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I. How to Register Under a Registration Standard
A. Organization of the Standard

The first part of this document explains the purpose of a Registration Standard
and summarizes the legal principles involved in registering or reregistering
under a Standard. The second part presents the Agency's regulatory position
and rationale. The third part sets forth the requirements, in tabular form,
that must be met to cbtain or retain registration for products covered by this
particular Registration Standard. In the remaining parts, the Agency reviews
the available data by scientific discipline, discusses the Agency's concerns
with the identified potential hazards, amd logically develops the conditions
and requirements that would reduce those hazards to acceptable levels.

B. Purpose of the Standard

Section 3 of the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
provides that "no person in any State may distribute, sell, offer for sale,
hold for sale, ship, deliver for shipment, or receive and (having so received)
deliver or offer to deliver to any person any pesticide which is not registered
with the Administrator [of EPA]." To approve the registration of a pesticide,
the Administrator must find, pursuant to Section 3(c)(5) that:

(A) its composition is such as to warrant the proposed claims for
it;

(B) its labeling and other material required to be submitted
canply with the requirements of this Act;

(C) it will perform its intended function without unreasonable
adverse effects an the enviromment; and

(D) when used in accordance with widespread and commonly
recognized practice it will not generally cause unreasonable
adverse effects on the environment.

In making these findings, the Agency reviews a wide range of data which
registrants are required to submit, and assesses the risks associated with the
use of the proposed pesticide. However, the established approach to making
these findings has been found to be defective on two counts.

First, the Envirommental Protection Agency (EPA) and its precdecessor agency,
the United States Department of Agriculture (USDA), routinely reviewed
registration applications on a "product-by-product" basis, evaluating cach
product-specific application somewhat independently. In the review of products
ocontaining similar components, there was little opportunity for a retrospective
review of the full range of pertinent data available in Agency files and in the
public literature. Thus the "product-by-product®™ approach was often
inefficient and sometimes resulted in inconsistent or incaaplete regulatory
judgments.

Second, over the years, as a result of inevitable and continuing advances in
scientific knowledge, methodology, and policy, the data base for many pesti-
cides came to be considered inadequate by current scientific and regulatory
standards. Given the long history of pesticide regulation in several agencies,
it is even possible that materials may have been lost from the data files.
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When EPA issued new requirements for registration in 1975 (40 CFR 162) ami
proposed new guidelines for hazard testing in 1978 (43 FR 29686, July 10, 1978
and 43 FR 37336, August 22, 1978) and in 1980 (45 FR 72948, tlovember 3, 1980),
many products that had already been registered for years were being sold and
used without the same assurances of human and envirommental safety as was being
required for new products. Because of this inconsistency, Congress directed
EPA to reregister all previously registered products, so as to bring their
registrations and their data bases into compliance with current requirements
[see FIFRA Section 3(g)l.

Facing the enormous job of re-reviewing and calling-in new data for the
approximately 35,000 current registrations, and realizing the inefficiencies of
the "product-by-product™ approach, the Mgency decided that a new, more
effective method of review was needed.

A new review procedure has been developed. Under it, EPA publishes documents
called Registration Standards, each of which discusses a particular pesticide
active ingredient. Bach Registration Standard summarizes all the data
available to the Agency on a particular active ingredient and its current uses,
and sets forth the Agency's comprehensive position on the conditions and
requirements for registration of all existing and future products which contain
that active ingredient. These conditions and requirements, all of which must
be met to obtain or retain full registration or reregistration under Section
3(c)(5) of FIFRA, include the submission of needed scientific data which the
Agency does not now have; campliance with standards of toxicity, composition,
labeling, and packaging; and satisfaction of the compensation provisions of
FIFRA Section 3(c){l)(D).

The Standard will also serve as a tool for product classification. As part of
the registration of a pesticide product, EPA may classify each product for
"general use" or "restricted use®™ [FIFRA Section 3(d)]. A pesticide is
classified for "restricted use"™ when same special regulatory restriction is
needed to ensure against unreasonable adverse effects to man or the
erwironment. Many such risks of unreasonable adverse effects can be lessened
if expressly designed label precautions are strictly followed. Thus, the
special regulatory restriction for a "restricted use® pesticide is usually a
requirement that it be applied only by, or under the supervision of, an
applicator who has been certified by the State or Federal goverrment as being
competent to use pesticides safely, responsibly, and in accordance with label
directions. A restricted use pesticide can have other regulatory restrictions
{40 CFR 162.11(c)(5)] instead of, or in addition to, the certified applicator
requirement. These other regulatory restrictions may include such actions as
seasonal or regional limitations on use, or a requirement for the monitoring of
residue levels after use. A pesticide classified for "general use", or not
classified at all, is available for use by any individual who is in compliance
with State and local regulations. The Registration Standard review campares
information about potential adverse effects of specific uses of the pesticide
with risk criteria listed in 40 CFR 162.11(c), and thereby determines whether a
product needs to be classified for "restricted use." If the Standard does
classify a pesticide for "restricted use,"” this determination is stated in Part
II of this Standard.



C. Requirement to Reregister Under the Standard

FIFRA Section 3(g), as amended in 1978, directs EPA to reregister all currently
registered products as expeditiously as possible. Congress also agreed that
reregistration should be accomplished by the use of Registration Standards.

Each registrant of a currently registered product to which this Standard
applies, and who wishes to continue to sell or distribute such product in
commerce, must apply for reregistration. This application must contain
proposed labeling that complies with this Standard.

EPA will issue a notice of intent to cancel the registration of any currently
registered product to which this Standard applies, if the registrant fails to
camply with the procedures for reregistration set forth in the Guidance Package
which accompanies this Standard.

D. "Product-Specific" Data and "Generic" Data

In the course of developing this Standard, EPA has determined the types of data
nceded for evaluation of the properties and effects of products to which the
Standard applies, in the disciplinary areas of Product Chemistry, Environmental
Fate, Toxicology, Ecological Effects and Residue Chemistry. These determina-
tions are based primarily on the data Guidelines proposed in 1978 (43 FR 29686,
July 10, 1978, and 43 FR 37336, August 22, 1978), and in 1980 (45 FR 72948,
November 3, 1980), as applied to the use patterns of the products to which this
Standard applies. Where it appeared that data fram a normally applicable
Guidelines requirement were actually unnecessary to evaluate these products,
the Standard indicates that the requirement has been waived. On the other
hand, in some cases studies not required by the Guidelines may be needed
because of the particular camposition or use pattem of products the Standard
covers; if so, the Standard explains the Agency's reasoning. Data guidelines
have not yet been proposed for the Residue Chemistry discipline, but the
requirements for such data have been in effect for some time and are, the
Agency believes, relatively familiar to registrants. Data which the Agency has
found are needed to evaluate the registrability of some products covered by the
Standard may not be needed for the evaulation of other products, depending upon
the composition, formulation type, and intended use of the product in

question. The Standard states which data requirements apply to which product
use categories (see Part III).

The various kinds of data normally required for registration of a pesticide
product can be divided into two basic groups:

1) data that are "product-specific,"” i.e., data that relate only to the
properties or effects of a product with a particular composition (or a
group of products with closely similar oomposition); and

2) "generic" data that pertain to the properties or effects of a particular
ingredient, and thus are relevant to an evaluation of the risks of all
praducts containing that ingredient (or all such products having a certain
use pattern), regardless of any such product's unique ocomposition or use.

The Agerncy requires certain "product-specific" data for each product to
characterize the product's particular composition and physical/chemical
properties (Product Chemistry), amd to characterize the product's acute
toxicity (which is a function of its total composition). The applicant for
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registration or reregistration of any product, whether it is a manufacturing-
use or end-use product, and without regard to its intended use pattern, must
submit or cite enough of this kind of data to allow EPA to evaluate the
product. For such purposes, "product-specific" data on any product other than
the applicant's are- irrelevant, unless the other product is similar in
composition to the applicant's. (Where it has been found practical to group
similar products for purposes of evaluating, the Standard indicates guideline
requirements that support similar products.) "Product-specific® data on the
efficacy of particular end-use products are also required where the formulation
may affect public health or where failure of efficacy could cause public health
problems (see 44 FR 27932, May 11, 1979).

All other data needed to evaluate pesticide products concern the properties or

effects of a particular ingredient (normally a pesticidally active ingredient,

but in some cases a pesticidally inactive or "inert" ingredient). Some data

in this "generic" category are required to evaluate the properties ard effects

of all products containing that ingredient, e.g., the acute LD, of the

active ingredient in the technical or purest grade (see proposéd 40 CFR 163.8l1-
1(a), 43 FR 37355).

Other "generic™ data are required to evaluate all products which both contain a
particular ingredient and are intended for certain uses (see proposed 40 CFR
163.82-1, 43 FR 37363, which requires subchronic oral testing of the active
ingredient with respect to certain use patterns only). Where a particular data
requirement is use pattern dependent, it will apply to each end-use product
which is to be labeled for that use pattern (except where such end-use product
is formulated from a registered manufacturing-use product permitting such
formulations) amd to each manufacturing-use product with labeling that allows
it to be used to make end-use products with that use pattern. Thus, for
example, a subchronic oral dosing study is needed to evaluate the safety of any
manufacturing-use product that legally would be used to make an end-use, food
crop pesticide. However, if an end-use product's label specified that it was
for use only in ways that did not involve a food/feed exposure or repeated
human exposure via the oral route, then the subchronic oral study would not be
relevant to the evaluation of the manufacturing-use product.

If a registrant of a currently registered end-use product wishes to avoid the
costs of data compensation under FIFRA Section 3(c)(1)(D) or data generation
under Section 3(c)(2)(B) for "generic" data that are required only with respect
to some use patterns, he may elect to delete those use patterns from his
labeling at the time he reregisters his products. An applicant for
registration of a new product under this Standard may similarly request
approval for only certain use patterns.

E. Data Compensation Requirements Under FIFRA 3(c)(l)(D)

Under FIFRA Section 3(c)(l)(D), an applicant for registration, reregistration
or amended registration must offer to pay compensation for certain existing
data the Agency has used in developing the Registration Standard. Campensation
must be offered for all data which are described by all the following criteria:

1) the data were first submitted to EPA or to its predecessor agency, USDA, or
FDA on or after January 1, 1970;



2) the data were submitted to EPA (or USDA or FDA} by same other applicant or
registrant in support of an application for an experimental use permit or a
tolerance, an amendment adding a new use to a registration, or for reregistra-
tion, or to support or mair -1 in effect an existing registration;

3) the data are relevant to the Agency's decision to register or reregister
the applicant's product under the Registration Standard, taking into account
the applicant's praduct caomposition amd intended use pattern(s):;

4) the data are determined by EPA to be valid and usable in reaching
regulatory conclusions; and

5) the data are not those for which the applicant has been exempted by FIFRA
Section 3{a)(2}(D) fram the study to offer to pay campensation. (This
exemption applies to the "generic" product, not to "product-specific® data.
The exemption is available only to an applicant whose end-use product is
formulated from another registered manufacturing-use product containing that
active ingredient.)

An applicant for reregistration of an already registered product under this
Standard, or for registration of a new product under this Standard, accordingly
must determine which of the data used by EPA in developing the Standard nust be
the subject of an offer to pay campensation, and must submit with his
application the appropriate statements evidencing his ocompliance with FIFRA
Section 3(c)(1){(D). An applicant would never be required to offer to pay for
“product-specific* data submitted by another firm. In many, if not in most
cases, data which are specific to another firm's product will not suffice to
allow EPA to evaluate the applicant's product; that is, will not be useful to
the Agercy in determining whether the applicant's prcduct is registrable.

There may be cases, however, where, because of close similarities between the
camposition of two or more products, another firm's data may suffice to allow
EPA to evaluate some or all of the "product-specific™ aspects of the
applicant's product. In such a case, the applicant may choose to cite that
data instead of submitting data from tests on his own product, and if he
chooses that option, he would have to comply with the offer-to-pay reguirements
of Section 3(c}(1)(D) for that data.

Each applicant for registration or reregistration of a manufacturing-use
product, and each applicant for registration or reregistration of an end-use
product, who is not exempted by FIFRA Section 3(c){2)(D), must comply with the
Section 3(c)(1)(D) requirements. This is with respect to each item of
"generic" data that relates to his product's intended uses.

A detailed description of the procedures an applicant must follow in applying
for reregistration (or new registration) under this Standard is found in the
Guidance Package for this Standard.

F. Obtaining Data to Fill Data Gaps; FIFRA 3(c)(2)(B)

Sane of the kinds of data EPA needs for its evaluation of the properties and
effects of products to which this Standard applies have not been submitted to
the Agency (or, if submitted, have been fourd to have deficiencies rendering
them inadequate for making registration oriented decisions) and have not been
located in the published literature search that EPA conducted in preparation of
this Standard. Such instances of missing but required data are referred to in
this Standard as "data gaps."



FIFRA Section 3{(c)(2)(B), added to FIFRA by the Congress in 1978, authorizes
EPA to requlre registrants to whom a data requirement applies, to generate (or
otherwise produce) data to fill such "gaps" and submit those data to EPA. EPA
must allow a reasonably sufficient period for this to be accasplished. If a
registrant fails to take appropriate ard timely steps to fill the data gaps
identified by a Section 3(c)(2)(B) order, his product registration may be
suspended until the data are submitted, A mechanism is provided whereby two oOr
more registrants may agree to share in the oosts of producing data for which
they are both responsible.

The Standard lists, in Part III, the "generic" data gaps and “product-specific”
data gaps for end-use products. It also notes the classes of products to vinich
these data gaps pertain. The Standard also points out that to be registered
under the Standard, a praduct must be supported by certain required "product-
specific" data on one currently registered product, but may lack such data on
another. Only those Standards which apply to a very small number of currently
registered products will attempt to state definitively the “"product-specific®
data gaps on a "product-by-product® basis. (The Standard will, in same cases,
note which data EPA possesses that would suffice to satisfy certain "product-
specific® data requirements for a category of products with similar camposition
characteristics.)

As part of the process of reregistering currently registered products, EPA will
issue FIFRA Section 3(c)(2)(B) directives requiring the registrants to take
appropriate steps to fill all identified data gaps, whether "product-specific"
or "generic" data gaps. The Guidance Package for this Standard details the
steps that must be taken by registrants to comply with Section 3(c}(2)(B).

In addition, FIFRA Section 6(a)(2) requires the registrant to submit factual
information raising concerns of possible unreasonable adverse effects of a
pesticide. The registrant should notify the Agency of interim results of
studies in progress, if those results show possible adverse effects.

G. Amendments to the Standard

Applications for registration which propose uses or formulations that are not
presently covered by the Standard, or which present product campositions,
hazard data, toxicity levels, or labeling that do not meet the requirements of
the Standard, will autamatically be considered by the Agency to be requests for
amendments to the Standard. In response to such applications, the Agency may
request additional data to support the proposed amendment to the Standard, or
may deny the application for registration on the grounds that the proposed
praduct would cause unreasonable adverse effects to the enviromment. In the
former case, when additional data have been satisfactorily supplied, and
providing that the data do not indicate the potential for unreasonable adverse
effects, the Agency will then amend the Standard to cover the new registration.

Each Registration Standard is based upon all data ard information available to
the Agency's reviewers on a particular date prior to the publication date.
This "cut-off" date is stated at the beginning of the Part II.C. Any
subsequent data submissions and any approved amendments will be incorpovated
into the Registration Standard by means of addenda, which are available for
inspection at EPA in Washington, D.C., or copies may be requested from the
Agency. When all of the present "data gaps" have been filled and the sulmitted
data have been reviewed, the Agency will revise the Registration Standard.
Thereafter, vhen the Agency determines that the internally maintained addenda
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have significantly altered the conditions for registration under the Standard,
the document will be updated and reissued for publication.

while Registration Standard discusses only the uses and hazards of products
ocontaining the designated active ingredient(s), the Agency is alsoc concerned
with the potential hazards of same inert ingredients and impurities.
Independent of the development of any one Standard, the Agency has initiated
the evaluation of same inert pesticide ingredients. Where the Agency has
identified inert ingredients of concern in a specific prodict to which the
Standand applies, these ingredients will be indicated in the Guidance Package.



II. Regulatory Position
A. Introduction

i This Part presents the Agency's regulatory position and rationale based on an

evaluation of all registered products containing magnesium phosphide as the
sole active ingredient with the same use patterns described in this Standard.
After briefly describing the chemical, this Part presents the regulatory
position and rationale, the criteria by which applications for registration of
magnesium phosphide products will be approved, additional labeling considera-
tions and requirements related to the tolerance reassessment, if applicable. A
summary of the data requirements is contained in Part III. Discussion of the
data upon which this regulatory position is based is presented in each of the
disciplinary chapters, Parts IV through VIII.

B. Description of Chemical

Magnesium phosphide is a restricted use, nondomestic fumigant, for use only by
certified applicators for the control of insects in raw agricultural
commodities, processed foods and animal feeds, and other nonfood/nonfeed
commodities (including tobacco). Magnesium phosphide is also registered for
the oontrol of burrowing rodents in noncrop areas. Although magnesium
phosphide is the registered active ingredient for this pesticide, phosphine
gas, which is liberated in the presence of moisture, actually performs the
fumigant action for this pesticide. The American Chemical Society's Chemical
Abstracts Service (CAS) number for magnesium phosphide is 12057-74-8 and the
EPA Shaughnessy number is 066504. Currently, there are no technical or
manufacturing-use products registered with the Agency. Magnesium phosphide end-
use praducts are produced in an intergrated-formulation system. That is, the
technical material is formulated directly into an end-use product.

C. Regulatory Position

Magnesium phosphide, as decribed in this Standard, may be registered for sale,
distribution, and use in the United States. The Agency has considered the
limited amount of scientific data concerning magnesium phosphide and phosphine
obtained fram the open literature as of October, 1981, and the data submitted
to the Agency by the registrants through the time of publication of this
Standard (February, 1982). Based on review of these limited data, the Agency
finds that none of the risk criteria found in Section 162.11(a) of Title 40 of
the U.S. Code of Federal Regulations (CFR) were met or exceeded for magnesium
phosphide and that it does not appear to cause unreasonable adverse effects
when applied in accordance with proper label directions and precautions.
Magnesium phosphide products currently registered may be reregistered subject
to the conditions imposed for data requirements. New products may be
registered under this Standard and are subject to the same requirements.
Revised label requirements will be addressed in the Guidance Package which
accompanies this Standard and any special label requirements for this pesticide
will also be discribed in Part II.E of this Standard (see 40 CFR 162.10 for a
detailed description of standard labeling requirements).



D. Requlatory Rationale

A review of the available data regarding the end-usc products of mAagnesium
phosphide and its principle active agent, phosphine, shows that much informa-
tion that oould be used to support registration and reregistration is not
available. The Agency has the prerogative not only to request information to
satisfy the data Guidelines proposed in 1978 and 1980, but may also require
additional testing. These additional tests may be requested by the Agency if
it believes that particular concerns regarding the health or environmental
effects of a pesticide must be evaluated. In same cases, this additional
testing may be deferred pending the Agency's review of specific test protocols
developed by the registrant or the completion of other related tests the Agency
requires for registration of a product (e.g., tiered testing).

It is the policy of the Agency not to autamatically request guideline informa-
tion just because a particular guideline exists. Each element of the guideline
is considered individually with regard to the pesticide's uses, exposure and
risk. If the Agency oconcludes that specific elements of the data guidelines
are required to prepare a comprehensive Registration Standard, the data will be

requested.

The Agency has ooncluded that it should continue registration for this product
for the following reasons:

1) Because phosphine gas has a high acute inhalation toxicity, the insecticide
uses of magnesium phosphide arc restricted to certified applicators who are
required to wear protective clothing and a respirator during the application
process. Certified applicators are also required to wear protective clothing
(e.g., gloves) when applying magnesium phosphide as a rodenticide. Conse-
quently, the Agency does not believe the use of this pesticide presents any
unreasonable acute risk when used in accordance with label instructions.

2) No significant chronic adverse effects have been uncovered in the review of
studies pertinent to magnesium phosphide or phosphine. These studies include
sare which, while failing to meet guideline requirements, provide a level of
qualitative information. As a result of examining these studies, the Agency
has concluded that there is no immediate cause for regulatory concern regarding
the chronic effects of magnesium phosphide or phosphine gas.

3) In accordance with FIFRA, the Agency does not routinely cancel the regis-
tration of products or withhold registration merely for the lack of data (see
Sections 3(c)(2)(B) and 3(c)(7) of FIFRA). Rather, the publication of this
Standard provides a mechanism for identifying data needs, and registration of
magnesium phosphide under this Standard allows for the improvement of labels
during the period in which the required data are being generated. When these
data are received, they will be reviewed by the Agency and the vregisterability
of the chemical will be reassessed.

4) 1If the label instructions are followed, applicators should not be exposed
to measurable levels of the pesticide during the fumigation of commodities.
However, reentry data are being required to evaluate more precisely the

air concentrations of phosphine in fumigation facilities, if any, following the
fumigation process.

5) The Agency has required label revisions for the rodenticide fumigant
products which will eliminate potential hazards to nontarget organisms.
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Because of the unique properties of this pesticide ard the restrictions on its
use, the Agency is waiving or reserving some data requirements for magnesium
phosphide or phosphine for the following reasons:

1) The label requires the application site to be airtight and capable of
containing the liberated phosphine gas. Consequently, there should bhe no
exposure to the applicator or others who live or work in the immediate fumiga-
tion area. When aerating the application site after fumigation, the label also
requires the applicator to wear protective equipment (e.g., respirator) when
testing the site to certify that phosphine gas has been reduced to levels safe
for reentry. The current reentry level, 0.3 ppm, is based on acute and
subchronic inhalation studies for phosphine gas established through the
Occupational Safety and Health Administration's (OSHA)} Permissible Exposure
Level (PEL). It is possible that this level may not protect the applicator
fram other chronic adverse effects. However, the post-fumigation atmosphere
theoretically should decrease to same concentration approaching zero as the
site is further aerated. Thus, the Agency will hold in abeyance further
testing for teratology, mutagenicity, and subchronic inhalation until the
Agency receives and reviews the requested environmental reentry data to
determine the exposure, if any, to the applicator. If there is significant
exposure to the applicator based on this review, the existing PEL may not be
adequate to protect applicators reentering magnesium phosphide-treated storage
areas fram other chronic adverse effects and the Agency may require these
studies.

2) Three types of tolerances have been established for magnesium phosphide for
the amount of phosphine in or on commodities: 1) 0.1 ppm on raw agricultural
commodities (40 CFR Section 180.375); 2) 0.01 ppm on processed foods (21 CFR
Section 193.255); and 3) 0.l ppm on animal feed (21 CFR Section 561.268). The
tolerance of 0.1 ppm is being allowed for raw agricultural commodities since
residual phosphine will probably dissipate fram the commodity or will be
converted to oxy-acids of phosphorus which the Agency has determined to be
toxicologically insignificant. Any unreacted magnesium phosphide which might
remain if the formulations are added to the commodity is expected to be
converted to minute amounts of phosphine gas which is readily dissipated from
the commodity upon further aeration. However, radiolabeled phosphorus studies
(see Part VI, Residue Chemistry) indicate that a substantial portion (about
30%) of the phosphine conversion products have not been identified. Thus the
Agency will hold in abeyance requirements for chronic feeding, oncogenicity,
metabolism, and reproductive studies until these unidentified residues are
identified. If the Agency concludes, when these residues are chemically
characterized, that they are toxicologically insignificant, the requirement for
chronic feeding, oncogenic, metabolism, and reproduction studies will be
waived.

3) The results of the literature review indicated potential phosphine residues
at levels below the established tolerance on processed foods and animal feed.
Although there are no data establishing the fate of such minute residues,
phosphine oxidizes readily to the relatively innocuous oxy-acids of phos-
phorus. Consequently, the Agency has reserved the requirements for animal
metabolism data and data on storage stability of the sample until the
unidentified residues are identified. If the Agency cannot determine that
these unidentified residues are toxicologically insignificant, the Agency may
require the animal metabolism and storage stability data.
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4) The Agency has considered any praduct containing magnesium phosphide to be
as highly toxic as the phosphine gas which is liberated from magnesium
phosphide and has placed these products in Toxicity Category I for labeling
purposes based on acute and subchronic inhalation studies. The usual toxicity
studies to rate magnesium phosphide products for other categories based on
dermal, eye, or oral effects appear unwarranted. Thus, the Agency is waiving
all of the acute toxicity studies for all magnesium phosphide products.

5) The Agency has previously requested that environmental fate data and
residue data for phosphine be generated to support the registration/re-
registration of products containing aluminum phosphide under the Aluminum
Phosphide Registration Standand (EPA, 1981). Because both magnesium phosphide
and aluminum phosphide generates the same toxic agent, phosphine, and both
pesticides have similar use patterns, the generic data requirements (see Tables
III.A-1 through 4) are identical. Therefore the Agency will accept the generic
data currently being developed under the Aluminum Phosphide Registration
Standard to support the registration/reregistration for products containing
magnesium phosphide.

E. Criteria for Registration Under the Standard

To be subject to this Standard, magnesium phosphide products must meet the
following conditions:

- contain magnesium phosphide as the sole active ingredient which generates
the fumigant, phosphine, and have the same use patterns described in this
Standard;

- bear required labeling; and

- conform to the acute toxicity limits, product composition, and use
pattem reguirements stated below.

The applicant for registration or reregistration of magnesium phosphide
praducts subject to this Standard must camply with all terms and conditions
described in this Standard, including a commitment to fill data gaps on a time
schedule specified by the Agency as indicated in the Guidance Package and, when
applicable, offer to pay compensation to the extent required by Sections
3(c)(1l)(D) of the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA),
as amended, 7 U.S.C. 136a(c)(1l)}{D). As discussed in Part I and in the
Guidance Package, applicants for registration of magnesium phosphide praducts
under this Standard must contact the 2gency for specific instructions,
including updated information on data requirements, and contact camnpanies
whose data may be cited and to whom compensation must be offered.
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1. Manufacturing-Use Magnesium Phosphide Products
Although there are no manufacturing-use magnesium phosphide products registered
with the Agency, the Agency would consider registration of these praducts as
indicated below:
a. Acceptable Ranges and Limits
i. Praduct Camposition Range

To be covered under this Standard, manufacturing-use magnesium phosphide
products must conform to the requirements stated below:

Active Ingredient: Any percentage acceptable.
ii. Acute Toxicity Limits

The Agency will consider registiation of manufacturing-use magnesium phosphide
praducts in the toxicity categories indicated by a “yes:®

I II I1I v
Acute oral toxicity yes yes yes yes
Acute dermal toxicity yes yes yes yes
Acute inhalation yes yes yes yes
toxicity
irritation
Primary dermal yes yes yes yes
irritation

iii. Use Patterns

To be covered under this Standard, manufacturing-use magnesium phosphide
praducts must be labeled to allow for formulation into end-use fumigants which
are intended only for one or a combination of the following use patterns:

1) Food/Feed, Nondamestic, Indoor Use {raw agricultural comnodities)
2) Food/Feed, Nondomestic, Indoor Use (animal feed)

3) Food/Feed, Nondomestic, Indoor Use (processed commodities)

4) Nonfood/Nonfeed, Nondamestic, Indoor Use (including tobacco)

5) Nonfood/Nonfeed, Nondamestic, Outdoor Use (rodent control)

ive. Required Labeling
All manufacturing-use magnesium phosphide products must bear appropriate

labeling as specified in 40 CFR 161.10. 'The Agency may, after review of data
to be submitted under this Standard, impose additional labeling requirements.
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2. End-Use Magnesium Phosphide Products

a. Acceptable Ranges and Limits

i. Praduct Camposition Range

To be covered under this Standard, end-use magnesium phosphide products must
conform to the requirements stated below:

Active Ingredient:

Inert Ingredient:

Any percentage acceptable.

Only those inert ingredients which are exempt fram

the requirements of a tolerance [see 40 CFR Section
180.1001 (c)] are acceptable as ingredients in products
which are mixed directly with commodities. However,
for those products registered only as "space fumigants®
(i.e., products such as the "Fumicel®” which are not
mixed with comodities), the formulating inerts need
not be exempted. The "Fumicel® products do contain
inerts which are not cleared and cannot be currently
mixed directly with commodities.

ii. Acute Toxicity Limits

Because the fumigant in
restricted to certified

this pesticide is acutely toxic, all uses are
applicators. The Agency will consider registration of

end-use magnesium phosphide products in the toxicity categories indicated by a
"

yes:"
I II I1I v
Acute oral toxicity yes yes yes yes
Acute dermal toxicity yes yes yes yes
Acute inhalation yes yes yes yes
!:oxicity
Pn..mal::y eye yes yes yes yes
irritation
Primary dermal yes yes yes yes
irritation

iii. Use Patterns

To be covered under this Standard, end-use magnesium phosphide products
formulated as discs, plates, pellets, or tablets must be labeled as a
fumigant for one or more of the following uses*:

1) Food/Feed, Nondamestic, Indoor Use (raw agricultural commodities)
2) Food/Feed, Nondomestic, Indoor Use (animal feed)

3) Food/Feed, Nondamestic, Indoor Use (processed commodities)

4) Nonfood/Nonfeed, Nondomestic, Indoor Use (including tobacco)

5) Nonfood/Nonfeed, Nondamestic, Outdoor Use (rodent control)

* A camprehensive description of application rates, sites, pests and limit_:a-
tions that the Agency has accepted can be found in the EPA Index to Pesticide
Chemicals-Magnesium Phosphide (EPA, 1981).

13



iv. Required Labeling

All magnesium phosphide end-use products must bear appropriate labeling as
specified in 40 CFR 161.10*. The Agency may, after review of data to be
submitted under this Standard, impose additional labeling requirements.
Currently, all registered magnesium phosphide products contain adequate
specialized labeling statements regarding the use of protective clothing,
appropriate application rates, notification of appropriate authorities when
applying the product, and safe disposal of spent magnesium phosphide residues.
Currently registered products display many specialized labeling precautions.
For those uses indicated, the following label statements are-required:

Product Chemistry Statements

The following physical or chemical hazards, and storage and disposal state—
ments must appear cn the label:

Physical or Chemical Hazards

"Keep away fram liquid or water as this causes immediate release
of gas. Piling of tablets or the dust from their decomposition
may cause a temperature increase and a flash ocould occur.
Protect from moisture, open flames or heat.”

Storage and Disposal
"Store only in cool, dry locked, and ventilated room. Protect
fran moisture, open flames or heat. Dispose of containers by
flushing several times with water, crush and bury.”

Residue Chemistry Statements

For those magnesium phosphide end-use products for use on foods and feeds, the
following statements concerning aeration of the fumigated commodity must
continue to appear on the labeling to prevent the established tolerances from
being exceeded:

"Fumigated foods and feeds shall be aerated for at least two days
(48 hours).”

"Tobacco, when fumigated in warehouse or under tarpaulin, shall
be aerated for at least two days (48 hours), but when fumigated
in hogsheads the aeration time shall be at least 72 hours.”

* The magnesium phosphide products should also conform to the June 5, 1980
Federal Register notice (45 FR 37884) announcing the initiation of the Label
Improvement Program. On December 4, 1980, the Office of Pesticide Programs,
EPA, requested that registrants having registered products containing magnesium
phosphide modify their labels if the product has use directions for the
fumigation of boxcars, hopper cars, railroad cars, vans, trailers, trucks,
structures, warehouses, food processing plants, barges or on shipboard (in
transit or shiphold). The labels of the currently registered products
containing magnesium phosphide have been updated to the Agency's labeling
requirements.
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Because magnesium phosphide end-use products must not be added directly to
processed foods during the fumigation process, the following precautionary
statements must continue to appear an the labeling to prevent contamination of
these commodities:

"Under no condition should any processed food, feed or tobacco be
pemitted to came into contact with magnesium phosphide or with
the residuves of spent magnesium phosphide except when added
directly to processed brewer's rice, malt, and com grits stored
by breweries for use in the manufacturing of beer.”

The following statements must continue to appear on the labeling where
magnesium phosphide pellets or tablets are used with moisture permeable
envelopes to ensure proper disposal of the pesticide and to preclude phosphine
exposure to commodity retailers:

"When pellets (or tablets) of magnesium phosphide are placed in
moisture permeable envelopes, the envelopes shall be fastened to
a substantial support; place mo more than 10 pellets (no more
than 2 tablets) into one envelope.”

"Magnesium phosphide shall not be placed in or attached to
packages or cartons intended for retailers."

Ecological Effects Statements

The Bwironmental Hazards section of the labeling for rodenticide uses of
magnesium phosphide must include the following statement:

™This product is highly toxic to wildlife and fish. All burrows
should be checked for signs of nontarget animals and if they are
present, burrows should not be treated.”

Because the rodenticide use of magnesium phosphide end-use products may be
hazardous to a number of nontarget mammalian, avian, and reptilian species, the
following statements must appear in the precautionary section of the labeling
under the heading "Endangered Species Consideration:"

1) Black-Footed Ferret:
"Do not use this product in the range of the Black-footed ferret.
Contact the nearest U.S. Fish and Wildlife Service Office
(Endangered Species Specialist) bhefore the product is used. They
will arrange for a ferret survey of the proposed use site."

2) Utah Prairie Dog:

The directions for use for controlling prairie dogs must include
the following restriction: "except Utah prairie dogs.”
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3)

4)

5)

6)

San Joaquin Kit Fox:

"This pesticide should mot be used within T mile of active dens
of the San Joaquin kit fox in the following California counties:
Kern, Kings, Fresno, San Luis (bispo, Merced, Monterey, Santa
Barbara, Ventura, Tulare, and San Benito. Prior to use, contact
the California Department of Fish and Game for recommendations.”

Blunt-Nosed Leopard Lizard:

"This pesticide should not be used in the range of the Blunt-
nosed leopard lizard in the following California counties: Kemn,
Fresno, Kings, Madera, Merced, and Tulare. Prior to use, contact
the California Department of Fish and Game for recamendations.”

Eastern Indigo Snake:

“Do not use this product in the range of the Eastern Indigo snake
in the following states: Mississippi, Alabama, South Carolina,
Georgia, and Florida."

Desert Tortoise:

"This pesticide should not be used in the critical habitat of the
Beaver Dem slope population of the Desert tortoise in Utah. This
comprises an area extending from the southwest facing slope of
the Beaver Dam Mountains, across Highway 91, west along the
Arizona border and 10 miles to the Nevada border."

Toxicology Statements

Because the labeling for the currently registered end-use products contains
sufficient specialized precautionary statements regarding camplete application
procedures, the use of protective clothing and respirator, and updated precau-
tions requirad for magnesium phosphide under the Agency's Label Improvement
Program, the labeling of the various magnesium phosphide end-use formulations
should continue to include the following statements for all uses:

"RESTRICTED USE PESTICIDE"

"PFor retail sale to and use only by certified applicators
or persons under their direct supervision and only those uses
covered by the certified applicator's certification.”

"Not for use or storage in or around inhabited areas."
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F. Tolerance Reassessment

1. Tolerances in the United States
The tolerances established for magnesium phosphide in or on raw agricultural
comnodities (40 CFR Section 180.375) for residues of the fumigant, phosphine,
are as follows:

Commodity* Residue in ppm

Almonds
Barley
Beans, cocoa
Beans, ooffee
Cashews

Corm

Com, pop
Cottonseed
Dates
Filberts
Millet

Nuts, Brazil
Nut, pistachios
Qats

Peanuts
Pecans

Rice

Rye

Sorghum
Soybeans
Sunflower, seed
Walnuts
Wheat

[ ] [ ] [ ] e 0 [ ] e o [ ] ]
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Tolerances have been established for magnesium phosphide in processed foods

(21 CFR Section 193.225) and animal feeds (21 CFR Section 561.268) for residues
of the fumigant, phosphine. Such residues may not exceed 0.0l ppm on processed
foods and 0.1 ppm on animal feed.

* gufficient data have been submitted to established 0.1 ppm as the crop-group
tolerance for both grain crops and nuts. The temms "grain crops” and “"nuts”
include crops in addition to those listed above [see 40 CFR 180.34(f)].
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2. Canadian and OODEX Tolerances

Although not officially accepted, CODEX has recommended f wosphine tolerances as
follows:

Commodity Residue in ppm
Cereals, raw 0.1
Cocoa beans* 0.01
Nuts®*, raw 0.01
Peanuts®*, raw 0.01
Breakfast cereals 0.01
Flour and other milled products 0.01
Dried foods 0.01
Dried fruit 0.01
Dried vegetables 0.01
Spices 0.01

In Canada, residues of phosphine >0.1 ppm are not permitted in raw cereals,
soybeans, processed food, or animal feeds.

As noted in Section VII.B of this Standard on metabolism, studies reviewed for
the Aluminum Phosphide Registration Standard (EPA, 1981) show that under
typical fumigation conditions, phosphine reacts irreversibly with raw
agricultural commodities and probably with most processed foods and feeds.
These data also indicate these irreversibly bound residues are quantitatively
dependent upon the conditions of fumigation. Under conditions typical to the
fumigation of wheat, such residues ranged in amount from about 3-5 ppm. These
residues have been partly (about 70%) identified as the oxy-acids of
phosphorus (phosphoric, phosphorus, and hypophosphorus) which the Agency
considers toxicologically insignificant. The identity of the remaining residue
(about 30% of the total) constitutes a significant data gap for this Standard
and the Aluminum Phosphide Registration Standards for the reassessment of the
tolerances established for magnesium phosphide. Data which would resolve this
data gap for both Standards were requested in the Aluminum Phosphide
Registration Standard (EPA, 198l1).

* Except for these three items and the more extensive list of items (raw
agricultural commodities and processed foods) for which tolerances have been
established in the United States, the tolerances being considered for adoption
by CODEX and those of this country are in agreement. Data reviewed for the
Aluminum Phosphide Registration Standard indicate that should CODEX officially
accept these tolerances, the currently accepted treatment of these three items
by directly mixing with products of aluminum and magnesium phosphide would
cause residues (consisting of phosphine per se, unidentified reaction
products of phosphine with fumigated cammodity and product non-volatiles
imi)regnated with unreacted phoshide) which would exceed the 0.01 ppm CODEX
tolerance.
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III. Summary of Data Requiremecnts
A. Introduction

Applicants for registration of end-use magnesium phosphide products must cite
or submit the information identified as required in the tables in this Part.
The tables applicable to end-use products indicate whether the product to be
tested is the technical grade or the formulation. Data generated on one
formulation may be used to satisfy the data requirement for a substantially
similar formulation, based on the chemical composition as indicated by the
Confidential Statement of Formula (CSF). Information on which product-specific
data requircments are alrcady satisfied is available in the Guidance Package
and in Table II1I.B and C of this Standard.

Preceding each requirement, with the exception of Residue Chemistry, are listed
the Proposed Guidelines which describe the type of data and when the data are
required to be submitted. Justification for the test requirement is provided
in the Guidelines (see 43 FR 29696 of July 10, 1978 and 43 FR 37336 of August
22, 1978). A discussion of why data additional to that already specified in
the Guidelines are necessary, or why data usually required are not necessary
for this chemical, is explained in footnotes to the tables. Areas where
additional data may be required as the result of tiered testing are indicated.

Bibl iographic citations in the following tables indicate that the study listed
accomplishes ane of the following:

1} provides all the information required by the guideline
requirement; or

2) provides partial information required by the guideline requirement
which is elaborated on by an accampanying footnote.

The word "yes" under the heading "Does EPA have data to partially or totally
satisfy this requirement?" means that the requircment has been fully satisfied,
unless otherwise noted.

The Agency requires the submission of residue and environmental fate data
requested in Tables III1.A-2 and 4 of this Standard to support the
registration/reregistration of products containing aluminum phosphide under the
Aluminum Phosphide Registration Standard (EPA, 1981). Becausc both aluminum
phosphide and magnesium phosphide generate the same toxic agent, phosphine, and
both pesticides have similar use patterns, the generic data requirements for
these two chemicals are identical. Thus, the Agency will accept generic data
developed under the Aluminum Phosphide Registration Standard to support the
registration/reregistration of products containing magnesium phosphide.

B. Generic Data Requirements, Table III.A

This table discusses those data that pertain to the properties or effects of
magnesium phosphide as an active ingredient. Thus, these data arc relevant to
an evaluation of the risks of all products containing magnesium phosphide.
Providing data to fill generic data requirements is generally the
responsibility of the registrant(s) of manufacturing-use magnesium phosphide
products. However, because there are no manufacturing-use products registercd,
the registrants of end-use magnesium phosphide products must assume this
responsibility.
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Registrants of end-use products containing magnesium phosphide are advised that
if the Agency does not receive commitments to fill data gaps identified in
Table III. A within 90 days of issuance the Guidance Package, the end-use
product registrations may be suspended. [y

Applicants for registration or reregistration of end-use magnesium phosphide
products must ackmowledge reliance on existing data which fill indicated data
requirements under FIFRA Section 3(c)(1)(D). These data are listed under the
colum "Bibliographic Citation" in Table III.A.

C. Product-Specific Data Requirements for Manufacturing-Use, Table III.B, and
End-Use Magnesium Phosphide Products, Table III.C

These tables discuss those data that relaté only to the properties or effects
of a praduct with a specific camposition (or substantially similar composi-
tion). Thus, these data are required of each formulation (or substantially
similar product) to characterize the product's particular composition and
physical/chemical properties, and to characterize the product's acute

toxicity. Providing data to fulfill these requirements is the responsibility
of each applicant for the registration or reregistration of a manufacturing-use
or an end-use magnesium phosphide product. If the Agency has data vhich
fulfill this requirement for a particular product(s), this is indicated in the
table and in the Guidance Package accampanying this Standard.

Product-specific data may be acknowledged under FIFRA Section 3(c)(1)(D) only

if the Agency has established that one product is substantially similar to
another product for which the Agency has received acceptable data.
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Table III.A-1

Generic Data Requirements for Magnesiun Phosphide, Product Chemistry (see Part IV)

Guidelines Name of Test Are Data Required Composition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(c)(2)(B)?
this Requirement? If so, when due.
163.61-3 Product Identity: 1/
- Identity of ingre- yes Technical grade of partial~ GS0097005 yes/8 months
dients active ingredient 1/
- Statement of yes partial~ GS0097005 yes/8 months
composition
163.61-4 Manufacturing yes Technical grade of part:ialg/ GS0097005 yes/8 months
process, described active ingredient
163.61-5 Discussion on forma- yes Technical grade of partial—z-/ GS0097005, yes/8 months
tion of impurities active ingredient GS0097002
163.61-6 Composition limits:
- Actives, all yes Technical grade of o - yes/8 months
- Impurities >0.1% yes active ingredient
163.61-7 - Analytical yes Technical grade of partialé/ GS0097005 yes/8 months
methods active ingredient
- Camposition ‘yes Technical grade of pattial-:i/ GS0097005 yes/8 months
data active ingredient
163.61-8(c) (1) Color yes Technical grade of pa.rtialy GS0097005 yes/8 months

active ingredient

21
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Table III.A-1 Generic Data Requirements for Magnesium Phosphide, Product Chemistry (see Part IV) (cont'd)

Guidelines Name of Test Are Data Required Camposition Does EPA Have " Bibliographic' Must Additional
Citation for this Standard? Data to Partially Citation ‘Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(c)(2)(B):
this Requirement? I1f so, when due.
163.61-8(c)(2) Odor yes Technical grade of partial/ GS0097005 yes/8 months
active ingrdient
163.61-8(c) (3) Melting Point yes Technical grade of partiall/ GS0097005 yes/8 months
active ingredient
163.61-8(c)(4) Solubility yes Technical grade of partialy/ GS0097005 yes/8 months
active ingredient
163.61-8(c) (5) Stability yes Technical grade of partialy GS0097005 yes/8 months
active ingredient
163.61-8(c) (6) OctanolMater oY/
Partition
Coefficient
163.61-8(c)(7) Physical State yes Technical grade of yes GS0097005 no
active ingredient
163.61-8(c)(8) Density or Specific yes Technical grade of partiall/ GS0097005 yes/8 months

Gravity

active ingredient
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Table III.A-1 Generic Data Requirements for Magnesium Phosphide, Product Chemistry (see Part IV) (cont'd)

Guidelines Name of Test Are Data Required Composition Does EPA Have Bibliographic Must Additional

Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(¢)(2)(B)?
this Requirement? If s0, when due.

163.61-8(c)(9) Boiling Point no®/

163.61-8(c) (10) Vapor Pressure o/

163.61-8(c) (11) pH o’/

1/ Even though some of the data requirements have been partially or completely fulfilled for some technical grade of active ingredients used to

2

formalate end-use products, the Agency has not received data to support all end-use products. These data requirements must be met by each
aplicant at the time of registration or reregistration. Note: Qurrently, no technical grade of the active ingredient is registered.

Patent literature reviewed for the Zinc Phosphide Standard (Tanaka, 1968, MRID #005014567) indicates impurities associated with zinc
phosphide include both phosphorus and zinc diphosphide (2ZnP,); it would be reasonable to assume similar impurities, MgP, and phosphorus,
occur in technical magnesium phosphide. Information and daga more specifically related to the impurities in magnesium ﬁhosphide is required,

The Agency has received acceptable methodology for the analysis of both the technical magnesium phosphide and registered products, whether
for manufacturing-use or end-use. The Agency, however, has not received analytical results by this procedure for the registered composi-
tions. Such results are also required for technical magnesium phosphide which is used to produce registered products.

Data are required for the solubility of the technical material in commom solvents (e.g., chloroform, carbon disulfide) in accordance with the
Guideline's standard of acceptable testing.

These physical/chemical property data requirements are rnot needed to support the registration of products under this Standard for the fol-
lowing reasons: 1) property #6 (Octanol/Water Partition Coefficient) is not required for compounds like magnesium phosphide which are highly
ionic or which are decamposed by water; 2) properties #9 (Boiling Point) and #10 (Vapor Pressure) are not required because the technical
material is a solid at room temperature; and 3) property #11 (pH) is not required because the active ingredient is insoluble or is

decomposed by water.
February, 1982
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Table III.A-2 Generic Data Requirements for Magnesium Phosphide, Environmental Fate (see Part V)

Guidelines Name of Test Are Data Required Composition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(c)(2)(B)?
this Requirement? 1f s0, when Gue.
163.62-7(b)  Hydrolysis®/ yes Phosphine?/ no - yes/14 months
163.62-8({f) Microbial
metabolism
(3) effects of yes Y no - £
pesticides on
microbes
163.62-8(g)  Activated yes Y no - L
sludge
metabolism
163.62-9(c)  Volatilityl/ ves Phosphine?/ no - yes/14 months
163.62-12 Reentryl/ yes Phosphine?/ partial¥/ 000005735, 000005691, yes/14 months
000005737, 000005662,
000005797, 000005664
163.62-13 Disposal and o>
Storage

February, 1982

24



Table III:A=2 Generic Data Requirements for Magnesium Phosphide, Environmental Fate (see Part V) (cont'd)

Y

While the available phosphine toxicology studies are inadequate, the Agency believes that in most cases the actual exposure to phosphine is
sufficiently low that a worst case analysis will support present uses of magnesium phosphide in the absence of additional phosphine toxicology
studies. However, the Agency requires additional exposure monitoring data to support the conclusion that current levels of phosphine expo-
sure are toxicologically insignificant. Therefore, for each site or similar group of sites for which entry into treated (confined) areas is
likely, the Agency requires adequate exposure monitoring data. Data should measure the actual concentration(s) of phosphine to which workers
will be exposed following reentry into treated (confined) areas when following accepted magnesium phosphide label directions. To preclude
unnecessary studies from being conducted, the registrant is strongly urged to consult with gppropriate Agency scientists (i.e., Hazard
Evaluation Division, Office of Pesticide Programs) before initiating the phosphine exposure monitoring studies. For useful background
information, consult the reference to hydrolysis and volatility in the Agency's Guidelines. The Agency will accept the data generated

under the Aluminum Phosphide Registration Standard (EPA, 198l) to support the registration/reregistration of products containing magnesium

phosphide.

Because magnesium phosphide reacts with water to release the fumigant, phosphine, studies should analyze phosphine concentrations.

The requirement for submission of these data is currently being reserved pending the review and modification of testing protocols. Because
the use patterns (enclosed areas) currently registered are not similar to other agricultural pesticides (outdoor), the Agency is re-examining
the need for these data requirements.

The kinetics of phosphine release and dissipation cannot be determined quantitatively from these studies.

Data necessary to meet this requirement will be provided by data from Section 163.62-7(b), 163.62-8(£)(3), and 163.62-8(g).

Pebruary, 1982
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Table III.A-3 Generic Data Requirements for Megnesium Phosphide, Toxicology (see Part VI)

Guidelines Name of Test Are Data Required .  Composition Does EPA Have Bibliographic Must AdditIonal
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(c)(2)(B)?
this Requirement? If so, when due.
163.81-1 Acute Oral yes Technical grade of no - my
Toxicity active ingredient
163.81-2 Acute Dermal yes Technical grade of no - noy
Toxicity active ingredient
163.81-3 Acote Inhalation yes Technical grade of partialy 005007354 noy
Toxicity active ingredient
163.81-4 Primary Eye yes Technical grade of no - ro]-'/
Irritation active ingredient
163.81-5 Primary Dermal  yes Technical grade of mo - o
’ Irritation active ingredient
163.81-6 Dermal oY
Sensitization
163.81-7 acute Delayed  noY
Neurotoxicity
February, 1982

26



Table III.A-3 Generic Data Requirements for Magnesium Phosphide, Toxicology (see Part VI) (cont'd)

Quidelines Name of Test Are Data Required Camposition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID §) under FIFRA 3(c)(2}(B)?
this Requirement? 1f so, when due.
163.82-1 Subchronic Oral yes Technical grade of nro - reserved®’
active ingredient
163.82~-2 Subchronic Dermal no-‘y
163.82-4 Subchronic Inhala- yes Technical grade of no - reservedy
tion active ingredient
163.82-5 Subchronic no¥/
Neurotoxicity
163.83-1 Chronic Feeding yes Technical grade of no - reserved®/
Study active ingredient
163.83-2 Oncogenicity yes Technical grade of no - reservedd

active ingredient

163.83-3 Teratogenicity yes Technical grade of no - resewedg/
active ingredient
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Table III.A-3 Generic Data Requirements for Magnesium Phosphide, Toxicology (see Part VI) (cont'd)

Quidelines Neme of Test Are Data Required Composition Does EPA Have Bibliographic Must Additional

Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy {MRID #) urder FIFRA 3(c)(2){(B)?
this Recquirement? If s0, when due.

163.82-4 Reproduction yes Technical grade of no - reserved®’

active ingredient

163.84-1 Matagenicity yes Technical grade of no - reserved-{’/

163.84-2 active ingredient

163.84-3

163.84-4

163.85-1 Metabolism yes Radiolabeled no - reserved®/

analytical grade

v

The acute toxicity studies are required for labeling purposes. The severest labeling restriction (i.e, the signal word DANGER and
skull and crossbones) has been imposed on the end-use magnesium phosphide products due to the highly acute inhalation toxicity of
phosphine which can be readily evolved from the formulation. Therefore, all of the acute toxicity requirements on the technical
grade of active ingredient products have been waived.

This study was considered supplementary because only one sex was tested and complete details concerning all test parameters were not
provided.

This study is required when repeated dermal exposures are expected with the end-use products. No dermal exposure to these formula-
tions is expected.

Magnesium phosphide or phosphine are not crgancphosphorus compounds nor do they produce cholinesterase inhibition.

These requirements are being reserved until the Agency receives and reviews the residue chemistry data (e.qg., identifjication of
unknown residues). If the Agency determines that these unidentified phosphine residues are toxicologically significant, these
studies may be required.

These requirements are being reserved until the Agency receives and reviews the required envirommental fate data (e.g., volatility
and reentry). If there is any exposure to phosphine during reentry, the Agency may require these studies.
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Table III.A-4 Generic-Data Requirements for Magnesium Phosphide, Residue Chemistry (see Part VII)

Guidelines Name of Test Are Data Required Composition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID §) under FIFRA 3(c)(2)(B)7
this Requirement? If so, when due.
- Nature of the yes partialy 005018681, 005008303, yes/12 months
Residue 005007621, 005008840,
005015384, 005013027,
005020467, 000005813,
005012115
- Metabol ism no?
in Animals
- Analytical yes yes 005007190, 005007724,%  no
Methods 005007845
- Residue Data:
1. Raw Agricul- yes yes 005007190, 000006724, no
tural Com- 005013439, 005016260,
modities 005022032, 000005750,
005013276, 000005671,
005012293, 000005905,
000005767, 000005719,
005007845, 000005685,
000005935, 005007830,
005019407, 005014054,
000005686, 000005781,.
000005783, 005020562,
005020467, 005016893,
000005696, 005015520,
GS0097002
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Table I1I.A-4 Generic-Data Requirements for Magnesium Phosphide, Residue Chemistry (see Part VII) {cont‘'d)

Guidelines Name of Test Are Data Required, Compostion Does EPA Have Bibliographic ‘Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(c)(2)(B)?
this Requirement? If so, when due.
- Residue Data (cont'd):
2. Processed yes yes 000005750, 000005775,
Foods and 000022007, 000022026,
Feeds 000005776, 000005774,
' 000005786, 000022008,
000005696, 000022015,
000022017, 005012293,
000005777, 000005768,
000005905, 0050071990,
000005935, 000020578,
005022032, 000022913,
GS0097002
3. Milk, Meat, Bygs no?
and Poultry
- Residue Data Follow- yes yes 000020578, 000022017,
ing Aeration of 000005686
Commmodity
- Storage Stability nog/

Data for Residues
in Commodities
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Table 1I1.A-4 Generic-Data Requirements for Magnesium Phosphide, Residue Chemistry (see Part VII) (cont'd)

y

In support of this Standard, recent studies (see Part VII) conducted with radiolabeled phosphine (nP). were reviewed which indicate
phosphine reacts irreversibly with grain and other fumigated commodities to form oxy-acids of phosphorous and unidentified, water-insoluble,
residue(s). The Agency is therefore requesting further study on the nature of the residue, specifically that the unidentified residue

(ca 0.7 ppm) be identified. After reviewing the requested data, if the Agency cannot determine that these unidentified residues are toxico-
logically insignificant, the Agency may request additional studies to support the continued registration of magnesium phosphide products
(refer to those data requirements indicated by footnote #2). The Agency will accept the data generated under the Aluminum Phosphide
Registration Standard (EPA, 1981) to support registration/reregistration of products containing magnesium phosphide.

Because of the very small residues of phosphine which result from the currently accepted uses of magnesium phosphide, the fugitive nature of
phosphine per se, and the labeling restriction against mixing the end-use products with animal feeds, the Agency will not require these data
at this time. However, if the Agency determines that these unidentified residues are toxicologically significant, these studies may be
required.

An acceptable analytical method can also be found in Volume 1I of the Pesticide Analytical Marual (PAM), Pesticide Reg. Sec. 180.225, 1981
pdition (Note: PAM is published and revised periodically by the Food and brug Administration).

February, 1982

3



Table 1I1.B-1

Product-Specific Data Requirements for Magnesium Phosphide Marufacturing-Use Products, Product Chemistry (see Part 1V)

Guidelines Name of Test Are Data Required Composition Does FPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy {MRID #) under FIFRA 3{c)(2)(B)?
this Requirement? 1f so, when due.
163.61-3 Product Identity: 1
- Identity of ingre- yes Each manufacturing- no - yes/8 months—/
dients use product 1
- Statement of yes no - yes/8 months¥/
conposition
163.61-4 Manufacturing yes Each manufacturing- no - yes/8 months/
process, described use product
163.61-5 Discussion on forma- yes Each marnufacturing- no - yes/8 mnthsy
tion of inpurities use product
163.61-6 Certified limits: Each mamnufacturing-
use product L
- Actives, all yes no yes/8 monthsI/
- Inmpurities >0.1% yes no yes/8 months/
163.61-7 - Analytical yes Each manufacturing-  partial? GSD097005 yes/8 monthsl/
methods use product
- Y st/
~ Composition yes Each mamifacturing partial. GS0097005 yes/8 month:
data use product
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Table IIL.B-1 Product-Specific Data Requirements for Magnesium Phosphide Manufacturing-Use Products, Product Chemistry (see Part IV) {(cont'd)

Quidelines Name of Test Are Data Required Composition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
cr Totally Satisfy (MRID $) under FIFRA 3(c)(2)(B)?
this Requirement? If so, when due.
163.61-8 Physical/Chemical Prcperty Datay
-8(c) (1) Color yes Each manufacturing- no - yes/B months‘y
use product
-S(c)(z) Odor yes Each manufacturing- no - yes/8 mnthsy
use product
-8{c)(7) Physical State yes Each mamufacturing- partial GS0097005 yes/8 monthsy
use product
-8(c)(8) Density yes Each manufacturing- no - yes/8 monl:hsy
use product
-8(c)(11) pH o
-8(c)(12) Storage Stability  yes Each manufacturing- o - yes/8 months®/
use product
-8(c)(13) Flammability yesy Each manufacturing- no - yes/8 mnthsl'/
use product
-8(c)(14) Oxidizing/Reduction yes Each manufacturing- no - yes/8 mon
use product
-8(c)(15) Explosiveness yes Each manufacturing- no - yes/8 mnths-]:/
use product
February, 1982
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Table III.B~-1 Product-Specific Data-Requirements for Magnesium Phosphide Manufacturing-Use.Products, Product .Chemistry (see.Part IV) (cont'd)

Guidelines Name of Test Are Data Required Composition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(c)(2)(B)?
this Requirement? If so, when due.
163.61-8 Physical/Chemical Property Data (cont'd)y
-8(c) (16) Miscibility nod/
-8(c)(17) Viscosity no¥/
=8(c)(18) Corrosion Character- vyes Each manufacturing- no - yes/8 monthsl'/
istics use product

-8(c) (19) Dielectric Breakdown mnoY
Voltage

Even though same of the requirements have been partially or conpletely fulfilled for some products, references cannot be cited to support
other products, except for 163.61-7. These data are not required to be submitted since there are currently no manufacturing-use products
registered; data indicated will be required to support the registration of each such product at the time of registration. Note: The data
requirements for products intended for manufacturing-use and those end-use products produced by an intergrated-formulation system are the same.

The Agency has received acceptable methodology for the analysis of both the technical magnesium phosphide and registered products, whether
for manufacturing-use or end-use. Such results are required to establish the composition limits which the registrant cerxtifies for his
product.

For the technical magnesium phosphide used to formulate the manufacturing-use product, a description of the manufacturing process and dis-
cussion on the formation of ingredients are required.' Data are also required for the physical/chemical properties as indicated in
Table III.A-l.

These physical/chemical property data requirements are not needed to support the registration of products under this Standard for the following
reasons: 1) property #11 (pH) is not required because the active ingredient is insoluble and decowposes in water; 2) property #13 (Flammabi-
lity) is normally required only for flammable liquids. (However, because of the flammable nature of magnesium phosphide, flammability data

in accordance with the gquideline requirements will be needed for manufacturing-use products); 3) properties #16 (Miscibility) and

#17 (Viscosity) are required only for liquids; and 4) property #19 (Dielectric Breakdown Voltage) is not required because the product is not
aplied directly to electrical wires.
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Table III.B-2 Product-Specific Data Requirements for Manufacturing-Use Magnesium Phosphide Products, Toxicology (see Part VI)

Guidelines Name of Test Are Data Required  Camposition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy {MRID #) under FIFRA 3(c)(2)(B)?
this Requirement? If so, when due.
163.81-1 Acute Oral yes Each manufacturing- no - noy
Toxicity use product
163,81-2 Acute Dermal yes Each manufacturing- no - noy
Toxicity use product
163.81-3 Acute Inhalation yes Each manufacturing- partial 005007354
Toxicity use product
163.81-4 Primary Eye yes Each mamufacturing- no - nod/
Irritation use product
163.81-5 Primary Dermal yes Each mamufacturing- no - no¥/
Irritation use product
163.81-6 Dermal o/
Sensitization
February, 1982
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Table ITI.B-2 Product-Specific Data Requirements for Manufacturing-Use Magnesium Phosphide Products, Toxicology (see Part VI) {cont'd)

Guidelines Name of Test Are Data Required Camposition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(c)(2}{B}?
this Requirement? 1f so, when due.
163.81-7 Acute Delayed oY/
Neurotoxicity

1/ The acute toxicity studies are required for labeling purposes. The severest labeling restriction (i.e., the signal word DANGER and
- skull and crossbones) has been imposed on the end-use magnesium phosphide products due to the highly acute inhalation toxicity of
phosphine which can be readily evolved fram the formulation. Therefore, all of the acute toxicity requirements on the
manufacturing-use products have been waived.

2/ This study was considered supplementary because only one sex was tested and complete details concerning all test parameters were not
provided.

3/ This study is required when repeated dermal exposures are expected. No dermal exposure to these formulations is expected.
4/ Magnesium phosphide or phosphine are not organcphosphorus compounds nor do they produce cholinesterase inhibition.
February, 1982
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Table I1I.C-1 Product-Specific Data Requirements for Magnesium Phosphide End-Use Products, Product Chemist.ry‘y (see Part IV)
Guidelires Neme of Test Are Data Required Canposition “Does EPA Have ‘Bibliographic Mist Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID 4} under FXFRA 3{c)(2}(B)?
this Requirement? 1f so, when due.
163.61-3 Product Identity:
- Identity of ingre— yes Each end-use yes GS0097005, GS0097006, no
dients product GS0097007, GS0097008,
GS0097009
~ Statement of yes Each end-use yes GS0097005, Gs0097006, no
composition product GsS0097007, GS0097008,
GS009700%
163.61-4 Manuacturing yes Fach end-use partial?’ GS0097005 yes/8 months
process, described product
163.61-5 Discussion on forma— vyes Each end-use partialg/ GS0097005 yes/8 months
tion of impurities product
163.61-6 Certified limits: Bach end-use
product
- Actives, all yes no - yes/8 months
- Impurities > 0.1% yes n - yes/8 months
163.61-7 - Analytical yes Each end-use partia)d/ GS0097005 yes/B months
methods product
- Carposition yes Each end-use partialé/ GS0097005 yes/B months
data product
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Table III.C-} Product-Specific -Data-Requirements for Magnesium Phosphide End-Use Products, Product Chemi.stryy (see Part IV). (cont'd)

Guidelines Name of Test Are Data Required Composition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(c)(2)(B)?
this Requirement? If so, when due.
163.61-8 Physical/Chemical Property Data
=8(c) (1) Color yes Each end-use no - yes/8 months
product
-8(c)(2) Odor yes Each end-use no - yes/8 months
product
-8(c)(7) Physical State yes Each end-use yes‘-v - yes/8 months
product
-8(c)(8) Density or yes Each end-use no - yes/8 months
Bulk Density product
~8(c) (11) pH o/
-8(c)(12) Storage Stability yes Each end-use no - yes/8 months
product
-8(c)(13) Flammability ves®/ Each end-use no - yes/8 months
product
-8(c){14) Oxidizing/Reduction yes Each end-use no - yes/8 months
product
=-8(c)(15) Explosiveness yes Each end-use no - yes/8 months
product
-8(c)(16) Miscibility oY/
-8(c)(17) Viscosity m"y
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Table III.C-1 Product-Specific Data Requirements for Magnesium Phosphide End-Use Products, Product Chemisu:y&/ (see Part IV) (cont'd)

Suidelines Name of Test Are Data Required Camposition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy {MRID #) under FIFRA 3(c){(2)(B)?
this Requirement? If s0, when due.

163.61-8 Physical/Chemical Property Data (cont'd)

-8(c)(18) Corrosion Character- yes Each end-use o - yes/8 months
istics product

-8(c)(19) Dielectric Breakdown no 5/
Voltage

1/ Even though some of the requirements have been partially or completely fulfilled for some products, references cannot be cited to support
other products, except for 163.61-7. These requirements must be submitted by each applicant at the time of registration or reregistration.
Data indicated in Table III.A-1 will also be required to support the registration of each end-use product since no technical grade or
manufacturing-use products are registered. The data requirements for products intended for manufacturing-use and those end-use products
produced by an intergrated-formulation system are the same.

2/ Patent literature reviewed for the 2inc Phosphide Standard (Tanaka, 1968, MRID #005014567) indicates impurities associated with zinc phosphide
include both phoshporus and zinc diphosphide (ZnP,); it would be reasonable to assume similiar impurities, MgP, and phosphorus, occur in
technical magnesium phosphide. Information and dgta more specifically related to the impurities in magnesium 3hosphide are required.

3/ The Agency has received acceptable methodology for analysis of both the technical magnesium phosphide and registered products, whether for
manufacturing-use or end-use. The Agency, however, has not received analytical results by this procedure for the registered compositions.
Such results are required to establish the composition limits which the registrant certifies for his product.

4/ The Agency has information to support all currently registered end-use products [information was provided in the Confidential Statement of
Formula (CSF)].

5/ These physical/chemical property data requirements are not needed to support the registration of products under this Standard for the following
~ reasons: 1) property #ll (pH) is not required because the active ingredient is insoluble and decomposes in water; 2) property #13 (Flammabi~
lity) is normally required only for flammable liquids. (However, because of the flammable nature of magnesium phosphide, flammability data
in accordance with the guideline requirements will be needed.); 3) properties #16 (Miscibility) and #17 (Viscosity) are required only for liquid
and 4) property #19 (Dielectric Breakdown Voltage) is not required because the product is not applied directly to electrical wires.
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Table III.C-2 Product-Specific 'Data Requiremerits for End-Use Magnesium Phosphide Products, Toxicology (see” Part-VI)

Guidelines Name of Test Are Data Required Camposition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(c)(2)(B)?
this Requirement? If s0, when due.
163.81-1 Acute Oral yes Each end-use no - not/
Toxicity product
163.81-2 Acute Dermal yes Each end-use no - nol/
Toxicity product
163.81-3 Acute Inhalation yes Each end-use partialy 005007354 m‘.-l/
Toxicity product
163.81-4 Primary Eye yes Each end-use no - no]-'/
Irritation product
. - noy
163.81-5 Primary Dermal yes Each end-use no
Irritation product
163.81-6 Dermal no¥
Sensitization
February, 1982
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Table III.C-2 Product-Specific Data Requirements for End-Use Magnesium Phosphide Products, Toxicology (see Part VI) (cont'd)

Guidelines Name of Test Are Data Required Camposition Does EPA Have Bibliographic Must Additional
Citation for this Standard? Data to Partially Citation Data be Submitted
or Totally Satisfy (MRID #) under FIFRA 3(c)(2)(B)?
this Requirement? If so, when due.
163.81-7 Acute Delayed noy
Neurotoxicity
1/ The acute toxicity studies for end-use products are required for labeling purposes. The severest labeling restriction (i.e., the signal

word DANGER and skull and crossbones) has been inposed on the end-use magnesium phosphide products due to the highly acute inhalation
toxicity of phosphine which can be readily evolved from the formulation. Therefore, all of the acute toxicity requirements on the
end-use products have been waived.

This study was considered supplementary because only one sex was tested and complete details concerning all test parameters were not
provided.

This study is required when repeated dermal exposures are expected. No dermal exposure to these formulations is expected.
Magnesium phosphide or phosphine are not organophosphorus campounds nor do they produce cholinesterase inhibition.
February, 1982
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IV. Product Chemistry
A. Introduction

FIFRA 3(c)(2)(A) requires the Agency to establish guidelines for registering
pesticides in the United States. Subpart D of these guidelines requires a
registrant to provide data on the composition of his product and the physical
and chemical properties of both the formulated product and the active
ingredient(s) in the product. These data are needed by the Agency to
characterize products and to assess environmental and health effects fram their
use.

To evaluate product composition, the Agency requires: 1) the submission of a
detailed manufacturing process for pesticides including data on the camposition
of starting and intermediate materials; 2) a discussion of the presence in a
product of unintentional ingredients formed during, or subsequent to,
manufacture; 3) declaration of the upper and lower limits for each active and
intentionally added inert ingredient, and the upper limit for each impurity; 4)
certification that ingredient limits will be maintained for all quantities of
the product sold or distributed in commerce; and 5) analytical methods, and
data cbtained by these methods, for each active ingredient and identifiable
impurity at or in excess of 0.1% of the product weight. The Agency may require
methods and data for impurities below 0.1% of the product weight when highly
toxic impurities are present.

The Agency also requires data on the physical and chemical properties of the
pesticide. For example, data are needed concerning the identity and physical
state of the active ingredient (e.g., melting and boiling points, vapor
pressure, and solubility). Data are also required on those properties of the
formulated product that are clearly related to necessary labeling cautions
(e.q., flammability, corrosion characteristics, and storage stability).

To assist applicants in meeting these requirements and to accelerate the
Agency's review and evaluation of the submitted data, the guidelines include
criteria for acceptable testing of products and an appendix with references to
literature sources containing appropriate testing protocols.

B. Chemical Identity

In the United States, magnesium phosphide is the preferred name for the pesti-
cide which is the subject of this Registration Standard. It is also the name
recommended by the American Chemical Society's Chemical Abstracts Service
(CAS). Additional identifying characteristics of magnesium phosphide include:
molecular formula, MgyP,; CAS Registry No., 12057-74-8; and molecular

weight, 134.87.

Information and data contained in Pesticide Petition 7F1985 (Phostoxin Sales,
Inc., 1977, MRID £GS0097003) show that magnesium phosphide is stable when dry,
but reacts with water, including atmospheric moisture, to liberate the
fumigant phosphine. The petition also includes the molecular formula for
phosphine, PHj; its molecular weight, 34.00; and its CAS Registry No., 7803-
51-2.

42



C. Manufacturing Process

All of the end-use products of magnesium phosphide which the Agency has
registered are produced by the integrated-formulation system technique (i.e.,
formulated with a technical magnesium phosphide, the composition of which is
not registered with the Agency). To support such registrations, the guidelines
require from each registrant a description of the manufacturing process for the
technical magnesium phosphide used to formulate the product from each
registrant.

To be considered adequate, a description must indicate whether the technical
magnesium phosphide is produced by a continuous or batch process, provide
information and data on the "beginning” or starting materials (e.g., their
identity and composition), the manufacturing equipment, the physical conditions
controlled during the process, and a flowchart listing the chemical reactions
(and their duration) which are used to manufacture the technical magnesium
phosphide. This description must also indicate any impurities that may be
present in the technical material and any purification steps included in the
manufacturing process.

On the basis of the above criteria, the information and data received by the

Agerncy on the manufacturing process of magnesium phosphide are not adequate.

For information and data which the Agency has received on the manufacturing/

formulating process for magnesium phosphide, see the Confidential Annex, Part
IX; product camposition data are protected under Section 10 of FIFRA.

D. Discussion on the Fonmmulation of Impurities (and Unintentional
Ingredients)

In accordance with the product chemistry guidelines (Section 163.61-5), the
registration of each magnesium phosphide product produced by an integrated-
formulation system must be supported by a discussion of the impurities that
may be present in the product at a level equal to or greater than 0.1% (1,000
ppm). The discussion is to be based on established chemical theory and the
required description of the manufacturing process (Section 163.61-4), with
consideration given to the impurities present in both the manufacturing
reactants and formulating materials. Data to meet this requirement have not
been submitted to support the registration of any magnesium phosphide product.

E. Declaration and Certification of Ingredient Limits

The Confidential Statements of Formula for the products registered under this
Standard (those containing magnesium phosphide as the sole source for
generating the active agent, phosphine) should be revised to indicate upper and
lower limits for both the magnesium phosphide and any intentionally added
inerts which are >0.1%. Upper limits must be stated for all impurities >0.1%
and any other impurities (<0.1%) which might increase the potential hazards

of the product (i.e., impurities that might increase the amount of diphosphine
which is evolved with phosphine). Such impurities would include binary
compounds of magnesium and phosphorus other than magnesium phosphide

(Mg3P5).
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F. Praduct Analytical Methods and Data

official methods of analysis by the .Association of Official Analytical Chemists
(AOAC), or by similar organizations, have not been established for magnesium
phosphide. However, the submissions reviewed for the Aluminum Phosphide
Registration Standard indicated a procedure which would also be applicable to
the formulations of magnesium phosphide. In this procedure, the metallic
(aluminum, magnesium or zinc) phosphide content of the product is calculated on
the basis of evolved phosphine. The analysis is accomplished by reacting the
product with water and acid; the phosphide is converted to phosphine; the
phosphine is swept with nitrogen into an adsorption vessel containing a
solution of mercuric (II) chloride; a reaction occurs [PHy + 3HgCl,——>
P(HgCl), + 3HCl]; the hydrochloric acid produced is titraged with standard
alkali; and the metal phosphide content is then calculated. The basis of this
procedure was suggested in 1953 by White and Bushey (MRID #005010196) [Also see
EPA Manual of Chemical Methods for Pesticides and Devices].

If the technical magnesium phosphide contains a manufacturing impurity for
which an upper limit must be certified because it may increase the potential
hazard of end-use products, the manufacturer will be required to provide
suitable methodology for monitoring this impurity in registered products.

G. Physical and Chemical Property Data

Because magnesium phosphide has not been registered as a manufacturing-use
product, the praduct chemistry data requirements (as specified by the
guidelines) are those of an end-use product produced by an integrated-
formulation system. For such end-use products, data are nommally required for
the properties numbered 1, 2, 7, 8 and 11 through 19 in Table VI.A. For the
unregistered technical grade of magnesium phosphide used to formulate such end-
use products, data are normally required for properties #1 through #ll.
However, because of the special characteristics of magnesium phosphide, same of
these requirements would not be applicable to either the technical grade or to
the registered products, whether for end-use or manufacturing-use. These
exceptions and the requirements for data on the physical/chemical properties of
both the unregistered technical magnesium phosphide and registered products are
summarized in Table IV.A.
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TABIE IV.A

Physical /Chemical Properities for Magnesium Phosphide

Physical/Chemical Property End-use products

Technical material

(1) Color

(2) Odor

(3) Melting point
(4) Solubility

(5) Stability
{6) Octanol/MWater
partition coefficient

(7) Physical state

(8) Density (or
bulk density)

(9) Boiling point

(10) Vapor pressure

(11) pH

{12) Storage stability
(13) Flammability

(14) Oxidizing/Reduction
Potential

(MRID #)
Data Required
Data required
Not required
Not required

Not required
Not required

Solids, all
products

Data required
Not required
Not required
Not required

Data required
Data required 3/

Data required 3/

(MRID #)
Data required
Data required
Data required
Data required 1/
Data required 2/
For ionic compounxds;
not required
Crystalline
(GS0097005)
Data required
Not required, need for
liquids only

Not required, products are
solid at room temperature

Not required (decaomposes

in water)
Not required

Not required

Not required
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TABIE IV.A (Cont'd)

Physical/Chemical Properities for Magnesium Phosphide

Physical/Chemical Property End-use products Technical material

(MRID %) (MRID #)
(15) Explosiveness Data required 3/ Not required
(16) Miscibility Not required; Not required
need for liquids
only
{(17) Viscosity Not required; Not required
need for liquids
only
(18) Corrosion Charact—
eristics Data required Not required

(19) Dielectric Constant
Voltage Not required; Not required
because the
applicator does
not directly applied
Mg,P, to electrical
canponents

1/ For each technical camposition of magnesium phosphide, data are needed
for its solubility in common laboratory solvents (e.g., chloroform and carbon
disulfide) in accordance with the Guideline's standards for acceptable
testing.

2/ Data showing the effect of small amounts of impurities (alkali, acids,
and metallic ions) on the stability of technical magnesium phosphide are
needed.

3/ Flammability, oxidizing/reductions, and explosiveness data are
required for magnesium phosphide products in accordance with the guideline
requirements for acceptability. Such data are required because of the
chemical similarity of phosphides of magnesium, aluminum and zinc, and
because the U.S. Deg! I Iransportation classified the phosphides of both
zinc and aluminum as flammable solids. It should be noted that flammability
and explosion hazards of these products are alsoc associated with the
evolution of phosphine. Phosphine, like other ignitable gases, is explosive
in air between certain concentrations. For phosphine these concentrations
are, by volume, 1.79% to 1.89% or about 26 mg/liter (Dittmar, 1960, MRID
#000005669) .
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Additional information an the explosiveness of phosphine was also provided.
According to a submission (Duford, 1961, MRID #000005681) reviewed for the
Aluminum Phosphide Registration Standard, the heat (which might be provided by
a heated surface) and the temperature (between 100-150°C) needed to initiate
ignition of phosphine is partly dependent upon the presence of- evolved
impurities, such as diphosphine (P,H;) and higher phosphines. For aluminum
phosphide and presumably for magnesium phosphide, the purity of the evolved
phosphine is dependent upon the purity of the phosphide (Fluck, 1973, MRID
#000005813). The submission by Duford (1961, MRID #000005681) also included
data for the ignition of phosphine-air concentrations typical of those used to
fumigate wheat and other cammodities, whether fram products of aluminum

phosphide or magnesium phosphide.
H. Summary of Data Gaps

Data reviewed during the development of the Aluminum Phosphide Registration
Standard (EPA, 1981) indicate that the flammability and explosive hazards
associated with phosphine fumigation were increased by the presence of small
amounts of diphosphine (P;H,) and other impurities which were evolved with

the phosphine. Because tfie amount of such evolved impurities increased when
the aluminum phosphide was not pure, the Agency required for aluminum phosphide
information and data on the manufacturing process together with the discussion
on product impurities specified by Sections 163.61-4 and -5 of the guidelines.
These data are also required for magnesium phosphide. The product chemistry
data gaps for magnesium phosphide products are detailed in Tables III.A-1, B-1
and C-1 of Part III.
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V. Envirommental Fate

A. Use Summary

Magnesium phosphide is a fumigant registered for the control of insects,
primarily Coleoptera and Lepidoptera, in raw agricultural commodities,
processed food, animal feed, and nonfood/nonfeed products (including tobacco)
stored in warehouses, grain elevators, and ships. Phosphine gas, generated
from the reaction of magnesium phosphide with ambient moisture, is the toxic
agent. No data were fourd for annual sales volume of this pesticide, possibly
because it has not yet been marketed. 1In addition to the previously mentioned
uses, magnesium phosphide is registered for use as a rodenticide.

Magnesium phosphide is available as 32.3% active ingredient plates and 66%
active ingredient pellets and tablets for space fumigation, and as 49.6% active
ingredient discs for rodent control. As a restricted use pesticide, magnesium
phosphide can be applied only by certified applicators. Pellets and plates are
placed in moisture permeable envelopes and located in storage areas without
contact with the food/feed commodity. Spent material is disposed of by burial
or by saturating with water. Treated areas must be placarded with warning
signs until completely aerated and safe for reentry.

The Agency has given acceptance for magnesium phosphide as a restricted use
rodenticide for the control of burrowing moles and rodents: Marmot sp.
[woodchucks and yellow-belly marmot (rockchucks)], prairie dogs (ex (except Utah
prairie dogs), Norway and roof rats, ground squirrels, voles, house mice,
gophers, and chipmunks. The products can only be used in noncrop areas and
must not be applied within 15 feet of inhabited structures (i.e., the distance
of linear diffusion for phosphine gas does not exceed 15 feet under this
application condition) or to burrows which may open under or into occupied
buildings. Magnesium phosphide is applied by adding 1 to 2 discs (formulated
product) to the rodent burmw, packing the opening with crumpled newspaper
and finally sealing the opening tightly by shoveling soil over the entrance.
The newspaper prevents the soil from covering the discs and slowing their
action. The lower rate (1l disc) is required for smaller burrows (e.g., rats,
voles, ground squirrels, house mice, chipmunks) or under moist soil conditions,
and the higher rate (2 discs) for larger burrows (e.g., woodchucks, prairie
dogs, gophers) or when the soil moisture is very low. Reopened burrows may be
retreated 1 to 2 days after initial treatment. Because of the small amount of
product used in this manner, the Agency does not expect the phosphine gas
liberated fram the magnesium phosphide product to remain in soil or water, .or
to remain in the vapor state for an extended period of time. Thus, an assess-
ment of potential reentry hazard is not necessary for this use.

B. Environmental Fate Profile
No data were found as to the fate of magnesium phosphide. Because of similar

use patterns, the Agency believes that the following information about aluminum
phosphide would apply to magnesium phosphide.
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1. Microbiological - Effects of Pesticides on Microbes.

Ruschel and DaCosta (1966, MRID #005016261) treated "Rico 23" bean (Phaseolus
vulgaris L.) seeds with aluminum phosphide by using three grams Phostoxin®
tablets per cubic meter of defined area. Treated and control seeds were
inoculated with a pure culture of Rhizobium phaseoli F33 (a nitrogen—fixing
bacterium), sown in pots containing sandy soill (pH 4.5), and maintained under
greenhouse conditions. 'The plants were sampled during the bloaming period, and
the following detemminations for each plant were made: nodule number, dry
weight, and percentage of nitrogen in the aboveground part of the plant.
Phosphine had no apparent effect on nodulation (number of nodules) in bean
plants grown from treated seed. However, the competency (i.e., ability to fix
nitrogen) of the nodules was not reported.

2. Reentry

Childs et al. (19682, MRID #000005691; 1922, MRID #000005735) reported
phosphine gas concentrations in tobacoo warehouses declined from 100-400 ppm
to 1-5 ppm after aeration for 24 hours when fumigated with 3 grams aluminum
phosphide tablets (55% AlP) at 20 tablets/1,000 cubic feet. Phosphine gas
concentrations were the same at the 1- and l4-foot sampling heights above the
floor. Concentrations of phosphine gas in air within tobacoco hogsheads
declined from 100-400 ppm to <13 ppm after aeration for 48 hours. Warehouse
temperature and relative humidity were monitored continuously at a central
point in the building with a 7-day hygrothermograph located 4 feet above the
floor next to the center aisle. In all warehouses the temperature ranged from
68° to 96°F (20° to 35°C) and the relative humidity from 47 to 63%.

However, temperature and humidity effects on phosphine gas release and
dissipation were not discernible from the data.

Levels of phosphine gas peaked at 1,200 ppm 3 days after application of
aluminum phosphide (Phostoxin® at 165 pellets/1,000 cubic feet, purity
unspecified) in a polyethylene-covered enclosure containing lined fiberboard
cases of tobacco (Edmond et al., 1971, MRID #000005737). Phosphine gas
dissipated to nondetectable levels (<0.l ppm) in air surrounding the cases

24 hours after removal of the cover even though the gas was present at

111-125 ppm inside the lined cases. Therefore, under warehouse conditions with
aeration, the phosphine gas released from closed cases should be present at
<0.1 ppm in the surrounding air.

Nelson (1970, MRID #000005797) found that phosphine concentrations in the air
inside enclosed stacks of raisins peaked at 761 ppm and declined to 479 and

7 ppm within 6 and 50 days, respectively, after application of alumimum
phosphide (purity unspecified) at 45 tablets/1,000 cubic feet. The rate of
decline was not linearly related to the application rate. However, 99% of the
phosphine gas inside enclosed stacks of raisins would be dissipated in the
treated area 50 days after treatment without aeration. The level of phosphine
gas in the treatment area with aeration was not detemmined for reentry.

49



Tuft (1960, MRID $#000005664) detected phosphine gas in the air surrounding
wheat* (approximately 200 pounds) treated with aluminum phosphide
(Phostoxin®, 55% AlP) at 10 tablets per ton of wheat. The concentration in
the air space around the wheat was 198 ppm one hour after treatment. This
concentration had increased to a maximum level of 1,535 ppm at 56 hours after
treatment and then decreased rapidly for about 150 hours without aeration.
After 260 hours no phosphine was detected in the air surrounding the wheat.
The level of phosphine gas in the treatment area with aeration was not
detemminad for reentry.

Lauhoff Grain Company (1966, MRID #000005662) fumigated cormmeal in sealed
boxcars with aluminum phosphide (Phostoxin®, 55% AlP) at a rate of 165
pellets/1,000 cubic feet. When whole pellets were used, phosphine gas levels
42-46 hours after fumigation ranged fram <10 to 68 ppm (median 17)**. Data
were extremely variable in boxcars treated with crushed or ground pellets,
where phosphine gas concentrations ranged from <10 to 384 ppm (median 26) 24
hours after fumigation. Therefore, the kinetics of phosphine release and
dissipation cannot be generalized fram these data.

In summary, phosphine gas generated from aluminum phosphide pellets and tablets
is expected to decline rapidly in treated areas upon aeration. These levels of
phosphine gas in the air surrounding the treated commodities should not be
confused with the amount of residues in or on treated commodities (see Part
VII, Residue Chemistry). Temperature and moisture also influence the release
and dissipation of phosphine gas, however, data fram these studies were
insufficient to assess these factors. Therefore, reentry intervals and the
kinetics of phosphine release and dissipation cannot be determined
quantitatively from these studies.

C. Exposure Profile

Adequate data are not available to fully assess the potential for exposure of
humans ard wildlife to magnesium phosphide. Soil mobility data for assessing
the groundwater contamination potential and bioaccumulation data are not
available; however, the registered uses of magnesium phosphide are not expected
to result in these types of exposure hazards. Exposure of wildlife (nontarget
organisms) is unlikely to occur for the insecticide uses, given the use of
magnesium phosphide as a fumigant for enclosed areas. However, the Agency is
concerned about the fumigation of rodent burrows which may result in exposure
hazards to endangered species (see Part yIII, Ecological Effects).

The greatest potential for direct exposure of humans is during handling,
application, and reentry operations. Respiratory exposure is expected to be
the main route of exposure because the toxic agent, phosphine, is a gas. Data
for quantifying such exposures are lacking. Preliminary studies show that
concentrations of phosphine gas released during fumigation with aluminum

* Air samples were removed at intervals (time) from a 60—gallon fiber drum
containing common California red wheat through a glass tube inserted into the
center of the drum, and approximately 2 feet below the surface of the grain.

** gamples of the gas were removed just before the boxcars were opened.
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phosphide decline rapidly in treated areas upon aeration (Childs et al.,
1922, MRID# 000005735; Childs et al., 19682, MRID #000005691; Rdmond
et al., 1971, MRID §000005737; “Nelson, 1970, MRID #000005797; Tuft, 1960,
MRID #000005664; and Lauhoff Grain Company, 1966, MRID #000005662). However,
inconsistencies in the data make it impossible to quantitate the duration, air
volume, and method of aeration required to dissipate phosphme gas to safe
levels in the application sites. After the Agency receives and evaluates the
ired reentry data for the insecticide use, the Agency may require that
phosphxde levels be monitored prior to reentering work areas*. Respirators
jointly approved by the Mining Enforcement and Safety Administration (MESA)
and the National Institute of Occupational Safety and Health (NIOSH) [designed
for phosphine gas protection] should be worn by workers entering the fumigated
areas until the phosphine gas dissipates to a safe level. The post-fumigation
levels theoretically should decrease to same concentration approaching zero as
the site is further aerated, but data are needed to determine the exposure
levels, if any, to thé applicator.

Dermal exposure may occur even when protective clothing is used because
phosphine gas can penetrate a variety of materials, including polyethylene.
Data for assessing such exposures are unavailable.

D. Summary of Data Gaps

The data gaps that are to be filled are hydrolysis, volatility and reentry**.
There are data gaps relating to disposal and storage, microbial metabolism
(effects of pesticides on microbes) and activated sludge metabolism. However,
pending review and modification of the testing protocols or a reassessment for
the necessity for these data (i.e., disposal and storage, microbial metabolism,
and activated sludge metabolism), it is currently not necessary to satisfy
these data gaps.

* pue to the lower volume of use (one or two discs/burrow) and the use of
the product away fram inhabited areas, reentry data requirements will not be
required for the rodenticide use.

** The Agency will accept the data generated under the Aluminum Phosphide

Registration Standard (EPA, 198l1) to support registration/reregistration of
products containing magnesium phosphide.
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VI. Toxicology
A. Introduction

Because of the highly toxic nature of phosphine and the ease with which it can
be released fram magnesium phosphide, the toxicity of magnesium phosphide has
been assumed to be that of phosphine itself. Thus, the Agency has used the
toxicological data on phosphine in regulating magnesium phosphide formulations
and has not required the usual toxicological studies on magnesium phosphide or
its formulations.

B. Application

The following discussion includes the application procedure which is required
by the current labeling. The applicator, who must be certified, is required
to motify the authorities such as the health departments, police departments
and the fire departments so that any additional precautions may be taken, and
emergencies may be handled promptly. The applicator should verify that the
application site will properly contain the liberated phosphine and that the
site is adequately secured against possible exposures to the surrounding
areas. Posting warning signs and securing the areas with locks may be
necessary to prevent workers from accidently entering a fumigated site.

After the magnesium phosphide is applied, concentrations of phosphine are
allowed to build to the level (1,000 ppm may be necessary) needed for the
fumigation process. Field sampling methods may be used to verify the level
achieved within the site (above 1,000 ppm). "High level®™ air sampling tubes
which measure phosphine levels from 15 to 3,000 ppm are commercially
available. When checking the levels of phosphine, the applicators are required
to wear gas masks and canisters jointly approved by the Mining Enforcement and
Safety Administration (MESA) and the National Institute of Occupational Safety
and Health (NIOSH). Such gas masks are to be retained at the fumigation site
in cases of emergencies requiring entry into the site.

The applicator or his designee are required to measure the areas surrounding
an application site to verify that there is no leakage from the site into
surrounding living or working areas. For this, the applicator may use "low
level® sampling tubes which measure levels of phosphine in the range of 0.1 to

4 ppm.

After the fumigation process is completed, the applicator is required to
aerate the site until phosphine levels are at or below 0.3 ppm so that the site
may be opened and workers may safely enter the area. The applicator should
verify that the aeration procedures do not discharge directly into areas in
vhich humans may be working or living. The applicator, wearing protective
clothing and a respirator, measures the air over and around the comodity which
has been fumigated using low-level sampling tubes to insure that phosphine
levels are at or below 0.3 ppm.

For the rodenticide use, the magnesium phosphide is applied by placing 1 to 2

discs per burrow. The burrows are sealed tightly with soil over the
entrance.
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C. Toxicological Asscssment
1. Acute Exposure Toxicity Summary

Table VI.A, Acute Inhalation Toxicity Summary for Phosphine, provides a
camparison of different inhalation studies by descernrling chamber concentra-
tions. Exposures generally lasted until animals started dying. Overall, the
higher the concentration, the smaller the time interval to death. One study
(Waritz and Brown, 1975, MRID #005007354) deteramined a IC 0 concentration of
11 ppm or approximately 0.014 mg/liter. Although the st was classified as
supplementary*, the o derived from this study and information from the
other studies cited in Table VI.A are sufficient to indicate that phosphine is
highly toxic by the inhalation route, and for labeling purposes is in toxicity
category I. Signs of toxicity resulting from acute exposure were primarily
respiratory irritation and dyspnea (Waritz and Brown, 1975, MRID #005007354).
The Agency requires no further acute toxicity studies using any route of
administration (i.e., oral, demal, inhalation, eye) for magnesium phosphide or
phosphine.

2. Repeat Exposure Toxicity Summary

Table VI.B, Subchronic Inhalation Toxicity for Phosphine, summarizes the
results of two major subchronic inhalation studies (Muller, 1940, MRID
#GS0025022 and Klimmer, 1969, MRID #GS0025018). The results showed that as the
exposure concentrations of phosphine decreased from 20 ppm to 5 ppm, the time
interval to death generally increased. However, the increased time interval to
death differed between the two studies.

Klimmer was able to maintain three species of animals without overt signs of
toxicity for over 800 hours. The study was conducted over a six month period

in which the test animals were exposure to phosphine at 2.5 ppm and 1 ppm for
six hours/day for five days/week and four hours on Saturdays. At the next
highest dose of 5 ppm, there were deaths in two of three species after approxi-
mately 30 hours. Thus, 2.5 ppm of phosphine can be considered as a no-observed-
effect level (NOEL) for lethal effects and overt signs of toxicity during
subchronic inhalation exposure.

Neither study would be judged adequate in evaluating all biological parameters
deemed necessary by more modem toxicological requirements. Body weight
changes, hematology, blood chemistry, organ weights, gross and histopathology
evaluations were not performed in either study. Numbers of animals per dose
were usually too low. Nevertheless, the studies do provide a good estimate of
the dose-response relationship for the toxic effects of phosphine with
different species.

* This study is considered supplementary because only one sex was tested and
canplete details concerning all test parameters were not provided.
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TABLE VI.A

Acute Inhalation Toxicity Study Summary for Phosphine

Concentration Exposure Species Time to Death Citations
(ppm)
6°'°8°5 Continuous Frog 3 hours Brilljant, 18822
70,00
2,500 25 minutes Cat 51 minutes Brilliant, 1882°
2,000 Continuous Rabbit 33 minutes Hendegsm & Bubois,
1879
1,500 10 minutes Rabbit 10 minutes Meissner, 1923"“
600 Continuous Rat 1 hour Rebmann, 1933
540 Continuous Mouse 35 minutes Jakote, 1904
403 46 minutes Rat 36 minutes Klimner\, 1969
400 30 minutes Rabbit 50 minutes Jakote, 19092 i
300 Continuous Guinea pig 2 hours Rebmann, 1933
205 75 minutes Rat 66 minutes Klimmer, 1969
167 100 minutes Cat 93 minutes Klimmer, 1969
167 100 minutes Rabbit 90-98 minutes Klimmer, 1969
167 100 minutes Rat 70-75 minutes Klimmer, 1969
160 Continuous Hen 50-64 minutes Klimmer, 1969
151 Continuous Turkey 68, 74, 80 Klimmer, 1969
minutes
150 Cont inuous Cat 160 minutes Jakote, 19042
140 110 minutes Rat 97 minutes Klimmer, 1969
120 130 minutes Cat 103-130 minutes Klimmer, 1969
120 130 minutes Rabbit 110-125 minutes Klimmer, 1969
120 130 minutes Rat 79-123 minutes Klimmer, 1969
60 Cont inuous Rat 4 hours Rebmann, 19332
54 6.5 hours Cat 5-6.5 hours Klimmer, 1969
54 6.5 hours GQuinea pig 4-5.5 hours Klimmer, 1969
54 6.5 hours Rat 4-5.5 hours Klimmer, 1969
50 150 minutes  Cat 4-5 hours Jakote, 19042
42-50 Continuous Rat 5-7 hours Muthu, 1980
25 4 hours Guinea pig 4 hours Muller, 1940
25 4 hours Rabbit 4 hours Muller, 1940
25 8.5 hours Cat 8.5 hours Klimmer, 1969
25 8.5 hours Rabbit 5-8.5 hours Klimmer, 1969
25 8.5 hours Rat 7-8 hours Klimmer, 1969
11 4 hours Rat mSO Waritz & Brown,
(0.014 mg/1) 1975

a. Parkin, 1972.
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Table VI.B

Subchronic Inhdlation Toxicity Summary for Phosphine

Concentra- Exposure Species Time to Reference
tion (ppm) [hr/day (hr) death
x days (d)] [hours (hr)or
days (d)]
20 4 hrx2d Rabbit 2d Muller, 1940
20 4hrx2d Guinea pig 24 Muller, 1940
14.8 and 4hrx6d Rabbit 6d Muller, 1940
10 4 hr x 7-14 4@ Rabbit 7-15 4 Muller, 1940
‘8.3 4 hr x 454 Rabbit 4, 64d Muller, 1940
8.3 4 hr x474 Rabbit - Muller, 1940
5 4hr x6d Rabbit 6d Muller, 1940
5 48 hr Cat 35.5-45.5 hr Klimmer, 1969
(continuous) Guinea pig 24-32 hr Xlimmer, 1969
Rat 27-36 hr Klimmer, 1969
5 80 hr Guinea pig 30 hr Klimmer, 1969
(continuous) Rat 32-48 hr Klimmer, 1969
Cat (2) - Klimmer, 1969
Rat (2) - Klimmer, 1969
2.5 820 hr? Cat 0/4° Klimmer, 1969
Quinea pig 0/4 b Klimmer, 1969
Rat 0/1g Klimmer, 1969
1 816 hr? Cat 0/4°, Klimmer, 1969
Rat 0/10 Klimmer, 1969

a. Six hr/day, 5 day/wk, 4 hr on Saturdays.

b. 2Zero deaths out of four (or ten) treated animals.
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Until the results of reentry data are received amd evaluated concerning
exposure to phosphine from registered uses of magnesium phosphide, the Mgency
will not request additiocnal subchronic inhalation studies at this time*.

D. Human Poisoning Case Reports

The 2gency does not have any information involving human pesticide exposure
fram magnesium phosphide possibly because magnesium phosphide has not been
marketed since it was first registered in 1979 for use in the United States.
However, the Agency does have information involving exposure to aluminum
phosphide which releases the same toxic agent, phosphine, as magnesium
phosphide. !

The Agency's Pesticide Incident Monitoring System (1981) reported 29 incidents
involving human pesticide exposure fram aluminum phosphide. These incidents
occurred from 1966 to March, 1981 and involved an estimated 80 to 90 people.
Seventy-one of the exposed persons received medical treatment while an
additional 33 persons were hospitalized, with a total of 2 fatalities.

In 22 incidents, pesticide exposure occurred when aluminum phosphide was used
as a grain fumigant. Truck drivers, pesticide applicators, railroad, warehouse
and mill workers, laborers and cargo crew members constituted the majority of
personnel exposed in this manner. Two home-related incidents, involving 9
children under the age of 16 (one of which died) amd one adult, were also
reported. These two home-related incidents were clearly a misuse since the
user disregarded the label instructions. The other incidents were attributed
to accidental pesticide spills or were of undetermined origin. In all of these
incidents, exposure to aluminum phosphide or phosphine occurred through
improper handling of the pesticide (not wearing required protective clothing),
incamplete aeration procedures (i.e., not detemining phosphine levels pricr to
reentry or not wearing the required respirator), or improper rates of
application of the pesticide to the commodities.

In the literature, 12 studies dating from 1936 to 1980, reported case
histories of human exposure to phosphine gas. A total of 129 persons were
exposed to the gas in varying situations. These studies have described
gastrointestinal disorders which included vamiting and diarrhea, and nausea as
the most prevalent symptoms. Headache, dizziness and breathing difficulties
were also noted, In the survivors, recovery times ranged from 24 hours to

1 month following exposure. Autopsy findings indicated that pulmonary edema
and congestive heart failure were the most frequent causes of death from

phosphine gas exposure.

One of these studies (Zipf et al., 1967, MRID #005017653) which addressed a
suicide attempt with Phostoxin® provided a description of medical treatment
following aluminum phosphide poisoning. The authors recommended a rapid and
thorough stamach evacuation irrigation, irrigation with 1% potassium
permanganate solution or magnesium peroxide and treatment with activated
charcoal and sodium sulfate. Thereafter, immediate administration of oxygen,

* 'he Agency will accept the data being requested under the Aluminum Phosphide
Registration Standard (EPA, 1981) to support the registration/reregistration of
products oontaining magnesium phosphide.
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they indicated, will help to prevent death from circulatory system collapse and
pulmonary edema. When renal insufficiency is present, extracorporeal
hemodialysis proved effective.

E. Permissible Exposure Limits

The American Conference of Industrial Hygienists (ACIH, 1971) has established
a nommal allowable occupational exposure limit (TLV) of 0.3 ppm for phosphine
based on acute and subchronic inhalation studies. This has also been adopted
by National Institute of Occupational Safety and Health (NIOSH, 1979) and
Occupational Safety and Health Administration (NIOSH/OSHA, 1978) as a
permissible exposure limit (PEL). Both the TLV and the PEL represent time
weighted averages of airborne concentrations which should not cause harm to
wogkers exposed eight hours per day, five days per week throughout a working
lifetime,.

Because the Agency is concerned about adverse chronic effects, other than overt
symptoms and lethality, we reserve the decision to require same studies, such
as mutagenicity and teratology, until the results of reentry data can be
evaluated. If there is significant chronic exposure to the applicator based on
this review, the Agency may require these studies.

F. Food Tolerances

Considering that phosphine is a gas and thus only low levels of phosphine
residues are expected in treated food commodities, it is anticipated that the
public which consumes phosphine-treated food commodities will be exposed to
toxicologically insignificant quantities of phosphine per se (see Part VII,
Residue Chemistry). As no significant dietary exposure to phosphine is
expected, no chronic feeding, oncogenic, metabolism or reproduction studies are
required for phosphine.

However, chemically uncharacterized residues are found in food commodities as a
result of phosphine treatment (see Part VII, Residve Chemistry). There is a
chronic feeding/oncogenic study (Hackenberg, 1969, MRID #000026937; 1971, MRID
#000026938; 1972, MRID #000006000) in which rats were fed a phosphine-treated
diet and were presumably exposed to levels of chemically uncharacterized
residues which result fram phosphine treatment. The Hackenberg study is an
inadequate measure of the possible hazards arising from the consumption of
these residues. The levels of this chemically uncharacterized substance are
unknown and are very likely below the maximum tolerated dose. Therefore, the
study, at best, is very insensitive. Nevertheless, it provides no evidence
that any harm will result from consumption of phosphine-treated food
commodities. It is therefore reasonable to defer the requirement for chronic
feeding, oncogenic, metabolism and reproduction studies pending a determination
of the chemical nature of the chemically uncharacterized residues.

1f the Agency oconcludes, when these residues are chemically characterized, that
they are toxicologically insignificant, the requirement for chronic feeding,
oncogenic, metabolism, and reproduction studies will be waived. If no
determination can be made, chronic feeding, oncogenic, metabolism, and
reproduction studies may be required. Therefore, the requirement for these
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studies is being deferred until the residues are chemically characterized, and
the Agency reviews the results*.

G. Summary of Data Gaps

All required toxicology studies are reserved pending the receipt and evalution
of residue and reentry data. .When the chemically uncharacterized residues
which result from the treatment of food commodities with phosphine are
characterized and evaluated, the Agency will determine whether chronic
feeding/oncogenic, metabolism and reproduction studies are required. When the
reentry data are received amd evaluated to detemmine if there is any exposure
to the applicator, the Agency will determine whether mutagenicity, teratology
and additional subchronic inhalation studies are required.

* The Agency will accept the data generated under the Aluminum Phosphide
Registration Standard (EPA, 1981) to support the registration/reregistration of

products containing magnesium phosphide.
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VII. Residue Chemistry
A. Introaduction

Products of both aluminum phosphide and magnesium phosphide are used primarily
as a source of the fumigant phosphine. Both types of products are currently
registered with directions for blending directly with raw agricultural
commodities, and as space fumigants for processed foods, feeds, non-food items
such as tobacco stored in commerial establishments. Recently, both types of
products were accepted for use as rodenticides. When these products are used
as space fumigants, the resulting residues are limited to phosphine per se and
its reaction products with the commodity. However, when mixed with raw
agricultural conmodities, the residues also include small amounts of the
praduct which are impregnated with magnesium phosphide.

As with aluminum phosphide, the recammended application rates for magnesium
phosphide vary with the nature of the pest and the tightness of the structure
(e.g., bin, warehouse, railcar). To effectwely fumlgatn with phosphine, the
commodity should be at a temperature > 40°F (4.4 OC) and the humnidity

about 60%. A detailed summary of the accepted application rates for magnesium
phosphide can be found in the EPA Index to Pesticide Chemicals-Magnesium
Phosphide (EPA, 198l1). In brief, the application rates of magnesium phosphide
products are as follows: 1) when mixed with the commodity, application rates
of magnesium phosphide range between 4 and 12 grams per ton of commadity (or 48
to 360 grams per 1,000 bushels) and 2) when not mixed with the commodity,
application rates are between 60 grams and 250 grams of phosphine per 1,000
cubic feet of volume fumigated (or 2.12 mgs and 8.83 mgs per liter).

As products for fumigation, the phosphides of magnesium and aluminum have been
accepted for essentially the same uses. Both types of products are used to
fumigate raw agricultural comodities (e.g., wheat), processed foods and feeds,
empty beehives, nonfood items (e.g., tobacco, sceds), and commercial
establishments (e.g., cereal mills).

B. Fumigation and Aeration Periods

The length of the fumigation perlod is deoendent upon the temperature of the
commodity. Commodities at 54-59°F (12.2-15°C ()) should be furnlgated at least
four days. If the commodity is between 60-68 F (15 6-20°C), the time
should be at least three days; if over 68°F (20 C), the time must be not
less than two days. No fumigation should be made at tempeartures below 40°F
(4.4°C). The aeration period following fumigation should be at least two

days.
C. Metabolism in Plants and Animals

Data reviewed for the Aluminum Phosphide Registration Standard (EPA, 1981) show
that the highest residues of phosphine occur when the product has been mixed
directly with the fumigated commodity. These residues resulted because small
amounts of unreacted phosphide remain with the product non-volatiles. In
registering products formulated with the phosphides of either aluminum or
magnesium, the Agency has not required residue data individually for each
product; the Agency assumed that residues of such unreacted phosphide are not
significantly dependent upon the formulation of the end-use product.
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The reviewed submissions for magnesium phosphide, including those for the
phosphides of aluminum and zinc, do not contain data showing the plant
metabolites of phosphine per se. These submissions, which support the
currently established tolerances for residues resulting from fumigations with
phosphide, indicate only minute (>0.01 ppm) residues of vhosphine per se (which
were readily removed by aeration) and the Agency does not require elther plant
of animal metabolism studies at this time.

However, based on recent studies conducted with 32P—labeled phosphine and
nuclear activation studies using unlabeled phosphine, the Agency requested for
the Aluminum Phosphide Registration Standard (EPA, 19931) data which would
ident1fy phosphine residues which were not indicated by earlier studies using
less sophisticated methodology. The requested data, which is also needed to
support the magnesium phosphide standard, may indicate the need for metabolism
studies.

The more recent studies indicate about 70% of the irreversibly bound residue of
phosphine consists of the oxy-acids of phosphorus (phosphoric, phosphorus, and
hypophophosphorus), the amount of the residue remaining unidentifed in these
studies was significant. For example, in a typical phosphine funiggi{ifx of
wheat, the unidentified residue consists of about 30% of the total

residue, about 0.7 ppm. The Agercy, therefore, has requested that the
remaining residue be identified and recognized as safe or studied in accordance
with the Agency's Guideline requirements.

D. Analytical Methods

The current Pesticide Analytical Manual (PAM), 1981, Vol II, contains the
official analytical procedure for enforcing the established tolerances for
residues of phosphine in or on raw agricultural comodities, processed foods
and feeds. Currently, the methodology is considered valid for phosphine
residues which are > 0.01 ppm.

E. Residue Data

Sufficient data have been submitted to show that the phosphine release rate
fram the registered magnesium and aluminum phosphide products are not
significantly different (DBGESCH, America, Inc., 1977, MRID #GS0097002).
Because the two phosphides have essentially the same uses, the residue data
supporting the aluminum phosphide products are considered valid for products of
magnesium phosphide. [MNote: The carryover of significant amounts of residue,
either of phosphine per se or of magnesium phosphide (or aluminum phosphide)
into processed commodities and into meat, milk, poultry and eggs would not be
expected. ]
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F. Summary of Data Gaps

As discussed in Section C, Metabolism by Plants and Animals, phosphine reacts

; eversibly with treated commodities. Grain fumigation studies conducted with
-phosphine indicate these irreversibly bound residues consisted of both

the oxy-acids of phosphorus (<2.5 ppm) and unidentified residues (ca 0.7

ppm). These studies also indicated that the same or similar residues, in about

the same quantities, are present in all commodities fumigated with phosphine.

Thus, in order to evaluate the hazards that would be associated with the use of

magnesium phosphide, the Mgency is requiring that these unidentified residues

of phosphine be either identified chemically and recognized as safe, or tested

in accordance with the Xency's Guidelines*.

* The Agency will accept the data generated under the Aluminum Phosphide
Registration Standard (EPA, 1981) to support the registration/reregistration of
products containing magnesium phosphide.
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VIII. Ecological Effects

Subpart E, Hazard Evaluation: - "Wildlife and Aquatic Organisms,” of the
Proposed Guidelines issued on July 10, 1978, describes the fish and wildlife
data requirements needed by the Agency to assess the hazards of pesticides to
nontarget organisms and to provide for adequate precautionary labeling. There
are no fish and wildlife toxicity studies on magnesium phosphide. However,
such data will not be required to support the use patterns covered by this
standard because 1) magnesium phosphide, in the presence of moisture,
decamposes rapidly to produce phosphine gas; 2) the treatment sites for the
insecticide use are enclosed or covered during treatment, thereby precluding
exposure to fish and wildlife; and 3) the residual phosphine will be diluted
upon release into the surrounding air when venting a treated area. Thus, the
Agency will waive the ecological effects data requirements regarding the
currently registered uses (i.e., the fumigation of foods, feeds, processed
foods and feeds in enclosed structures, and the fumigation of rodent burrows)
for magnesium phosphide products.

The use patterns of magnesium phosphide for controlling burrowing rodents and
moles could destroy nontarget mammalian, avian, and veptilian species that prey
on these pests or are utilizing their burrows at the time of application. The
" following endangered species were determined to be in jeopardy through the use
of this product*: 1) Black-footed ferret (Mustela nigripes); 2) Eastern
Indigo snake (Drymarchon corais cauperi); 3) San Joaquin kit fox (Vulpes
macrotis mutica); 4) Utah prairie dogs (Cynomys parvidens); 5) Blunt-

nosed leopard lizard (Gamelia: Crotaphytus); and 6) Desert tortoise

(Gopherus agassizii). The Agency has required labeling changes for

products covered by this Standard to reduce and/or eliminate potential hazards
to rnontarget organisms; i.e., endangered species (see Part II).

* fThese species were determined through formal Section 7 consultation with the
Office of Endangered Species, U.S. Fish and Wildlife Service.
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IX. Confidential Annex

Persons wishing to read the contents of this annex, which contains Confidential
Business Information, are requested to contact the United States Envirommental
Protection Agency, Office of Pesticide Programs, Information Services Branch
(Freedam of Information), for further details.
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X. Bibliography
A. Guide to Use of This Bibliography
1. Content of Bibliography

This bibliography contains citations of all the studies reviewed by EPA in
arriving at the positions and conclusions stated elsewhere in this Standard.
The bibliography is divided into 3 sections: 1) citations that contributed
information useful to the review of the chemical and considered to be part of
the data base supporting registrations under the Standard; 2) citations
examined and judged to be inappropriate for use in developing the Standard; and
3) standard reference material. Primary sources for studies in this
bibliography have been the bcdy of data submitted to EPA amd its predecessor
agencies in support of past reqgulatory decisions, and the published technical
literature.

2. Units of Entry

The unit of entry in this bibliography is called a "study."™ 1In the case of
published materials, this corresponds closely to an article. In the case of
unpublished materials submitted to the Agency, the Agency has sought to
identify documents at a level parallel to a published article fram within the
typically larger volumes in which they were submitted. The resulting "studies"
generally have a distinct title (or at least a single subject), can stand alone
for purposes of review, and can be described with a conventional bibliographic
citation. The Agency has attempted also to unite basic documents and
commentaries on them, treating them as a single study.

3. Identification of Entries

The entries in this bibliography are sorted by author, date of the document,
and title. Each entry bears, to the left of the citation proper, a nine-digit
identifier. This number is unique to the citation, and should be used at any
time specific reference is required. This number is called the "Master Record
Identifier,"” or "MRID." It is not related to the six-digit "Accession NMumber”
which has been used to identify volumes of submitted data (see paragraph
4(d)(4) below for further explanation).

4, Form of the Entry

In addition to the Master Record Identifier (MRID), each entry consists of a
bibliographic citation containing standard elements followed, in the case of
materials submitted to EPA, by description of the earliest known submission.
The bibliographic conventions used reflect the standards for the American
National Standards Institute (ANSI) and was expanded to provide for certain
special needs. Same explanatory notes of specific elements follow:

a. Author
Whenever the Agency could confidently identify one, the Mgency has chosen to
show a personal author. When no individual was identified, the Agency has

shown an identifiable laboratory or testing facility as author. As a last
resort, the Agency has showvm the first known submitter as author.
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b. Document Date

When the date appears as four digits with no question marks, the Agency took it
directly fram the document. When a four-digit date is followed by a question
mark, the bibliographer deduced the date from evidence in the document. When
the date appears as (192?), the Agency was unable to determine or estimate the
date of the document.

c. Title

This is the third element in the citation. In some cases it has been necessary
far the Agency bibliographers to create or enhance a document title. Any such
editorial insertions are ocontained between brackets.

d. Trailing Parentheses
This is the third element in the citation. In some cases it has been necessary
for the Agency bibliographers to create or enhance a document title. Any such
editorial insertions are contained between brackets.

e. Trailing Parentheses

For studies submitted to us in the past, the following elements describing the
earliest known submission (in addition to any self-explanatory text) are
included within the trailing parentheses.

1) Submission Date. Immediately following the word
“received® appears the date of the earliest known
submission.

2) Administrative Number. The next element, immediately
following the word "under,” is the registration number,
experimental permit number, petition number, or other
administrative number associated with the earliest known
submission.

3) Submitter. The third element is the submitter, fol
lowing the phrase "submitted by." When authorship is
defaulted to the submitter, this element is amitted.

4) Volume Identification. The final element in the
trailing parentheses identifies the EPA accession number of
the volume in which the original submission of the study
appears. The six-digit accession number follows the symbol
®CDL," standing for "Company Data Library". This accession
number is in tum followed by an alphabetic suffix which shows
the relative position of the study within the volume. For
example, within accession number 123456, the first study would
be 123456-A; the second, 123456-B; the 26th,123456-Z and the
27th 123456-AA.
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Citations Considered To Be Part Of The Data Base Supporting
Registration Under ‘The Standard



MRID #

GS0097007

GsS0097008

GS0097006

GS0097009

GS0097002

000005669

000005681

000005813

GS0097005

Gs0097003

OFFICE OF PESTICILE PROGRAMS
REGISTRATION STAIDARD BIBLIOGRAPIIY

Citations Considered to be Part of the Data Dase Supporting

Registrations Under the Standard
Praduct Chemistry (Part 1V)
Citation

DEGESCH America, Incorporated (1972?) DEGESCH Magtoxin Pellets.
(Unpublished study received on unknown date under 30235-10)

DEGESCH America, Incorporated (197?) DEGESCH Magtoxin Pellets
(Unpublished study received on unkrnown date under 40285-11)

DBEGESCH Mwerica, Incorporated (197?) Fumi-Cel® Rlate.
(Unpublished study received on unknown date under 40285-8)

DEGESCH Arcerica, Incorporated (197?) tagtoxin Pellets Prepae
(Unpublished study received on unknown date under 40285-12)

DEGESCH America, Incorrorated (1977) Phostoxin (Unpublished sturly
received June 13, 1977 under unknovn submission; CDL:234589)

Dittmar (1960) Examinations for Testing of the Phostoxin Method
Regarding Fire and Explosion Safety. (English translation; un-
published study received Aug 25, 1960 under 5857-1; prepared by
Bunxiesanstalt fuer Materialpruefung for Deutsche Gesellschaft
fuer Schaedlingsbekaempfung m.b.H., submitted by Thostoxin
Sales, Inc., Alhambra, Calif.; CDL:022500-A)

pufour, R.R. (1961) Report on Fumigant: i47330. Includes six
methods dated dated Apr 12, 1961. (Unpublished stuly received
Jun 12, 1961 under 5857-1; prepared by Underwriters®
Laboratories, Inc. for Hollywood Termite Control Co., Inc.,
submitted by Phostoxin Sales, Inc., Alhanbra, Calif.; CDL:022509-
h)

Fluck, E. {1973) The Fate of Phosphince in the Atmosphere.
(Unpublished study received Apr 27, 1976 under 5857-5; prepared
by Univ. Stuttgart, Institut fuer Anorganische Chemie; submitted
by Phostoxin Sales, Inc., Alhambra, Calif.; CDL:234588-C)

Pestcon System, Incorporated (1977) Physical/Chemical Property
Data [Fumi-Cel] (Unpublished stuly received on unknown date
under 5857-5)

Phostoxin Sales, Incorporated (1$77) [Chemistry -ata] (Unpublished
study received June 8, 1977 under Pesticide Petition 7F1985,
6F0508, 2r1184, 511650, 642052 and 2H2665; submitted by
Phostoxin Sales, Inc., Alhambra, Calif.; CDL:230633)



OFFICE OF PESTICIDE PROGRAMS
_ REGISTRATION STANDARD BIBLIOGRAPHY
Citations Consid=red to be Part of the Data Base Supporting
Registrations Under the Standar:l

Product Chemistry (Part 1IV) (Cont'd)
MRID # Citation
005015567 Tanaka, Y. (1968) Chemical reaction at high temperaturc and high
pressure, V: kinetics of solid state reaction of zinc with

phosphorus to form Zn,P, under high pressure. Review of
Physical Chemistry of Japan 38(2):137-150.
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000005735

0V00U5691

000005737

000005662

060905797

005016261

000005664

OFFICE OF PLSTICIOL 2R0OGIAMS
REGISTOATION STASDARDY BIGLICGCRATIY
Citations Consider=l to be Part of the Data Base Supporting
Registrations Under the Standarcd

Environmental Fake (Part V)
Citation

Childs, D.P.; Overby, J.E.; Wiffenegger, D. (192?) Phosphine fumi-
gation of flue—cured tobacoo warehousces for control of the ciga—
rette beetle. Tobacco 168(21):20-25. (Also In unpublished sub-
mission received May 21, 1976 under 5857-5; submitted by
Phostoxin Sales, Inc., Alhambra, Calif.; CDL:230915-B)

Childs, C.P.; Overby, J.E.; Niffeneqger, D. (19682) Phosphine Fumi-
gation of Flue—Cured Tobacco “iarehouses for Oontrol of the Ciga-
rette Beetle. (Unpublished study received Feb 4, 1969 under
5857-1; prevarcd by U.S. Agricultural Research Service, ilarket
Quality Research Div. and Biometrical Services, subnitted by
Phostoxin Sales, Inc., Alhambra, Calif.; CDL:224452-1)

Edwond, D.E.; Hadden, R.; Yu, G. (1971) The penetration of phos-—
phine gas into lined tobacco cases during atmospheric fumiga-
tion. Tobacoo (Jul 23):103-106. (Also In unpuislished sub-
nission received May 21, 1976 under 5857-5; subamitted by
Phostoxin Sales, Inc.; Alhambra, Calif.; CDL:230915-D)

Lauhoff Grain Company (1966) Cooperative Experimental Fumigation of
Rolling Boxcars Using Phostoxin, August, 1966. (Unpublished
study received Oct 1ld, 1966 under unknown admin. no.; sulmitted
by Phostoxin Sales, Inc., Alhambre, Calif.; CDL:104158-A)

Nelson, H.D. (1970) Fumigation of Matural Raisins with Phosphine.
By Agricultural Research Service, Market Quality Research Piv.
tiashington, D.C.: U.S. Dept. of Agriculturc. (Marketing re-
search report no. 886; available from Superintendent of Docu-
ments, U.S. Govt. Print. Off.; also In unpublished submission
received on unknown date under 5857-1; sutmitted by Phostoxin
Sales, Inc., Alhambra, Calif.; CIL:028351-S)

Ruschel, A.P.; Da Costa, W.F. (1966) Fixacao simbiotica de
nitrogenio atiosferico em feijao (* Phaseolus vulgaris L.).
III. Influencia de alguns inseticidas e fungicidas.

[Symbiotic fixing of atmospheric nitrogen in the French bean
(Phaseolus wulgaris L.). III. Rffect of some insecticides
ad fungicides.] vesquisa Agropecuaria Brasileira. [Brazilian
Agricultural and Veterinary Research.] 1:147-149.

Tuft, T.0. (1960) Disappearance of Phosphine from ‘theat. (Unpub-
lished study received Sep 27, 1960 under 5857-1; preparcd by
Hazleton Laboratories, Inc., submitted by Phostoxin .7819@, Inc.,
Alhambra, Calif.; CDL:121164-A)



OFFICE OF PESTICICE PROGRANS
REGISTRATICI STANDARD BIBLIOCGRADIIY
Citations Considered to be Part of the Data Base Supporting
Registrations Under the Staniard

Toxicology (Part VI)
MRID # Citation

000026937 Hackenberg, U. (1969) Investigation Report: 2 Years Toxicity Stud-
ies with Phostoxin™(R)—Treated Food on Rats. (Unpublished
study received Aug. 2, 1971 under 2F1184; prepared by Institut
fuer Imdustrielle und Biologische Forschung, sulmitted by Phos-
toxin Sales, Inc., Alhambra, Calif.; CDL:221725-L)

000026938 Hackenberg, U. (1971) Chronic Ingestion by Rats of Standard Diet
Treated with Aluminum phosphide. (Unpublished study reccivad
Aug 2, 1971 under 271184; prepared by Institut fuer Industrielle
und Biologische Forschung, submitted by Phostoxin Sales, Inc.,
Alhambra, Calif.; CDL:221725-M)

000006000 Hackenberg, U. {1972) Chronic ingestion by rats of standard diet
treated with Alunimum phosphide. Toxicology and Applied Pharma—
cology 23(1):147-158. (Also In unpublished submission received
Apr 23, 1976 under 6704-73; submitted by U.S. Dept. of Interior,
Fish and wildlife Servics, Washington, D.C.; CDL:224029-G)

CS0025018 Xlimmer, O.R. (1969) Beitrag zur Wirkungdes Phoshorwasserstoffes
(Pii3) [Study of the Action of Phosphide (PH,). Chronic
Phosphine Poisoning.] Arch. Toxikol.; 224:7164-187.

GS0025022 Muller, V. {(1940) Uber Phosphorwasserstoff vergiftung
(Tierversuche). [The Hydrogen Phosphide Intoxication (Animal
Experiments). Report I. Acute and Subacute Intoxication.]
Naunyn— Schmiederberg's. Archiv, fur Experimentelle Pathlogie
und Pharmakologie, 95: 184-193.

005007354 Waritz, R.S.; Brown, R.M. (1975) Acute and subacute inhalation
toxicities of phosphine, phenylphosphine and
triphenylphosphine. American Industrial Hygiene Association
Journal 36(6):452-458.

005017653 2Zipf, K.E.; Arndt, T.; leintz, R. (1967) Klinische Beobachtunen
bei einer Phostoxin-Vergiftung. [Clinical findings in a
phostoxin (phosphine) poisoning.} Archives of Toxicology
22(4):209-222,
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REGIS.WRATI(N STANDARD EIBLIOGRAPTY
Citations Considerad to be Part of the Data Base Supporting
Reqgistrations Under the Standar:l

Residue Chemistry (Part VII)
MRIC # Citation

005015520 Breyer, L. (1973) Untersuchungen der Phosphorwasserstoffrueckstaende
in Getreidenach der Behandlumg mit pulverfoermigen Begasurngs-—
Praeparaten. [Analyses of phosphine residues in cereals after
treatment with powdered fumigating products.] Die Muehle +
¥ischfuttertechnik. [The Mill + Mixed Feed Technology.]
110(43):699-700.

005007190 Brucc, R.B.; Robbins, A.J.; 1uft, T.0. (1962) Phosphine residues
fron phostoxin-treated grain. Journal of Ajricultural and Food
Chemistry 10(1):18-21.

000005685 Bruce, R.B. (1958) Bake—out Studies—Thostoxin Treated Grain; Resi-
due Analysis—Phostoxin Treated Grain—Kansas; Supplement to Re-
port Dated Apr 30, 1958. (Unpublished study received Sep 25,
1958 under 5857-1; prepared by Ilazleton Laboratories, Inc. for
liollywood Termite Control Co., Inc., submitted by Phostoxin
Sales, Inc., Alhambra, Calif.; CDL:025959-C)

000005768 Bruce, R.B. {1958) Phosphine Nesidues in Yheat Oil; Recovery of
Phosphine: Supplement to Reports Dated April 3¢, 1953 and Sep-
tember 19, 1958. (Unpublished study including letter datad Oct
15, 1958 from H. Rauscher to U.S. Food and Drug Administration
and Pesticide Requlations Section, received Oct 20, 1958 under
5857-1; prepared by liazleton Laboratories, Inc. for Hollywood
Termite Control Co., Inc., submitted by Phostoxin Sales, Inc.,
Alhambra, Calif.; CDL:0225GC0G-A)

000005905 Bruce, R.B. (1955) Phosphine Iesidues on Grain. (Unpublished study
) received Cct 20, 1961 under 5857-1; prepared by lazleton Labora-
tories, Inc. for !bllwwooxd Termite Control Co., Inc., submittd

by Phostoxin Sales, Inc., Alhambra, Calif.; CDL:120707-A)

000005767 Bruce, R.B. (1959) Residue Study—'ilo: Supplement to Reports Dated
April 30, 1958, Septcember 19, 1958, September 22, 1958, and
October 17, 1958. (Unpublished study reccived May 12, 1959
undar 5857-1; prepared by llazleton Leboratories, Inc. for Holly-
wood Termit=2 Control Co., Inc., submitted by Phostoxin Sales,
Inc., Alhambra, Calif.; CDL:022505-B)

GS0097002 DEGESCI Mmerica, Incorporated (1977) Phostoxin (Unpublished study
received June 13, 1977 urvler unknovn subnission; CDL:234589)

005012293 Dhaliwal, 3.5.; Lal, R. (1974) Studies on the bchaviour, sorption
and residues of phosphine in fumigated comnodities. DBulletin
of Grain Technology 12(1):14-24.
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000005935
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005015384

005007845

005020467

005012115

000005813

005018681
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REGISTRATION STANDARD BICLIOGRARIY
Citations Considered to be Part of the Data Base Supporting
Registrations Under the Standard

Residue Chemistry (Part VII) (Cont'd)
Citation

Dieterich, W.H.; Mayr, G.; Hild, K.; Sullivan, J.B.; Murphy, J.
(1967) Hydrogen phosphide as a fumigant for foods, feeds and
processed food products. Pages 135-149, In Residue Reviews:
Volume 19. New York: Springer-Verlag. (Also In unpublished
submission received Sep 25, 1969 under OF0890; submitted by
Hawaii, Dept. of Agriculture, Honolulu, Hawaii; CDL:093137-V)

Dieterich, W.H.; Mayr, G.; Hild, X.; Sullivan, J.B.; Murphy, J.
(1967) Hydrogen phosphide as a fumigant for foods, feeds and
processed food products. Pages 135-149, In Residue Reviews.
Vol. 19. Edited by F.A. Gunther. Hew York: Springer.

Disney, R.W.; Fowler, K.S. (1972) Residues in cercals exposed to
hydrogen phosphide. Pages 99-101, In Radiotracer Studies of
Chemical Residues in Food and Agriculture, Proceedings of a
Combined Panel and Research Coordination Meeting; Oct 25-29,
1971, Vienna, Austria. Vienna, Austria: International Atomic

Energy Agency.

Dumas, T. (1978) Modified gas chromatographic determination of
phosphine. Journal of the Association of Official Analytical
Chemists 61(1):5-7.

Dumas, T.. (1980) Phosphine sorption and desorption by stored wheat
and corn. Journal of Agricultural and Food Chemistry
28(2):337-339.

Fluck, E. (1973) The chemistry of phosphine. Pages 1-64, In
Inorganic Chemistry. BMNew York: Springer-Verlag. (Topics in
current chemistry, no. 35)

Fluck, E. (1973) The Fate of Phosphine in the Atmosphere. (Unpub-
lished study received Apr 27, 1976 under 5857-5; prepared by
Univ. Stuttgart, Institut fuer Anorganische Chemie; submitted by
Phostoxin Sales, Inc., Alhambra, Calif.; CDL:234583-C)

Freyman, I.R.; Sosedov, N.I. (1957) Vliyaniye fosforistogo vodoroda
na kachestvo pshenitsy. [The effect of phosphine on the quality
of wheat.] Trudy, Vsesoyuznyi Nauchno-Isskedivatel'skii
Institut Zerna i Produktov Exjo Pererabotki. [Transactions, All-
Union Scientific Research Institute of Grain and Grain
Products.] (33):37-54.
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Citation

Cuvener, A.; Ahmet, F.; Iz, Y. (1970) Phostoxin'le ilacli bazi
hububat cesitleri ve findiklarda phosphin bakiyelerinin
arastirilmasi. [Investigation of rhosphine residues in cereals
and hazelnuts after fumigation with phostoxin tablets.] Bitki
Koruma Bulteni. [Plant Protection Bulletin.] 10(4):242-250.

Hild, K.; Mayr, G. (1964) Recovery Test: [Aluminum phosphide]. In-
cludes three methods dated Sep 8, 1964 entitled: Analytical De—
temination of ALP (in Form of FH 3) with a Modified 7hite
and Bushey Method, Analytical Method for the Determination of
Vitamin A, and Analytical Method for the Determination of Vita-
min B2 (Riboflavin). (Unpublished study received May 6, 1974
under 5857-4; prepared by Deutsche Gesellschaft fuer Schaedw,
lingsbekaempfung m.b.Hq., submitted by Phostoxin Sales, Inc.,
Alhambra, Calif.; CDL:009859-E)

11ild, K.; Mayr, G. (1965) Fumigation of Processed Food with Phos—
toxin-Pellets under Gastight Tarpaulin and Determination of
RAeration Time: Laboratory Report Mo. 6501. (Unpublished study
received on unknown date under 5h1650; prepared by Deutsche
Gesellsfchaft fuer Schaedlingsbekaempfung m.b.H., submitted by
by Hazleton Laboratories, Inc., Falls Church, Va;
CDL: 221604-C)

Kavadia, V.S.; Chandrasekaran, K.N.; Sharma, N. {1979) BExtent of
phosphine residues in cereals amd cereal products. Pages 77-
77, In Proceedings of the lst Indian Convention of Food
Scientists and Technologists; Jun 23-24, 1978, Mysore, India.
Mysore, India: Association of Foxl Scientists and
Technologists.

KRohno, M.; Matsuo, T.; Yamaguchi, Y.; Saito, R.; 5ato, K.; Tomaru,
K. (1974) Rinka aruminiumu kunjozai ni yoru chozo tabako gaichu
bojo ni kansuru kenkyu (dai san ho). Atarashii zaikei no rinka
aruminiumu kunjozai rno jitsuyo shiken. [Studies on the
fumigant effects of aluminum phosphide against stored-tobacco
insects. Report III. An application test of a new type of
aluminum phosphide fumigant.] WNippon Sembai Kosha Chuo
Kenkyusho Kenkyu Hokoku. [Scientific Papers of Central
Research Institute, Japan Monopoly Corporation.]) (116):35-42.
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Leesch, J.G. (1974) Fumigations of Farmers Stock Peanuts with Phos-
phine Derived fram Aluminum phosphide: Progress Report No. 1.
(Unpublished study including letter dated Apr 18, 1974 from J.G.
Leesch to J.O0. HYibbard, received Hay 10, 1974 under 2543-59;
prepared by U.S. Agricultural Research Service, Southern Region,
Stored-Praduct Insects Research and Development Laboratory,
Chemical Control Research Unit, submitted by Research Products
Oo., Salina, Kans.; CDL:009822-T')
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pallets. Journal of the Georgia Entomological Society
13(1):43-50.
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tories, Inc., for Vogel-Ritt, Inc., submitted by Phostoxin Sales,
Inc., Alhambra, Calif.; CDL:090995-R)
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Chamistry and Industry (4):129-131.
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Association of Official Analytical Chemists 61(4):529-836.
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005016893 Rohrlich, M.; Meuser, F. (1969) Untersuchungen an mit
Phosphorwasserstoff begastem Getreide. II. WMitteilung:
Technologische Aspekte der Begasung mit Phostoxin-Pellets.
[Research on grain fumigated with hydrogen phosphide. Report
II: technological aspects of fumigation with Phostoxin
pellets.] Getreide und Mehl 19(2):9-14.

000005750 Rosebrook, D. (1972) Evaluation of Phosphine Preparation Detia Gas
EX-B, Final Report: MRI Project No. 3502-C. Includes four
methads dated Jan 20, 1972. (Unpublished study received May 2,
1972 under 2548-59; prepared by Midwest Research Institute, sub-
mitted by Research Products Co., Salina, Kans.; CDL:0063384-A)

000005696 Rosebrook, D.D. (1972) Evaluation of Phosphine Preparation Detia
EX-B: Final Report: ¥RI Project No. 3502-C. (Unpublished study
received Feb 3, 1972 under 2548-59; prepared by Midwest Research
Institute, submitted by Research Products (©., Salina, Xans.;
CDL: 100862-A) )

000005774 Sullivan, J.B. (1966) Phosphine Residues from Phostoxin-Fumigated
Food Samples. (Unpublished study including letter dated Sep 12,
1973 from J.B. Sullivan to E.A.R. Liscombe, received May 6, 1974
under 5857-4; prepared by Hazleton Laboratories, Inc. for Holly-
wood Termite Control Co., Inc., submitted by Phostoxin Sales,
Inc., Alhambra, Calif.; CDL:009879-A)

000005775 Sullivan, J.B. (1966) Phosphine Residues from Phostoxin Treated
Feed and Food Samples. (Unpublished study received May 6, 1974
under 5857-4; prepared by Hazelton Laboratories, Inc. for Lolly-
wood Termite Control Co., Inc., sulmitted by Phostoxin Sales,
Inc., Alhambra, Calif.; CDL:009879-B)

000005776 Sullivan, J.B. (1966) Phosphine Residues from Phostoxin Treated
Cereals. (Unpublished study received May 6, 1974 under 5857-4;
prepared by Hazleton Laboratories, Inc. for Kellogg Co., sub-
mitted by Phostoxin Sales, Inc., Alhambra, Calif.; CDL:009379-C)

000005786 Sullivan, J.B. (1968) Final Report: Determination of Phosphine
Residues in Pgg Yolk Samples: Project No. 129-156. (Unpublished
study including letter dated Dec 7, 1972 from L. Shipman to E.A.
Lipscomb [sic], received May 6, 1974 under 5857-4; preparcd by
Hazleton Laboratories, Inc. for General Foods Corn., submitted
by Phostoxin Sales, Inc., Alhambra, Calif.; CIL:008879-S)
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Sullivan, J.B. (1969) Fumigation of and Determination of Phosphine
Residues in Flue-Cured Tobacoo Samples: Final Report. (Unpub-
lished study received Feb 4, 1969 under 5857-2; prepared by
Hazleton Laboratories, Inc. for Hollwood Termite Control Co.,
Inc., submitted by Phostoxin Sales, Inc.; CDL:007792-3)

Sullivan, J.B. (1972) Analyses of Fumigated Deglet Moor Dates for
Phosphine Pesiduves. (Unpublished study reccived tlay 6, 1974
under 5857-4; prepared by llazleton Laboratories, Inc. for U.S5.
Lept. of Mgriculture, submitted by Phostoxin Sales, Inc.,
Alhambra, Calif.; CDL:009879-K)

Sullivan, J.B. (1972) Phosphine Residue and Recovery Studies in
Corn, Milo, Wheat and Rye Grains. (Unpublished study received
on unknovn date under unknown admin. no.; prepared by Hazleton
Laboratories for Phostoxin Sales, Inc., submitted by ?; CDL:
098463~-B)

Sullivan, J.B. (1973) Final Report: Determination of Phosphine
Residues in Unprocessed Adriatic Figs and Inshell Almonds.
(Unpublished study including letters dated Nov 9 and 21, 1972
from H.D. Nelson to J.B. Sullivan, received May 6, 1974 under
5857-4; prepared by Hazleton Laboratories, Inc., for U.S. Agri-
cultural Research Service; submitted by Phostoxin Sales, Inc.,
Alhambra, Calif.; CDL:009879-M)

Sullivan, J.B.; Starr, ? (1966) Phosphine Residues from Phostoxin
Treated Processed Dried Fruits. (Unpublished study received
Apr. 5, 1972 under 2F1184; prepared by Hazleton Laboratories,
Inc., for Hollwwood “ermite Control Co., Inc., submitted by
Phostoxin Sales, Inc., Alhambra, Calif.; CDL:090995-8)

Sullivan, J.B.; Tacey,?; Sucher,? (196%9) Fumigation of and Deter-
mination of Phosphine Residues in Whole Almonds, Walnuts, Raw
Peanuts and Roasted Peanuts: Final Report. (Unpublished study
received Apr. 5, 1972 under 2F1184, prepared by Ilazleton Labora-
tories, Inc., for lbllywocod Termite Control Co., Inc., submitted
by Phostoxin Sales, Inc., Alhambra, Calif.; CDL:090995-0)

Sullivan, J.B.; Sucher, ?; Ibhing, ? (1969) Final Report: Detemii-
nation of Phosphine Residues in Spice Samples: Project No. 990-
103. (Unpublished study including letter dated Apr. 17, 13969
from J.B. Sullivan to Douglas H. Ackerman, received under
2F1184, submitted by Phostoxin Sales, Inc., Alhambra, Calif.;
CDL: 090995-L).
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000022026 Sullivan, J.B.; Wooldridge, ? (1966) Phosphine Residuves from
Phostoxin-Fumigated Food Samples. (Unpublished study received
Jan. 21, 1967 under 6F05081; prepared by Hazleton Labora-—
tories, Inc., submitted by Phostoxin Sales, Inc., Alhawbra,
Calif.; CDL:0°0598-1)

000022008 Sullivan, J.B.; Wooldridge, ? (1967) Phosphine Residues from
Phostoxin Treated Rice Polish, Mixed Cereal, Teething Biscuits,
Meat Sticks, and Junior Beef. (Unpublished study reccived apr.
S, 1972 under 2F1184; submitted by Phostoxin Sales, Inc.,
Alhambra, Calif.; CDL:090995-C)

005008840 Tkachuk, R. (1972) Phosphorus residues in wheat due to phosphine
fumigation. Cereal Chemistry 49(3):258-267.

005013439 Vardell, H.H.; Cagle, A.; Cooper, E. (1973) Phosphine residues on
soybeans fumigated with aluminum phosphide. Journal of
Econamic Entomology’ 66(3):£00-801.

000005671 Wagner, R.M. (1962) Determination of Phosphine Residues in Commer-
cial Wheat Flour: Project $: 20-0222-33. (Unpublished study re—
ceived Jan 17, 1962 under 5857-1; prepared by Hazleton Muclear
Science Corp., submitted by Phostoxin Sales, Inc., Alhambra,
Calif.; CDL:022502-A)
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005007192 Addamiano, A. (1960} On the preparation of the phosphides of
aluminum, gallium and indium. Journal of the American Chemical
Society 82:1537-1540.

005007350 Ahmad, M. (1976) Effect of phosphine fumigation on the germination
of edible legume seeds. Journal of Stored Products Research
12(3):211-212.

005021332 Albertazzi, G. (19792) Difesa antiparassitaria del grano oon
moderni metodi di lotta [Modern methods for pest control in
stored vheat] Tecnica Molitoria. [Milling Techniques]
30(5):338-342.

000024146 Alkan, B.; Ozer, M. (1962) Studies on the toxic effects of Alumin-
ium phosphide (Phostoxin and Delicia) tablets on granary
insects. A translation of: Aluminium phosphide (Phostoxin ve
Delicia) tabletlerivle hububat ambar boceklerine karsi toksik
etkilerinin arastirilmasi. Page ?, 104, 105, In 1962 Yearbook
of the University of Ankara Faculty of Agriculture: Number
2. By 2 N.P. (In unpublished submission received on
unknown date also under 5857-1; submitted by Phostoxin Sales,
Inc. Alhambra, Calif., CDL: 123570-B)

005016343 Alneida, W.F. (1963) Toxicidade da fosfina para o hamem.
[Toxicity of phosphine for humans.] Biologico 28(9):266-267.

G50025062 American Conference of Govermmental Industrial (ACGIH) (1930)
Phosphine. Documentation of Threshold Limit Values, 4th ed.
Pages 337-8.

G50025048 American Industrial llygiene Association (AINA) (1964)
Hygienic Guide Series. Phosphine. Am. Indust. Hyg. J. 25:314-
316.

000005657 Andersen, V.S5. {1957) Report on the Specialist Meeting on Stored
Food Products, Held at Salisbury, Southern Rhodesia: The Scien-
tific Council for Africa South of the Sahara (C.S.A.), 2lst-26th
January 1957. (Unpublished study received tiov 15, 1957 under
5357-EX-1; prepared by Agro—-Chem, South Africa, submitted by
Phostoxin Sales, Inc., Alhambra, Calif.; CDL:127352-L)

G50025056 Animal Sciences and Index Branch (1980), EPA. Registration
Standards Phase I. Qualitative Use Assessment for Aluminum
Phosphide (066501), Sept. 19, 1980.

000026930 Anon. (192?) Phostoxin for the Fumigation of Grain Bulk. Frank-
fort (Main), Germany: Deutsche Gesellschaft fuer Schaedlingsbe—
kaempfung m.b.H. (Also In unpublished study received Aug 2,
1971 under 2F1184; submitted by Phostoxin Sales, Inc., Alhambra,
Calif.; CDL:221725-A)
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Anon. (1964) Phosphine (hydrogen phosphide, phosphoretted
hydrogen). American Industrial Hygiene Association Journal
25:314-316.

Anon. (1964) Pregled sredstava za zastitu bilja u Jugoslaviji.
[Survey of products for the plant protection in Yugoslavia.]
Biljna Zastita 8(8/10):177-220.

Anon. (1966) FROAMO monographs on fumigants. Food and Cosmetics

Toxicology 4:434.

Anon. (1968) Phostoxin as a sanitation control measure. [Without
Title¥ 13(7):274-277. (Also In unpublished submission received
on unknown date under 6F0503; submitted by Phostoxin Sales, Inc.,
Alhambra, Calif.; CDL:090598-B)

Anon. (1969) Simple treatment will protect farm-stored grain.
Journal of Agriculture, Western Australia 10(11):465-466.

Anon. (1969) Uganda: control of poisons: miscellaneous provisions.
International Digest of Health Legislation 20(1):154-155.

Anon. (1970) Methode zur Bestimmung von Phosphorwasserstoff.
[Method for the determination of hydrogen phosphide.] Nahrung
14(8):717-719.

Anon. (1973) Common names of pesticides. Revised list--February

1973. PANS 19(2):287-306.

anon. (1973) Determination of Phosphine Residues from Food
Products Fumigated with Phostoxin (1973) Food Additives
Analytical Manual, Food Additives Req. 121.281, 121, 1178.
Prepared by Hazleton Laboratories, Inc., Falls Church, Virginia.

Anon. 1973) Fumigation with Aluminum Phosphide Preparations,
Precautionary Measures. Ministry of Agriculture, Fisheries and
Food, London, Her Majesty's Stationary Office 10 1/2 p Net,

Wc 1-8.

anon. (1975) Recommended methods for the detection and measurement
of residues of agricultural pests to pesticies: tentative
method for adults of sone major pest species of stored cereals,
with methyl bramide anmd phosphine--FAC method no. 16. FAO
Plant Protection Bulletin 23(1}):12-25.

anon. (1979) Allocation for insecticides aml its price.
Pesticides 13(5):58.

Ardley, J.H. (1975) Comparison of two phosphine gas-releasing
products for fumigation of infested bulk wheat. International
Pest Control 17(6):10,12-13.



Citations Examined and Judged to be Inappropriate for Use in

MRID &

00500977y
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005008300

005009576

005009577

005011560

005009578

005009579

005010410

005010409

005009769
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Awvasthi, M.D.; Misra, S5.S.; Verma, S.; Handa, S.K.; Dewan, R.S.
(1971) Phosphine residues fram "celphos® fumigated wheat gains
var. Kalyan Sona. Bulletin of Grain Technology 9(1):36-39.

Awvasthi, M.D.; Misra, S.S.; Verma, S.; Handa, S.K.; Dewan, R.S.
(1971) Phosphine residues from Celphos fumigated wheat gains
var. Kalyan Sona. Bulletin of Grain Technology IX(1):36-39.
(Also In unpublished submission received Apr 10, 1972 under 449-
540; submitted by Techne Corp., Kansas City, Mo.; CDL:003373-1)

Back, K.C.; Thomas, A.A.; MacEwen, J.D. (1972) Reclassification of
Materials Listed as Transporatation Health Hazards. Washimgton,
D.C.: U.S. Department of Transporation, Office of Hazardous
Materials. (Department of Transporation report no.

TSA-20-72-3; available from: NTIS, Springfield, VA; PB-214 270)

Bagent, J.L. (1969) Fumigate stored rice to reduce loss to
insects. Rice Journal 72(3):15-16.

Baker, A.A.; Taylor, R.W.D. (1974) A review of the fumigation of
railtrucks during transit in East Africa. Tropical Stored
Products Information 26:17-32.

Barker, P.S. (1974) A theoretical consideration of the behaviour
of air-fumigant mixtures in stored grains in relation to the
law of gases. Manitoba Entomologist 8:30-84.

Barker, P.S. (1974) Hydrohen phosphide concentration gradients in
wheat. Manitoba Entomologist 8:85-89.

Barker, P.5. (1975) Camparison of two formulations of hydrogen
phosphide for the control of adults of Tribolium castaneum
(Herbst) and adults and eggs of Cryptolestes ferrugineus
(Stephens). Manitoba Entomologist 9:13-16.

Barker, P.S. (1975) Control of Tribolium castaneum (Herbst) alults
and Crypotolestes ferrugineus (Stephens) adults and eqgs with
hydrogen phosphide in grain at temperatures between 1 and 1l
degrees C. Manitoba Entomdlogist 9:23-28.

Barker, P.S. (1975) Survival of eqgs of the rusty grain beetle,
Cryptolestes ferrugineus (Stephens), in dry and damp wheat
treated with hydrogen phosphide. Manitoba Entamologist
9:5-8.

Barkexr, P.S. (1975) The responses of eight strains of Tribolium
castaneum (Herbst) to hydrogen phosphide. Manitoba
Entomologist 9:39-42.



Citations Examined and Judged to be Inappropriate for Use in

MRID #

005013864

005012050

005009301

005009302

005007358

005007346

005007357

005007353

005010635

005009570

005013941
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Barrett, W.J.; Dillon, H.K. {1978) Development of Methods for the
Detemnination of Elemental Phosphorus and Phosphine in Air.
Cincinnati, Chio: U.S. Department of Health, BEducation, and
Welfare, Public Health Service. (DHEW (NIOSH) publication no.
78-177).

Bazhenov, V.K.; Soloshenko, V.1.; Alyarashi, R.A. (1975)
Energy-banmd structure of solid solutions based on aluminum
phosphide and arsenide. Soviet Physics-Semiconductors. A
translation of: Fizika i Tekhnika Poluprovodnikov
8(11): 1392-1394.

Beer, S.Z. (1968) Synthesis and solution growth of aluminum
phosphide, I. Transactions of the Metallurgical Society of
AIME 242(3):424-428.

Beer, S.Z. (1968) Synthesis and solution growth of aluminum
phosphide, II. Transactions of the Metallurgical Society of
AIME 242(3):428-432.

Bell, C.H. (1976) The tolerance of developmental stages of four
stored praduct moths to phosphine. Journal of Stored Products
Research 12(2):77-86.

Bell, C.H. (1977) Toxicity of phosphine to the diapausing stages
of Ephestia elutella, Plodia interpunctella and other
Lepidoptera. Journal of Stored Products Research
13(4):149-158.

Bell, C.H.; Glanville, V. (1973) The effect of concentration and
exposure in tests with methyl bramide and with phosphine on
diapausing larvae of Ephestia elutella (Hucbner) (Lepidoptera,
Pyralidae). Journal of Stored Products Research 9(3):165-170.

Bell, C.H.; Hole, B.D.; Evans, P.H. (1977) The occurrence of
resistance to phosphine in adult and egg stages of strains
of Rhyzopertha dominica (F.) (Coleoptera: Bostrichidae).
Journal of Stored Products Research 13(2):91-94,

Benes, V.; Cerna, V. (1970) Tolerances of pesticide residues in
Czechoslovakia. Pages 75-85, In Residue Reviews. Vol. 33.
Edited by F.A. Gunther. New York: Springer.

Bengston, M. (1972) Control of grain storage insects on farms.
Queensland Agricultural Journal 98(10):553-555.

Berck, B. (1965) Determination of fumigant gases by gas
chramatography. Journal of Agricultural and Food Chemistry
13(4):373-377.
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000005937

000005946

GS0025004

005016682

005009574

005009132

005007347

000005665

GS0025005
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Citation

Berck, B. (1968) Potentiometric Determination of Phosphine,
J. Agr. Food Chem; 16, (3): 415-418.

Berck, B. (1968) Sorption of phosphine by cereal products. .Journal
of Agricultural and Food Chemistry 16(3):419-425. (Also In un-
published submission received Sep 25, 1969 under OF0890; Sub-
mitted by Hawaii, Dept. of Agriculture, Honolulu, Hawaii; CDL:
093187-2})

Berck, B.; Westlake, W.E.; Gunther, F.A. (1970} Microdetermination
of phosphine by gas-liquid chromatography with microcoulametric,
themmionic, and flame photonetric detection. .Journal of Agri-
cultural and Food Chemistry 18(1):143-147. (Also In unpub-
lished submission received Mar 3, 1971 under OF0890; submitterd
by Hawaii, Dept. of Agricuture, Honolulu, Hawaii; CDL:093186-B)

Berck, B.; F.A. (1970) Rapid Determination of Sorption Affinity of
Phosphine by Fumigation within a Gas Chromatographic Column.
J. Agr. Food Chem.; 18 (1) 148-153.

Bevenue, A. (1967) Gas chromatography: applications and limitations
in pesticide residue analysis. Pages 3-45, In Additional
Principles and Methods of Analysis. Edited by G. 2Zweig and
J. Sherma. New York: Academic Press. (Analytical methods for
pesticides, plant growth regulators amd food additives, vol. V)

Bharadwaj, R.K.; Banerjee, S.K. (1973) Phostoxin for control
of Eriophyes mangiferae (Acarina: Eriophyidae) associaterd
with malformation disease in mango. Florida Entomologist
56(2):147-148.

Bhatia, S.K.; Bansode, P.C. (1972) Studies on ... :ance to
insecticides in Tribolium castaneum (Herbst). 1IV.
Susceptibility of a p,p'DDI-resistant strain to same fumigants.
Indian Journal of Entomology 33(1):45-49.

Bhatia, S.S. (1976) Effects of fumigants on the water loss
in Periplaneta americana (L.). Procecdings of the Indian
Academy of Sciences, Section B 83(1):18-25.

Blickenstaff, W.N. {1961} [Characteristics of Phostoxin]. (Unpub-
lished study received Oct 23, 1961 under unknown admin. no.;
submitted by Phostoxin Sales, Inc., Alhambra, Calif.; CDL:
104121-A)

Blumenthal, H. (1961) Comments on Phosphine (Unpublished submission
received Nov. 8, 1961 under OH0593; CDL: 221591)
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005013274

005016346

005007813

005007138

G50025006

005007348

005007187

005008134

0U5014321

005021438

005014677
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Citation

Bogs, D.; Braasch, D. (1977) Der Gladiolenblasenfuss
(Taeniothrips simplex Moris) an Gladiolenknollen im Lager und
seine Bekaempfung mit Blausaeue und Phosphorvasserstoff.
[Gladiolus thrips (Taeniothrips simplex Moris) on gladiolus
coms in storage amd its control with hydrocyanic acid and
phosphine.] Nachrichtenblatt fuer den Pflanzenschutz in der
D.D.R 31(10):205-208.

Bollaerts, D.; Tahon, J. (1968) Utilisation de 1'hydrogene
phosphore dans la lutte contre les petits mammiferes
souterrains. [Use of hydrogren phosphide against small mammals
living under ground.] Mededelingen Rijksfaculteit
Landbouwwietenschappen, Gent. [Comunications of the State
University of Agricultural Sciences, Ghent.] 33(3):777-784.

%ond, E.J.; Dumas, T. (1967) Loss of warning odour from phosphine.
Journal of Stored Products Research 3:389-392.

Bond, E.J. (1978) Use of tritiated phosphine for studies on
absorption of the fumigant by insects. Journal of Econamic
Entomology 71(5):844-846.

Bond, =.J.; Monro H.A.U. (1961) The Toxicity of Various Fumigants to

the Cadelle, Tenebroides Mauritanieus. Journal of Economic

Entamology. 54 (3): 451-454.

Bond, E.J.; Robinson, J.R.; Buckland, C.T. (1969) The toxic action
of phosphine: absorption and symptoms of poisoning in insects.
Journal of Stored Products Research 5(4):289-298.

Bond, E.J.; Sellen, R.A.; Dumas, T. (1977) Control of insects with
phosphine in open-ended bin spouts. .Journal of Economic
Entomology 70(1):22-25.

Bond, E.J.; Upitis, E. (1973) Response of threc insects to
sublethal doses of phosphine. Journal of Stored Products
Research 8(4):307-313.

Bontoyan, W.R. (1978) Report on pesticide formulations:
herbicides, fungicides, and miscellancous. .Journal of the
Association of Official Analytical Chemists 61(2):313-320.

Bontoyan, W.R. (1980) Report on pesticide formulations:
herbicides, fungicides, and miscellaneous. Journal of the
Association of Official Analytical Chemists 63(2):226-227.

Bourdin, J.; Viel, G. (1970) Sur le degagement de 1'hydrogene
phosphore dans le traitement des cereales stockees par les
pastilles de phosphure d'aluminium. [Phosphorus hydride
emission during the treatment of stored grains with aluminum
phosphide pellets.] Phytiatrie-Phytopharmacie 19(1):19-25,
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005007189

005000993

005016905

005007349

000005769

000005904

005007599

005007600

GS0025007
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Citation

Brekke, O.L.; Strinqgfellow, A.C. (1978) Aflatoxin in corn: a note
on ineffectiveness of several fumigants as inactivating agents.
Cereal Chemistry 55(4):518-520.

British Crop Protection Council (1974) Pesticide Manual: Basic
Information on the Chemicals Used as Active Components of
Pesticides. Edited by H. Martin and C.R. Worthing. 4th ed.
London, England: British Crop Protection Council.

Brockwell, J.; Robinson, A.C. (1976) Effects of commercial
organo-phosphorus insecticides on the growth in culture,
viability in seed pellets, and symbiotic nitrogen fixation
of Rhizobium spp. Field Station Record 15(1):15-26.

Brown, W.B.; Heseltine, H.K. (1968) Loss of phosphine on timber
dunnage treated with copper naphthenate. .Journal of Stored
Products Research 4(1):91-92,

Bruce, R.B. (1958) Bake-Out Studies—Phostoxin Treated Flour; Re-
covery of Phosphine; Residues on Wheat: Supplement to Reports
Dated Apr 30, 1958, September 19, 1958, and September 22, 1958.
(Unpublished study including confidential data, received Oct 20,
1958 under 5857-1; prepared by Hazleton Laboratories, Inc. for
Hollywood Termite Control Co., Inc., submitted by Phostoxin
Sales, Inc., Alhambra, Calif.; CDL:022506-B)

Bruce, R.B. (1958) Phosphine Residues on Grain. (Unpublished study
received May 12, 1958 under 5857-EX-1; prepared by Hazleton Lab-
oratories, Inc. for Hollywood Termmite Control Co., Inc., submit-
ted by Phostoxin Sales, Inc., Alhambra, Calif.; CDL:127352-D}

Buchanan, J.W.; Hanrahan, R.J. (1970) A camparative study of the
gas-phase radiation chemistry of phosphine and ammonia.
Radiation Research 42(2):244-254.

Buchanan, J.W.; Hanrahan, R.J. (1970) The radiation chemistry of
phosphinc-ammonia mixtures in the gas phase. Radiation
Research 44(2):296-304.

DByers, R.E. {1980) Evaluation Methods for Fumigant Control of
Eastern Woodchuck. Pest Control; Sept., 1980: pp. 24 and 26.
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G50025008 Carlson, S.D. (1968) Respiration of Confused Flour Beetle Adults in
CO, or N, and After Sublethal Fumigation. Journal of
Econanic Entomology; 61 (1): 125-131.

005014883 Castro, J.A.; Zerba, E.N.; Licastro, S.A. de; Picollo, M.T1.; Vood,
E.J.; Ruveda, M.A.; Moutier Aldao, E.M. de; Libertella, R.
(1976) Toxicity of methyl bramide and other gaseous
insecticides to Triatoma infestans. Acta Physiologica Latino
Americana 26(2):106-114.

G50025049 Caswell Reading Files of the Toxicology Branch. This was
supplemented with the private files of Charles Frick, past
Branch reviewer.

005019787 Cha, C.W. (1974) Gusuhjae jungdockuy jungsangua chiryo. [The
symptans and treatment of rodenticide poisoning.] Taehan Uihak
Hyophoe Chapchi. [Journal of the Korean Medical Association.]
17(11):833-837.

005007987 Chakrabarti, B.; Wainman, H.E. (1972) Determination by gas
chromatography of phosphine used in fumigation. Chemistry and
Industry (7):300-302.

005009800 Champ, B.R.; Dyte, C.E. (1977) FAD global survey of pesticic_ie
susceptibility of stored grain pests. FAD Plant Protection
Bulletin 25(2):49-67.

005009317 Chandurkar, P.S.; Dhaliwal, G.S.; Mookherjee, P.B. (1972)
Behaviour of phosphine gas in a rat burrow. Bulletin of Grain
Technology 10(3):218-219.
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fumigation of flue-cured tobacco. Tobacco Science XVIII:30-91.

Childs, D.P.; Overby, J.E.; Hadden, R.L. (1971) Phosphine funiqga-
tion of tobacoo in freight containers (Part II). Tobacco
Science XV:5-6.

Childs, D.P.; Overby, J.C.; Vatkins, B.J. (1969) Phosphine
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pared by Canada, Board of Grain Commissioners for Hollywood Ter-
mite Control Co., submitted by Phostoxin Sales, Inc., Alhambra,
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De Lima, C.P.F. (1977) An ecological study of traditional on-farm
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Neitzert, K. (1953) Influence on the Baking Quality of Wheat by
Phostox of the Deutsche Gesellschaft fuer Schaedlimgsbekaempfung
mbil., Frankfurt on Main. (English translation; unpublished
study received Nov 15, 1957 under S857-EX-1; prepared by Re-
search Institute for Cereal Chemistry, Germany for Deutsche
Gesellschaft fuer Schaedlingsbekacmpfurng m.b.H., submitted by
Phostoxin Sales, Inc., Alhambra, Calif.; CDL:127352-G)

Melson, H.D. (1965) Fumigation of Eight Varisties (sic)} of Processed
Dried Fruits with Phostoxin. {(Unpublished study including let-
ter dated Sep. B, 1965 from H.D. Nelson te J. Wilfred Gumn,
received Apr. 5, 1972 under 2F1184; prepared by U.5. Agri-
cultural Research Service, Market Quality Research Div., Stored-
Product Insects Rescarch Laboratory, submitted by Phostoxin
Sales, Inc., Alhambra, Calif.; CDL:090995-A)

Nelson, H.P. {1969) Fumigation of Natural Raisins with Phosphine.
(Unpublished paper presented at the Phostoxin Technical Confer-
rence; Feb. 12-24, 1969, Ios Angeles, Calif.; unpublished study
received on unknown date under 5857-1; prepared by U.S. Agri-
cultural Research Servics, Market Quality Research Div., Dried
Fruit and Tree Nut Insects Investigations for Hollywood
Termite Control Co., submitted by Phostoxin Sales, Inc.,
Alhambra, Calif.; CDL:123561-D)

Welson, H.D. (1970) Fumigation of Natural Raisins with Phosphine.
Washington, D.C.: U.S. Department of Agriculture, Agricultural
Research Service. (USDA mavketing research report no. 886)

Nelson, H.D. (1972) [Fumigation of Prunes with Phostoxin]. (Unpub-
lished study including letter dated Jun 13, 1972 from H.D. Nel-
son to E.A.R. Liscombe, received on unknown date under 5857-1;
prepared by U.S. Agricultural Research Service, Market Quality
Research Div., Stored-Product Insects Research Laboratory, sub-
mitted by Phostoxin Sales, Inc., Alhambra, Calif.; CDL:
028351-AC)

Nelson, H.D. (1972) [Mortality of Adult Sawtoothed Grain Beetle and
Indian Meal Moth Larva, Pupa and Adults]. (Unpublished study
including letter dated Jun 14, 1972 from H.D. Nelson to E.A.R.
Liscombe, received May 6, 1974 under 5857-4; prepared by U.S.
Agricultural Research Service, Market Quality Research Div.,
Stored-Product Insects Research Laberatory, submitted by Phos-
toxin Sales, Inc., Alhambra, Calif.; CDL:009879-L)
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Nelson, H.D. (1973) Fumigation of Inhull Almonds with Phostoxin.
(Unpublished study including letter dated Nov 26, 1973 from H.D.
Nelson to Richard Heiman, received on unknown date under 5857-1;
prepared by U.S. Agricultural Research Service, Western Region,
Northern California-Nevada Area, Storsd-Product Insects Re-
search Laboratory, submitted by Phostoxin Sales, Inc., Alhambra,
Calif.; CpDL:028351-AD)

Nelson, H.D. (1973) Fumigation of Inhull Almonds with Phostoxin.
(Unpublished study including letter dated Nov 26, 1973 from H.D.
Nelson to Richard lHeiman, received on unknown date under unknown
adnin. mo.; prepared by U.S. Agricultural Research Sewvice,
Western Region, Northern California-Mevada Area, Stored-Product
Insects Research Laboratory, submitted by ; CDL:098463-L)

Nelson, H.D.; Lindgren, D.L.; Vincent, L.E. (1973) Fumigation of
field run and processed dates with aluminum phosphide and
methyl bromide [abstract]. Pages 8-8, In Date Growers'
Institute Report No. 50. Indio, Calif.: Date Growers'
Institute.

Netherlands Ministry of Social Affairs and Public Health (1966)
Residues of Insecticides in Cereals, Imported in the Nether-
lands, 1964/65, Second Report. (Unpublished study received
Jan. 21, 1967 under 6F0508; prepared in cooperation with
Ministry of Agriculture, Committee on Phytopharmacy, submitted
by Phostoxin Sales, Inc., Alhambra, Calif., CDL:090598-1)

Neubecker, F. (1970) Phosphine as a fumigant for stored products.
Gordian 70(6):272-274.

Nevin, E.J. (1962) Use aboard ship of the pesticide “phostoxin®.
Safety Standards 11(6):6-7.

Nikxodemusz, E. (1975) Rezultaty toksikologicheskikh issledovanii
na gryzunak. [Results of toxicological studies on rodents.]
Pages 127-136, In Doklady i Soobshcheniya-—Mezhdunarodnyi
Kongress po Zashchite Rastenii, 8th. [Reports and Camaunica-
tions—8th International Congress of Plant Protection.]; 1975,
Moscow. Vol. 4. Mosocow, USSR: Orgkomitet VII Mezhdunarodnogo
Kongressa po Zashchit=z Rastenii.

NIOSH (1975) Criteria for a Recommended Standard. Occupational
Exposure to Phosphine (External Review DRAFT) by Tabershaw/
Cooper Associates for National Institutes of Occupational Safety
and ilealth, Washington, D.C. August 29, 1975, Received 3/13/81.

NIOSH (1977) Phosphine, pages 380-382 in "Occupational Diseases,"
Mational Institute of Occupational Safety and Health,
Washington, D.C.
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NIOSH (1979) Phosphine, page 259 in the "Registry of Toxic Cffccts
of Chemical Substances" (1979). Hational Institutes of
Occupational Safety and Iiealth, Vashington, D.C.

Panetsos, A.; Kilikides, S. (1973) Dilitiriasis provaton ¢k tou
entomoktonou "Fosfini". [A case of shecp poisoniny by the
pesticide phosphine.] Hellenike Kteniatrike. [Hellenic
Veterinary Medicine.] 16(3):133-136.

Papworth, D.S.; Taylor, J.K. (1975) Pesticides used in comercial
grain stores. Part 3. Journal of Flour and Animal Feed
Milling 157(7):34-35,37.

Parkin, W.E. (1972) Memo: Request to amend 21 CFR 180.225 for
tolerance of residue of the fumigant phosphine fran treatment
with aluninum phosphide at 0.1 ppm in or on non-perishable
agricultural comnidities to D.M. Baker, February 14, 1972.

Patty, F.A. (1973) Phosphine, 1=H3 (Phosphoreted Hycdrogen, Hydrogen
Phosphide). Pages 883-84 in “Industrial Hygiene and Toxicology,"
volume II, Academic Press, New York.

Pedersen, J.R. (1966) Phostoxin Atmospheric Vault Fumigation
Tests, April 8-14, 1966. (Unpublished study received Apr. 5,
1972 under 2F1184, vpreparad by Pillsbury Co., subwmitted by
Phostoxin Sales, Inc., Alhambra, Calif.; CDL:090995-K)

Pereira, A.P.; Almeida, W.F. (1971) Inquerito toxicologico
referente a aplicacao de brameto de metila, fosfina e malation
em groas armazenados. [Toxicological study of the application
of methyl bramide, phosphine and malathion to sorted coffece
grains.] Revista Brasileira de Pesquisas Medicas e Biologicas.
[Brazilian Review of Medical and Biological Research.]
4(1/2):59-66.

Pestcon Systems, Inc. (192?) Evaulation of esidue Data: New Use:
Phostoxin on Tobacco. (Unpublished study received 2/2/192?
under 5857-1 and 5857-2; CDL: 121162)

Pestcon Systems, Inc. (19??) Phostoxin-History of Registration
{Regarding Precautionary Statements) (Unpublished study received
2/2/196? under 5857-1; (CDL: 104146)

Pestcon Systems, Inc. (1963) Memorandum of Conference, December
10, 1962. (Unpublished study received July 25, 1963 under
5857-1; CDL: 104107)
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Pestcon Systoms, Inc. (1974) [Phosphine Residue Dzata in Joffec ilate,
Instant Milk and Deglet Moor Dates] (Unpblished study received
Oct. 3, 1974 under 5857-4; CDL: 028209)

Pliostoxin Sales, Incorvorated (19??) [The Camposition of Aluminua
phosphide and Magnesium phosphide]. (Unpublished study received
Apr 27, 1976 under 5857-5; CDL:234583-G)

Phostoxin Sales, Incorporated (192?) Cold veather Tests with Phos—
toxin. (Unpublished study received “av 6, 1974 under 5857-4;
CDL: 009879-i)

Pliostoxin Sales, Tncorporated (192?) Fish and Wildlif=s. Summary of
studies 230915-L through 230915-P. (Unpublished study received
May 21, 1976 under 5857-5; CDL:230%15-K)

Phostoxin Sales, Incorporated (19??) Procelure for Calculating Per-
cent Water in 80-20 Type Funigants. (Unpublished study received
on unknown date under 5857-1; CDL:2381389-A)

Phostoxin Sales, Incoruorated (197?) Raw Agriculturnl Commodities,
Animal Feeds, and Processed Foods on wWhich Phosphine Residue
Analyses llave Been Performed. (Unpublished study received Aug.
2, 1971 under 2F1184; CDL:221725-1)

Phostoxin Sales, Incorporated (19??) Training Outline for Safe
Practices in Handling and Using Phostoxin.

Phostoxin Sales, Incorporzted (1958) [The MHumber of Rice ticevil
That BEmerged from 10-Gram Samples of Wheat Fumigated with Phos-
toxin]. (Unpublished study received Oct 20, 1953 under 5857-1;
CDL: 022506-C)

Phostoxin Sales, Incorporated (1964) Detia Gas-Ex-B for the De-
struction of Stored Product Pests of All Xinds. (Unpublished
study received on unknown date under 5857-1; CDL:123571-A)

Phostoxin Sales, Incorporated (1967) Milling Fumigation Mix Plant,
(Unpublished study received on unknown date under 5857-1; CDL:
023351-D)

Phostoxin Sales, Incorporated (1967) Space Fumigation—--Phostoxin,
August 5-6, 1967. (Unpublishedl stuly including supplement I,
received on unknown date under 5857-1; CDL:028351-A)

Phostoxin sales, Incorporated (1968) Aluminum Phosphide Funigation
of Raw and RMoasted In-Shell Peanuts. (Unpublished study re-
cewved Aug. 2, 1971 under 2F1184; CDL:221725-G)
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Phostoxin Sales, Incorporated (1972) Space Fumnigation of the Bulk-
houses. (Unpublished study received on unknown date under 58557-
1; CDL:028351-C)

Phostoxin Sales, Incorporated (1972) Fumigationn of Almonds with
Phostoxin at Sacramento. (Unpublished study received Apr. 5,
1972 under 2F1184; CDL3:090995-E)

Phostoxin Sales, Incorporated (1972) Spacs Fumigation—Plant and
Bulkhouse. (Unpublished study received on unknown dat2 under
5857-1; CDL:028351-E)}

Phostoxin Sales, Incorporated (1974) Comparative Pate of Phosphine
Liberation from Phostoxin (R)* Envelopes, Phostrays, Prepac and
Detia Bags. (Unpublished study including letter dated Feb 4,
1974 from R. Heiman to E.A.R. Liscombe, received Mar 1, 1974
under 5857-3; CDL:228311-A)

Phostoxin Sales, Incorporated (1975?) Shipboard Fumigation of Grain
with Phostoxin (R)*. (Unpublished study received Jul 12, 1976
under 5857-1; CDL:225246-A)

Phostoxin Sales, Incorporated (1975) Fumi-Cel Testing for Registra-
tion in the United States. (Unpublished study received Jun 13,
1977 under 5857-5; CDL:234539-B)

Phostoxin Sales, Incorporated (1977) [Fumi-Cel]l (Unpublished study
received July ?. 1976 under unknown submission; CDL:230915)

pPhostoxin Sales, Incorporated (1979) Safety of Shipboard Fumiga-—
tion. (Unpublished study received Dec. 14, 1979 under 5857-1;
CDL:241473-A)

Pingale, S.V.; Rai, L.; Sarid, J.N.; Kapoor, I.P. (1963) Fumigation
of Food Grains in India with Hydrogen Phosphide, Bulletin of
Grain Technology; 1(3): 41-47.

Polansky, M.M.; Toepfer, E.W. (1971) Effect of fumigation on wheat
in storage. IIl. Vitamin B~06 components of wheat and wheat
products. Cereal Chemistry 43(4):392-396.

Polchamnova, G.A.; Sosiedov, N.I. (1972) Vliyanie razllc‘mych
fumigantov na posievnye svoistva semyan pshenltsy i yachmenya.
[The effect of different fumigants on the sowing properties of
wheat and barley seeds.] Pages 179-184, In Vliyanie Mikroor-
ganizmov i Protravitelei na Semena. [Effect of Microorganisms
and Disinfectants on Seeds.] Edited by Y.M. Voznyakovskaya,
Z.P. Rybakova, E.A. Daulbasv, V.I. Popov, A.V. Khotyanovich,
M.S. Shklyar and T.M. Shub.
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Poplavnoi, A.S. (1967) Struktura energeticheskikh zoi fosfida
alyuniniya. [The structure of aluminum phosphide energy
bands.] Fizika Tverdogo Tela (Leningrad). [Solid State
Physics.] 8(7):2238-2240.

Popovic, I.B. (1975) Efficacy of hydrogen vhosphide applied in
very small concentrations on all stages of the grain weevil
(Sitophilus sp) using short cxposure times. Pages 744-747,
In Pesticides: International Union of Pure and Applied
Chemistry Third Intermational Congress; Jul 3-9, 1974,
Helsinki, Finland. Editad by F. Coulston and I'. Kortie.
Stuttgart, West Gennany: George Thieme. (Envirommental
quality and safety, supplement, vol. 3)

Popp, H. (1953) Phosphine Residues in Fumigated Wheat. (English
translation; unpublished study received Nov 15, 1957 under 5857-
EX-1; prepared by Institute for Legal Chemistry and Microscopy,
Germany for Deutsche Gesellschaft fuer Schaedlingsbekaempfung
m.b.H., submitted by Phostoxin Sales, Inc., Alhambra, Calif.;
CDL: 127352~H)

Praxl, W.; Ehret, R., inventors; Dr. "lerner Freyberg Chemische
Fabrik, assignee (1978) Verfahren zum Entgiften von phosphid-
haltigen Schaedlingsbekaempfungsmitteln. [Process for
detoxifying pesticides containing phosphides.] German (Fed.
Rep.) offenlegungsschrift 26 48 335. Apr 27. 8 p. Int. Cl, 2
A 62D 3/00.

Proctor, D.L.; Ashman, F. (1972) The control of insects in
exported zambian groundnuts using phosphine and polyethylene
lined sacks. Journal of Stored Products Research 3(2):127-137.

Puzzi, D.; Pereira, H.F.; Bitran, E.A.; Campos, T.B. (1967)
Estudos sobre a acao da temperatura na eficiencia dos
fumigantes Brometo de metila e Fosfina no expurgo o caruncho
do cafe—— Araecerus fasciculatus (De Geer). Studies on the
effect of temperature on the fumigants methyl bramide and
phosphines in exterminating the coffre borer Araecerus fasci-—
culatus (De Geer).] [abstract no. 226]. Pages 213-214, In
Reunion Latinoamericana de Fitotecnic Resumenes de Los
Trabajos Cientificos, VII. [Latin America Plant Technique
Meeting, 7th.]}; Sep 17-23, 1967, Maracay, Venezuela.

Qureshi, A.H. (1966) The toxicity of hydrogen phosphide to some
insect pests of stored products fumigated in 44-gallon Arums
containing cocoa. Pages 133-136, In Nigerian Stored Products
Research Institute Annual Report, 1966. Lagos, Nigeria:
Federal Ministry of Information. {(N.S.P.R.I. technical report
no. 20)
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Qureshi, A.H.; Bond, E.J.; Monro, iH.A.U. (1965) Toxicity of
hydrogen phosphide to the granary weevil, Sitophilus granarius,
and other insects. Journal of Economic Entomology 58(2):324-
331,

Radoeff, A.; Schirkenoff, D. (1963) Wirkung der Praeparate
"Phostoxin® und "Pybutrin" auf Lagerschaedlinge von Reis und
ihr Einfluss auf dessen technologische Bigenschaften. [Effect
of "phostoxin®” and "pybuthrin" on storage pests of rice and
their influence on their technological properties.] Muoehle
100(1):1-3.

Raghunathan, A.N.; Muthu, M.; Majunder, S.K. (1969) Control of
internal fungi of sorghum by fumigation. Journal of Stored
Products Research 5(4):389-392,

Rai, L.; Sarid, J.N.; Ramasivan, T. (1964) Fumigation of food
grains in India with Hydrogen phosphide. Series III. Sacked
vheat fumigated under rubberised gas-proof-covers. Bulletin of
Grain Technology II(III):75-88. (Also In umpublished submission
received Jan 6, 1977 under 2548-63; submitted by Research Pro-
ducts 0., Salina, Kans.; CDL:227588-M)

Rajak, R.L.; Hewlett, P.S. (1971) Effects of saome synergists on
the insecticidal potency of phosphine. Journal of Stored
Products Research 7(1):15-19.

Rao, P.V.S.; Subramaniam, T.R.; Abraham, E.V. (1973) Control of
the red palm weevil on coconut. Journal of Plantation Crops
1(1/2):26~-27.

Rauscher, H. {1957) Phostoxin for Grain Fumigation. (Unpublished
study received Dec 13, 1957 under unknown admin. no.; prepared
by Dzutsche Gesellschaft fuer Schaedlingsbekaempfung m.b.H.,
submitted by Phostoxin Sales, Inc., Alhambra, Calif.; CDL:
104142-3)

Rauscher, H. (1959) Analysis of Phosphine, Carbon dioxide and Am-
monia in Phostoxin Tablets. (Phostoxin reprint #38; unpublished
study received Oct 20, 1961 under unknown admin. no.; prepared
by Deutsche Gesellschaft fuer Schaedlingsbekaempfung m.b.H.,
submitted by Phostoxin Sales, Inc., Alhambra, Calif.; CDL:
121163-A)

Rauscher, H. (1964) Introduction: [Phosphine]. (Unpublished study
received on unkrown date under 5H1650; prepared by Deutsche
Gesellschaft fuer Schaedlingsbekaempfung m.b.H., submitted by
Hazleton Laboratories, Inc., Falls Church, Va.; CDL:104114-A)
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Rauschier, H. (1968) Safety. {(Unpublished paper presented at the
Phostoxin Sales and Technical Conference; Jan 20-Feb 3, 1978,
Los Angeles, Calif.; unpublished study received on unknown date
under 5857-1; prepared by Deutsche Gesellschaft feur Schaed-
lingsbekaempfung m.b.H. for Hollywood Temite Control Co., sub-
mitted by Phostoxin Sales, Inc., Alhambra, Calif., CDL:123567-E)

Rauscher, H. (1969) More Resecarch on Phostoxin (R). (Unpublished
paper presented at the Phostoxin Technical Conference; Feb 12-
14, 1969, Ios Angeles, Calif.; unpublished study received on un-
knovn date under 5857-1; prepared by Deutsche Gesellschaft feur
Schaedl ingsbekacmpfunyy m.b.H. for lollywood Termite Control Co.,
submitted by Phostoxin Sales, Inc., Alhambra, Calif.; CDL:
123561-A)

Rauscher, H. (1972) Regasungen zum Verratsschuts—Sicherheit urd
Umweltschutz. Fumigation for stored goods protection—safety
and environmental protection. Zentralblatt fuer Arbeitsmedizin
und Arbeitschutz 22(4):105-111.

Rauscher, H. (1972) Rew agents of control: physical and chemical
aspects of the use of phosphine as a fumigant against stored
product pests. Pages 58-62. In Proceeding of the 3rd British
Pest Control Conference: Oct 5-8, 1471. Saint Helier, Jersey,
Channel Islarxls. London, England. British Pest Ohntrol
Association.

Rauscher, H.; Barth, H.; &noepke, W., inventors; Deutsche
Gesellschaft fuer Schaedlingsbekaempfung m.b.H., assignee
{1962) Verfahren zur Herstellung von feuchtigkeitsgeschuetztem
Metallphosphid zur Schaedlingsbekaempfung. [Preparation of
moisture-resistant metal phosphide pesticides.] German (Fed.
Rep.) auslegeschrift 1,127,663. Apr 12. 2 p. Int. Cl. A 0ln.

Rauscher, H.; Knoepke, W.; Barth, H., inventors; Deutsche
Gesellschaft fuer Schaedlingsbekaempfuny m.b.H., assignce
(1962) Feuchtigkeitsgeschuetztes Metallphosphid. [Moisture-
resistant metal phosphide.] German (Fed. Rep.) auslegeschrift
1,131,943, Jun 20. 2 p. Int. Cl. A Oln.

Rauscher, H.; Mayr, G. (1969) Sorption and Recovery of Phosphire.
(Unpublished paper presented at the Phostoxin Technical Con-
ference; Feb 12-14, 1969, los Angeles, Calif.; unpublished study
received on unknown date under 5857-1; prepared by Deutsche
Gesellschaft feur Schaedlingsbekaempfung m.b.H. for Hollywood
Termite Control Co., submitted by Phostoxin Sales, Inc.,
Alhambra, Calif.; CDL:123561-J)

Rauscher, H.; Mayr, G.E.; Sullivan, J.B. (1972) Sorption and
recovery of phosphine. Journal of Agricultural and Food
Chemistry 20(2):331-333.
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Redlinger, L.M.; Zettler, J.L.; Ieesch, J.G.; Gillenwater, il.B.;
Davis, R.; 2chner, J.M. (1978) An In-transit Shiphoard Fumiga-
tion of Wwheat. (Unpublished study received on unknown date un—
der 5857-1; prepared by U.S. Science and Education Administra-
tion, Federal Research, Stored-Product Insects Rescarch and
Development Laboratory, sutmitted by Phostoxin Sales, Inc.; Al-
hambra, Calif.; CDL:238139-D)

Redlinger, L.M.; Zettler, J.L.; Leesch, J.G.; Gillenwater, H.B.;
Davis, R.; Zehner, J.M. (1979) In-transit shipboard fumigation
of vheat. Journal of Econamic Entomology 72(4):642-647.

Research Products Company (192?) Chemistry Data. (Unpublished
study received Jan 6, 1977 undsr 2548-62; CDL:227594-A)

Rescarch Products Company (192?) Composition of Detia Gas-EX-B.
(Unpublished study received Aug 10, 1971 under 2548-EX-1; CDL:
126817-D)

Pesearch Products Company (1922) Decanpositiori of Detia-Phosphine
Pellets, Tablets and Bags in Grain. (Unpublished study received
May 2, 1972 under 2548-59; CDL:100360-D)

Research Products Campany (192?) General Specification of Detia Gas-
EX-B. (Unpublished study received Aug 10, 1971 under 2548-EX-1;
CDL:126817-A

Research Products Company (19??) General Specifications of Detia
Gas-EX-B. (Unpublished study received Jan 17, 1973 under 2548~
59; CDL:100854-K)

Research Products Company (192?) Method of Analysis for the Deter-
mination of Aluminium phosphide. (Unpublished study received
Aug 10, 1971 under 2548-EX-1; CDL:126817-B)

Research Products Campany (1972) Phosphine Fumigation: Abilenc
Flour Mills. (Unpublished study received Jan 17, 1973 under
2548-59; CDL:100354-G)

Research Products Company (1972) Phosphine Fumigation: Hybrid Seed
Cormn. (Unpublished study received Jan 17, 1973 under 2548-59;
CDL: 100854-B)

Research Products Company (1972) Phosphine Fumigation: Morrison
Grain Campany Fumigation. (Unpublished study received Jan 17,
1973 under 2548-59; CDL:100854-A)

Research Products Campany (1972) Phosphine Fumigation: Tobacoo in
Containers. (Unpublished study received Jan 17, 1973 under
2548-59; CDL:100854-E)
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Research Products Company (1974?) Efficacy Data. Summary of stud-
ies 2275838-C through 227588-E, 227588-1 through 227588-L and
227538-N through 227588-R. (Unpublished study received Jan 6,
1977 under 2548-63; CDL:22753G-A)

Research Products Company (1974) Fumigation of Alleghany Warehouse
No. 5 (Richmord, Va.), Oct. 7-11, 1974. (Unpublished study rc—
ceivad Mar 13, 1975 under 2548-59; COL:220058-E)

Research Products Campany (1974) Fumigation of Alleghany Warehouse
No. 7 (Richiond, Va.), Oct. 28-Nov. 1, 1974. (Unpublished study
received Mar 13, 1975 under 2548-59; CDL:220053-F)

Research Products Company (1974) Fumigation of Alleghany Warehouse
M. 3 (Richmord, Va.), Dec. 9-19, 1974. (Unpublished study rc—
ceived Mar 13, 1975 under 2548-59; CDL:220058-G)

Research Praducts Company, Inc. (1974) Phosphine (In or On Whole
Spices at 0.0l ppin) (Unpublished study received MNov. 7, 1974
under 5H5067; CDL: 221792)

Research Products Company (1974) Warehouse Fumigation of Flue-Cured
and Burley Tobacco with Phosphine (D2tia Gas EX-B): September
16~20, 1974). (Unpublished studv received Mar 13, 1975 under
2543-59; CDL:220058-D)

Research Products Company, Inc. (1975) Hybrid Seed Corn Fumigation
with Detia Gas EX-B (Unpublished study received Sept. 11, 1975
under 2548-59; CDL: 220904)

Research Products Campany (1975?) Toxicological Data. Summary of
studies 227591-B through 227591-F. (Unpublished study received
Jan 6, 1977 under 2543-62; CDL:227591-A0)
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published study received Mar 13, 1975 under 2543-59; CDL:
220058-C)
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Ritchie, M. (1930) The Density and Compressibility of Phosphine
Gas; the Atamic Weight of Phosphorous, Proc. Roy. Soc. Lorkdon
Al28, 551.
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Toksicheskoe deistvie fosfida alyuminiya na vreditelei zerma.
[The toxic effect of aluminum phosphide on grain pests.]
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poisoning during fumigation with phostoxin.} Arhiv za digijenu
Rada i Toksikologiju. ([Archives of Industrial Hygiene amnxi
Toxicology.] 20(2):209-212.

Spalding, D.H.; Benschoter, C.A.; von Windeguth, D.L.; Xing, J.R.;
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under 2F1184; prepared by Hazleton Laboratories, Inc., submitted
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Phosphine Residues. (Unpublished study received Apr. 5, 1972
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formulations for controlling insect pests in stored grain.]
Nachrichtenblatt fuer den Pflanzenschutz in der D.D.R
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Thiem, H.; Bogs, D.; Bischoff, J. (1974) Zur Bckacmpfuny von
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Thompson, R.H. (1970) Specifications recommended by the Unitad
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fumigation of cereals and other foodstuffs against pests of
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