eds. STP #634, American Society for
Testing and Materials, Philadelphia, Pennsylvania.

§ 154-30 Special agquatic tests - tissue culture, “microorganism/

‘stress interaction tests. [Reserved)

§ 154=-31 Plant studies: Tier III.

(a) When required. Data on the effects of a microbial pest
control agent on plant growth and development are regquired by 40
CFR § 158.165 to support the registration of each end-use product
intended for outdoor application and each manufacturing-use product
that legally may be used to formulate such an end-use product where
the material may tcransport from the site of application by air,
scil, or water. The extant of movement will be determined by the
environmental expression tests in Tier II (§§ 155-15 through =23).
See 40 CFR § 158.50 and § 158.165 to determine whether these data
must be submitted; Section II-B of this subdivigsion contains an
additional discussion of the formulators' exemption and who, as a
general rule, is responsible for submission of the required data.

(b) Test standards. The test standards are the same as
those ia Tiers II through III [§ 123-1 through § 124-2] of Subdi=
vision J.

(c) Reporting. The reporting provisions are be the same
as those in Tiers II through III ([§ 123-1 through § 124=2] of
Subdivision J.

(4) 2Tier progression. The tier progression criteria are the
same as those .n Tiers II through IXI (§ 123-~1 through § 124=2) of
Subdivision J.



§ 15<4~32 Reserved,

Sroup B-3: Tier IV Testing.

§ 154-33 Simulated and actual field testing for masmals and birds:
Tiezr IV.

(a} when required. (1) Data on the avian and mammalian path-
ogenicity of a microbial pest control agent in the field are required
by 40 CFR § 158.165 to support the registration of each end-use
product intended for outdoor application and sach manufacturing=-use
product that legally may be used to formulate such an end-use
product when:

(1) Pathogenic effects at actual or expected fiald residue ex—
posure levels are reported in Tier III; and

(ii) The Agency determines that quarantine methods will pre-~
vent the microbial pest control agent from contaminating areas ad-
jacent to the test area.

(2) The Agency will determine on a case-by-case basis which
cest (simulated small-pen field, simulated large-pen field tast, or
full-scale field test) shall be required.

(3) See 40 CFR § 158.50 and § 158.165 to determine whether
these data must be submitted; Section II-B of this subdivision
contains an additional discussion of the formulators' exemption
anéd who, as a general rule, is responsible for submission of the
required data.

(b) Test standards. Data should be derived from tests that
satisfy the general test standards in § 150-3 of this subdivision
and the following test standards:

{1) Test substances. Data shall be derived from testing con-
ducted with a typical end=-uge product.

rting and evaluation of data. In addition to the
information specified in § 150=-¢ of this subdivision, the tast
report should contain any additional information recommended follow-
ing consultation with the Agency.

{d) References. The following references are provided for
use in the Zevelopment of acceptable test protocols for conducting
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simulated and actual field tests for mammals and birds with micro-
bial pest control agents:

(1) Simulated large and small pen field tests.

{i) Black, C. T., and G. L. Zorb. 1965. ZXffect of malathion
sprays on penned pheasants. Mich. Conserv. Dept. Research and
D‘Vllop. Rptn No. 34.

{ii) Heezen, X. L. 1973. Pesticide effects on pheasants.
Job Complet. Rept. Proj. No., W=118=R=6, Job No. 119.1 Mich.
Dept. Conserv. 2% pp.

(iii) Xreitzer, J. FP., and J. W. Spann. 1968. Mortality
among bobwhites confined to a heptachlor contaminated environment.

J. Wildl, Manage. 32(4): 874-878.

(iv) 2Zorb, G. L. 1968, Effects of pesticides on wildlife.
Job Compl.t. wto PrOjo No. w-118¢R-1, Job. No.4 Mich. Dept.-
Conserv. 6.

{2) Fullescale field tests for hazard to wildlife.

(i) Buckner, C. B., P.D. Kingsbury, B. B. Mclecd, K.L. Mortenson,
and D. G. H. Ray., 1974, Impact of aerial treatment on non-target
organisms. Algonquin Park, Ontario and Spruce Woods, Manitoba. Inf.
Rep. CC=X=59, Sect. F. Chem. Control Res. Inst. Can. For, Serv.,
Ottawa, Ont.

(ii) Buckner, C. H., B. B, McLeod, and P. D. Kingsbury. 1975.
The effect of an experimental application of nuclear polyhedrosis
7irus upon selected forest fauna. Rap. CC~X-101. Chem. Control
Res. Inst., Can. For. Serv., Ottawa, Ont.

{iii) Zcological Research Committee. 1970. Recommendations
for an international standard for a mapping method in bird census
work. Pp. 49-52 in Sympos. on bird Census and Environ. Menit.,
Bull. 9 (British Trust for Ornithology. Beech Grove; Tring:
Hertfordshire, England).

(iv) Emlen, J. T. 1971, Population densities of birds de-
rived £rom transect count. The Auk 88:343.

(v) Jolly, G. M. 1965. BExplicit estimates TFom capture=-
recapture data with both death and immigration stochastic model.
Biomexrixka 52:225=247.

(vi) Kingsbury P. B. MclLeod, and XK. Mortensen. 1978. Impact
of Applications of the Nuclear Polyhedrosis Virus of the Red-headed
Pine Sawfly, Veodiorion lecontei (Fitch), on Non=target Organisms
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o ‘3". e-o*- ‘7"-1-11; Tanaiian Torestsvy Servise, Dept. of

feii) Lautenschlager, R. A,, H. Rothenbacher, and J. D.
Podywvaite. 1978. Response of small mammals to aerial applications
2% =he nucleopolyhdrosis virus of the gypsy moth. xggg:ri& dispar.
Zavezon. Satamol. 7(5):676-634.

{(viii) McEwen, L. C., C. E. Knittle, and M, L. Richmond.
1972, Wildlife effects from grasshopper insecticides sprayed on
shorsgrass range. J. Range Manage. 25(3):188=-194.

{ix) Swift, D. M., and N. R. French (Coordin.) 1972, Verte-
brates - sT:all marmmals. Pp. 24-28 in Basic Field Data Collection
rrocedures for the Grassland Biome. IBP. Nat. Res. Ecol. lLab.,

F&. Collins, Colo. 86 pp. (Tech. Rpt. No. 145). '

§ 154=34 Simulated or actual field testing for aguatic organisms:
Tier IV.

(a) When recuired. (1) Data from a short=-term simulated
2ield ¢est (where confined populations are observed), and/or an
actual short~term field test (where natural populations are cbser-
ved) ara reguired by 40 CFR § 158,165 o suppor:t the registration of
each product and sach manufacturing-use product that legally may
2e used 2o formulate such an end-use product that is likely to
zause adverse short-term or acute effects, bagsed on consideraticn
of available laboratory data, use patterns, and exposure ratces.,

{2) Cata from a long=term gimulated field test (s.g., wherse
reproduceion and growth of confined populations are sbserved) and.
Sr an actual field zest (e.g., whare reproduction and growth of
1at;ra‘ nopulations are observed) are required if laboratory data

icaze adverse long-term, cunulative, or life-cvcle 2ffects mav
;: £rom intended use.

{3) See 40 CFR § 158.50 and § 153.165 %o derermine whezher
c2ese data must be submisted; Section I1I~B of this subdivision
sanzains an addizional discussion of the formulazsrs' exempzicn
ani Who, as & gensral rule, is responsidle for submnission of the
rezuired Jdata.

'z) Test standards. Data should be derived from tests that
saz:557 the general test standards in § 150-3 of zhis subdivision,
an2 the following test standarss:

11} Test substance. Data shall be derired from =asiing Ion-
~ zne end-:ge produz=.

%
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(2) Concentration analysis. The concentration of the test
substance in the water should be determined at the start of the
study and from sazples collected periodically.

{(3) Test conditions. The test conditions for conducting field
tests should resemble the conditions likely to be encountered under
actual use conditions. Specifically, the pesticide should be applied
at the rate, frequency, and method specified on the label.

(4) Endangered species. Studies shall not be conducted in
areas containing, or suspected to contain, threatened or endangered
plants or animals.

(S) Residue levels. When the test substance is applied under
simulated or actual f£ield condition testing, residues should be
determined ia appropriate vegetation, soil, water, sediments, and
other environmental components, and in selected tigsues of test
erganisas.

{6) Other standards. Universally acceptable standards for
conducting field tests are not possible because of the many mechan-
isms by which a microbial agent may enter, persist, and/or reproduce
in the environment, and the variety of food sources and habitats
that may be affected. Therefore, the standards for conducting these
tests and the information that should be reported will be established
following consultation with the Agency.

{(¢) Reporting and evaluation of data. In addition to the in-
formation cutlined in ; 150=4 of this subdivision, specific data
reporting and evaluation provisions will be established following
consultation with the Agency.

{d) Raferences. The following may contain useful background
information for developing acceptable protocols:

(1) Anonymous. 1975. Field Testing Techniques. Fed. Regis.
40(123):26909-26912 (June 25).

(2} Buckner, C. Be, Pe D. nnq’m, B. B. Mcleod, K.L.
Mortanson, and D. G. H. Ray., 1974. 1Impact of aerial trsatment on
non-target organisms. Algonquin Park, Ontario and Spruce Woods,
Manitoba. Inf. Rep. CC-X=59, Bect. P. Chem. Control Res. Inst. Can.
For. Serv., Ottawa, Ont.

(3) Buckner, C. H., B. B. McLeod, and P.D. Kingsbury. 197S.
The effect of an experimental application of nuclear polyhedrosis
virus upon selected forest fauna. Rep. CC-X=101. Chem. Control Res.
Inst., Can. For. Serv., Ottawa, Ont,.

(4) Kingsbury, P.,, B. Mcleod, and XK. Mortensen. 1978, Impact
of applications of the nuclear polyhedrosis virus of the red-headed
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pine saw-fly, Neodiprion lecontei (Fitch), on non-target organisms
in 1977. Report FPM=X-11. Canadian Forestry Service, Dept. of
Fisheries and the Environ.

(S) mliq‘no ) 8 Se., C« H. Schaefer, and T. Miura. 1978,
Laboratory and field evaluation of Bacillus sphaericus as a Mosquito
control agent. J. Econ. Ent. 71(5):774-777.

§ 154-35 Simulated or actual field testing for insect predators and
parasites: Tier IV. [Reserved)

§ 154-36 Simulated or actual field testing for insect pollinators:
Tier IV. [Reserved)
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Series 155: ENVIRONMENTAL FATE AND EXPRESSION GUIDELINES FOR
BIORATIONAL PESTICIDES

Subseries 155A: Tier Il Environmental Guidelines for Biochemical
Pest Control Agents.

§ 155~1 General information.

(a) Scope. If results of Tier I testing are positive and/or
the biochemical ‘has an aquatic use pattern, then further testing is
required by 40 CFR § 158.165 to evaluate potential exposure. This
section series sets forth environmental fate guidline for biochem=-
ical pesticides including guidelines pertaining to the persistence
of biochemicals and to the transport of biochemicals from the site
of application to snother site or medium. If the data indicate
that significant persistence and transport of these agents in any
part of the environment occurs, such that significant exposure to
nontarget organisms could be expected, additional testing in Tier
III {s naecessary.

(b) Use of data. IEnvironmental fate data will generally be
used to determine the Estimated Environmental Concentration (EEC) by
perforning & simple mass-balance analysis of the pesticide. taking
into ccnsideration the pesticide application parameters (i.e., rate,
frequency, and site of application) following initial tests that
measure transport properties. (Volatility = § 155-4, Dispenser-water
leaching § 155-5, Vapor pressure § 151=17, and Water solubility =
§ 151=17), Where persistence testing is required (Hydrolysis -

§ 1559, Aerobic soil metabolism = § 155-10, and Aerobic aquatic
zmetabolism = § 155-11, Soil photolysis = § 15512, Aquatic photo-
lysis = § 155-13, Adsorption/desorption - § 155-6, and Octanol/water
parzition coefficient ~ § 155-7), each of the transformation
processes should be expressed as a half~life for the particular
environment or a rate constant for the environmental process depend-
ing on the test. Expected environmental concentrations can then

be calculated for different times using these data and the field
application rate of the pesticide. Aquatic use pattern and non-
dispenser pesticides will require mass balance analysis following
persistences tests.

(c) Assaying for degradation of biochemicals. Environmental
fate requirements include identification of degradation products
comprising more than ten percent of the initial pesticide concentration
in the following studies: hydrolysis, photodegradation (scil, water,
and vapor phase), and asrobic soil metabolism. when these studies
are required in tests of biochemical pesticides, the very low initial
pesticide concentration and the complexity of the expected products
may make identification difficult.
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(1) The following method is suggested for obtaining a suit-
able sample of the degradation products. The environmental fate
studies outlined in §§ 1559, =10, =12, or ~13 should be performed
at one additional high concentration. That concentration of pesti-
cide should correspond to the highest concentration(s) required in
the human health effects Tier I tests. Increasing the concentra-
tions greatly in environmental fate studies may change the reaction
mechanisn in some cases (e.g., second order effects). To avoid
this possibility, the rate constants (or half-lives, if the rate
constants were not determined) of the reactions at high concentration
should agree within expected experimental error with the rate con-
stants/half-lives of the reactions at standard concentration.

The dstermination should be run to approximately 90 percent reaction
completion or 30 days, whichever occurs first. If there is a
Aifferencs in the two rates that exceeds the error expected for

the particular reaction, a different reaction resulting in different
breakdown products may be occurring. This mathod may not be used
in those situations. If the rates agree, the degradation mixture
obtained may be tested in Tier I of the human health effects scheme.

(d) Monitoring for disappearance of biochemicals. The Agency
will allow biomonitoring for disappearance of hormones and semioche=-

micals in lieu of standard instrumental analysis. Biomonitoring

is useful for quantities at the dstection limits of standard methods.
Procedures will vary significantly with sites and pests, howevar,

in all cases, a standard curve should ba run to calidbrate the
method. The references listed balow contain information for develop-
ing a test method.

(e) Approach. Environmental fats testing should be conducted
according to the following scheme (see Pigure 11):

(1) If the biochemical has an aquatic or a combined terrestrial
and aquatic use pattern, the following tests should be performed. If
there is significant adverse exposure, Tier III testing (§ 154-13)
should be performed,

(i) Octanol/water partition coefficient (§ 155~7).

(i) Hydrolysis (§ 155-9).

(iii) Aerobic aquatic metabolism (§ 155-11).

(iv) Aquatic photolysis {(§ 155-13),

(2) -If the biochemical has a terrestrial use pattern only

and is not applied in a contrplled release device, the provisions
of paragraph (e)(2)(ii) of this section apply.
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{4)  If the biochemical has a terrestrial use pattern only and
is applied in .a controlled release device, the Volatility (§ 155-4)
and Dispenser/water leaching (§ 155-5) tests should be performed. 1If
any of the following conditions are met, then the provisions of
paragraph (e)(2)(ii) of this section apply:

(A) EEC is greater than ICS0 for terrestrial animals.

(B} EEC is greater than EC25 for terrestrial plants.

(C) EEC is greater than 1/5 LDS0 for terrestrial animals.
(D) EEC is greater than 1/5 ECS50 for insects.

(E) The biochemical leaches significantly from dispenser and
Tier I tests were positive for agquatic plants and/or animals.

(i4) If Tier I test results are positive for insects only and
axposure is solely through the vapor phase, the Ultraviolet=vigible
absorption (§ 155-8) test should be performed. If there is signifi~
cant adverse exposure, Tier III (§ 154=15) testing should be per-
formed.

(i14) If Tier I test results are not positive for insects only
and exposure is not primarily through the vapor phase, then the
Volatility (§ 155=4)} [if not performed before], Adsorption/desorption
(§ 155=6), Octanol/watsr partition coefficient (§ 155=7), and Hy-
drolysis (§ 155-9) tests should be performed.

(iv) If adverse effects obsexved in Tier I are terrestrial
effects only, the Aerobic soil metadolism (§ 155-10) and Soil pho-
tolysis (§ 155-12) tests should be performed. If there is signifi-
cant adverse exposure, Tier III testing (§ 154-12 for terrestrial
animals or § 15414 for tefrestrial plants) should be performed.

If significant adverse exposure is not found, then further testing
is not necessary.

(v) If Tier I tests indicate aquatic effects and the EEC is
greater than 1/10 1CS0 for aguatic animals or the EEC is greater
than ZCS50 for aquatic plants then the Aerobic solil metabolism
{§ 155=10) and Aerobic aquatic metabolism (§ 155-11) tests should
be performed. If not, no further testing is necessary.

(vi) If exposure to sunlight is expected and molar absorbtivity
is high, then the Soil photolysis (§ 155-12) and Aquatic photolysis
{§ 155-13) tests should be performed.

{vii) 1If there is significant adverse exposure, Tier III testing
(§§ 154=13 and ~14) is necessary.
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figure 11==SUMMARY OF ENVIRONMENTAL FATE TESTING SCHEME FOR BIOCHEMICALS

Is the use pattern aguatic, or terrestrial and aquatic ?

'.._.ns | 3O I
Octanol/Water Partition Coefficient (§ 155-7) Is the biochemical applied in
Hydrolysis (§ 155-9) a controlled release device?
Aerobic Aquatic Matabolism (§ 155-11) NO | YES.

Aquatic Photolysis (§ 155-13) | |

| | Volatility (§ 155-4)

| | Dispenser/Water lLeaching (§ 155-5)

| | |

1 Perform mass balance analysis.

| Is the KEC > LCSO for terrestrial animals?
] or > EC25 for terrestrial plants?
] or
|
|
|
|
|

Perform or > 1/5 LDSO for terrestrial animals?

zass or > 1/5 ECS0 for insects?

balance or does biochemical leach significantly

analysis from dispenser if Tier I tests were

positive for aguatic plants and/or animals?
| YES ' NO ‘

If Tier I testing is positive for No further
insects only, is exposure primarily testing
through vapor phase? necessary

. — — — —— S g . d ) —— — — —— — — — — — S —— ke st e S — St ——

,l.._uo or N/Awl __¥ES A |
Volatility (§ 155~4) [if not done befora) UV=-Visible Absorption (§ 155-8)
Adsorption/Desorption {§ 155=6) |
Octanocl/Water Partition Coefficient (§ 155-7) Signficant adverse exposure?

Bydrolysis (§ 155-9) YES 1o
| ! I
O0 Tier I test results indicate Tier III testing No further
terrestrial effects only? pecessary (§ 154=15) testing necessary
I YES, ! N0 |
] Perform mass balance analysis.
Aerobic Soil Metabolism (§ 155-10) Is EEC < 1/10 LCSO for aquatic animals?
Soil Photolysis (§ 155=12) or £ EC50 for aquatic plants?
{ Y¥S ] _NO

Significant adverse exposure? i l
YIS | NO. | Aerobic 8oil Metabolism (§ 155-10)
| | Aercbic Aquatic Metabolism (§ 155-11)
Tier III testing required | I
{(§ 154=12 for terrestrial animals) ¥ further Is there sunlight and
and (§ 154=-14 for terrsstrizl plants) testing high molar adbsorbtivity?
necessary |

__YPS ! NO

]
Soil Photolysis (§ 155=12)
Aquatic Photolysis (§ 155-13)

{
I
Is there significant adverse exposure?
YES 1 _NO

Tier III testing (§§154-13 and 14) No furtii"r resting necessary
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§§ 1552 and -3 [Reserved]
§ 155=4 vVolatilitv.

(a) When required. Data on the volatility of a biochemical
pesticide in the anvironment are regquired by 40 CFR § 158,165 to
support the registration of svery end=-use product intended for
outdoor application and sach manufacturing-use product that legally
may be used to formulate such an end-use product whenever results
of any one or more of the Tier I tests (§§ 154-6 through 11) indicate
potential adverse effects on nontarget organisms and the biochemical
agent is is to be applied on land. See 40 CFR § 158.50 and § 158.165
to deternine whether these data must be submitted; Section II-B of
this subdivigion contains an additional discussion of the formula-
tors' examption and who as a general rule, is responsible for
submission of the required data.

{b) Test standards. In addition to the general test standards
specified in ; 160~4 of Subdivision N, the fcllowing specific test
standards apply:

{1) Test substance. This study shall be performed using a
typical end-use product.

(2) Tést procedure. Samples should be tested by combined
laboratory and field studies with volatility measurements taken at
sufficient intervals to determine 90 percent loss of the agent from
the dispenser or substrate. PField sgtudies should be conducted under
typical meteorclogical conditions for the environment of expected use
pattern,
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(c) Reporting and evaluation of data. In addition to the
gensral reporting and evaluation provisions ocutlined in § 160-5

of Subdivision N, the following apply:

(1) Meteorologic conditions (temperature, relative humidity,
wind velocity and direction, and cloud cover) during the times of
sxposure should be summarized. Data should be reported as micrograms
product veolatilized per unit tims per milligram product originally
appliad.

(d) Tier progression. Further testing may be required as described
in § 155~1(e) and required by 40 CFR § 158.165.

(e) Details of method and referencs. (1) The following is an
exanple of an acceptable protocol for conducting & volatility
neasurenent of a semiochemical.

Samples of the formulated product (microcapsules, tapes,
etc.) should be placed ocutdoors in an aresa similar to the
intended site(s) of application. Samples should be collected
at five intervals beginning at the time the material is placed
and continuing until 90 percent of the product is lost from
the container or 90 days, whichever comes first. To determine
this point, extract the product remaining in the dispenser
with an appropriate organic solvent and quantitate the product
in the extract in comparison with the amount of product that
can be extracted from a duplicate dispenser which has not been
exposed to the environment. In addition, samples of the dis-
penser should be laboratery testsd for smission rate of the
product. For example, a closed system may be arranged in a
controlled temperaturs oven equipped with an air flow=controller
allowing & flow rate of 100 ml/min, and a vaper collection
device. Vapor collection time should bs 2 hours. The oven
tenperature selected .should be representative of the temperature
expected at the intended site(s) of application.

{(2) The following referance may provide ussful background
information for developing acceptable protocols:

Bierl-Leonhardt, B.A., E.D. DeVilbiss, and J.R. Plimmer. 1979.
Rate of release of disparlure from laminated plastic dispansers.
J. Econ. Ent. 72(3):319=321,

§ 155-5 Dispenser-water leaching.

(a) When required. Data on the leaching of a biochamical
pesticide from a passive dispenser to the environment are reguired
by 40 CPR § 158,165 to support the registration of every and-use
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product intended for ocutdoor application in such a dispenser

and each sanufacturing—-use product which legslly may be used to
formulate such an end-use product, whensver results of any one or
more of the Tier I tasts (§§ 154-6 through =11) indicate potential
adverss effects on nontarget organisms and the biochemical agent
is to be applied on land in a passive dispensser. See 40 CFR

§ 158.50 and § 158.165 to determine whether these data must be
submitted; Seczion II-B of this subdivision contains an additional
digscussion of the formulators' exemption and who, as a general
ruls, is rasponsible for subaission of the reguired data.

(b) Test standards. In addition to the general test standards
specified .in ; 160=4 of Subdivision N, the following apply:

(1) Test substance. Studies shall be performed using the end-
use product when formulated for use in passive dispensers.

(2) Test procedure. This testing period should be eight hours,
and the ‘leached pesticide should be extracted from the water in which
the dispenser was soaked with a suitable organic solvent. The method
should be that cutlined in § 163=1 of Subdivision N, except that the
procedure described in § 155-1(4) may be used in place of standard
instrumental analysis for monitoring disappearance of the agent.

(c) Reporting and evaluation of data. In addition to the
general reporting and evaluation provisions outlined in § 160-5
of Subdivision N, the following apply:

(1) Describe any sigqnificant deviations from the protocol.
Raport the percentage of biochemical leached, the percentage ramaining
in the dispensers, and the percentage unaccounted for.

(d) Tier progression. Purther tests may be required as described
in § 155-1(e) and required by 40 CFR § 158,165,

(e) Datails of method. The following is an exaxmple of an
acceptable protocol for measuring leaching of the agent froam the
dispenser into water:

Place a known amount of the formulated pesticide in un-
stirred water in a wide mouth container. The water volume
should be large enough sc that the water solubility of the
active ingredient(s) will not be exceeded if all of the
active ingredient(s) were to leach out of the dispensing
device. Allow the pesticide/water amixture to stand for eight
hours. PFilter off or rsmove the pesticide dispanser(s) and
extract the water with hexans, or some other appropriate vola-
tile organic solvent. Dry the extract and dsterzine the
anount of semiochemical(s) either by direct measuratiant or
after separation or concentration. At the same time, extract
the dispensers that had been removed from the water, using an
appropriate organic solvent. Sample this second extract
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directly or after -a gseparation or concentration step, and
determine the amount of seniochemical(s) that has not leached.
Calculate the percent of samiochemical(s) that leached from
the dispenser.

§ 155-6 Adsorption—desorption.

{a) When required. Data on the adsorption/dssorption of a bio-
chemical pesticide in the environment are required by 40 CFR § 158.165
to support the registration of each end-use product intended for out-
door application and each manufacturing-use product which may legally
be used to formulate such an end-use product, vhanever results of
Tier I tests indicate the need for Tier II testing as outlined in
§ 155-1(e). See 40 CPR § 158.50 and § 158.165 to determine whether
these data sust submitted; Section II-B of this subdivision contains
an additional discussion of ths formilators' exesmption who, as ¢
general rule, is responsible for submission of the required data.

(b) Test standards. In addition to the general test standards set
forth in Subdivigion N in §§ 160-4 and 163-1, the following apply:

(1) Test substance. Studies shall be performed using the
technical grade of the active ingredient.

(2) Test procedure. The test procedures ars the same as those
specified in ; 163=1 of Subdivision N, axcept that the procedures

described in § 155=1(c) may be used in place of standard instrumental
analysis for monitoring disappsarance of the agents when appropriate.

(c) Reporting and evaluaticn of data. The provisions for
reporting and evaluation of data are the same as those specified in

§ 163=1 of Subdivision N except that a description of procedures for
monitoring disappearance of the agent and corresponding test results
may be patterned after the methods selectsd from those described in
§ 155=1(d).

(d) Tier progression. Murther tests tay be necessary as de-
scribed in § 155-1(e) and required by 40 CFR § 158.165.

§ 155-7 Octanol/water partition coefficiesat.

(a) W¥hen required. Data on the octancl/water partition
coefficient. are required by 40 CFR § 158,165 to support the registra-
tion of each end-use product intended for cutdoor application and
each manufacturing=use product which may legally be used to formu~
late such an end-use product, vhanever Tier I tests indicate the
need for Tiar II testing as ocutlined in § 155-1(e). See 40 CFR
§ 158.50 and § 158.165 to determine vhether these data must sub~
micted; Section II-B of this subdivision contains an additicnal
discussion of the formulators' exemption who, as a general rule,
is responsible for submission of the required data.
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(b) Test standards. The test standards are the same as
those set forth in § 151=17 of this subdivision.

(e) Reporting and evaluation of data. The provisions for
reporting and evaluation of data are the same as those specified in

§ 64-11 of Subdivision D and presented in § 151-17 of this subdivision.

(d) Tier Progression. TPFurther tests may be necessary as described
in § 155-~1(e) and required by 40 CFR § 158.165.

§ 155-8 Ultraviolet-visible absorption.

(a) phen required. Data on the ultraviolet-visible absorp-
tion spectra of a biochemical pesticide are required by 40 CFR
§ 158.165 to support the registration of each end-use product in-
tandad for outdoor application whenever results of Tier I tests
(§ 154=11) indicate potential adverse effects on beneficial in-
sects and the intended route of exposure of the pesticide is
through vapor phase contact. See 40 CFR § 158.50 and § 158,165 to
deternine whether these data must submitted; Section IIl-B of this
subdivision contains an additional discussion of the formulators'
examption who, as & general rule, is responsible for submission of
the required data.

{(b) Test standards. Tiie general test standards for envircn-
mental fate testing of biochemical pesticides are the same as
those set forth in Subdivigion N at § 160-4. 1In addition, the
fcllowing specific test standards apply.

(1) Test substance. Measurements shall be performed on the
analyticaliy pure compound.

(2) Test procedurs. The ultraviolet-visible absorption spectra
of the active ingredients should be measured in the vapor phase at
two concantrations or in the liquid phase at two concentrations.
Measurements in the liquid phase should be done in non=polar,
spectroscopic grade solvents such as chloroform, carbon tetrachloride,
or hexans. The procsdure should follow the procedurss described in
the 1979 Pederal Register Notice (44 FR 16240), "Discussion of
Prepanufacture Testing Policy and Technical Issues) Twquest for
Comment”™ in sections A-3.68 and A-3.69 of that document, except that
the above solvent constraints apply.

(c) Reporting and evaluation of data. The reporting and
calculation procedures described in 44 FR 16240, "Discussion of

Premanufacture Testing Policy and Technical Issvess Regquest for
Comment”™, in sections A~3.68 and A-3.69 should be followed. This
calculation will provide data necessary to estimate photolytic
transformation of semiochemicals in air.
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(d) Tier progression. PFurther tests fay be necessary as described
in § 153-1(e) and required by 40 CPR § 158.165,

§ 155-9 Hydrolysis.

(a) When required. Data on the hydrolysis of a biochemical
pesticide in the environment are rsquired by 40 CFR § - 158.165 to
support the registration of every end-uge product intsended for
outdoor application and each manufacturing-use product which may
legally be used to formulate such an end-use product, vhansver
results of Tier 1 tests indicate the nesd for Tier II testing as
described in § 155-1(e). See 40 CPR § 158.50 and § 158.165 to
deternins whether these data must submitted; Section II~B of this
subdivigion contains an additional discussion of the formulators'
exemption who, as a general rule, is responsible for submission of
the required data.

{(b) Test standards. The general test standards are the same
as those set forth in Subdivision N at § 160=4. In addition, the
specific test standards in § 161-1 of Subdivision ¥ and the following
standards apply:

(1) Test substance. Studies shall be performed using the
technical grade of the active ingredient.

(2) Tast procedurs. The test procedures are the same as those
specified in § 161-1 of Subdivision N, except that the procedures
described in § 155-1(e) may be used in place of standard instrumental
analysis for monitoring disappearance of the agent when such monitoring
is nescessary.

(¢) Reporting and evalustion of data. The provisions for

reporting and evaluation of data are the same as those specified in
§ 161=1 of Subdivision N, except that the procedure described in

§ 155-1(c) may be used to determine the toxic effects of transform-
ation products in lieu of the identification required in this

test.

(d) Tier pregression. PMurther tests may be necessary as
described in § 155-1(e) and required by 40 CFR § 158.165.
§ 155-10 Aerobic soil metabolism.

(a) When required. Data on the aerocbic soil metabolism of a
biochemical pesticide in the environment are required by 40 CrR
§ 152.165 o support the registraticn of sach end-use product intended
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for outdoor application and each manufacturing=-use product which
legally may be used to formulate such an end-use product, whenever
results of Tier I tests indicate the need for Tier II testing as
outlined in § 155=1(e). See 40 CFR § 158.50 and § 158.165 to
determine whether these data must gsubmitted; Section II-B of this
subdivision contains an additional discussion of the formulators'
exemption who, as a general rule, is responsible for subaission of
the required data.

(b) Test standards. The general test standards are the sams
as those set forth in Subdivision N in §§ 160=4. 1In addition, the
test standards of § 162-1 of Subdivision N and the following standards

apply:

(1) Test substance. Studies shall be performed using the
technical grade of tha active ingredient.

(2) Test procedure. The test procedures ares the same as those
specified in § 162-1 of Subdivision N, except that procedures described
in § 155~1(d) may be used in placs of standard instrumental analysis
for monitoring disappearance of the agent when necessary.

(c) Reporting and evaluation of data. The provisions for

reporting and evaluation of data are the same as those specified in

§ 162=-1 of Subdivision N, except that the approach presented in § 155-
1¢c) may be used in place of instrumental identification of degradable
produsts.

(d) 2Tier progression. PFurther tests may be necessary as described
in § 155-1(e) and required by 40 CPR § 158.165.

§ 155-11 Aercbic aquatic metabolism.

(a) When required. Data on the aercbic aquatic metabolism of
a biochemical agent are required by 40 CFPR § 158,165 to support the
registration of end-~use product intended for outdoor application
and each manufacturing-~use product that legally may be used to
formulate such as end-use product whensever Tier I test results
indicate the nesd for Tier II testing as ocutlined in § 155-1(e).
See 40 CPR § 158.50 and § 158.165 to determine whether these data
must submitted; Section II-B of thisg subdivision contains an add-
itional discussion of the formulators' exemption who, as & general
rule, is responsible for submission of the required data.

(b) Test standards. The general test standards are the same
as those set forth in Subdivision W in § 160~4. In addition, the
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specific test standards of § 162-4 of Subpart N and the following
apply:

(1) Test substance. Studies shall be performed using the
technical grade of the active ingredient.

(2) Test procedurs. The procsdures are the same as those
specified in 3 162=-4 of Subdivigion N except that procedures des-
cribed in § 155=1(d) may be used in place of standard instrumental
analysis for monitoring disappearance of the agent when necessary.

(¢) Reporting and evaluation of data. The provisions for
reporting and evaluation of data are the same as those specified in

§ 162-4 of Subdivision N, except that the approach presented in § 155~
1(c) may be used in place of instrumental identification of the
degradation products.

(d) Tier progression. RMurther tests may be necassary as described
in § 155-1(e) and required by 40 CFPR § 158.165.

§ 155-12 Soil photolysis.

{(a) When required. Data on socil photolysis are required by
40 CPR § 158,165 to support the registraton of each end-use product

intended for cutdoor application and each manufacturing~use product
wvhich legally may be used toc formulate such as end-use product,
vhen Tier I test results indicate the need for Tier II testing as
described in § 155-1(e). See 40 CFR § 158.50 and § 158.165 to
deternine whether these data must submitted; Section II-B of this
subdivigion contains an additional discussion of the formulators'
exemption who, as a2 general rule, is responsible for submission of
the required data.

{b) Test standards. The general test standards for environ-
zental fate testing of biochemical pesticides are the same as
those set forth in Subdivision N in § 160=4. In addition, the
specific test standards of § 161-3 of Subdivision N and the follow-

ing apply:

{1) Test substancs. Studies shall be performed using the
technical grade of the active ingredient.

(2) Test procedure. The procadures are those specified in
§ 161-3 of Subdivision K, except that procedures described in § 155-
1(d) may be used in place of standard instrumental analysis for
monitoring disappearance of the agent when necessary.
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(c) Reporting and evaluation of data. The provisions for

reporting and evaluation of data are the same as those specified
in § 161=3 of Subdivision N, except that the approach presented in
§ 155=1(c) may be used in place of instrumental identification of
degradation products.

(d) Tier progression. PFurther tests may be necessary as
described in § 155<1(e) and required by 40 CPFR § 158.165.

§ 155-13 Aquatic photolysis.

(a) When required. Data on the aquatic photolysis of &
biochemical agent are required by 40 CFR § 158,165 to support the
Tegistration of each end-use product intended for outdoor applica-
tion and each manufacturing-use product vhich may be leqally used
to formnlate such an end-use product whenever Tier I test results
indicate the need for Tier II testing as described in § 155-1(e).
See 40 CFR § 158.50 and § 158.165 to determine vwhether these data
sust submitted; Section 1I=8 of this subdivision contains an addi-
tional discussion of the formulators' examption who, as a general
rule, is responsible for submission of the resquired data.

(b) Test standards. The general tast standards are the same
as those se: forth in Subdivision N in §§ 160-4. In addition, the
specific test utandards of § 161-2 of Subdivision N and the following
specific standards apply:

(1) Test substance. Studies shall be performad using the
technical grade of the active ingredient.

{2) Test procedure.' The test procedure is that which is
outlined in 161=2 of Subdivigion N, except that procedures de-
scribed in § 155-1(3) may be used in place of standard instrumental
analysis for sonitoring disappearance of the agent when necessary.

(c) Reporting and evaluation of data. The provisions for
reporting and evaluation of data are the same as those specified in

§ 161-2 of Subdivision N, except that the approach presented in § 155~
1(c) may be used in place of instrumental idestification of degradation
products.

{d) Tier progression. MFurther tests zay be necessary as
described in § 155-1(e) and required by 40 CPR § 158.196S.

§ 155-14 [(Reserved)
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Subseries 1558: TIER II ENVIRONMENTAL IXPRESSION DATA REQUIREMENTS
FOR MICROBIAL AGENTS

§ 155«1S General information.

(a) Scope., Tier Il environmental expression data are required
by 40 CPR § 158.165 when toxic or pathogenic effects are cbserved in
maximum hazard testing conducted on nontarget organisms in Tier I
(§§ 154=16 through =24). The Tier II guidelines consist of tests
to determine the environmental expression of a a microbial agent
.in a terrestrial environment (§{ 155-18), in a freshwater environment
(§ 155=19), and in a marine or estuarine environment (§ 155-20).
These tasts are intanded to demonstrate whether a microbial agent
is able to surviva, persist or replicate in sach environment, and
thereby indicate which nontarget organisms will be exposed to the
microbial agent, if any. A determination of the environaental
expression of a microbial agent includes an evaluation of the
growth of the agent when introduced into a new niche as well as
an evaluation of the agents' growth pattern when its population in
its normal niche is increased (as could occur immediately after
application of a microcbial agent). This includes normal saprophytic
growth. It also includes the way a microorganism may alter its
growth habits, take advantage of new environmental conditions, or
take advantage of changes in the equilibrium of the microbial
species which exist in a commensal association (one species benefits
and the other is unaffected). Thus, the "expression® of a micro-
organism's presence may be through insertion into a new niche and
continued propagation in the new niche.

(b) Approach. (1) Environzental expression testing consists
of gimulated terrestrial and aguatic applications of the microbial
agent. Terrestrial applications are conducted in a greenhouse
environment to assess expression in goil and vegetation. Aquatic
applications are conducted in aquaria to assess expression in water
and sediment.

{2) The need for terrestrial, freshwater, or marine environmental
exprassion testing dapends on:

« The Tier I test(s) in which adverse effects were observed; and
= The intended use pattern(s) for the microbial agent.

Thus, testing is only needed to assess envircnmental expression
when susceptible nontarget species (as determined in Tier I) §§ 154-
16 through =24) may be exposed.

(3) The relationship between Tier I test results, proposed use
pattern, and Tier II guidelines is summarized in Table 7.
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TABLY 7==SUMMARY OF ENVIRONMENTAL EXPRESSION TESTING AS DETERMINED

BY TIER I TEST RESULTS AND USE PATTERNS

Tier I Test Witd Positive

Rasults (Test Species)

Proposed Use Patterns for

Microbial Aqent

Terrestrial Preshwvater
Estuarine ine
§§ 154-16 and 17
Avian testing - (mallard) /! ) o é
(quail) £ N/A N/A

§ 154-18
Mammalian testing T r N/A
§§ 154-19-21
Pish testing (freshwater sp.) 4 b 4 N/A

(estuarine/marine sp.) ™ | =™

(estuarine/marine sp.) ™ =™ =™
§§ 154-20,-21
Aquatic invertebrate testing

(freshwater ap.) r ) 3 N/A

(estuarine c¢r marine sp.) = EM EM
§ 154-22
Terrestrial plant testing T N/A N/A
§ 154-22
tic plant testing
(freshwater sp.) ) 4 r N/A
(estuaring/marine sp.) EM =™ =M

§§ 154-23,-24
Tarrestrial insect testing T N/A B/A

1 N/A: Not applicable. Based on results of Tier I tests and the
proposed use pattern, exposure is nct expected.

Agency may require such tests on an infdividual basis.

2 7, Tests to detarmine expression in a terrsstrial environmsnt are necassary.
3p, Tests to determine expression in a freshwater environment are necCassary.

However, the

4 EM: Tests to determine expression in a estuarine or marine environment

Are NeCesSSATY.
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(4) Genetically-engineered microbial pest control agents are
subjected to & more rigorous testing schems. Such agents should be
evaluated by the applicable tests outlined in Tier II regardless of
the results observed in Tier I testing. 1f adverse effects are
observed in Tier I, testing should proceed as described in the preced-
ing paragraph (as summarized in Table 7). However, if no adverse
effects are observed, testing should bes coanducted in the simulated
environment(s) {terrestrial, freshwater, marine or estaurine)
vhere the exposure of nontarget organisas is expected based on the
proposed use pattern.

(c) References. The following general references contain
information useful in developing environmental sexpression tests for
microbial agents in terrestrial, freshwater, estuarine, and marine
environments as outlined in §§ 155-18 through ~20:

(1) Bullock. BeR., JePo aOlliaqmnh' and A.W. Hartstack.
197C. Virulence of Heliothis nuclear polyhedrosis virus exposed to
monochromatic ultraviolet radiation. J. Invert. Path. 16:419=422.

(2) Burges, H.D., S. Hillyer, and D.0., Chanter. 1975, Zffect
of ultraviclet and gamma rays on the activity of delta=endotoxin
protein crystals of Bacillus thuringiensis. J. Invert. Path. 25:5-
S.

(3) Chancey, G., W.C. Yearian, and S.Y. Young. 11973. Pathogen
mixtures to control insect pests. Arkansas Parm Res. 22:9.

(4) Porsberg, C.W., M. Henderson, E. Henry, and J.R. Roberts.
1976. Bacillus thuringiensis: Its Iffect on Environmental Quality.
Publication, National Research Council Canada. No. 15383. 135 pp.

(5) Hostetter, D.L. and C.M. Ignoffo, eds. 1977. Environmental
Stability of microbial insecticides. Misc. Publ. Entomol. Soc. Am.
10({3): 1=117,

(6} Ignoffo, C.M., W.C, Yearian, S.¥. Young, D.lL. Hostetter,
and D.L.Bull. 1976. Laboratory and field persistence of new commercial
formulations of the Helicthis=nucleopolydedrosis virus, Baculovirus
heliothis. J. Econ. Entomol. 69(2)3233‘2360

(7) Ilnytzky, $¢, JeRs NcPhes, and J.C. Cunningham. 1977.
Comparison of field-propagated nuclear polyhedrosis virus from
DouglasPir Tussock Moth with laboratory=-produced virus. Pacif. For.
Res. Cantr. Victoria, B.C., Canada. Bi-monthly Res. Notes 33, 1.
Pp. 5=6.

(8) Krieg, A. 1975. Photoprotection against inactivation of
Bacillus thuringiensis spores by ultraviolet rays. J. Invert. Path.
25(2):267-268.




(9) Xalmakeff, J., and S.W. More. 1975. The ecology of
nucleopolyvhedrosis virus in porina (Wiseana spp.) (Lepidoptera:
helialidae). New Zeal. Entomol. 6(1):73-76.

(10) Koltin, Y., and I. Chorin-Dirsch. 1971. Alteration of
fungal morphology induced by a substance from Bacillus cereu. g
Gen. Microbiol. 66: 145-151,

(11) Lewis, Franklin B. 1975. Dosage effect on target insect
populations (short- and long-term). Selected papsrs from EPA-USDA
Working Symposium. M. Summers, R. Englsr, L. Palcon, P. Vail, eds.
American Society for Microbioclogy. Washington, D.C.

(12) Maddox, J.V. 1973. The parsistence of Micrasporida in
the environment. Entomol. Soc. Amer. Misc. Publ. 9:99-104.

(13) Martignoni, M.E. and P.J. Iwvai. 1977. Thermal inactivation
characteristics of two strains of nucleopolyvhedraosis virus (Baculovirus

subgroup A) pathogenic for Orgyia pseudotsugata. J. Invert. Path.
30: 255-262.

(14) Manjunath, D. and S.B. Mathad. 1978, Temperature
tolerance, thermal inactivation and ultraviolet-licht resistance
of miclear polyhedrosis virus of the amyworm, Mythimna separata
(Walk) (Lepidoptera; Noctuidae). (English). Zeitschrift Fur

Angevandte Entomologie 87:82-90.

(15) Michael, A.BE., and P.E. Nelson. 1972. Antagonistic ef-
fect of s0il bacteria on Musarium—-Roseum culmorum from carnation.

Phytopathology 62:1 052-1056.

(6) Mitrofanov, V.B. 1976. Effect of suboptimum temperature
on the activation of latent virus infection of granmulosis in the
codling moth. Biull, Vses Nauchno Issled Inst Zashch Rast 37:7-10.
(Eng. sum.)

(17) Yendol, W.G. and R.A. Hamlen. 1973. Ecology of entomo-

genous viruses and fungi. Regulation of Insect Populations by
Microorganisms. Ann. N.Y. Acad. Sci. 217:18=30,

{(18) Young, 8.Y. and W.C. Yearian. 1974. Persistance of
Heliothis NPV on foliage of cotton, soybean, and tomato. Environ.
Entomol. 3(2): 253-2S5.

§ 155-16 General test standards.

(a) Applicability. This section ocutlines the general test
standards that apply to the studies in §§ 155-18 through =-20.
Applicants for registration should also cemply with the specific test
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standards established for the particular test being conducted. 1In
the case of conflict between general and specific test standards, the
latter shall govern.

(b) Test standards. Data satisfying the provisions of § 155-
17 should meet the gsneral test standards in Subpart N (§§ 160-4 through
-6), with the following exceptions:

(1) Microbial agent identification and quantification. The
acst specific available standard methods for the identification and

quantification of the microbial pest control agent should be used.
The methods used should be consistent with those in § 150-20, Product
analysis.

§ 155-17 Reporting and evaluation of data.

{a) Results. {l1) Data should be collected to determine whether
the microbial agent is able to survive, persist or replicate in the
environment under test. This data should be expressed in the form of
a population growth or decline curve for the microbial agent. Any
other applicable method of exprasssing the expression of the microbial
agent population may also be used.

(2) Test reports should alsoc contain the information designated
in following list, modified as necessary to be applicable to the
microbial pest control agent being tested. This information should
be given in sufficient detail to adequately define growth charac~
teristics of the test organism.

(1) PH and temperature for optimal growth, and the ranges of
pd and temperature within which the microorganism can survive and

grow.

{ii) Essential nutrients for growth:

(A) Carbon source (COs, carbonate, other);
(8) Minezals;

(C) Organic compounds; and

(D) Cofactors.

(1ii) Potential for autotrophic growth (i.e., growth expected
in the absence of a particular facultative growth requireament).
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(iv) Growth response to variations in salinity.
(v) Rasponse to known antagonists:
) Chenical;
(B) Blological; and
() Others.

{vi) Serclogiczl comparison with known pathogens to provide
identification and/or environmental) marker{s).

{vii) Biochemical characteristics that are unique to the
organism.

(viii) Morphological variation in response to adverse conditions:
(A) Humidity;
(B) Inorganic or organic content of water:;

(C) Salinity; and microorganism.

§ 155~18 Tests to dstaermine expression in a terrestrial environment.

(a) Mhen required. Data on the expressiocn of & microbial
pest control agent in a terrestrial environment are requirad by
40 CFR § 158.16S to support the registration of each end=use product
intended for cutdoor application on land and sach manufacturing-
use product that legally say be used to formulate such an end~use
product wvhen toxic or pathogenic effects are observed in any of
the following Tier I tests:

(1) Avian single dose oral toxicity and pathogenicity test
(§ 15416);

{2) Avian injection pathogenicity test (§ 154=17);
(3) Wild mammal toxicity and pathogenicity test (§ 154-18),
(4) Plant studies - terrestrial (§ 154-22);

(S) Testing for toxicity/pathogenicity to insect predators
and parasites (§ 154-23); or

(6) Honey bee toxicity/pathogenicity test (§ 154-24).

(7) See 40 CFR § 158.50 and § 158.165 to determine whether these
data must be submitted; Section Il-B of this subdivision contains
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an additional discussion of the formulators' exemption and who, as
4 general rule, is responsible for submission of the required data.

(b} Test standards. (1) Method. (i) Tests shall be conducted
in a gresnhouse environment to determine whether the microbial agent
is able to survive, persist and replicate in a terrestrial environ-
ment consisting of soil and vegetation rspresantative of the proposed
use site. The following parameters should be varied to determine
their sffect on the survival and growth of the microbial agent popu=
lation:

{A) Temperature;

(B) Humidity;

(C) ©Precipitation (amount, frequency, pE);
(D) Sunlights

{(E) pH (soil and foliar surfaces);

(P) Nutrients (scil, vegetation).

(ii) The values sslected for each paramater listed in paragraph
(b)(1)(A) through (F) of this section should be selected to approxi-
mate the conditions expected at the intended use sits.

(i11) lLaboratory studies designed to determine the microbial
agent's growth requiremsnts (e.q., temperature, humidity, p,
sunlight, and nutrients) may supplement the greenhouse study des-
cribed in paragraph (b)(l){i). Laboratory studies may demonstrate
that the microbial agent will be unable to sur will consider studies
on a case~by-case basis to meet the intent of testing in § 155-18
in lieu of the greenhouse study.

(2) Test substancs. A typical end-use product or the tech-
nical grade of the active ingredient shall be tested.

(3) Test duration. Data to establish a population decline
curve shall be collected at intarvals until two half-life deter-
minations have been made or until data establish that the microbial
agent population is able to maintain itself in the terrestrial
environment at or above the level present immediately after test
initiation.

(c) Reporting and evaluation of data. The reporting and

evaluation provisions are the same as those sat forth in § 155-17.

() Tier progression. If results of this study indicate that
the microbial agent is able to persist in the terrestrial environment
such that the susceptible non-target organism(s) tested in Tier I are
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likely to be exposed, then the appropriate testing in Tier III (§§
154=25, =26, or =31) is required as specified in 40 CFR § 158.165.

(e) Referances. The following references contain information
for developing acceptable protocols.

(t) hm' DeW., K.EB. “'.'.. f.I. Hazard, S8.W. A'.w' KeD.
Boston, and S.W. Oldacre. 1978. Pield test with Nosema algerae
Vavra and Undsen (Microsporida, Nosematidae) against Anopheles
aldbimanus Wledemann in Panama. Miscel. Publ. Entomol. Soc. Amer.
1‘317‘280

(2) Cunningham, J.C. 1970. Persistencs of the nuclear poly-
drosis virus of the eastern hemlock looper on balsam foliags.
Insect Pathology Ras.Ingtitute. Sault Ste. Marie, Ontario, Canada.

Bi-monthly Res. Notes 26:24=25.,

(3) Elgee, E. 13975. Persistence of a virus of the white-marked
tussock moth on balsam fir foilage. Maritimes Porest Res. Cantre.
Predericton, New Brunswick, Canada. Bi~monthly Ras. Notes 31:33-34.

(4) Grison, P., D. Martouret, B. Servais, and M. Devriendt.
1976, Microbial pesticides and enviroament. Ann. Zocl. Ecol. Anim,.
8(2):133-160.

(5) Harcourt, D.J. 1968. Persistence of a granulosis virus
of Pieris rapae in soil. J. Invert. Path. 11:742-143.

(6) Hukuhara, T., and H. Namura. 1972. Distribution of a
nuclearpolyhedrosis virus of the fall webworm, Hyphantria cunea, in
soil. J. Invert. Path. 19:308-316.

(7) 1Ignoffo, C.M., C. Garcia, D.L. Hostetter, and R.E. Pinell,
1978, Stability of conidia of an entomopathogenic fungus, Nomuraea
rileyi, in and on soil. Environ. Entomol. 7(5):724=727.

(8) Imf:Q' c.u., Ge mci‘p D.Le BOlttttlr, and R.E. Pinnell.
1977. Vertical movement of conidia of Nomuraea rileyi through sand
and loam solls. Environ. Entomol. 7(2):270-272.

(9) Jagques, R.P. 1967b. The persistence of a nuclear-polyhe-
drosis virus in the habitat of the host insect, Trichoplusia ni.
11. Polyhedra in soil. Can. Entomol. 99:820-829.

(10) Jagques, R.P. 1965. leaching of the nuclearpolyhedrosis
virus of Trichoplusia ni from soil. J, Invert. Path. 13:256-263.

(11) Jaques, R.P. 1974a. Occurrence and gccumulation of
viruses of Trichoplusia ni in treated field plots. J. Invert. Path,
23:140-152,
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{12) Jaques, R.P. 1974b. Occurrence and accumulation of the
granulosis virus of Pieris rapae in treated field plots. J. Invert.

(13) Terr, A. 1974. Soil microbiological studies on Agrobac-
terium radiobacter and biclogical control of crown gall. Soil
Sci. 1 18(3) :1168=172.

(14) Ladd, T«l., Jr., and P.J. McCabe. 1967. Persistence of
spores of Bacillus popilliae, the causal organism of Type A milky
disease of Japaness beetle larvae in New Jersey soils. J. Zcon.
Intomol.60(2):1493~495.

(15) Lingg, A.J., and K.J. McMahon. 1969. Survival of
lyophilized Bacillus popilliae in soil. Appl. Microbiol. 17:718=720.

(16) Hilnlr, ReJe, and G.G. lutton. 1976. Metarrhizium
anisopliae: Survival of Conidia in the Soil. Proceedings of the
First International Colloquium on Invertebrate Pathology. Queen's
University at Kingston, Canada. Pp. 428-429.

{17) Morris, O.N. 1973. A method of visualizing and assessing
deposits of aerially sprayed insect microbes. J. Invert. Path., 22:115=
121,

(18) Narayanan, K., K. Govindarajan, and S. Jayarai. 1977,
Preliminary obgervations on the persistence of nuclear polyhedrosis
virus of Spodoptera litura F. Madras Agric. J. 64(7):487=488.

(19) Pinnock, Do‘o' R.J. Brand, J.E. m.l’t..d' and X.L. Jackson.
1975. Effect of tree species on the coverage and field persistence

of Bacillus thuringiensis spores. Insect biclogical control. J.
Invert. Path. 25(2):209=214.

(20) Roone, R.E., and R.A. Dacust. 1976. Survival of the
nuclear Polyhedrosis virus of Heliothis armiqera on crops and in soil
in Botswana. J. Invert. Path. 27:7=12.

(21) Thomas, E.D., C.*., Reichelderfer, and A.M. Heimpel. 1973.
The effect of soil pH of cabbage locper nuclear polyhedrosis virus
in soil. J. Invert. Path. 21(1):21-25,

(22) Vankova, J., and M, Svestka. 1976, The field persistence
and efficacy of Bacillus thuringiensis formulations. -Biological

control of forest pests. Anz Schadlingskd Pflanzenschutz. 49(3):33-
3g. (Eng. sum.)

{23) Wojciechlowska, M., X. Kmitowa, A. Pedorko, and C. Bajan.
1977. Duraticn of activity of entomopathogenic microorganisms
introduced into the soil. Pol. Ecol. Stud. 3(2):141=148.
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(24) Young, S5.Y¥. 1975. Pre= and post-treatment assessment of
virus levels. Pp 139-142 in Selected papers from EPA-USDA Working
Symposium. M. Summers, R. Engler, L. Falcon, and P. Vail, eds.
American $ocisty for Microbiology, Wash., D.C.

§ 155-19 Tasts to determine expression in a freshwater environmsent.

(a) When required. (1) Data on the expression of a microbial
pest control agent in a freshwater environment are required by 40
CPR § 158.165 to support the registration of each end=-use product
intended for outdoor application on land and each manufacturing-use
product that legally may be used to formulate such an end-use
product when toxic or pathogenic effects are observed in any of
the following Tier I tests:

(1) Preshwater fish toxicity and pathogenicity testing (§ 154-19);

(ii) Preshwater aquatic invertebrate toxicity and pathogenicity
test (§ 154-20); or

(i1i) Plant studies -~ aquatic (§ 154-22).

(2) Data on the expression of a microbial pest control agent
in a freshwater environment are required by 40 CFR § 158.165 to
support the registration of each end-use product intended for
outdoor application on fresh water and sach manufacturing—use
product that legally may be used to formulate such an end-use
product vhen toxic or pathogenic effects are observed in any of
the following Tier I tests:

(L) Avian single dose oral toxicity and pathogenicity test (§
154-16);

(1i) Avian injection pathogenicity test (§ 154~17);

(i1i) Wild mammal toxicity and pathogenicity testing (§ 154-
18);

{iv) TFreshwater fish toxicity and pathogenicity testing
(§ 154-19);

{v) PFreshwater aguatic invertebrate toxicity and pathogenicity
test (§ 154-20); or

(vi) Plant studies - aquatic (§ 154-22).

(3) See 40 CFR § 158.50 and § 158.165 to determine whether
chese data must be submitted; Section II-B of this subdivision
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contains an additional discussion of the formulators' exemption
and whe as -4 general rule, is responsible for submission of the
required data.

{b) Test standards. (1) Method. (i) Tests shall be con-
ducted in a simulated aquatic environment (e.g., aguarium with
bottor sediment) t¢ determine wvhether the microbial agent is able
to survive, persist, and replicate in a freshwvater environment
consisting of fresh water and bottom sediment representative of
the proposed use sits. The f0llowing parameters should be varied
to dstermine their effect on the survival and growth of the microbisl

agent population:

(A) Temperature;
(B) pH;

(C) Nutrients:

(D) Sunlight;

(E) Oxygea content;
(F} Bardness: and
{G) Turbulence.

tii} The values selected for each parameter listed in paragraph
(B)(1)(A) through (G) of this section should be selected to approximate
the conditions expected at the intended use site.

{{ii) Specialized laboratory studies designed to determine the
aicrobial agent's growth requiremenss (e.g., temperature, pH, sunlight,
oxygen) may supplement the study described in paragraph (b){(1}(i) of
this section. Specialized lab studies may demonstrate that the
microbial agent will be unable to survive and persist in a freshwater
environment. In such instances, the Agency will consider studies on
an individual bagis to meet the intent of testing in § 155=19 in
lieu of the study described in paragraph (b)(1)(i) of this section.

(2) Test substance. A typical end-use product or the technical
grade of the active ingredient shall be tested.

{3) Test duration. Dats to establish a population decline
curve should be collected at intervals until two halfe=life determi-
nations have besn made or until data establigh that the microbial
agent population is able to maintain itself in a freshwater environ-
ment At or above the level present immediately after test initiation.

(c) Reporting and evaluation of data. The reporting and

evaluation provisions are the same as those set forth in § 155-17.
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(d) Tier progression. If results of this study and use pat-
terns information indicate that the microbial agent is likely to
enter and is able tc persist in a freshwater environment such that
the susceptible nontarget organismi{s)} tested in Tier I ara likely
to be exposed, then the appropriate testing in Tier III (§§ 154-25
through =31) is required as specified in 40 CFR § 158.16S.

{e) Raferences. The following references contain useful
information for developing acceptable protocols.

(1) Anonymous. 1975. Impact of the use of microorganisms on
the aquatic environment. EPA publication 660~3=75+001. Technical
Publications Office, Environmental Protection Agency, National
Environmental Res. Canter, Corvallis, Oregon. 97330,

{2) Anthony, D.W., K.E. Savage, E.1. Bazard, S.W. Avery, M.D.
Boston, and §.W. Oldacre. 1978. PField tests with Noseza algerae
Vavra and Undeen (Microsporida, Nosematidae) against Anopheles
albinamis Wiedemann in Panama. Misc. Publ. Entomol. Soc. Amer.
11:17=28.

(3) Brand, R.J., D.E. Pinnock, K.L. Jackson, and J.E. Milstead.
1975. Methods for assessing field persistence of Bacillus thurin-
qiensis spores. J. Invert. Path. 25:1995-208.

(4) Hostetter, D.L., C.M. Ignoffo, and W.H. Kearby. 1975.
Persistence of formulations of Bacillus thuringiensis spores and
Crystals on sastern red cedar foliage in Missouri. J. Kansas
Entomol., Soc. 48(2):189=-193.

(5) Ig‘lotfo: C.N., D.L. Hostetter, and R.E. Pinnell. 1974.
Stability of Bacillus thuringiensis and Baculovirus heliothis on
soybean foliage. Environ. Entomol. 3(1):1117=119,

(€) Kaya, 8.K. 1975. Persistence of spores of Pleistophora
schuber (Onidospora: Microsporida) in the field and their application
in microbial control. J. Invert. Path., 26:329-332.

S —————

{7) Pinnock' Doto, ReJe Brand, and J.E. Milstead. 1971. The
field persistence of Bacillus thuringiensis spores. J. Invert. Path.
18:408~=411,

(8) Young, S.¥. 1975. Pre- and post-treatment assessment of
virus levels. Selected papers from EPA=USDA Workipng Symposium. M.
Summers, R. Engler, L. Falcon, and P. Vail, eds. American Society
for Microbiclogy.
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§ 155-20 Tests to determine expression in & marine or estuarine
environment.

(a) When required. (1) Data on the expression of a microbial
pest control agent in a marine or estuarine environment are required
by 40 CPR § 158.165 to support the registration of each end-uge pro-
duct intended for ocutdoor application on land or in fresh water
and each manufacturing-use product that legally may be used to
formulate such an end-use product when toxic or pathogenic effects
are observed in any of the following Tier I tests:

(L) Estuarine and marine animal toxicity and pathogenicity test
(§ 154=21); ox

(1i) Plant studies - estuarine or marine (§ 154-22).

(2) Data on the expression of a microbial pest control agent
in a marine or estuarine environment are required by 40 CFR 158,165
to support the ragistration of each end-uss product intended for
ocutdoor application in marine or estuarine environmants and each
aanufacturing-use product that legally may be used to formulate
such an end-use product when toxic or pathogenic effects are observed
in any of the following Tier I tests:

(1)  Avian single dose oral toxicity and pathogenicity test (§
154=16);

{i1) Avian injection pathogenicity test (§ 159=17);

{(iii) Estuarine and marine animal toxicity and pathogenicity
test (§ 154=21); or

(iv) Plant studies - estuarine or marine (§ 154-22).

{3) See 40 CFR § 158.50 and § 158.165 to determine whether these
data must be submitted; Section II-B of this subdivision contains
an additional discusaion of the formulators' exemption and who as a
general rule, is responsible for submission of the required data.

{b) Test standards. (1) Method. (i) Tests shall be conducted
in a similated marine or estuarine environment (e.g., aquarium with
bottom sediment) to determine whether the microbial agent is able to
survive, persist, and/or replicate in a marine or estuarine environment
consisting of seawater or brackish water and bottom sediment repre-
sentative of the proposed use site. The following parameters should
be varied to determine their effect on the survival and growth of
the microbial agent population:

(A) Temperature;

(8) pH;
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(C) Nutrients:
(D) Salinity;
(E) Sunlight;
() Oxygen content; and
(G) Turbulence.

(11) The values selacted for each parameter listed in paragraph
(B)(1)(A) through (G) of this section should be selected to approximate
the conditions expected at tha intended use site.

(Li1) Specialized laboratory studies designed to determine the
microbial agent's growth requirements (e.g., temperaturs, pH, sunlight,
oxygen) may supplement the study described in paragraph (b)(1)(i) of
this section. A specialized lab study(ies) may demonstrate that the
microbial agent will be unable to survive and persist in a marine or
estuarine environment. In such instances, the Agency will consider
this study(ies) on an individual basis to fulfill the intent of the
testing in § 155-20 {in lieu of the study described in paragraph
(b)(1)(1) of this section.

{2) Test substance. A typical end-use product or the technical
grade of the active ingredient shall be tested.

(3) Test duration. Data to establish a population decline
curve should be collected at intervals until two half-life determi-~
nations have been made or until data establish that the microbial
agent population is able to maintain itself in a marine or estuarine
environment at or above the level present immediately after test
initiation.

(¢) Reporting and evaluation of data. The reporting and
evaluation provisions are the same as those set forth in § 155~17,
In addition, the following information should be reported:

(1) Aay changes in morphology of the microorganism in response
to changes in salinity,

(d) ZTier progression. If results of this study and use pattern
information indicate that the microbial agent is likely to enter and
is able to persist in a marine or estuarine eavironmemg-:such that the
susceptible nontarget organism(s) tested in Tier I are likely to be
exposed, then the appropriate testing in Tier IIX (§§ 154-25 through
=31) is required as specified by 40 CFR § 158.165.

(e) References. Refer to § 154=19(e).

§§ 155-21, =22, and =23 (Reserved)
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Series 156: PRODUCT PERFORMANCE GUIDELINES FOR BIORATIONAL PESTICIDES

§ 156=1 General provisions.

(a} Waiver of data requirements: background and policy. The
recent amendmant to sec. 3(¢c)(S) of FIFRA provides that the Admini-
strator . may vaive data requiressents pertaining to efficacy. This
amnendment states:

In considering an application for the registration of a
pesticide, the Administrator say waive data requireaents
pertaining to efficacy, in which event the Adminigtrator
may register the pesticide without determining that the
pesticide composition is such as to warrant proposed
claimg of efficacy.

The Agency, in testimony bafore Congress, stated that it is most
concerned about ensuring a product's effectiveness when a lack of
efficacy could result in adverse human health effects. In keeping
with this concern, the Administrator has deamed that all applications
for products not having a direct impact on public health may have
their efficacy requiraments waived. The Agency is limiting its direct
concern to, and requiring efficacy data for, products having health
related use patterns and products proposing new and added uses of
chemicals which have been identified as posging a risk of unreasonable
adverse effects.

(1) Efficacy data will generally only be required by 40 CFR
§ 158.165 for products of the following types:

(i) Uses of agents intended to control microorganisms infectious
tc man in any area (inanimate surface) vhere these microorganisms
may present a health hazard; and

(1i) Uses of agents intended for control of fungal organisms
that produce aflatoxins.

{(2) Data on phytotoxicity to the target site, i.e., crops or
other desirable plants, are considered part of an efficacy evaluation
and are thus waived. (On the other hand, data on phytotoxicity to
crops or other plants that are non~tarqet sites are considered to
be data for hazard evaluation and must be subaitted on a case~by-
case basis as prescribed in §§ 154-10 and -14. Data on the effects
of microbial pest control agents on nontarget plants must be sub-
mitted for all such products as described in §§ 154-22 and =31
with cross reference to Subdivision J.)
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§ 156-2 Specific provisions.

(2) The following provisions apply to all biorational pesti-
cides regardless of wvhether product performance data are or are
not waived in accordance with § 156=1(a):

{1) The available information on host spectrum shall be re-
ported;

{2) The time required to achieve the desired leval of pest
control or other product performance standard shall be reported;
and

{3) The minimum effective dosage (MED) necessary to achieve the
desired level of pest control or other product performance standard
shall be reported. The registrant is referred to Subdivision G,
Product Performance, for specific quidance and information on data
and reporting requirements.
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Series 157: EXPERIMENTAL USE PERMIT GUIDELINES FOR BIORATIONAL
PESTICIDES

§ 157-1 Scope and intent.

This section series deals with the data necessary to support
the application for an experimental use permit for a biorational
pesticide. These guidelines are based on FIFRA secs. S5 and 40 CFR
Part 172, and they closely match the gquidelines in Subdivision I
in many respects. For further information on scope and intent,
refer to § 110-1 of Subdivision I.

§ 157=2 [Reserved)

§ 157=3 General Provisions.

In developing plans and information for an experimental use permit
application, the applicant should carefully review section series 110 and
111 of Subdivision I. With the exception of several cross references to
specific data in other gubdivisions of the guidelines, the provisions

of those sections of Subdivision I apply to biorational pesticides
as well as to conventional pesticides.

§ 157~4 Specific data requirements.
(a) General. (1) The following types of data are required
by 40 CFR § 158.165 to support an application for an experimental
use permit for a biorational pesticide:
(1) Product analysis: refer to paragraph (b) of this section;
(i) Residues; refer to paragraph (c) of this section;
(1i1) Toxicology:; refer to paragraph (d) of this section;
(iv) UWontarget organisms; refer to paragraph {(e) of this section:
(v) Environmental fate; refar to paragraph (f) of this section; and

{(vi) Product performance: refer to paragraph (g} of this section.

(2) General policies related to data necessary to support an
experimental use permit are delineated in Subdivision I, § 112-1.
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{d) Product analysis data. To support an application for an
experimental use permit, the data outlined in §§ 151-10 through
=18 apply to biochemical pest control agents and §§ 151-20 through
=26 apply to microbial pest control agents.

(e) Residue data. PFor biochemical pest control agents, re-
sidue data are required by 40 CFR § 158.165 to support an application
for an experimental use permit when the product will be used on
food or feed crops Or when its use is expected to result in residues
in or on food or feed and for either of the following situations:

(1) The rate of biochemical pest control agent application
exceeds S0 grams active ingredient per acre per application; or

{2) Tier I toxicology studies conducted under paragraph (d)
of this section or under section series 153 of this subdivision
indicates a potential for human hazard. Residue data requirements
will be determined on an individual basis for biochemicals applied
directly to food or feed, and for biochemicals wvhose application
rats can not be expressed in ocunces per acre per application. 1In
these situations, the data necessary to obtain a temporary tolerance
(see Subdivision 0, Chemigtry Requirements: Residue Chemxistry) are
required. PFor microbial pest control agents used on food or feed
crop or whose use is expected to result in residues in or on food
or fesd, no data are required unless Tier I toxicology studies
conducted undar section series 153 of this subdivision indicates a
potential for human hazard. Residue data developed in accordance
with Subdivision O would then be required to obtain & temporary
tolerance.

(4) Toxicology data. The following data are required by 40
CFR § 158.165 to support an application for an experimental use
permit:

(1) Biochemical pest control agents not used on food crops:

(1)  Acute oral toxicity (§ 152-10);

(41) Acute dermal toxicity (§ 152=11);

(1ii) Primary eye irritation (§ 152-13),

(iv) Primary dermal irritation (§ 152-14); and

{v) Studies to detect gene mutation (§ 152-17).

(2) Biochemical pest control agents used on food crops:

(1) All studies listed in paragraph (d)(1) of this section; and

(4i) Cellular immune response studies (§ 152-18).
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¢37 nicvabial pest Tontrol ajenu:s nit ased oa £0od crois:

L) Anute dermal infesztavier {§ 182-31);

{iii) Inctravenous, intracerebral, intraperitonneal infectivity
1§ 152=33);

{(iv} Primary dermal irritation (§ 152-34); and

(7) Primagy eve irritation (§ 152-135),

{(4) Microbial pest control agants usad on food crops:

{i) All studies listed in paragraph {(d)(3) of this section;

{ii) Cellular immune response (§ 152-37); and

{iii) Tissue culture with viral agents (§ 152-39).

le) Nontarget organism data. To support an application fer

an experimental use permit, nontarget organism data develcped in
Tier I stulies of biochemical a2nd microbial pest control ayents
as Jda2scribed i1n section series 154 are reguirel as sp2cified in
s 158.165.
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Environmental fate and expression data. To suphor:t an
£29r an 2xperirencal ia:a from environ:nant:zl

EJ;-653L01 studies according tu section series 138 ara

43 2 J 132.155 fcr thosz diochemi-cal and microbial
ents whose Tier I nontargat oroanism %est rasults

eries 154) indicate :hat Tier II studies for envirsn-
axpression giould be csnducted. For those pest
whose Tier I rontarget organism test results ind.i-

I stu dxes are necessary, no enviromental fate and

e reqguired for the application of & permic., In
instances where field data from Tier II studies are reguired

c«izn series 155 for a permit, any comparable or limited
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oerfcrnance data.

{1} _General. 1Ia general, efficacy data will not be regquired
oy <22 CT= § 152.163 to suprort tre issuance of an experimenctal use pernlit,

(2)

rezuiresl,

Efficacy cata may be
wse Ca ..E":)'

Zxceptions. (i) Initial permits.
97 & case-by-case, for the following

2£
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{8) Use of cancelleld or suspended pesticides.

{ii) Extensions, renewals, and amendments. Sumnaries of produze

serformance Jaza collected under an experimental use permit may be
requested on a case-by-case basis by the Agency for purposes cf
making:

{R) Determinations as %o the need for add.:tional guantities of
sroduct requested by the applicant;

(B) Evaluations of reguests for permit extensicns; and
{C) Assessments of reguests for permit renewals.

Series 158: LABEL DEVELOPMENT

£ 158=1 2roduct label reguirements.

ional nesticides ar: cenerally suksest to 2l aprlicable
ovisions described in Suddivision 4 - Labeling Recguire-
T esticides and Devices. Bicchemiczl egents arza viewsd
ssentlally the same as conventional chemical pesticides wizi
raspect to label regquirements, tut labeling for microbial agents
iifer principally with respect o the ingrelisnt statamenz. Some
iastruction regarlding iagredient statements for microzial ag
zan be derived from §§ 1531-20 through =25 (Product Analvsisz) af
5 subiivisisn. Also, see § 155-1(b)(8) regariing labei =la '

ilrectisns, precautions, and restrictions in relation T3 uase natter:
infcrmatinon for ciorztional zesticides.
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