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B.6 Toxicology and metabolism

B.6.1 Absorption, distribution, excretion and metabolism (toxicokinetics)
(Annex 1A 5.1)

Metal phosphides in contact with moisture (Gl traeiadily decompose to metal hydroxide
and phosphine, the toxicological principle. Dueth® decomposition by meoisture other
phosphides are regarded as adequate model compo8hdiies concerning absorption,
distribution, metabolism and excretion of ingestedc phosphide and» phosphine are
available. Once formed from the metal phosphidegsphine is rapidly and completely
excreted by exhalation or via urine after oxidatitmn hypophosphite”or phosphite. The
phosphine metabolites hypophosphite or phosphéeegarded as less toxic than phosphine
itself. Due to the inorganic nature of the metabgphides and its degradation products and
their respective metabolites it is reasonable sume that residues of these phosphides are
expected to be minimal or non-existent. Followinglcadministration of zinc phosphide,
[*?P] was rapidly absorbed from the gastrointestinattt Inhaled PHlis considered to be
rapidly and quantitatively absorbed through theghurf?P] was detectable in all organs and
tissues, with temporary higher levels in liver anddulla ablongata. PHs excreted as such
with the expired air or, after metabolic oxidatievith the-urine in the form of hypophosphite
and phosphite. In the absence of experimental datajermal absorption of both calcium
phosphide and P4 default value of 10 %, based en expert judgenead assumed.

Table B.6.1-1: Summary of toxicokinetic.studies

Method/ | Route Species, Dose levels, | Results Reference
Guideline Strain, Duration-of
Sex, exposure
No/group
No guide- | Oral Rats, number, | Zinc phosphide| Mortalityt at high dose, Pidetect- | Curry, A.S. et al.
line; bw and sex notl g mg/kg bw able in liver (1959) (TOX2002-
Non-GLP stated (> LDsg) and 163)
lower dose (nof]
specified),
single applica-
tion
Rats; sex not | Zinc phosphide| Mortality?, phosphide and Ptietect-
stated, 6 ani- | 19 mg/rat, able in liver
mals single applica-
tion
Rats and No information | Urinary excretion: main product is
guinea pigs, ng given hypophosphite

further infor-
mation given
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Method/ | Route Species, Dose levels, |Results Reference
Guideline Strain, Duration of
Sex, exposure
No/group
No guideli- | Oral, sub- | Rattus norvegi{ Zinc phosphide}| Oral application: Andreev, S:B. et al.
ne, cutaneous, | cus Berk, [¥?P]-labelled | After 6-8 h,®?P was detectable in all | (1958) (TOX2002-
Non-GLP | per rectum| number, bw | 4q mglkg bw | ©rgans and tissues with temporary | 165)
and sex not higher levels in liver and medulla
stated oblongata.
Application per rectum:
After 24 h*P was detectable in large:
intestine, arterial blood, liver and
kidneys.
Subcutaneous injection:
After 24 h®?P was detectable-only
around the point of injection
Oral Zinc phosphide] The distribution of?P was similar to
32p. and®®zn- | that in the above experimefitzn was
labelled found in all organs..The ratio #Pto
Sublethal %7n was different in“different tissueg.
lethal, 2-, 3-
and 4-fold
lethal doses
No guide- | oral Human Unknown Residuespost mortem in stomach, | Chan, L.T.F. (1983)
line, Non- quantity of blood, liver (TOX98-50056)
GLP Phostoxin
tablets
Not appli- [ Inhalation Inhaled PHlis considered to be readf WHO (1988)
cable ily absorbed through the lungs, excrpfTOX2005-1201)
tion with urine as hypophosphite angd
phosphite and via lungs as PH
Report: Curry, A.S. et al. (1959): Absorption of zinc phbije particles;
Nature 184, 642 — 643 (TOX2002-163)
Guidelines: No
Deviations: Not applicable
GLP: No

Acceptability:

The study is considered to be supplementary.

Materials and Methods:
Zinc phosphidefP-labelled); batch no.: not stated; purity: no datsspension of zinc phos-
phide ¢?P-labelled)-in commercially available evaporatedkmaiere fed to adult 2509 rats
(gender unspecified) at a dose considered to lxaess of the LE) (40 mg/kg bw), at 10

mg/kg bw and at lower unspecified doses. Subselyy¢hé determination of phosphine and
phosphide in-liver tissue was performed: Phosphias flushed from the suspensions of the

homogenised livers in water (cooled) by a streamwaobon dioxide, and any evolving Péhs

was collected by passing through a filter papeksdavith silver nitrate (replaced at half-hour

intervals), resulting in*fP]-silver phosphide, which was determined by Rt#kition count-

ing. Next, the analysis for any ‘unreacted’ phodphpresent was performed by acidification,

again with collection of silver phosphide.
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Findings:

In animals that were dosed in excess of theoldhd died shortly thereafter, phosphine was
detectable in the livers. At lower doses (unspedjfi when animals were killed more than 24
hours after treatment, no phosphine was detectalilee livers, but after addition of.acid to
the tissues, a very faint brown stain was obtainkdn the gases were passed through a filter
soaked with methanolic silver nitrate. Howevenyés not possible to obtain a confirmation
by a test for reduced phosphomolybdate blue. Arimal 2 and 1 treated with 10 mg labelled
zinc phosphide died less than 20 h after treatmedtafter about 22 h, respectively. The other
four animals were killed 26 h after treatment. Tiiers of animals no. 1 and,2 were analysed
separately, while the others were combined.

Conclusion:

Following oral administration of *{P]-zinc phosphide to rats,~the presence of phos-
phine/phosphide in the livers of animals was vedfby (3-scintillation counting. In those
animals that obviously died from phosphine poisgniphosphine and phosphide were both
present in the liver. In contrast, the survivingnaals had no-detectable phosphine in their
livers. However, upon acidification, the observdubgphine-evolution indicates that zinc
phosphide was present in their livers. Further erpts showed that the main urinary ex-
cretion product was hypophosphite, and no damadbkeofastric and intestinal mucosa was
found upon histological examination. The authonsobade that very fine zinc phosphide par-
ticles (< 0.1 micron) may pass through the intestimall of the Gl tract to the blood stream.
Whereas phosphine was no longer detectable irstatgving the oral dosing, low levels of
zinc phosphide were still present, indicating théd had been absorbed by surviving animals.

Report: Andreev, S.B. et al. (1958): Some results of theeafdracer tech-
niques in the study-of plant protectiof® tt. Conf. Peaceful Uses
Atomic Energy 1958 (27), 85 — 92 (TOX2002-165)

Guidelines: No

Deviations: Not applicable

GLP: No

Acceptability: The study'is considered to be supplementary.

Materials and methods:

Test material: Zinc phosphid&P]- labelled); batch no.: not stated; purity: ntada

The experiments were carried out on the grey rattiuR norvegicus Berk, to which were ad-
ministered lethal doses (8 mg per 200 g live weightzinc phosphide (1) orally (pure sub-
stance), (2) subcutaneously (suspended in wat€8) @er rectum (suspended in water).

In the subsequent dissectio’F]] content was analysed in samples of blood, lispteen,
kidneys, lungs, muscles, bones, cortex and the iaeoliongata, stomach and intestine.

Findings:

Already 15 minutes after the oral administrationaokethal dose of zinc phosphide to rats,
radioactivity is detectable in blood, liver and thmeterior section of the intestinal tract. 30
minutes post dosing, radioactivity was also foumthie posterior part of the intestine, as well
as in-spleen, kidneys and lungs, whereas the iev#bod and livers had already considerably
decreased. One hour p.a., radioactivity was wideiributed within the body, lacking only in
brain, bone and muscle. At the same time, someaativity could already be recovered from
urine. Upon death (usually within 6 — 8 hours p.t¢ radioactivity was present in all organs
and tissues with a predominant accumulation inrlit@vels in stomach and intestine had
considerably decreased, though still higher thaany other organ. Swelling of the stomach



-86 -
Calcium phosphide — Annex B.6: Toxicology and metiol 12 June 2007

and the small intestine was observed in poisonedas, which was attribute to the presence
of large amounts of PHoy analysis (silver phosphide precipitation). Radtivity had also
accumulated at the time of death in the medullamdmdta, correlating with disturbance of
breathing and supporting the assumption that tkieitp of zinc phosphide is related to“a dis-
ruption of respiratory function. For the elucidatioshether phosphine is formed from zinc
phosphide only in the stomach, zinc phosphide Wss administered per rectum at the same
dose level as above. 24 hours p.a., radioactivdag detectable in blood, liver-and kidney,
apart from the material present in the large imestit was not verified whether this radioac-
tivity was in the form of phosphine or zinc phosghi 24 hours after the subcutaneous ad-
ministration, the radioactivity was detectable oatythe site of injection,.indicating that de-
composition of the formation of mobile toxic compoigs would not occur under these cir-
cumstances.

Conclusion:

Following oral administration offP]-zinc phosphide to rats, radioactivity is rapidhysorbed
and distributed. The limited absorption and dintied toxicity-after administration per rec-
tum demonstrates that hydrolysis in the acidic euilof the stomach is the key process that
mediates toxicity.

Report: WHO (1988): Environmental Health Criteria Documeat 73:
‘Phosphine and selected metal phosphides’, p.TBDX@005-1201)
Guidelines: No

Deviations: Not applicable
GLP: No
Acceptability: The information is considered to be supplementary.

Metal phosphides are hydrolysed to phosphine aadctiiresponding metal cation. In rats,
phosphine that is not excreted in the‘expiredsaixidised and appears in the urine, chiefly as
hypophosphite and phosphite. An unidentified mditdgodetectable by paper chromato-
graphy and distinct from pyrophosphate and metaplhate, was reported. The fact that
phosphine is incompletely oxidised; and the praporbf an administered dose that is elimi-
nated as expired phosphine increases with thesigggest that the oxidative pathway is slow.

Report: Chan, L. T. F. et al. (1983): Phosphine analysisast mortem
specimens following ingestion of aluminium phosghidournal of
Analytical Toxicology, Vol. 7, July/August 1983 (T{®8-50056)

Guidelines: No guideline

Deviations: Not applicable

GLP: No

Acceptability: The study is considered to be supplementary.

Phosphide:was detected in post mortem stomachd béol liver specimens from the body of
a 27-year old man who died after ingestion of aknomwn quantity of Phostoxin tablets
(Degesch). These 3 g tablets, which contain aluminphosphide as the active ingredient,
slowly produce approximately 1 g phosphine whenubhd into contact with water. The
phosphine was released from the samples aftertegatiment and analysed by means of a
headspace gas chromatographic technique usingogenit phosphorus detector.
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B.6.2 Acute toxicity including irritancy and skin sensitisation (Annex IIA
5.2)

No acute oral toxicity study for calcium phosphides been submitted by the applicant and no
justification was given for that. However, thereséxespective studies with other phosphides
(summary see Table B.6.2-1). Metal phosphides mtad with moisture (Gl tract) readily
decompose to metal or calcium hydroxide and phosphhe toxicological pringiple. Due to
the decomposition by moisture other phosphidesegarded as adequate model compounds.
Studies with aluminium phosphide and magnesium miide are available and are
considered to be of high toxicity when administemdlly to animals. Therefore calcium
phosphide has to be classified as ‘very toxic ifabowed’ (T+; R 28). PhH which is
developed after contact of calcium phosphide witkitew by spontaneous hydrolysis of the
phosphide, is very toxic by inhalation. According Annex | to<Directive 67/548/EEC
classification and labelling of the gas is apprai(T+; R 26), but-.calcium phosphide itself is
like aluminium phosphide not classified with regéwdnhalation toxicity.

No dermal toxicity study for calcium phosphide Haeen,submitted. However, regarding
calcium phosphide no higher acute dermal toxid¢igntobserved in aluminium phosphide e.g.
is expected (LB 460 — 900 mg/kg bw). Therefore, for calcium phodphclassification as
‘harmful in contact with skin’ (Xn; R 21) is reqed.

No skin irritation study for calcium phosphide hbeen submitted. However, calcium
phosphide reacts like aluminium and zinc phosphiae. both substances no irritation was
noted after application to the skin of rabbits. fEfere, for calcium phosphide no
classification according to Commission DirectiveD2(b9/EC (adaptation to 67/548/EEC) is
required, too.

No eye irritation study for calcium ‘phosphide haef submitted. However, studies for
aluminium and zinc phosphide revealed no eye fimapotential. Therefore, for calcium
phosphide no classification according to Commisdibrective 2001/59/EC (adaptation to
67/548/EEC) is required.

No skin sensitisation study-has been presented usiltium phosphide. However, the study
for zinc phosphide revealed no skin sensitisatiotemtial. Therefore, calcium phosphide is
considered to be not a‘sensitising substance atab classification according to Commission
Directive 2001/59/EC:(adaptation to 67/548/EEQ)asrequired.
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Table B.6.2-1:  Overview on the acute toxicity of mel phosphides
Method/ Species, Dose levels Value Risk Reference
Guideline Strain, LD5y/LCsp Phrase
Sex, Remarks
No/group
Acute oral toxicity. | Rat, Aluminium LDso M+F: 8.7 |R 28 Sterner, W,
Similar to OECD | Wistar albino| phosphide mg/kg bw Stiglic, A:
401 5M+5F 7.94-8.92-10.0- (2977)
Non-GLP 11.2 mg/kg bw (TOX2006-
981)
Acute oral toxicity | Rat Aluminium LDso M+F: [B R 28 Stephen F.
OPPTS 870.1100 | Wistar, 3M + | phosphide mg/kg bw (2000)
3F 5 mg/kg bw (TOX2006-
210)
Acute oral toxicity. | Rat Aluminium LDsy: 9mg/kg | R 28 Joshi M.
Similar to OECD | Wistar, 5 M +| phosphide bw (1998)
401, Non-GLP 5F 0-6-9- 13.5 mg/kg (TOX2006-
bw 211)
Acute oral toxicity. | Mouse, Aluminium LDso M+F: 14,82 R 28 Leuschner, F.
OECD 401 NMRI/HAN | phosphide mg/kg bw (1992)
Bo6 6.81-10.0-14.7- (TOX2005-
5M+5F 21.5 mg/kg bw 308)
Acute oral toxicity. | Mouse Aluminium LDso M#F: 12 R 28 Joshi M.
Similar to OECD | CD, 5M + 5F | phosphide mg/kg-bw (1998)
401, Non-GLP 0,9,11.2,14 (TOX2006-
mg/kg bw 212)
Acute oral toxicity | Rat Zinc phosphide |LDsy: 12 mg/kg |R 28 Lewis, R. J.
No guideline No dose levels bw (Eds.) (2000)
Non-GLP mentioned (TOX2006-
19):
Acute oral toxicity | Rat, Zinc phosphide |LDsgF: R 25 Krishnakumar,
No guideline CFT-Wistar |21, 28, 38;51, 68|43 — 56 mg/kg , M. etal.
Non-GLP albino mg/kg bw bw (21979)
10F (TOX2002-
167)
Acute oral toxicity | Deer mice Zinc phosphide ALD: 42 mg/kg | Not Schafer, E.W.
No guideline 6 animals bw acceptable Bowles, W.A.
Non-GLP (1985)
(TOX2002-
168)
Acute oral toxicity. | Rat, Magnesium LDsg R 28 Sterner, W.,
No guideline Wistar albino | phosphide M: 20.7 mg/kg Chibanguza,
Non-GLP 5M+5F 0.897, 1.0, 1.13, |bw G. (1980)
1.26 g/kg bw total | F: 10.4 mg/kg bw (TOX2000-
amount M+F: 11.2 mg/kg 89)
bw
Acute dermal Rat, Aluminium LDso M+F: 900 |R 21 Dickhaus, S.,
toxicity. Wistar albino | phosphide mg/kg bw Heisler, E.
OECD 402 5M+5F 500-1000-2000 (1987)
mg/kg bw (TOX2000-
93)
Acute:dermal Rat Aluminium LDsq 461.2 R 21 Stephen F.
toxicity Wistar, 5 phosphide mg/kg bw (2000)
OPPTS 870.1200 | F/each level | 0-280-420-630 (TOX2006-
+ 5 M/highest mg/kg bw 213)

level
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Method/ Species, Dose levels Value Risk Reference
Guideline Strain, LD5¢/LCsp Phrase
Sex, Remarks
No/group
Acute dermal Rat Aluminium LDsy: 901 mg/kg | R 21 Joshi M.
toxicity. No Wistar, phosphide bw (1998)
guideline 5M+5F 0-637.7-1275-2550 (TOX2006+
Non-GLP mg/kg bw 214)
Acute dermal Rat, Wistar | Zinc phosphide | LDso M+F: 1000 | R 21 Dickhaus, S.,
toxicity albino 1000-2000-4000 | mg/kg bw Heisler, E.
Comparable to 5M+5F mg/kg bw (1980)
92/69/EEC, B3 (TOX2002-
172)
Acute dermal Rat, Wistar | Zinc phosphide |LDgoM+F: 525 |R 21 Dickhaus, S.,
toxicity albino 100-200-400-1000 mg/kg bw Heisler, E.
Comparable to 5M+5F mg/kg bw (1980)
92/69/EEC, B3 (TOX2002-
173)
Acute inhalation Rat Aluminium LCso: 34.6 ppm |R 26 Roy, B.C.
toxicity. No Wistar, phosphide (0.048 mg/L) (1998)
guideline, non GLP| 5M+5F 0-15.4-26-47 ppm (TOX2006-
215)
Inhalation whole Rat PH; LCsoM+F:>11 |R 26 Newton, P.E.
body Fisher 344 |2.4-4.9-11 ppm | ppm (1989)
6 h exposure, equivalent to (TOX97-
US EPA > 0:015 mg/L 51198)
or> 0.675 mg/kg
bw
Acute inhalation Rat, PHs, developed LCso: 204/179 (R 26, Shimizu, Y. et
toxicity, whole Slc:SD from magnesium’ | ppm (M/F) PH) @  |al. (1982)
body, 1 h exposure| 10M+10F | phosphide equivalent t¢?: (TOX2005-
Similar to OECD 150-165-1822200-| 0.29/0.25 mg/L 280)
403 220-242 ppm air (M/F)
Non-GLP or®
12.9/11.4 mg/kg
bw (M/F)
Acute skin Rabbit, White| Aluminium Not irritating None Dickhaus, S.,
irritation, Partly New Zealand| phosphide Heisler, E.
OECD 404 5 (sex not 0.5 g/animal (1987)
mentioned) (TOX2000-
94)
Acute skin Rabbit,-White| Aluminium Non-irritant None Joshi M.
irritation. No New Zealand| phosphide (1998)
guideline, non-GLP| 3M+3F 0.5 g/animal (TOX2006-
216)
Acute skin Rabbit, New | Zinc phosphide | Not irritating None Brunt, P.
irritation, OECD Zealand 0.5 g/animal (2001)
404 White 3M (TOX2005-
168)
Acute eye irritation | Rabbit White,| Aluminium Non-irritant Study Dickhaus, S.,
OECD 405 New Zealand| phosphide (washed out 30 | design not| Heisler, E.
6 (sex not 0.1 g/animal seconds after | suitable |(1987)
mentioned application) (TOX2000-
95)
Acute eye irritation.| Rabbit, White] Aluminium Not acceptable Study | Joshi, M.
No guideline, non- | New Zealand| phosphide design not (1998)
GLP 3M + 3F 1 mg/animal suitable | (TOX2006-

217)
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Method/ Species, Dose levels Value Risk Reference
Guideline Strain, LD5¢/LCsp Phrase
Sex, Remarks
No/group
Acute eye irritation | Rabbit, White| Zinc phosphide | Non-irritant None Brunt, P.
OECD 405 New Zealand| 0.1 mL/animal (2001)
2M+1F (TOX2005+¢
171)
Skin sensitisation | Albino Zinc phoshpide Non-sensitising| None Brunt; P.
OECD 406 Guinea Pig (2001)
(10M) (TOX2002-
179)

(1) PH;was included into Annex | to Directive 67/548/EEG@hAR 26, whereas the different phosphides werectasssified
for inhalation toxicity.

(2) 1 ppm PHis equivalent to 1.41 pg/L air, density of puresR2D °C): (34 g/mol)/(24.1.L/mol) = 1.41 g/L
(3) Assuming an hourly respiratory volume (rat) of 14&h kg bw)

B.6.2.1 Acute oral toxicity

No acute oral toxicity study on animals for calciyghosphide has been submitted by the
applicant and no reason was given for that. Ontyuay in rats for a preparation has been
provided (see B.6.11). However, metal phosphidesdiuminium phosphide and magnesium
phosphide are considered to be of high toxicity nvte@ministered orally to animals.
Therefore calcium phosphide has to be classifi¢deayg toxic if swallowed’ (T+; R 28), too.

Report: Sterner, W., Stiglic, A..(1977): Acute oral toxicif ‘Aluminium
phosphide’ in rats, International Bio-Research, mtaver, Germany;
unpublished report no. 0-0-51-77, 01/1977 (TOX2086)

Guidelines: No

Deviations: Exceeded application volume.
GLP: No
Acceptability: The studyis considered to be acceptable.

Materials and methods:

A single oral dose of aluminium phosphide (techihgpa@ade) was given to 5 male and 5
female SPF-Wistar rats/dose group by stomach tlibe.body weight of the rats was 140-
175 g prior to dosing. In order to apply aluminigmosphide, it was mixed with vaseline to
yield a concentration of 1 %. Before use this prafian was suspended in anhydrous olive oil
to obtain a final‘concentration of 0.1 % (no infatmon is given whether this refers to w/v or
vlv). The doses administered were 7.94, 8.92, 10.66d 11.2mg aluminium
phosphide/kg’bw. Different doses were applied usliffgrent volumes of the test suspension
described ‘above. The recommended application volom&0 mL/kg bw was exceeded.
Clinical signs, mortality and body weights were aieted. All surviving animals were
sacrificed after 7 days. Macroscopic examinatiohallbanimals were performed and gross
pathologic changes were reported.

Findings:

For detailed results see Table B.6.2-2. At a dds&3z mg aluminium phosphide/kg bw, 1/5
males and 1/5 females died within day 1, at 8.9Z&gigw 3/5 males and 3/5 females died,
and at 10.0 mg/kg bw and above all animals diedvi®ars recovered by day 2 p.a.. No effect
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on body weight gain was observed among survivarautihout the post-exposure period. The
oral LDsg for aluminium phosphide was calculated to be 8grkignbw for both sexes.

Table B.6.2-2:  Acute oral toxicity of aluminium phoghide in rats

Number of dead / .
Dose . Time of death .
[markg bw] number of inves- (range) Observations
tigated
7.94 1/5 females Day 1 decreased motor activity, coordination disturbance,
1/5 males Day 1 abnormal body posture, decreased-grip- and limie,ton
decreased reflex excitability, tremor, exophthalransl
diarrhea;
body weight gain of survivors was unaffected;
necropsy findings: swollen liver observed in aliraals
and serious redness of intestinal mucous membnape i
animals that dieg@ost applicationem
8.92 3/5 females Day 1 the same symptoms©as described above but more
3/5 males Day 1 pronounced;
body weight gairv of survivors was unaffected;
necropsy findings: swollen liver observed in aliraals
and serious redness of intestinal mucous membrnape i
animals that dieg@ost applicationem
10.0 5/5 females Day 1 the same ©symptoms as described above but |more
5/5 males Day 1 pronounced;
necropsy findings: swollen liver observed in alimaals
and serious redness of intestinal mucous membnape i
animals that diegost applicationem
11.2 5/5 females Day 1 the same symptoms as described above but |more
5/5 males Day 1 pronounced;
necropsy findings: swollen liver observed in aliraals
and serious redness of intestinal mucous membrnape i
animals that dieg@ost applicationem
LDso value males + females: 8.7 (8:2 — MB)/kg bw
Conclusion:

The LDy for aluminium phosphide in albino rats was caltadaas 8.70 (8.17 — 9.27) mg/kg
bw for males and females by oral administration.

Classification as ‘very-toxic if swallowed’ (R 28 required according to Directive
2001/59/EC (adaptation of 67/548/EEC).

Report Stephen, F. (2000): Acute oral toxicity study afralnium phos-
phide technical in rats (fixed dose method), JA$é&xch Foundation
(JRF), Gujarat, India, JRF study No. 2565, datel.72000
(TOX2006-210)

Guidelines; US EPA FIFRA Guideline OPPTS 870.1100 and OECD 420

Deviations: Homogeneity and stability of the dose were not rieitged. How-
ever, the dose was prepared freshly prior to do®atch number of
test substance was not reported.

GLP: Yes (laboratory certified by The Netherlands auties)

Acceptability: The study is considered to be supplementary.
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Materials and methods:

Following a range-finding preliminary test a singgenale died within 1 hour after dosing-at
500 and at 50 mg/kg bw, animals were assigned: I& ared 5 female Wistar rats (breeding
facilities at JAI Research Foundation, India; 1lelseat time of dosing) were given.a’single
dose of 5 mg/kg bw of aluminium phosphide techn({8&l.65 % pure; batch not reported) by
gavage. The test substance was administered inupe#rat a volume of 10 mL/kg-bw. Ani-
mals were observed for gross toxicity, behavioahainges and/or mortality at approximately
1, 2, 3 and 6 hours after dosing and twice daifytiie remainder of the 14-day study. Body
weights were recorded at day O prior to dosingnd B4. On day 14, surviving animals were
sacrificed and all animals were necropsied and exaarfor gross pathological changes. The
data did not warrant statistical analysis.

Findings:
Details are provided in Table B.6.2-3. Four malésddwithin 3“hours after dosing. All
females survived.

Table B.6.2-3:  Acute oral toxicity of aluminium phoghide in rats

Dose [mg/kg bw] Males Females

Mortality Time of death Mortality Time of death
5 4/5 1-3 hour (day 1) 0/5 --
LDgo [mg/kg bw] ~ 5 (both sexes combined)

Clinical signs on the day of dosing were tremors.djns were observed on subsequent days
up to the end of the observation period.

All surviving animals gained weight 7 and-14 dagiofwving dosing.

Necropsy: Vascular/emphysematous changes in lumgisrettling of liver were recorded in
all early deaths. Vascular alteration in‘fungsetj\kidneys and adrenals were recorded in sur-
viving animals at study termination.

Despite the homogeneity and stability of the dosebeing determined, the study is never-
theless acceptable. The dose was prepared fresbiy@ dosing. The deviation did not com-
promise the acceptability of the study.

Conclusion:

The acute oral LB of aluminium phosphide technical in rats was fotmde ~ 5 mg/kg bw
for both sexes combined. According to Commissione®ive 2001/59/EC (adaptation to
67/548/EEC), classification as ‘very toxic if swadled’ is required (R 28).

Report: Joshi, M. (1998): Acute oral toxicity test of alumim phosphide
technical in rats, JAI Research Foundation (JRE)afat, India
JRF study No. 361, 27.10.1998 (TOX2006-211)

Guidelines: Gaitonde subcommittee, Central Insecticide Boat8)Gndia

Deviations: Concentration, homogeneity and stability of theedpeparations
were not determined. However, the doses were pedgeeshly prior
to dosing. Observation period limited to 7 dayswedwer, all deaths
occurred shortly after dosing. Purity of test sahse was not
indicated. Batch number and purity of test substamere not
reported. Age of the animals was not reported. iIBnvnental
conditions like air changes and photoperiod weteeported.
Temperature of the experimental animal room wabkédriguring the
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study (27 — 28 °C) instead of the recommendet 30C.
GLP: No
Acceptability: The study is considered to be supplementary.

Materials and Methods:

Following an overnight fast (17 hours), groups ahéle and 5 female Wistar rats (breeding
facilities at JAI Research Foundation, India ) wgireen single doses of 0, 6, 9 or 13.5 mg/kg
bw of aluminium phosphide technical (purity/batelge of animals were not reported) was
administered in peanut oil at a volume of 10 mLikg. Animals were observed for gross
toxicity, behavioural changes and/or mortality pprximately 1, 2, and<3 hours after dosing
and at least once daily for the remainder of thay-study. Body weights were recorded at
day O (prior to dosing) and 7. On day 7, survivangmals were sacrificed and all animals
were necropsied and examined for gross pathologiaiges.

Findings
Details are provided in Table B.6.2-4. The earlgttle occurred within 3 hours after dosing.

Table B.6.2-4:  Acute oral toxicity of aluminium phoghide in rats

Dose [mg/kg bw] Males Females

Mortality Time of death Mortality Time of death
0 0/5 -- 0/5 -
6 0/5 -- 0/5 -
9 4/5 1-3 hour (day 1) 1/5 1-3 hour (day 1)
13.5 4/5 1-3 houn(day 1) 3/5 1-3 hour (day 1)
LDgo [mg/kg bw] 9 (both sexes combined)

Clinical signs in treated animals on the day oficigsvere toe walking, abdominal breathing,
polyurea, piloerection and salivation. No signs evebserved on subsequent days up to the
end of the observation period.

All surviving animals gained weight following dogin

Necropsy: No external abnormalities were detect&bss changes observed in the viscera
were mainly vascular in nature and considered tadseciated with terminal sacrifice proce-
dures.

Conclusion:

The acute oral LB of aluminium phosphide technical in rats was fotmée 9 mg/kg bw for
both sexes combined. According to Commission Divect2001/59/EC (adaptation to
67/548/EEC), classification as ‘very toxic if swadled’ is required (R 28).

Report: Leuschner, F. (1992): Acute toxicity study of alammim phosphide
by oral administration to NMRI mice, LPT, Hambu@grmany;
unpublished report no. 7129/92, 15.06.1992; datesmerimental
work: 02.03.1992 to 19.03.1992 (TOX2005-308)

Guidelines: OECD guideline 401
Deviations: Application volume of 20 mL/kg bw instead of 10 rkg/bw
GLP: Yes

Acceptability: The study is considered to be acceptable.
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Materials and methods:

Test material: Aluminium phosphide; batch no. 200%;ty: 82 %. The study was performed
with 20 male and 20 female mice/ NMRI/HAN Bo6 (SR#dh initial weight of 18-23 g and’an
age of 30-35 days. The test material was groundréefnd suspended in sesame oil-DAB 10
and was applied to 5 animals/sex and dose grougalgge. The doses administered were
6.81, 10.0, 14.7 and 21.5 mg/kg bw in an applicatiolume of 20 mL/kg bw (according to
the OECD guideline 401 max. application volumeQsmilL/kg bw). Post-exposure period was
14 days. During this time clinical signs, mortaktyd body weights were recorded. At the end
of the experiment all surviving animals were saoed. Macroscopic examinations of these
animals as well as of those which had died durimg s$tudy were performed and gross
pathologic changes, if any, were reported. Theohas calculated by regression analysis.

Findings:

Under the test conditions applied no effects ctnddietected at a . dose of 6.81 mg aluminium
phosphide/kg bw. First intolerance reactions obesdrwere reduced motility, ataxia and
dyspnoea (see Table B.6.2-5). These clinical sigsirred at@a dose of 10.0 mg aluminium
phosphide/kg bw. Two males and two females diethiwifichours after dosing at 14.7 mg
aluminium phosphide/kg bw, whereas all animals diedng the first 2 hours after treatment
at 21.5 mg/kg bw. They died in abdominal positiathvelonic convulsions or in coma. Body
weight gain was not affected throughout the pogbosure period nor were there any
pathological findings. The L{3 was calculated to be 14.8 mg/kg bw for both sexes.

Table B.6.2-5:  Acute oral toxicity for aluminium phosphide in mice

Dose Number of dead / Time of death
{)m?/kg numbgr of inves- (range) Observations
W tigate
6.81 0/5 females -
0/5 males -
10.0 0/5 females - reduced motility, ataxia and dyspnoea;
0/5 males - bw development and post mortem examinations regi¢ale

no effect of treatment

14.7 2/5 females Day1 reduced motility, ataxia and dyspnoea; all sungvor
2/5 males Day 1 recovered by day 2, bw development (survivors) and
post mortem examinations revealed no effect of
treatment
21.5 5/5 females Day 1 reduced motility, ataxia and dyspnoea;
5/5 males Day 1 post mortem examinations revealed no effect of
treatment
LDso Males +females: 14.8 mg/kg bw
value
Conclusion;:

The LDsg for aluminium phosphide in mice was calculatedld8 mg/kg bw for males and
females‘by oral administration.

Classification as ‘very toxic if swallowed’ (R 28% required according to Directive
2001/59/EC (adaptation of 67/548/EEC).
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Report: Joshi, M. (1998): Acute oral toxicity test of alumim phosphide
technical in mice, JAI Research Foundation (JREjaft, India
JRF study No. 362, 27.10.1998 (TOX2006-212)

Guidelines: Gaitonde subcommittee, Central Insecticide Boat8)Gndia

Deviations: Concentration, homogeneity and stability of theedpeparations
were not determined. However, the doses were pedgeeshly prior
to dosing. Observation period was limited to 7 d&gity/batch of
test substance was not mentioned. Age of the agimalot reported.
Environmental conditions like air changes and ppetind were not
reported. Temperature of the experimental animatravas higher
during the study (27 — 28 °C) instead of the recemaed 2& 3 °C.

GLP: No

Acceptability: The study is considered to be supplementary.

Materials and Methods:

Following an overnight fast (15 hours), groups ain&le and-5 female CD mice (breeding
facilities at JAI Research Foundation, India) wgikeen singlezdoses of 0, 9, 11.2 or 14 mg/kg
bw of aluminium phosphide technical (purity/batabt mentioned) by gavage. The test sub-
stance was administered in peanut oil at a voluhmB)anL/kg bw. Animals were observed

for gross toxicity, behavioural changes and/or alityt at approximately 1, 2, and 3 hours
after dosing and at least once daily for the renhirof the 7-day study. Body weights were
recorded at day O (prior to dosing) and 7. On dasuiviving animals were sacrificed and all
animals were necropsied and examined for gros®ogfical changes.

Findings:
Details are provided in Table B.6.2-6. The earlgttle occurred within 3 hours after dosing.

Table B.6.2-6:  Acute oral toxicity of aluminium phoghide in mice

Dose [mg/kg bw] Males Females

Mortality Time of death Mortality Time of death
0 0/5 -- 0/5 -
9 0/5 -- 0/5 -
11.2 1/5 1-3 hour (day 1) 1/5 1-3 hour (day 1)
14 4/5 1-3 hour (day 1) 5/5 1-3 hour (day 1)
LDso [mg/kg bw] 12 (both sexes combined)

Clinical signs in treated animals on the day ofidgsvere lethargy, abdominal breathing,
polyurea, and diarrhoea. No signs were observegdutisequent days up to the end of the
observation period.

All surviving animals gained weight following dogin

Necropsy: No external abnormalities were detect&ss changes observed in the viscera
were mainly vascular in nature and considered tadseciated with terminal sacrifice proce-
dures.

Conclusion:

The acute oral LB of aluminium phosphide technical in mice was fotmdbe 12 mg/kg bw
for both sexes combined. According to Commissione@ive 2001/59/EC (adaptation to
67/548/EEC), classification as ‘very toxic if swadled’ (R 28) is required).
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Report: Lewis, R. J. (Eds.) (2000): Zinc phosphide; In: Damus Properties
of Industrial Materials, I Ed. Vol. 3, 3519, published.
Guidelines: No

Deviations: Insufficient documentation
GLP: No
Acceptability: The publication is considered to be supplementary.

Materials and Methods:
In this review publication no further informatioreve given.

Findings/Conclusion:
The acute oral toxicity LE) for zinc phosphide cited in this review publicatis 12 mg/kg
bw in rats. Therefore classification as ‘very toXiswallowed’ (T+; R28) is required.

Report: Krishnakumari, M.K.et al. (1980): Toxicity and rodesidal potency
of zinc phosphide; Bull. Environ. Contam. Toxicgh, 153-159
(TOX2002-166)
and
Krishnakumari, M.K. et al. (1979): Evaluation ofuée oral toxicity
of zinc phosphide in Rattus naofrvegicus (albinoktlRedes 13, 33-
35. (TOX2002-167)

Guidelines: No

Deviations: Only female rats were used. Age, source, acclimiis period
environmental conditions were not mentioned. Cotreéon,
homogeneity, stability and batch number of the damwere not

determined.
GLP: No
Acceptability: The study is considered to be supplementary.

Materials and methods:

Groups of ten partially starved’female albino r@@$T-Wistar, 200-250 g) received dose
levels of 21, 28, 38, 51 and 68 mg/kg of zinc plde (source A, puritiy 87 %) in peanut oil
by gavage. Control rats were given only peanutNidl.details on the dose regime were stated
for zinc phosphide from ‘the sources B (83 %), C ¥®and D (99.9 %). Animals were
observed for clinical signs and mortality duringe td-week observation period. Food
consumption and body weight were recorded regul@dfore autopsy, blood samples were
collected and haematological parameters were detedn(including haemoglobin, RBC,
WBC, PCV, ESR, and differential counts). At necrgpsygan weights (i.e. liver, kidney,
heart, spleen._lungs and ovary) and pathologicatpathological investigations were
performed.

Findings:

Percent:mortality increased from 10 to 60 % witbréasing dose levels. Deaths occurred in
general within 40 hours after treatment. Resulthefdetermination of LE) and LDy, values

by Probit analysis are presented in Table B.6.2-7.

Clinical signs such as heavy breathing, ataxidlegsess, coma and paralysis of hind limbs
appeared within 5 minutes, and convulsions occupremt to deaths. Food consumption was
affected in higher doses, but body weight was mgnifscantly affected. Histopathological
investigations revealed slight haemorrhages in gloifhand tubules of kidneys of some rats
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in different doses (21, 28 and 38 mg/kg bw), anldl mellular infiltrations around bronchioles
of the lungs were found.

Table B.6.2-7:  Acute oral toxicity of four different zinc phosphide samples in female

rats

Samples of Dose % Mortality LDsg 95% confidence limits| LD g
Zinc levels (hrs)* [mg/kg bw] [mg/kg bw] [mg/kg bw]
phosphide
A (87.0%) 0 0 54 33-120 120

21 10 (18)

28 10 (18)

38 20 (18)

51 60 (18-40)

68 60 (18-64)
B (83.0 %) 56 120
C (94.0 %) 44 100
D (99.9 %) 43 97

*) average death time

Conclusions:
Following oral administration of different zinc pmhide suspensions kfPvalues in the
range of 43 to 56 mg/kg bw were obtained.

Report: Schafer, E.W., Bowles, WZA. (1985): Acute oral ot and
repellency of 933 chemicals to house mice and oheez; Arch.
Environ. Contam. Toxicol. 14, 111-129. (TOX2002-168
Guidelines: No

Deviations: Insufficient documentation
GLP: No
Acceptability: The study is considered to be not acceptable.

Materials and Methods

Zinc phosphide obtained fromra commercial supghet specified) was tested in acute oral
toxicity tests with wild-trapped deer mice (sex specified). Six animals were treated with a
graduated dosage scale and the ALD (Approximathdlddose) was determined. One single
animal per dose level received the test compoundavpge and was subsequently observed
for 3 days. Each succeeding dose level was 50 %ehighan the preceding level and
continued until mortality occurred.

Findings:
Apart from the7ALD value (42.0 mg/kg bw) no furtferdings have been presented.

Conclusions:
The integrity and quality of the study is not assigle due to insufficient documentation.
However, the determined ALD (Approximate Lethal Bpgalue is 42.0 mg/kg.

Further studies

Tkadlec and Gattermann (TOX 2002-170). (1993)nvestigated circadian changes in
susceptibility of voles and golden hamsters to zphosphide. No significant results were
obtained.
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Nakata et al (TOX2002-171). (1993nvestigated acute symptoms caused by 1 perceat.zi
phosphide pellets in the gray red-backed vole.

Report: Sterner, W. and Chibanguza, G. (1980): Acute avdatity of 1%
magnesiumphosphid in vaseline in rats, IBR Inteomai Bio-
Research, Hannover, Germany; report no. 1-4-66®Z/30
(TOX2000-89)

Guidelines: No

Deviations: Exceeded application volume. Batch not mentioned.
GLP: No

Acceptability: The study is considered to be supplementary.

Materials and methods:

A single oral dose of magnesium phosphide was gieeh male and 5 female albino rats
(SPF-Wistar, Winkelmann, Paderborn). In order tphapnagnesium phosphide was mixed
with vaseline to yield a concentration of 1 %. Befaise this’preparation was suspended in
oleum arachidis. The test sample had a pH-valug dhe dose levels were 0.897, 1.0, 1.13
and 1.26 g/kg bw (total amount). Different dosesenapplied using different volumes of the
test suspension described above. The recommengédation volume of 10 mL/kg bw was
exceeded. All animals were observed closely forsgrsigns of systemic toxicity and
mortalities at frequent intervals on the day oatneent and at least once daily thereafter for a
total period of 14 days.

Gross necropsies were performed on the animalglibdt At the end of the 14 day period the
surviving rats were weighed, sacrificed and grossrapsies were performed. For statistical
analysis of the mortality data the system:of Prabdlysis by Finney D.Y. was used.

Findings:

In this study the test material induced decreasédity, abnormal body posture, reduced pain
reaction, reduced grip- and limb<tone and pilogoec The mortalities occurred during 24 h
after administration (see Table”’B.6.2-8). Redndsth@ gastrointestinal mucous membrane
was observed. No effect on body weight gain wasiiesl among survivors throughout the
post exposure period. Necropsies performed onuhaving animals at termination exhibited
no gross pathological findings. The §J¥alues were calculated by the Probit analysisaaed
shown in Table B.6.2-9;

Table B.6.2-8: - Acute oral toxicity of magnesium phgghide in rats

Dose
[9/kg bw] Number of dead / Time of death
Total amount number of investigated

0.897 0/5 females Day 1
0/5 males Day 1
1.0 2/5 females Day 1
0/5 males Day 1
1.13 4/5 females Day 1
3/5 males Day 1
1.26 5/5 females Day 1
3/5 males Day 1
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Table B.6.2-9: Calculated LB, of magnesium phosphide in rats

Total amount Active substance

Male 2.07 g/kg bw 20.7 mg/kg bw
Female 1.04 g/kg bw 10.4 mg/kg bw
Male + Female 1.12 g/kg bw 11.2 mg/kg bw

Conclusion:

The oral LBy values for albino rats were calculated as 10.4kghdw for>females, 20.7
mg/kg bw for males and 11.2 mg/kg bw for combinexies.

Classification as ‘very toxic if swallowed’ (R 28 required according to Directive
2001/59/EC (adaptation of 67/548/EEC).

B.6.2.2 Acute percutaneous toxicity

No dermal toxicity study with calcium phosphide lhaen submitted.

The following justification for non-submission airskrritation study with calcium phosphide
has been submitted by the applicant (Kéhler, U $2.980X2000-110):

‘Calcium phosphide is dry granular solid which depmses very rapidly on contact with
water to produce highly toxic gas phosphine?Hyghisl of calcium phosphide on the skin
would lead to the evolution of gaseous.-phosphinkichv could then be absorbed by
inhalation. As result it is not considered validnteasure the acute dermal toxicity of calcium
phosphide, since contact with dermal>moisture wésult in rapid decomposition and
evolution of phosphine and calcium> dihydroxide whiwill invalidate any attempt at
estimation. Dermal absorption of_calcium phosphated phosphine is regarded to be
insignificant (see: WHO Environmental Health CriéelNo. 73, Phosphine and Selected Metal
Phosphides, page 49 (1988). The acute dermag) fdd zinc phosphide in rats has been
reported: L3y 24 hours 2000 mg/kg bw, 14 days 1000 mg/kg bw.

Please refer to the studies on‘the acute dermaityofor zinc phosphide in rats’.

Comment by the RMS :

The justification is accepted. Furthermore, thetaclermal toxicity of metal phosphides dif-
fer. Aluminium phosphide is more toxic than zinmpphide e.g : The Ligvalues were cal-
culated to be 460 =900 mg/kg bw and thereforesiflaation as ‘harmful in contact with
skin’ (Xn; R 21)ds required for both substancegg&ding calcium phosphide no higher
acute dermal toxicity than observed in aluminiunmogghide is expected. Consequently,
calcium phosphide should be classified as ‘harmmfgontact with skin’ (Xn; R 21).

Report: Dickhaus, S., Heisler, E. (1987): Acute toxicol@jistudy on
compound aluminium phosphide after dermal appbeceto the rat,
pharmatox, Hanover, Germany, unpublished reporiabl142-87,
09/1987 (TOX2000-93)

Guidelines: Although the test facility claims that this studgswconducted
according to OECD guideline 404, it complies witBCD guideline
402

Deviations: Neither purity or batch of test material were meméd.
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GLP: Yes
Acceptability: The study is considered to be supplementary.

Materials and methods:

A single dermal dose of aluminium phosphide (pibdych not mentioned) was applied to the
clipped skin of 5 male and 5 female SPF-Wistar/datse group under occlusiveconditions.
Dose levels of 500, 1000 and 2000 mg aluminium phioke/kg bw were tested. Initial body
weights of the rats were 206 — 230 g for males 20— 212 g for females, respectively; no
information is given about the age of the anim&sdor to application selid granules of
aluminium phosphide were minced. Deviating from lmppt's study summary it remains
unclear from the original study report, whether tthgt substance was applied as a powder or
whether it had been moistened before. No informaisoprovided abaout the size of the skin
area treated with aluminium phosphide. The skin gig®sed to the substance for 24 hours.
Afterwards residual test substance was removed fhenskin using‘a wet-warm towel and the
animals were observed for deaths, clinical sigrsl@dy weight gain for 14 days. At the end
of the study the remaining rats were sacrificed amtl animals were examined
macroscopically for pathological findings. The nuthof calculating LIy was not mentioned
but it was performed in combination with Gausségral method.

Findings:

No death occurred at 500 mg aluminium phosphidbikgwhile at a dose of 1000 mg/kg bw,
3/5 males and 3/5 females died and all animals dted000 mg/kg bw. No information is
given concerning recovery of survivors. Body weigain was gradually reduced at increasing
aluminium phosphide dose levels. The dermabd&f aluminium phosphide was calculated
to be 1520 mg/kg bw (24 hours) or 900 mg/kg bw (dldy for both sexes by the applicant.
Assuming that aluminium phosphide had been apptigdtie skin as crystalline granules (see
above) it would not have adhered just-as well @nskin as if a fluid had been applied (apart
from the fact that phosphine gas would have beemldped simultaneously), i. e. higher
doses would have been needed in-the first wayeio yhe same effects as in the latter and a
lower LDsp would be expected..Nevertheless, it is unlikelgt tthis would have led to a
different classification.

Conclusion:

The dermal LIy of aluminium phosphide was calculated to be 152¢kmbw (24 hours) or
900 mg/kg bw (day 14)dfor both sexes in rats. Adogg to Directive 2001/59/EC (adaptation
of 67/548/EEC) classification as ‘harmful in corttaith skin’ (R 21) is required.

Report: Stephen, F. (2000): Acute dermal toxicity studwyliminium phos-
phide technical in rats. JAl Research Foundati®&¥}JGujarat, In-
dia, JRF study No. 2566, date 23.10.2000 (TOX200®)-2

Guidelines: OPPTS 870.1200

Deviations: Concentration, homogeneity and stability of theedpeparations
were not determined. However, the doses were pedgeeshly prior
to dosing. Batch of test substance was not repdfedronmental
conditions like air changes and photoperiod weteeported.
Temperature of the experimental animal room wabkériguring the
study (27-28 °C) instead of the recommended 30°C.

GLP: Yes (laboratory certified by The Netherlands auties)

Acceptability: The study is considered to be supplementary.
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Materials and Methods:

Following a range-finding preliminary test with lala and 1 female per group in which mor-
talities of 0 %, 50 % and 100 % were observed aedevels of 250, 500 and 1000 mg/kg bw,
respectively, rats (Wistar, breeding facilities)Al Research Foundation, India) were .assigned
to the test groups (see Table B.6.2-10). One day fr dosing, the fur was clipped-from the
dorsal area of the trunk of each animal. The clibpeea accounted approximately 10 % of
each animal’s body surface. The test substancé&y[@%.65 %) was administered as a single
occluded dermal application and was applied moestenith peanut oil. After-an exposure
period of 24 hours, the occlusion was removed asdlual test material was removed with
dry cotton and tissue paper. Animals were obsefaedjross toxicity, behavioural changes
and/or mortality at approximately 30 minutes, 132nd 5 hours after dermal application and
twice daily for the remainder of the 14-day stulBgdy weights were recorded at day O (prior
to dosing), 7 and 14. On day 14, surviving aninvadse sacrificed and all animals were nec-
ropsied and examined for gross pathological changes

Findings:
Details are provided in Table B.6.2-10. All earBaths occurred within 48 hours after dermal
application.

Table B.6.2-10:  Acute dermal toxicity of aluminium-ghosphide in rats

Females Males

Dose [mg/kg bw] | Mortality Time of death Mortality Time of death

0 -- - 0/5 -
280 -- 0/5 -
420 - 2/5 5 hours 30 min (day 1)
630 4/5 4 x 48 hours 4/5 2 x 5 hours 30 min (day 1

2 X 48 hours

LDsgo [mg/kg bw] | 461.2 (both sexes combined)

Clinical signs in treated animals en the day ofitlps@nd the day after dosing were lethargy,
tremors, abdominal breathing and piloerection. laswere observed on subsequent days up
to the end of the observation period.

All surviving animals showed normal body weightrgéallowing dosing.

Necropsy: No external abnormalities were deteckasscular/inflammatory alterations in
lungs, mottling of liver and hemorrhagic contemnisstomach and small intestinal segments
were noted in premature decedents. Gross changesvel in the viscera were considered to
be associated with terminal sacrifice procedures.

Conclusion:

The acute dermal Lfg of aluminium phosphide technical in rats was fotmte 461.2 mg/kg
bw for both.sexes combined. According to Commis$dinrective 2001/59/EC (adaptation to
67/548/EEC), classification as ‘harmful in contath skin’ is required (R 21).

Report: Joshi, M. (1998): Acute dermal toxicity test of mimium phosphide
technical in rats, JAI Research Foundation (JRE)afat, India, JRF
study No. 363, 27.10. 1998 (TOX2006-214)

Guidelines: Gaitonde subcommittee, Central Insecticide Boat8)Gndia
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Deviations: Concentration, homogeneity and stability of theedpeparations
were not determined. However, the doses were pedgeeshly prior
to dosing. Observation period limited to 7 daysitywf test sub-
stance not mentioned. Age of the animals is natnted.
Environmental conditions like air changes and ppetmd were 'not
reported. Temperature of the experimental animairavas higher
during the study (27 — 28 °C) instead of the recemaed 2G: 3 °C.

GLP: No

Acceptability: The study is considered to be supplementary.

Materials and Methods:

Wistar rats (breeding facilities at JAl Researchridation, India) were assigned to the test
groups (see Table B.6.2-11). One day prior to dpghre fur was clipped from the dorsal area
of the trunk of each animal. The clipped area aotadinot less than 10 % of each animal’'s
body surface. The test substance was administeragimgle occluded dermal application and
was applied moistened with peanut oil. After anasype period of 24 hours, the occlusion
was removed and residual test material was remaitdvet cotton. Animals were observed
for gross toxicity, behavioural changes and/or aldytat approximately 1, 2, and 3 hours on
the day of dosing and once daily for the remairmdéhe 7-day study. Body weights were re-
corded at day O (prior to dosing) and 7. On daguyiving animals were sacrificed and all
animals were necropsied and examined for gros®jugfical changes.

Findings:
Details are provided in Table B.6.2-11. All earaths occurred on the day of dosing.

Table B.6.2-11: Acute dermal toxicity of aluminiumphosphide

Females Males
Dose [mg/kg bw] Mortality Time of death Mortality Time of death
0 0/5 - 0/5 -

637.5 1/5 1-3 hour (day 1) 1/5 1-3 hour (day 1)
1275 4/5 24 hour (day 1) 4/5 24 hour (day 1)
2550 5/5 2x1-3 hour (day 1) | 5/5 1 x 1-3 hour (day 1)

3 X 24 hour (day 1) 4 x 24 hour (day 1)
LDgo [mg/kg bw] 901 (both sexes combined)

Clinical signs in treated animals on the day ofitlps@nd the day after dosing were lethargy,
abdominal breathing, nasal irritation, polyuread atiarrhoea. No signs were observed on
subsequent days-up to the end of the observatiiodpe

All surviving animals showed normal body weightrgéallowing dosing.

Necropsy: No“external abnormalities were detect&bss changes observed in the viscera
were considered to be associated with terminalfgacprocedures.

Conclusion:

The acute dermal L{g of aluminium phosphide technical in rats was fotmdbe 901 mg/kg
bw for both sexes combined. According to Commis$directive 2001/59/EC (adaptation to
67/548/EEC), classification as ‘harmful in contath skin’ (R 21) is required.
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Report: Dickhaus, S. and Heister, E. (1980): Akute Toxizpélifung von
der Substanz ,Zinkphosphid‘ nach dermaler Appli&atan der
Ratte, report no. 1-4-258-80 (TOX2002-172)

Guidelines: In consideration of ‘Appraisal of the Safety of @fieals in Food,
Drugs and Cosmetics’, Division of Pharmacology, FD8%9.
Deviations: Batch number, purity not mentioned. No identicaiicthe active

substance or a product has been tested. Diffentartmation regar-
ding the observation period for mortality were give

GLP: No

Acceptability: The study is considered to be supplementary.

Material and methods:

Zinc phosphid (80 %), batch number and purity nettioned. SPF Wistar rats (Winkelmann,

Paderborn, Germany), 5 males and 5 females pepgifdwe dose levels were 1000, 2000 and
4000 mg/kg bw, administered dermal as a slurryht® ghaved; intact skin (occlusive, 24

hours).

Clinical symptoms and behaviour were observed foddys. Regarding mortality observation

different periods were mentioned: 24 and 48 hotudays (in study protocol); 24 hours, 7 and
14 days (in materials/methods, results, summaryyla§ 14 animals were killed for necropsy.

Determination of LIg, by Probit analysis according to-Lichtfield & Wibcon.

Findings:

Animals showed ataxia, sedation and tremors Bag{use, apathy and coma were seen in
animals which died. Animals of the low dose grougngd body weight, and surviving
animals of the mid dose group maintained their bagyght. At necropsy no remarkable
compound related macroscopic changes in main 8ssared organs were observed.
Haemorrhagic infiltrations were seen at the appbcesites. The mortality rates (assuming 24
hours, 7 and 14 days were correct) are shown inleTB.6.2-12.

Table B.6.2-12: Mortality rates after 24 hours, 7 ad 14 days in rats

Dose Mortality rates
mg/kg bw 24 hours 7 days 14 days
Males Females Males Females Males Females
1000 0/5 0/5 0/5 0/5 0/5 0/5
2000 2/5 4/5 4/5 4/5 4/5 4/5
4000 4/5 4/5 5/5 5/5 5/5 5/5
Conclusion:

The dermal (intact skin) L{g of zinc phosphide in rats was calculated to be#bhours 2000
mg/kg bw (1750 — 2300) or for 14 days 1000 mg/kg(8@9 — 11001) for both sexes.
Classification as ‘harmful in contact with skin’ @) is required for magnesium phosphide
according to Directive 2001/59/EC (adaptation o'5@8/EEC).
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Report: Dickhaus, S. and Heister, E. (1980): Akute Toxizpélifung von
der Substanz ‘Zinkphosphid’ nach dermaler Appli&atan der
skarifizierten Haut der Ratte, report no.1-4-258g-BOX2002-173)

Guidelines: No

Deviations: Batch number, purity not mentioned. No indicatibthe active
substance or a product has been tested. Diffentartmation regar-
ding the observation period for mortality was given

GLP: No

Acceptability: The study is considered to be supplementary.

Material and methods

Zinc phosphid (80 %), batch number and purity waoed mentioned. SPF Wistar rats
(Winkelmann, Paderborn, Germany), 5 males and &lesmper group. The dose levels were
100, 200, 400 and 1000 mg/kg bw, administered deasaa slurry to the scarified skin
(occlusive, 24 hours).

Clinical symptoms and behaviour were observed foddys. Regarding mortality observation
period different information were given: 24 andhitgirs, 7 days (study protocol); 24 hours, 7
and 14 days (materials/methods, results, summaty)day 14 animals were Kkilled for
necropsy. Determination of Lgpby Probit analysis according to Lichtfield & Wibcon.

Findings:

Animals showed sedation, apathy, tremor, back-pestaod coma prior to death. All surviving
animals gained body weight throughout the .14 daseolation period, but a dose related
decrease of weight gain with increasing dose’ lewels observed. At necropsy no remarkable
compound related macroscopic changes in main 8ssared organs were observed.
Haemorrhagic infiltrations were seen at the appbcesites. The mortality rates (assuming 24
hours, 7 and 14 days were correct) are;shown iteTu6.2-13.

Table B.6.2-13:  Mortality ratesafter 24 hours, 7 ad 14 days in rats

Dose Mortality rates
mg/kg bw | 24 hours 48 hours 7 days
Males Females Males Females Males Females

100 0/5 0/5 0/5 0/5 0/5 0/5

200 0/5 0/5 0/5 0/5 0/5 0/5

400 1/5 0/5 1/5 1/5 1/5 2/5

1000 4/5 3/5 4/5 4/5 5/5 5/5

Conclusion:

The dermal (scarified skin) Lo of zinc phosphide in rats was calculated to be mMghkg bw
(24 hours) or 525 mg/kg bw (14 days) for both sexexording to Directive 2001/59/EC
(adaptation of 67/548/EEC) classification as ‘harn contact with skin’ (R21) is required.
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B.6.2.3 Acute inhalation toxicity

Report: Roy, B. C. (1998): Acute inhalation toxicity tegtaduminium
phosphide technical in rats, JAl Research Found&fiBF), Gujarat,
India JRF study No. 366 30.11.1998 (TOX2006-215)

Guidelines: Gaitonde subcommittee, Central Insecticide Boat8)Gndia

Deviations: The purity and batch number of test substance narenentioned.
Observation period limited to 7 days.

GLP: No

Acceptability: The study is considered to be supplementary.

Materials and Methods:

Wistar rats (breeding facilities at JAI Researchurietation, India) were observed approxi-

mately hourly during the 4-hour exposure perioder€after clinical-observations and mortal-

ity checks were conducted once daily. Individuadiypwveights were determined before expo-

sure and day 7. On day 7, surviving animals werzapsied and examined for gross patho-
logical changes.

A head only exposure chamber was used. The exposifrevas made up of stainless steel

with 20 port-holes to accommodate rat exposurestuBedust generator system was used to
generate the test aerosols. The breathing zoneppimesconcentrations were monitored at
hourly intervals.

Findings:

Details are provided in Table B.6.2-14. All earaths occurred during the 4-hour inhalation
exposure period.

Table B.6.2-14: Mortality results for aluminium phosphide in rat inhalation LCsg

study
Males Females

Dose [ppm (mg/L)] Mortality Time of death Mortality Tim e of death
0 0/5 - 0/5 -
15.4 (0.0215)* 0/5 - 1/5 1-4 hours (day 1)°
26 (0.0364)* 2/5 1-4 hours (day 1)° 1/5 1-4 hourzy(d)°
47 (0.0658)* 3/5 1-4 hours (day 1)° 4/5 1-4 hourzy(d)°
LCx [ppm (Mg/L)] 34.6 ppm (0.048 mg/L); 4h (both sexesbined)

* Conversion factor ( 1;ppm = 0.0014 mg/L) was lbse the density of phosphine being ca 1.4 Rgitrl bar
and 20 °C
° during exposure

Nasal irritation was noted for treated animals nigirihe exposure period.Surviving animals
gained weight during the observation period.Negyod$here were no significant external
abnormalities. Early deaths showed vascular chamgkmg, liver, spleen and adrenals, and
the highest severity was noted in the high dosemrderminal sacrifice revealed vascular
changes in lung and kidney.

Conclusion:
The acute inhalation L§g of phosphine liberated from aluminium phosphidshtecal in rats
was was found to be 34.6 ppm (0.048 mg/L) for bsHxes combined. According to
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Commission Directive 2001/59/EC (adaptation to 88/&EC), classification as ‘very toxic
by inhalation’ is required (R 26).

Report: Newton, P.E. (1989): An acute inhalation toxicitydy of phosphine
(PHg) in the rat. Metal phosphide task force. Biodynasning:,
Mettlers Road, East Millstone, New Jersey 088754 UBport no.:
87-8029, 5 September 1989, dates of experiment:\80 June
1988 to 15 July 1988 (TOX97-51198)
and
Newton, P. E. et al (1993): Inhalation toxicitypfosphine in the
rat: acute, subchronic, and developmental. Inlaiafioxicol. 5,
223-229, 1993 (TOX2002-824)

Guidelines: US EPA 81-3 (1984)

Deviations: Period of exposure was 6 hours. Observations pgqsbiseire were
carried out weekly.

GLP: Yes (US EPA)

Acceptability: The study is considered to be supplementary.

Materials and Methods:

Groups of 15 male and 15 female Fisher 344 ratpp{md by Charles River Breeding
Laboratories, Inc. Kingston, New York 12484) werpased to phosphine in a whole body
inhalation exposure system for 6 hours to 0,.2.8n8 10 ppm of the test substance (mean
analytical exposure level were 0, 2.4, 4.9 and fth)p Exposure atmospheres of phosphine
were generated from compressed gas mixtures of gh&sphine in nitrogen which was
metered into the air intake turret of the exposir@mbers. The concentration of phosphine in
the test atmosphere was analysed by gas chromplygmith samples taken at least four
times during the exposure period. Nominal concéiotmawvas calculated by monitoring the
flow of phosphine through the chamber and dividihg resultant value by the flow of air
during the exposure. This value was converted irtspper million. Chamber airflow,
temperature and relative humidity were monitore@érgv30 minutes. The main exposure
parameters were summarisedin Table B.6.2-15:

Table B.6.2-15: Maincexposure parameters

Exposure period 6 hours

Exposure chamber volume 1000 L

Chamber air flow 200 L/minute

Air changes 12/hour

Chamber temperature range 17.2 - 23.9C (63 — 78 F)
Relative humidity range 45 -63 %

Atmosphere equilibration time T99 23 minutes
Target'concentration 0, 2.5, 5and 10 ppm
Nominal concentration 0,2.2,4.2and 7.2 ppm
Mean analysed concentration 0,2.4,4.9and 11 ppm

Al animals were observed at about fifteen minutienvals during the exposure period, and
upon removal from the chamber (half an hour aftgosure was completed). After exposure,
5 animals per sex per group were killed and exatharel specified tissues were weighed and
retained. Histopathology was performed on brairgrthekidney, liver and lungs. Detailed
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observations were recorded for remaining animaleklyeduring the 14 days post exposure.
Individual body weights were recorded immediatelipipto exposure and on day 8 and; 14
post exposure. At study termination all remainimgreals were necropsied. Body weights
were analysed statistically. First, Bartlett's tests performed to determine if groups had
equal variance. If the variances were equal, par&nmerocedures were used;’ if not,
nonparametric procedures were used. The paranptieedures were the standard one way
ANOVA using the F distribution to assess significanlf significant differences among the
means were indicated, Dunnett's test was usedt&ndi@e which means were significantly
different from the control. If a nonparametric pedare for testing equality of means was
needed, the Kruskal-Wallis test was used, andfiér@inces were indicated a summed rank
test (Dunn) was used to determine which treatmdiffered from control, ‘A statistical test for
trend in the exposure levels was also performedhénparametric case (i.e., equal variance)
standard regression techniques with a test fordtrand lack of-fit were used. In the
nonparametric case Jonckheere's test for monotimerdd was tused. The test for equal
variance (Bartlett's) was conducted at the 1 %;gided risk level. All other statistical tests
were conducted at the 5 % and 1 %, two-sided eg&l!

Findings:

There were no mortalities. A red or mucoid disckangs observed in some animals in all
treated group, however most animals showed nocelirsigns. During the 14 day recovery
period, these observations disappeared. No bodyhivdifferences related to treatment were
observed. Necropsy revealed no treatment relatelihfys. No treatment related changes were
seen in the animals sacrificed on day 1, thereiseeies from animals sacrificed on day 15
were not subjected to microscopic examinations. @bete (6 hour) inhalation Lg of
phosphine was > 11 ppm (> 0.015 mg/L) in female iawade rats. This L& value compares
well with the following 4-hour inhalation valuesCko rat (m): 11 ppm (0.016 mg/L) (Waritz
and Brown, 1975, TOX2002-176), kgrat (f): 32 ppm (0.045 mg/L), 5.2-hrs exposure,
(Muthu et al., 1980, TOX2006-171);“kgrat (f): 45.3 ppm (0.064 mg/L), 7.4-hrs exposure
(Muthu et al., 1980, TOX2006-171); k&mouse (m): 26.5-33.4 ppm (0.037 — 0.047 mg/L
(Omae et al., 1996, TOX2002-174).

Conclusion:

The acute (6 hour) inhalation k§&of phosphine was > 11 ppm (> 0.015 mg/L) in fensaid
male rats. Sum up all available ifralues for phosphine, classification as ‘very toRic
inhalation” (R 26) is required according to Direeti EU 2001/59/EC (adaptation of
67/548/EEC).

Report: Shimizu, Y., Ogawa, Y., Tokiwa, K. (1982): Acutéalation
toxicity testing of hydrogen phosphide in rats, NmenResearch
Institute, Japan, unpublished report no. NRI 8297/43..05.82, dates
of experimental work: January 1982 — May 1982 (TO0®-280)

Guidelines: Test is similar to the OECD guideline 403

Deviations: Exposure period was 1 hour instead of 4 hours,ata fbr
concentration measurement

GLP: No

Acceptability: The study is considered to be supplementary.

Materials and methods:
Hydrogen phosphide, generated by the reaction gnesium phosphide and distilled water;
batch No. 82016. 10 male and 10 female SD ratslpse group were exposed to ghs
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generated by the spontaneous reaction of magnephwsaphide and distilled water in-a
whole-body exposure experiment. The animals wepdsed to 150, 165, 182, 200, 220-and
242 ppm PH over a period of 1 hour. Based on different amswitmagnesium phosphide
put into the exposure chamber the resulting Béhcentrations were calculated in advance.
The notifier describes that the concentrations Haaen confirmed by measurements during
the test, but data are not reported. Clinical sigeaths and body weight gains were recorded,;
the post-exposure observation period was 14 daysadDand surviving animals were
examined pathologically.

Findings:

The general symptoms in male and female rats werdmost the same (see

Table B.6.2-17). During the period up to approxiehathirty minutes after the initiation of
exposure, so-called body-extending behaviour ¢dtneg, clinging to the wire mesh walls)
and face-washing action were observed. Therealteing the period from forty minutes after
the initiation of the exposure to the end of thpasure some rats suddenly started running
about then lay prone, or lay prone after fallingpiconvulsions. Death took place in four to
five minutes at the earliest and in seven houtbealatest after the onset of these symptoms.
Macroscopic observations revealed nothing abnori®aime detailed data are reported in
Table B.6.2-16. Concentrations given in this talbégresent calculated values. At a
concentration of 165 ppm RBR/10 females died whereas 1/10 males died at p82 At the
highest concentration used (242 ppm) no test asigwaivived. From the results presented the
following LCso were calculated: 204 ppm (confidence limits 19513 ppm) for male rats and
179 ppm (confidence limits 170 — 188 ppm) for feenahts. Body weight was reduced
immediately after exposure. With the exceptionh&f 220 ppm exposure group, body weight
of male and female rats increased on the day ekjgosure but recovered to almost the same
levels as before. Since according to Directive 208EC (adaptation of 67/548/EEC) limit
concentrations for classification regarding inhalattoxicity are derived from 4 hour
inhalation studies, it is not possible to decidthafid whether a classification is needed for
magnesium phosphide or not. Newton et al. (1993X2W2-824) found out in a PH
inhalation study using Fischer 344 rats that deattsurred around a concentration-time
product of 180 ppm h, provided a threshold conegioin of approximately 7 ppm is
exceeded. These results confirmed earlier findmig&limmer (1969, TOX96-52057) who
reported a concentration-time product of 213 ppfarhmale Wistar rats and similar products
for cats, guinea pigs, rabbits and chickens. Furtbee, Muthu et al. (1980, TOX2006-171)
tested PH generated by hydrolysis of two different aluminiupmosphide containing
preparations for its inhalation toxicity in femaltbino CFT-Wistar rats. The Lgfor one of
the products was 28 ppm at an exposure period2dfic@urs and 33 ppm for the other product
for an inhalation time of 7.4 hours. The approgri@dncentration-time products are 146 ppm
h and 244 ppm-h, respectively which fit well in ®@ncentration-time product range above.
The lowest faur-hour L& for phosphine in male rats (ChR-CD) that up to noas been
reported was 11 ppm equivalent to 0.015 mg/PHir (The corresponding concentration-time
product is44 ppm h) (Waritz and Brown, 1975, TOB241.76). According to the information
given above, the L& of the study presented is converted into agol€ferring to a 4-hour
incubation time. Thus, the lsgis 51 ppm for males and 44.8 ppm for females,esponding

to 0:072 mg PEL air and 0.063 mg P#L air, respectively. Since the toxic effect of
magnesium phosphide is due to liberated ®RHich itself is classified appropriately (i. e. T+
R’ 26 in the 28 ATP of Directive 67/548/EEC) no classification magnesium phosphide is
required regarding inhalation toxicity. Moreoveragmesium phosphide has already been
inserted in Annex | of Directive 67/548/EEC withaléssification concerning this end point.
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Table B.6.2-16: Weights of magnesium phosphide plagen the exposure chamber to
obtain the desired hydrogen phosphide concentration

Weight of MgsP, (g) 0.441 0.485 0.535 0.588 0.647 0.727]
Calculated Concentration (ppm)*| 150 165 182 200 220 242
* 0.5 g PH/g phosphide assumed; MW(BH34 g/mol

Table B.6.2-17: Acute Inhalation Toxicity

Dose Observations
[ppM], Number of dead / | Time of
1lh number of death
exposure | investigated (range)
150 0/10 females - None
0/10 males - No necropsy findings
165 3/10 females Day 1 None
0/10 males - No necropsy findings
182 6/10 females Day 1 None among survivors;
1/10 males Day 1 Tonic convulsions; run about prior to death
No necropsy findings
200 10/10 females Day 1 None amongsurvivors;
4/10 males Day 1 Tonic convulsions; run about prior to death
No necropsy findings
220 8/10 females Day 1 None among survivors;
8/10 males Day 1 Tonic convulsions; run about prior to death
Noanecropsy findings
242 10/10 females Day 1 Tonic convulsions; run about prior to death
10/10 males Day 1 No necropsy findings
LCso males (1 h): 204 ppm (confidence limits:195 — pp#); 51 ppm deduced for 4 hrs correspondirfg to
0.072 mg PHL air
LCso females (1 h): 179 ppm (confidence-limits 170 8 pm); 44.8 ppm deduced for 4 hrs
corresponding to 0.063 mg BH air

Conclusion:

For PH;, an LGy, 1 h = 204 ppm (0.29 mg BH air) and 179 ppm (0.25 mg BMH air) was
calculated for males and females, respectivelyerAfonverting the present study into ans¢.C
referring to a 4 hour incubation time and4yG 51 ppm (0.072 mg PJL air) and 44.8 ppm
(0.063 mg PHL air) was calculated for males and females, retbgaly.

B.6.2.4 Skin irritation

No skin irritation study with calcium phosphide hasen submitted. Justification has been
provided and accepted. The assessment of calciwspplide is based on data for zinc and
aluminium phosphide.

Report: Dickhaus, S. and Heisler, E. (1987): Irritant ef$eof aluminium
phosphide on intact skin of rabbits, pharmatox, iaer, Germany;
unpublished report no. 1-3-183-87, 10/1987 (TOX200)

Guidelines: Although the test facility claims that this studgswonducted
according to OECD guideline 406 it was similar tB@D guideline
404.
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Deviations: Neither purity or batch of test material, age aexl af tested animals
were mentioned. 24 hrs occlusive conditions, sgadmgs after 24
and 72 hrs.

GLP: Yes

Acceptability: The study is considered to be supplementary.

Materials and methods:

Test material: 0.5 g pulverised aluminium phosphide information about-the purity is
given; no batch number is mentioned) were deviatiog the guideline applied to 2.5 ém
shaved skin of 5 (once 6 animals are mentionellarstudy protocol, but results for 5 rabbits
are presented only) white New Zealand rabbits (bwdyghts werecabout 3.0 kg, no
information about age or sex) under occlusive dmots for 24 hours (deviating from
guideline). Skin readings were performed immedyaddler patch removal and 48 hours later
(deviating from guideline). Grading of skin reacsowas done-according to Draize. The
examination of the treated skin area was continyeth 7 days.

Findings:

For results see also Table B.6.2-18. Immediatellyr gdatch removal, i. e. after 24 hours of
test substance application, all rabbits had oedgrade 1 which disappeared completely by
the second reading (48 hours after removal ofsalium phosphide, i. e. 72 h after

application). At no time point erythemas were réear. Aluminium phosphide is slightly

irritant to the skin but the average scores ard Wwelow the threshold for classification

according to Directive 2001/59/EC. After 24 houfscontact all localisations at intact skin

did show slight oedema, further 48 hours”later eéherere no deviations at intact skin

compared to normal skin.

Table B.6.2-18: Skin irritation study (average sce of 5 animals investigated):

Erythema Oedema
. C 24 h 0 1
Time after start of application Zoh 0 0
Average score 24 h, 72 h 0 0.5
Reversibility: - Compl_etely
reversible
Conclusion:

No classification for-skin irritation is requiredbrf aluminium phosphide according to
Directive 2001/59/EC (adaptation of 67/548/EEC).

Report: Joshi, M. (1998): Primary skin irritation test dfi@inium phosphide
technical in rabbits, JAl Research Foundation (J&gjarat, India,
JRF study No. 364, 15.10.1998 (TOX2006-216).

Guidelines: Gaitonde subcommittee, Central Insecticide Boat&)dndia

Deviations: The exposure period was 24 hours instead of 4 hdest substance

purity and batch number were not mentioned. Thestdsstance was
applied to intact and abraded skin. Temperatutheéxperimental
animal room was higher during the study (28 - 3DiPGtead of the
recommended 26 3 °C. Environmental conditions like air changes
and photoperiod were not reported. No informatggiven

regarding supplier and age of animals.
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GLP: No
Acceptability: The study is considered to be supplementary.

Materials and Methods:

On the day prior to dosing, the fur was clippedrfrthe dorsal area of the trunk of-each ani-
mal at four sites. Each clipped site was about 6inrarea and the sites served as-control and
test sites for intact and abraded skin. Abrasios performed using tip of a sterilised hypo-
dermic needle drawn across the skin repeatedlytddtenaterial was applied,:semi-occluded,
as a single dermal administration to 3 male anérBale New Zealand White rabbits. The
application rate was 0.5 mg per animal. The teseriz was applied as a{powder, on control
sites 0.5 mL peanut oil was applied. The areas wavered with aluminium foil, gauze patch
which was secured with non-irritating tape. After exposure period of 24 hours, the occlu-
sion was removed and residual test material wasvethwith soaked cotton. The test sites
were examined for signs of erythema and oedemd,ad@and 72°hours following patch re-
moval. Irritation was scored using the Draize sahem

Findings:

Slight erythema was noted in four intact skin sig¢s24 hours post treatment (see Table
B.6.2-19). This had resolved by 48 hours. No oigect was seen. Abrasion of the skin
caused no additional effects. The primary skination index was calculated by the addition
of averages of mean values for oedema and erytla¢r2d and 72 hours. It was found to be
0.33 for the test substance.

Table B.6.2-19: Individual and mean :skin irritation scores for intact skin (Draize

scheme)

Erythema Oedema
Animal No 1M | 2M | 3MY] 4F 5F 6F M| 2M | 3M | 4F 5F 6F
after 24 h 1 0 1 1 0 1 0 0 0 0 0 0
after 48 h 0 0 0 0 0 0 0 0 0 0 0 0
after 72 h 0 0 0 0 0 0 0 0 0 0 0 0
mean score 24-72h | 033 | 0 0.33] 0.33 O 033 O 0 0 0 0 0

0.2 0.0

Conclusion:

Aluminium phosphide technical induces only vergistly skin irritation reactions. Therefore,
no classification for skin irritation is considersgtjuired according to Commission Directive
2001/59/EC (adaptation to 67/548/EEC).

Report: Brunt, P. (2001): Zinc phosphide: Acute dermatatron in the
rabbit; Safepharm Laboratories, Derby, U.K., proj¢a.: 1483/001,
unpublished report, March 1, 2001 (TOX2005-168)

Guidelines: OECD Guideline 404 ‘Acute Dermal Irritation/Corrosi (adopted
17 July 1992); Commission Directive 92/69/EEC Metll Acute
Toxicity (Skin Irritation)

Deviations: None

GLP: Yes

Acceptability: The study is considered to be acceptable.
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Materials and methods:

Zinc phosphide, batch no.: 2000-10-24, purity: 82Bér 4 hours a quantity of 0.5 g test

material (moistened with 0.4 mL distilled water) svgiven as a single semi-occluded

application (2.5 x 2.5 cm) to the intact skin ofeth male New Zealand White rabbits’(2.0 —
3.5 kg). Approximately one hour following removdltbe patches, and 24, 48 and“72 hours
later, test sites were examined for evidence ahary irritation. Evaluation was according to

classification scheme of Draize.

Findings:

No evidence of skin irritation (erythema/eschar ardema) was noted during the study. The
primary irritation index was 0.0.

Conclusion:

The test material was classified as non-irritantoading to the classification scheme of
Draize. No classification is required accordingthe classification: criteria of the EU Com-
mission Directive 93/21 EEC.

B.6.2.5 Eye irritation

No eye irritation study with calcium phosphide bagn submitted. However, justification has

been provided and accepted. The assessment airegbtiosphide is based on studies for zinc
and aluminium phosphide: No classification for eyation is considered required according

Commission Directive 2001/59 EC (adaption to"76/B4C).

Report: Dickhaus, S. and Hejsler, E. (1987): Irritant Eféeof
aluminiumphosphid on rabbit eye, pharmatox, HanndBermany;
unpublished report no. 1-3-184-87, 10/1987 (TOX208)D

Guidelines: OECD guideling-405; Interpretation of the resuttsaading to the
code of Draize’(1959)
Deviations: Neither the age nor the sex of the rabbits wererted. No

information-about the purity and the stability afrainium
phosphide, solid aluminium phosphide was instiited the
conjunctival sac of the rabbits and was washe®0weconds after
application instead of 24 hours.

GLP: Yes

Acceptability: The study is considered to be supplementary.

Materials and methods:

Aluminium phosphide delivered by Degesch GmbH, kmam/Main, Germany. Solid
aluminium phosphide (0.1 g) was instilled into ttmajunctival sac of 6 White New Zealand
rabbits left eyes and was washed out 30 seconeisadplication. According to the guideline
protocol the test substance should remain in tleefely 24 hours unless the substance is a
known eye irritant. No reason is given for thamc® aluminium phosphide spontaneously
hydrolyses if in contact with water (as it is these in the eye) and since it is known that
remaining aluminium hydroxide may cause irritatioitscould have been reasonable to
shorten the incubation period. The right eye stayetleated but washed out and served as
control. Readings of eye alterations were made afte, 4, 8, 24, 72 and 96 hours up to 7
days.
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Findings:

Cornea and iris were unaffected by treatment. Slggnjunctival redness (grade 1) was
recorded in all rabbits up to 8 hours and sliglgnebsis (grade 1) was recorded in 5/6 animals
up to 1 hour after treatment. Therefore, aluminpmosphide is considered not to be ifritating
to the eye, if the test substance will be washed3@useconds after instillation-into the
conjunctival sac.

Conclusion:

Due to the short exposure time, no definitive stetiet about the eye irritating properties of
aluminium phosphide can be derived from this studgwever, the RMS’ proposes not to
classify aluminium phosphide as an eye irritantl snof the opinion thatfurther testing is not
needed based on the following considerations:

When the entry for aluminium phosphide in Annex flDorective-67/548/EEC was last
updated in 2001 (ZBATP or Dir. 2001/59/EC), no classification for ejmeitation was
assigned by the Commission Working Group on thesdifigation and Labelling of
Dangerous Substances. It can be assumed that ésenprstudy, which was performed in
1987, has been part of the database availabletexiberts.

To the knowledge of the RMS, in decades of produactind use of aluminium phosphide, no
incidents of eye irritation in workers or applicetdave been reported.

The Draize test for eye irritation causes great paid suffering for the test animals, especially
so when solids are applied. In addition, in theecak aluminium phosphide high systemic
toxicity/mortality could be expected as a resultreatment with recommended dose levels.
On the other hand, it remains doubtful, whetheritamdal testing for eye irritation could
significantly improve the overall risk assessméralaminium phosphide.

In summary and in accordance with Dir. 67/548/EEQaat amended (JATP of 2004), it is
proposed not to assign classification/labellingege irritation to aluminium phosphide.

Report: Joshi, M. (1998): Mucous membrane irritation tdsalaminium
phoshide technical in rabbits, JAl Research FouodddRF), Gu-
jarat, India, JRF study No. 365, date 15.10.1998X2006-217)

Guidelines: Gaitonde.subcommittee, Central Insecticide Boat8)Gndia

Deviations: Neithertest substance purity nor batch number weetioned.
Only very small amount of test material (1 mg) wested. No in-
formation whether the applied substance was wasted
Temperature of the experimental animal room wabédriguring the
study (28-30 °C) instead of the recommendet32TC.
Environmental conditions like air changes and ppetmd were not

reported.
GLP: No
Acceptability; The study is considered to be not acceptable.

Materials and Methods:

In a primary eye irritation study, an amount of 8§ of aluminium phosphide technical (pu-
rity not’ indicated) was instilled into an eye ofeorabbit. This animal died within 3 h after
instillation of the test substance. Due to the olextoxicity, only an amount of 1 mg of alu-
minium phosphide technical (purity not indicatedgswinstilled into the conjunctival sac of
the left eye of six young adult New Zealand Whébhits (3 females and 3 males, supplied by
Sai Biological Farm, Mumbai, India). No informatiomas given whether the applied sub-
stance has been washed out. The contra lateralseyesd as controls. Animals were then
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observed for 3 days. Both eyes of each animal wramined for signs of irritation at 24, 48
and 72 hours after dosing.

Findings:

Conjunctiva redness was noted in all animals &teran effect which had resolved by 24
hours (see Table B.6.2-20)

Table B.6.2-20: Eye irritation scores according téhe Draize scheme

Cornea Iris Conjunctiva
Redness Chemosis
Animal N° 112 |3|4|5|6|1|23|4,5/ 6/ 1 2 3 4 3 & 1 22 3 4 5 ¢
24 h o|0o|0|O|O|O|lO|]O]OlO OO 1 1 2 1 11 g aq o ( I )]
48 h oO|0O|0O|O|O|O|O|]O] OO OO OO O g a 0o C( I )]
72 h oO|0O|0O|O|O|O|O|]O] OO OO OQaO®BOCOCq9JQ g ao I )]
24-72 hmean | O 0 0.3 0

Conclusion:

This study is insufficient to assess the eye tirita potential of aluminium phosphide,
because only a small amount of aluminium phosptedknical was instilled into rabbit eyes
and no information was given regarding the incuraperiod of the test substance.

Report: Brunt, P. (2001): Zinc phosphide: Acute eye iriitatin the rabbit;
Safepharm Laboratories, Derby, U.K., Project Nd83/002,
unpublished report;;March 1, 2001 (TOX2005-171)

Guidelines: OECD Guideline 405 ‘Acute Eye Irritation/Corrosidiadopted 24

Feb 1987); Commission Directive 92/69/EEC Method B5
Deviations: None

GLP: Yes
Acceptability: This study’is considered to be acceptable.

Material and Methods:

Zinc phosphide, batch no.: 2000-10-24, purity: 82 Pliree (2 males and 1 female) New
Zealand White rabbits> (2.0 — 3.5 kg) were suppl®d David Percival Ltd., Moston,
Sandbach, Cheshire,”UK. A volume of 0.1 mL/anim246 pg) was placed into the
conjunctival sac of the right eye. The left eye a@md untreated as a control. Assessment of
ocular damagel/irritation was made approximatelypudrfand 24, 48 and 72 hours, and on day

7 following treatment. Evaluation was accordinghe classification schemes of Draize, Kay
and Callandra.

Findings:

Slight initial pain reactions (blinking, trying tmpen eye, but reflex closing) were seen in all
animals. Grey coloured staining of the fur was dadeound the treated eye of two animals
after-1, 24 and 48 hours. No evidence of cornedliddial effects were noted during the
study. Minimal to moderate conjunctival irritatiomas seen in all animals at the 1 hour
observation and persisted throughout the 72 hoimsergation period. All treated eyes

appeared normal on day 7. A maximum group meanesobr7.3 (1 and 24 hours) was
calculated.
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Conclusion:

The test material was classified as mild irritactaading to the scheme of Kay and Callandra.
However, no classification is required accordingtie classification criteria of the“EU
Commission Directive 93/21 EEC.

B.6.2.6 Skin sensitisation

No skin sensitisation study for calcium phosphids heen submitted. However, justification
has been provided and accepted. The assessmeatadim phosphide is based on a study for
zinc phosphide.

Report: Brunt, P. (2001): Zinc phosphide: Skin Sensitisatiothe Guinea
Pig — Magnusson and Kligman Maximisation MethodeBaarm
Laboratories, Derby, U.K.; unpublished report rd383/003,
25.04.2001 (TOX2002-179)

Guidelines: OECD guideline 406, Commission Directive 96/54/EGhmne B6
Acute Toxicity (Skin Sensitisation)

Deviations: This study does not concern the skin sensitisatfonagnesium
phosphide, but of zinc phosphide.

GLP: Yes

Acceptability: This study is considered to be acceptable.

Materials and methods:

Zinc phosphide, batch no.: 2000-10-24. The conaéntrs to be used in the main study were
determined in preliminary tests. A group.of 15 mall@no guinea pigs was used for the main
study, 10 test and 5 control.

Induction: Each test animal received intra dermgdtions into the shaven shoulder. A row
of 3 injections (0.1 mL each) was made on each gidhe mid-line into a 20 mm x 40 mm
area: Freund’'s Complete Adjuvant plus distilledevdfl:1 ratio), a 0.5 % w/w formulation of
the test material in distilled water, and a 0.5 % vormulation of the test material in a 1:1
preparation of Freund’s Complete Adjuvant plusiliést water.

Approximately 24 and 48 hours after injection tregie of erythema at the test material
injection site was evaluated. On day 7, the sarea an the shoulder used previously was
shaven again and a filter paper patch, loaded tvdhtest material formulation (75 % w/w in
distilled water) was applied to the skin, held iage with a strip of surgical adhesive tape and
covered with aluminjum foil. The degree of erythearal oedema was quantified 1 and 24
hours following removal of the patch after 48 hourke same procedure was used for the
control animals ‘except that the test material wagited from the injections and the topical
induction.

Challenge: On day 21, both flanks of each animaevahaven. A filter paper patch loaded
with an even layer of test material at maximum iraktant concentration (50 % w/w in
distilled .water) was applied to the right flank. Bmsure that the maximum non-irritant
concentration was used, the test material at ascration of 25 % w/w in distilled water was
applied to the left flank. After 24 hours all paéshwere removed, and approximately after 24
and 48 hours the degree of erythema and oedemguaasified.
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Findings:

50 % wi/w in distilled water: No skin reactions weraed in the test or control group at both
24 and 48-hour observations.

25 % w/w in distilled water: Discrete or patchytbgma was noted in 2 test group animals at
24-hour observation, but were not apparent at 8acur observation. No skin reactions in
the control group at both 24 and 48-hour obseraatio

Conclusion:
This study revealed no sensitising potential folczohosphide to guinea pig;skin. Therefore,
classification according to Commission DirectiveD2(b9/EC (adaptationto 67/548/EEC) is
not required.

B.6.3 Short-term toxicity (Annex IIA 5.3)

Calcium phosphide like other metal phosphides imaxt with:moisture readily decomposes
to metal and phosphine, the toxicological princifbeie to the decomposition by moisture
other phosphides are regarded as adequate modeboads. Studies with zinc phosphide,
aluminium phosphide and phosphine are available.

In an oral 90-day gavage test (see Table B.6.&jtality was increased at 2 mg aluminium
phosphide/kg bw/d (corresponding to 1.18 mg/Réibw/d) in both sexes, the NOAEL being
1 mg aluminium phosphide/kg bw/d, equivalent t090rsg PH/kg bw/d, respectively.
However, these values are considered to be of dianreliability due to methodological
deficiencies of the respective study report. A“wmbiic study in a second, non-rodent species
was not submitted. An expert statement has beewida: The toxicological profile of
calcium phosphide/PHdoes not differ significantly between rodents amah-rodents and
thereby justified non-submission of such data.

Male and female rats and mice were exposed up 1028, 2.5 or 5 ppm PHor 2 weeks.
Under the conditions of this investigation the NQA&as determined as 2.5 ppm £¢3.95
mg/kg bw/day for rats, 0.1 mg/kg-bw/day for micesbed on decreased lung weights in male
rats/mice, increased heart weight in female rat®#rand increased urea nitrogen in mice at 5
ppm PH (1.9 mg/kg bw/day for rats, 0.2 mg/kg bw/day face).

After inhalative administration of up to 3 ppm Pdés (equivalent to ca. 1.1 mg/kg bw/d) to
rats over a period of 90, days, no substance relatekerse effects were observed. Two
satellite groups at 5 and 10 ppm, respectivelyevigiroduced during the course of the study.
In the 5 ppm satellite . group, which received tre tiem for only 2 weeks, no relevant effects
were observed (which is in accordance with the NOAE 4.9 ppm in the inhalative
developmental study in rats, see below). Inhalasigeninistration of 10 ppm PH3.8 mg
PHs/kg/bw/d) was terminated after 3 days, when alredd females had died. In summary, a
short-term NOAEL of 1.1 mg P¥kg bw/d was established.
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Table B.6.3-1: Overview on the short-term toxicity & metal phosphide and
phosphine

Method/ Species, Dose levels Value Reference
Guideline Strain, NOAEL

Sex,

No/group
Subchronic, oral,| Rat, CFT- Zinc phosphide <50 ppm Muktha Bai, K. et al.
13 week, Wistar, 12F |0, 50, 100, 200, 500 | (3.5 mg/kg (1980), (TOX 2005-175)
Non-GLP (female only) | ppm bwi/d)
Subchronic, Rat, Aluminium phosphide| 1 mg/kg bw Schnellhardt; M. et al.
oral, 90 d Wistar 0,0.1, 0.5, 2 (week 1| (0.59 mg (1985), (TOX2005-282)
Non-GLP 24M+24F and 2) 1 mg/kg bw | PHy/kg bw)

32M+32F

(control )
Subchronic, Rat, Phosphine gas (RH | 2.5 ppm = Morgan, D.L. et al. (1995)
inhalation, Fischer 344; |0, 1.25, 2.5, 5 ppm | 0.95 mg/kg bw | (TOX2002-181)
6h/day, 5d/week, Mouse, (rat)
2 wks, B6C3F1, 0.1 mg/kg bw.
Non-GLP 6M+6F (mice)
Subchronic, Mouse, Phosphine gas (RH | No reliable Omae, K. et al. (1996)
inhalation, ICR, 5 ppm NOAEL'can be| (TOX2002-174)
6h/day, 5d/week, 10M derived.
2 — 4 wks, Study not
Non-GLP acceptable
Subchronic, Rat, Phosphine gas (RH |3 ppm = Newton, P.E. (1990)
inhalation, Fischer 344, |0, 0.3, 1, 3, 1.1 mg/kg bw | (TOX2001-684)
6h/day, 5d/week, 30M+30F, satellite groups:
13 wks, satellite 5, 10 ppm
satellite groups 3 10M+10F
resp. 13 days |and 6M+6F
OECD 413; GLP| (control)
Subchronic, Rats (only Phosphine gas (RH | No NOAEL Klimmer, O.R. (1969),
inhalation, no male), cats |1, 2.5, 5ppm can be derived] (TOX 96-52057)
guideline, no and guinea | No control groups! Study is not
GLP pigs acceptable.

1 ppm PH is equivalent to 1.41 pg/L air, density of pures®#2D °C): (34 g/mol)/(24.1 L/mol) = 1.41 g/L
Assuming an hourly respiratory volume (rat) of 14&h kg bw)

B.6.3.1 Oral subchronic toxicity

B.6.3.1.1 Oral subchronic toxicity, rat

Report:
Guidelines:
Deviations:

GLP:
Acceptability:

Muktha Bai, K. et al. (1980): Short term toxicitydy of zinc

phosphide in albino rats (Rattus norvegicus), lhdxp. Biol. 18,
854-857, 1980 (TOX2005-175)
No guideline study
Only female animals were used, parameters do meeagith guide-
line on subchronic toxicity.

No

The study is considered to be supplementary.
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Material and methods:

Zinc phosphide (technical grade, purity 87 %) aiedi from Swadeshi Chemicals (P) Ltd,
Bombay was used. Individually caged female albiats rof CFT-Wistar strain weighing
58-71 g (28 day weanling) were statistically gralipEhe rats were maintained in the animal
house of the institute and were fed basal diete@goulses with 17 % protein) in uncooked
form and tap water ad libitum. Zinc phosphide wageu with the basal diet to give the
required concentrations of 50, 100, 200 and 500.p@moups of 12 rats were fed diet
containing 0 (control), 50, 100, 200 and 500 pprzio€ phosphide for 13 weeks. Daily food
intake, weekly body weights, symptoms and mortaligre recorded. -At the end of
experiment, rats were anaesthetised and blood sangil random for .€ach dosage were
examined for RBC, WBC, PCV, Hb and differential ntsias described by Hepler (Manual of
clinical laboratory methods, Thomas Springfield AJ$. 33, 1950). Serum was separated and
analysed for enzymes like SGOT, SGPT and alkalhesphatase (ALP). SGPT (colorimetric
assay using 2,4-dinitrophenyl hydrazine) and ALBIdémetric assay using p-nitrophenyl
phosphate method) and SGOT (colorimetric assaygu&inenzamido-4-methoxy-m-toluidine
diazonium chloride) were estimated as describedBbygmeyer (Methods of enzymatic
analysis, Vol. 2, Verlag Chemie Weinheim, pp. 588,71974). Serum zinc content was
analysed using Perkin-Elmer, Model 460 atomic gitsmm spectrophotometer by AOAC
methods. Autopsies were conducted and macroscdmoraalities were noted. Brain,
thyroid, heart, liver, lungs, kidney, ovary, spleamd adrenals were weighed. Samples of these
organs were preserved in 10 % formalin, parafficwsections were stained with
haematoxylin and eosin and subjected to histopagfdl examination. Urin collected during
the last week of feeding was examined (both?grossnaicroscopic) and tested for glucose,
protein and bile pigments as described by Hepler.

Findings:

None of the rats succumbed to zinc phosphide a&ns0100 ppm level. One rat died at 200
ppm level on the "7 day of feeding. However, among the 10 rats whikccumbed at 500
ppm level, 7 died within 3 weeks,and the remairgndied during 8, 11" and 1% week
respectively. The rats showed symptoms like crougHheavy breathing, ataxia and paralysis
of hind limbs, while coma and.convulsions occumpedr the death. Food intake decreased as
the concentration of zinc phosphide increased éndilet. The cumulative ingestion of active
ingredient by the rats which’succumbed ranged t@8+1596 mg/kg bw while the maximum
tolerated dose by the surviving was 317, 582, 1d®ftkg bw for 50, 100 and 200 ppm
respectively. Zinc phosphide at all dietary levafiected the body weight of growing rats
significantly. The reduction in body weight was ineble from I and 7" week of feeding
when the level of zinc phosphide was 500 and 50,p@spectively. It was of interest to
observe that in a few rats fed zinc phosphide qjreetive of the dosages) loss of hair was
noticed which followed a regular pattern. Usuabystarted from the base of the tail and
extended towards the head portion. This symptonergdly appeared from theé"veek of
feeding. At 50 and 100 ppm level although this sgmplasted only for few weeks, at higher
concentrations this was more permanent and pearsidRats also lost their body weight
gradually succumbing to death. There were no st differences in the weight of organs
such as lungs, kidneys, spleen, adrenals and svafriets fed zinc phosphide diet compared
to control. Significant increase was noticed inweghts of brain, liver, heart and thyroids of
rats fed 200 and 500 ppm. Histopathological exatiina did not reveal any significant
changes in various tissues of animals fed 50 afdpp®n. At 200 ppm, slight pathological
changes were observed in liver and kidney. Howeate500 ppm, bile duct proliferation and
focal necrosis in liver, slightly atrophied glomkrdew showing hyalinisation in kidney and
necrosed cardiac tissue in the heart were disdernilne results of haematological tests in
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treated rats were similar to those of controls pkeag 500 ppm, here low values were
recorded for Hb, RBC, WBC and PCV. Increase inmserinc content was noticed only;in

200 and 500 ppm fed rats where the values were 338 as compared to 16.6 ppm in
controls. Further among the 3 enzymes analysed akbline phosphatase tended-t6 show
increased values (6.0- 8.2 U/L) in all the dosdgds(except 50 ppm) as compared-to control
(5.1 U/L). Urine analysis showed no significantulés

Conclusion:

The NOAEL of this study was < 50 ppm (equivalenB8t6 mg/kg bw/d, on:the basis of a cu-
mulative dose of 317 mg/kg bw and 91 days of treatinbased on decreased body weight
and loss of hair at 50 ppm.

Report: Schnellhardt, M. et al. (1985): Untersuchungen sauschronischen
Toxizitdt von Aluminiumphosphid, 90-Tage-Test anchsenden
Wistarratten, Forschungszentrum fur TierproduktiDammerstorf-
Rostock, Bereich Tierernahrungz”,Oskar Keller, Alhteg
Blankenburg, DDR (TOX2005-282)
(Translation: “Study on the subchronical toxicifyaduminium
phosphide, 90-day-test on growing wistar rats”)

Guidelines: No

Deviations: Test material technical AlR.instead of Delicia Gast, specification
unclear, not mentioned whether dose level is basgalire AIP or
Detia Gastoxin, stability’'not stated, no justifioatgiven for reduced
dose level, no batch number mentioned.

GLP: No

Acceptability: The study is considered to be supplementary.

Materials and methods:

Test material was not Delicia-Gastoxin, insteadhmécal AIP was mixed 1 : 20 (w/w) with
talcum to give a content of 35.2'mg AIP/g mixtushich was then mixed with the vehicle in
appropriate proportions (no data given). It is alear, whether dose levels (mg/kg bw/day)
were based on pure AIP.or Detia-Gastoxin (with Albhtent of 56.7 %). No analytical
verification of the stability or concentration diet test material has been provided, batch
number has not been mentioned. Oral toxicity studyg carried out over a period of 90 days
on 208 rats (Bcp:WIST). Dose levels of 1 (2 mg/kgih the first and second week), 0.5 and
0.1 mg/kg bw were tested orally by gavage in 24enaaid 24 female rats each, 32 male and
32 females in the control group. No justificatioasagiven for reduction of dose level from 2
down to 1 mg/kg’bw/day after study week 2 in thghleist dose group (but presumably due to
high mortality). The compound was applied 5 dayskvas a dilution in Systol T 122
(Polyethylene-glycol-Schwarzheide). Observationsd axaminations: Mortality, general
appearance, behaviour, body weights, food consomptiaematology, clinical chemistry,
urinalysis, organ weights, macroscopic and histogagical examinations were carried out
with 8 male and 8 female rats in each dose-lev@ir{the control).

Findings:

No particular differences on general condition dwhaviour of animals were observed,
except of three animals with otitis media (two I t0.5 mg/kg dose-group and one in the
control group) and some animals with dyspnoic symst in different groups. No significant

difference persisted in body weights. Food constonpdf the females in the 1 mg/kg group
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was higher compared to the control group. Mortaligs increased in the highest dose group
(see Table B.6.3-2), but for the bulk of animalsciear cause of death could be established
histopathologically. Insufficient data was provigdexspecially on the exact gavage process
including applied volumes.

Table B.6.3-2: Mortality (%) in oral 90-day toxicity study in rats

Dose level (mg/kg bw/day) Males Females
0 12.5 15.6

0.1 0 0

0.5 12.5 16.7

2 (week 1 and 2) 37.5 54.2

1 (from week 3)

Only very slight effects on red blood as well adfedential: count with no/unclear
toxicological relevance were observed at study iteation. Changes in urea nitrogen, alkaline
phosphatase and leucine amino peptidase were setrdtated and seemed therefore not to be
caused by the treatment with the test materiakffment related decrease of the cholinesterase
activity, which would indicate a reduction of theelr function, was not detected. Increased
absolute and relative liver weights at all doseelgevn males and at the intermediate dose in
females were noted. This effect was assessed-aadaptive effect. Histopathological
examinations revealed no changes in treated anirmalsne animal of the 1 mg/kg bw/d
dosage group, which died during the examinatiofopea liver dystrophy, was detected. This
could be treatment related, but to prove this daty one incident is not sufficient.

Conclusion:

Under the conditions of this investigation the mserved adverse effect level (NOAEL) was
determined as 1 mg/kg bw/day based on increasedalityprat the LOAEL of 2 mg/kg
bw/day.

B.6.3.1.2 Oral subchronic toxicity, dog

A short term toxicity study in.dogs was not subedttJustification for non-submission:

The submission or theiconduct of such a study iscoosidered to be required for the
following reasons:

(i) The toxic mechanism of magnesium phosphidehydrolysis to the toxic phosphine gas is
well known, invelving inhibitory action on enzymes electron transport mechanisms (IPCS,
1997) and also reaction with haeme proteins (Pottat.et99F). The mechanism of toxicity
can therefore’be considered not to be speciestspeci

(ii) In view of the inorganic nature of the substarand the need for hydrolysis in the Gl tract
to elicit- any toxicity, there is no reason to aseuamy relevant difference in uptake and
metabolism between species.

1 IPCS International Programme on Chemical Safety {t92oisons Information Monograph 865. Phosphine.
2 potter, W.T. et al. (1991): Phosphine-mediatechk&iody formation and haemoglobin oxidation in horeaythrocytes.
Toxicol. Lett. 57(1), 37-45.
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(i) Although only of indicative value, acute taxiy studies in rats, rabbits, guinea pigs,
mice, cats and data in humans have yielded acthtal leoncentration in a very narrow range,
indicating that the species tested are similarbceptible to phosphine (WHO, 1988°CS,
1997 Jokote, 1909.

(iv) Similarly steep dose-response curves have bstablished across a range of species such
as cats, rats, rabbits and guinea pigs after sute-@c sub-chronic exposure (Klimmer, 1869
Mdiller, 1948, Newton, 1993 Okolie et al., 2009. In consideration of the arguments given
above, there is no reason to assume that the duogris susceptible than the rat to phosphine
liberated upon ingestion of calcium phosphide. Thhe generation of such data in a 90d-
study in dogs is not likely to be of value for teetrapolation to man. As consequence, the
conduct of such a study is not considered to baired, and should be avoided for animal
welfare reasons.

B.6.3.2 Inhalation toxicity

B.6.3.2.1 14 — 28 day inhalation toxicity, rat and mouse

Report: Morgan, D.L.; et al (1995): Inhalation toxicity phosphine for
Fischer 344 rats and B6C3F1 mice; Inhalation Tdxi¢p225 — 238
(TOX2002-181)

Guidelines: No

Deviations: Batch number and purity were not stated, severpbrtant data are
missing (body weight gain, individual data, orgagights of pilot
study, haematological parameter).

GLP: No

Acceptability: The study is considered to be supplementary.

Materials and Methods

Phosphine gas (21500 ppm in nitrogen, AGA Spegi@ias Inc., Maumee, OH); batch no.
and purity were not stated.

Test procedure: 4-day pilot study and subsequeneeéks whole-body inhalation toxicity

study in B6C3F1 and Fischer 344 rats.

Pilot study: 5 males per group, additional 10 atérfar the high dose group; exposure
concentrations 0, 1, 5’and 10 ppm for 6 h/day.

Main study: 6 male and 6 female rats and mice peug exposure concentrations: 0, 1.25,
2.5 and 5 ppm.for 6 h/day, 5 days/week; Observat@md examinations: mortality, body
weights, phosphine determination in blood, lungetdiand kidneys, haematology, clinical
chemistry, organ weights and histopathological erations. Sacrifice: Immediately after the

® WHO World Health Organisation (1988): Phosphind aalected metal phosphides, IPCS, Environmentalthi€aiteria
73, WHO, Geneva

4 Jokote, C.H. (1904): Experimentelle Studien iiber BanfluR technisch und hygienisch wichtiger Gase Dampfe auf
dencOrganismus, Teil XI. Studien uber Phosphorwagsé Arch. fir Hyg. 49/50, 275-306.

® Klimmer, O.R. (1969): Beitrag zur Wirkung des Phasplasserstoffes. Arch. Toxikol. 24 (2), 164-87.

& Miiller, W. (1940): Uber Phosphorwasserstoffvergifien (Tierversuche). |. Mitt. Akute und subacutergiftung.
Naunyn-Schmiedebergs Arch. Exp. Path. Pharmak. P39,193.

"11A 5.2.3/03

8 Okolie, N.P. et al. (2004): Phostoxin-induced biamical and pathomorphological changes in rablitdian J Exp
Biol. 42 (11), 1096-9.
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4-day exposure period and immediately after thedagosure (males) or on the next morning
(females) after the 2 week exposure period.

Findings:

Pilot study: Mean chamber concentrations were: £@06, 4.98+ 0.1 and 10.05-"0.44
ppm. No mice died during the 4-day study; howea#irmice exposed to 10 ppm:phosphine
were in moribund condition after the last expos@ee rat died after 2 exposures to 10 ppm,
12 rats exposed to 10 ppm died during the thirdbsxe and the remaining 2 rats died shortly
after the third exposure. There were no signifidegdtment-related effects on haematological
parameters in male rats exposed to 1 or 5 ppmistitatly significant decreases in red blood
cells, haemoglobin and haematocrit were observethioze of the 1 and 10 ppm groups.
Leucocytes were significantly decreased in the it pnice with concomitant decreases in
lymphocytes and monocyte counts. Urea nitrogen,nirdatransferase and sorbitol
dehydrogenase were significantly increased in rafdbe 10 ppm group. Five of 6 moribund
mice of the 10 ppm group which were sacrificed sbdwninimal to mild degeneration and
necrosis of renal tubules, and minimal to mild namec degeneration and focal
mineralisation of cardiac muscle fibres. Acid-labpphosphine was not detected in blood,
kidneys, liver and lungs of mice exposed to 10 pddain study: The mean chamber
concentrations were: 1.190.06, 2.25t 0.69 and 5.14 0.11 ppm. There were no mortalities
in rats or mice in this study. After exposure ofv@eks (see Table B.6.3-3), lung weights of
male rats and male mice were significantly decrdaaad heart weights of female rats and
female mice were significantly increased at 5 ppong weights of male rats and male mice
were significantly decreased after 3 days of expoé&data have not been submitted).

Table B.6.3-3: Organ weight (g) in rats and mice exgsed to phosphine for 2 weeks

Dose level in ppm PH Male rats Female rats

Lung Heart Lung Heart
0 1.55+ 0,16 0.70+ 0.05 0.94+ 0.12 0.52+ 0.04
1.25 1.54+£0:26 0.74+ 0.05 1.03+ 0.183 0.54t 0.03
2.5 1.63£0.21 0.76+ 0.05 1.0A40.21 0.54+ 0.04
5.0 1.23+ 0.15* 0.72+ 0.06 0.96+ 0.17 0.65+ 0.06*

Male mice Female mice

Lung Heart Lung Heart
0 0.27+ 0.03 0.16+ 0.02 0.22+ 0.05 0.14+ 0.01
1.25 0.27+ 0.06 0.16+ 0.04 0.21+ 0.04 0.13+ 0.01
2.5 0.30+ 0.07 0.15+ 0.02 0.24+ 0.05 0.14+ 0.01
5 0.19+ 0.03* 0.16+ 0.02 0.21+ 0.05 0.16+ 0.02*
*p <0.05

With the exception of an increase of urea nitrogemale mice exposed to 5 ppm, there were
no significant treatment related changes in clinc@mistry parameters of rats and mice
exposed:to phosphine for 2 weeks. There was noostopic evidence of treatment related
effects<in any of the tissues examined from ratd amce exposed to 5 ppm BRH

Cardiomyopathy was seen in control (2/6 males fdiitales) and treated rats (1/6 males, 4/6
females), but with the exception of mild severity one female, all other cases were of
minimal severity. Tissues from animals of lower esypre groups were not examined. Acid-
labile phosphine was not detected in blood, kidn&ysr and lungs of mice exposed to 5

ppm.
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Conclusion:

Under the conditions of this investigation the mserved adverse effect level (NOAEL) was
determined as 2.5 ppm RKD.95 mg/kg bw/day for rats, 0.1 mg/kg bw/dayruce) basedon
decreased lung weights in male rats/mice, increqszat weight in female rats/mice and
increased urea nitrogen in mice at 5 ppng PHO mg/kg bw/day for rats, 0.2 mg/kg’ bw/day
for mice).

Report: Omae, K. et al. (1996): Acute and subacute inlalatxicity of
highly purified phosphine (PHlin male ICR mice; J. ©ccup. Health
38, 36 — 42 (TOX2002-174)

Guidelines: No

Deviations: Only one dose level, batch not stated; severaliitapbdata are
missing: analytical data from inhalation systentyitional
information, feed consumption and body weight,dpsthological

data.
GLP: No
Acceptability: The study is considered to be not acceptable.

Materials and Methods (subacute exposure)

Test material: Phosphine; batch no. not statedfyp®9.995 %. Four week old male ICR
mice (10 per group) were exposed to 5 ppm phosplithg) or filtered air (control) for six
hours a day, five days a week, for two or four veerka whole-body inhalation experiment.
This is an inadequate test design: only one doseipgrnot comparable to EU/OECD
methodology, no dose response-relationship caneberrdined from this design. Bhvas
diluted with highly purified nitrogen used as thmusce gas, and was supplied at a constant
flow rate mixed with room air and introduced inb@t550 L exposure chamber. The exposure
concentration was determined by gas-chromatogradice were observed for behavioural
changes, external appearance, mortality and bodyhtvehanges. One day after completion
of exposure, blood was collected for haematologioal clinical chemistry investigations, and
animals were subjected to organ’weight analysishastdpathological examinations. Several
important data (a. 0. analytical ‘data from the latian system, nutritional information, feed
consumption and body weight, histopathological dati@ missing already in the original
report.

Findings:

Exposure concentrations were 490.3 ppm. Animals showed face washing and were
extremely active after the start of exposure, bppreximately one hour after start of
exposure, their spontaneous motor activity dimiedshExcept for mild piloerection, there
were no other particular findings. One animal & thweek exposure period died on day 12,
and ventricular dilatation and pulmonary congesti@re observed upon necropsy. However,
in the absence of detailed histopathological data, in the light of the fact that no mortality
occurred in the 2 week exposure group, the relstignto treatment with phosphine of the
one premature death in the 4 week group seemsigpuasie. Body weight gains were
significantly different from control after 4 week$ exposure, the absolute weight of kidneys
was: significantly decreased. The organ weightsivdr,| spleen, thymus and kidneys are
presented in Table B.6.3-4, whereas weights ofdutegtes, heart and brain that did not show
statistically significant difference to control amet presented. However, the observed effects
on organ weight were of a limited degree and difcult to judge on their relevance, as only
data on absolute organ weights was provided.
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Table B.6.3-4: Statistically significant effects ombsolute organ weights (g)
No. of animals | Liver Kidneys Spleen Thymus
Control 9 1.33 + 0.05 0.47 + 0.03 0.10 + 0.02 0.06 40.0
2-weeks | 10 1.22 +0.10* 0.45 + 0.07 0.07 + 0.02* 0.0h04*
Control 10 1.30 + 0.13 0.56 + 0.04 0.08 + 0.02 0.0304.0:
4-weeks | 9 1.29 + 0.08 0.52 + 0.04* 0.09 + 0.02 0.0404.0.
*p < 0.05

Histopathologic examinations revealed pulmonarygestion in one animal of the 4 week
exposure group. Inflammatory changes in the muobgsae nasal cavity.were seen only in
animals of the 4 week exposure group. Haematolbgiwastigations showed a significant
decrease (p < 0.05) of monocytes after 2 weekxpbdsure, and a significant increase (p <
0.05) of eosinophiles after 4 weeks. ALT and BUNwevsignificantly-increased (p < 0.05) in
the 4 week exposure group. There were no differeircehe mature'sperm counts.

Conclusion:
Due to the lack of important data and an inadeqtestedesign, this study is not suitable for
risk assessment. No reliable NOAEL/LOAEL could leeiked.

B.6.3.2.2 Inhalation 90-day toxicity — rat

Report: Newton, P.E. (1990): A thirteen week inhalationi¢dy study of
phosphine (PH) in the rat, Bio/dynamics, Inc., East Millstones\
Jersey, USA, unpublished report no. 87-8030, 28@M2Zxposure
period: 07.09.1988 ~08.12.1988 (TOX2001-684)

OECD Guideline:-Repeat-Dose Inhalation Toxicity (M®81), Part
413

Observations-post exposure were carried out 5wagi. No
urinanalysis, Lungs in animals from the low aneéintediate dose
groups were not histologically examined. Relativenidity during
exposure ranged from 8 — 80%.

Yes

The:study is considered to be acceptable.

Guidelines:

Deviations:

GLP:
Acceptability:

Materials and methods:

Phosphine, 1.04 % average active ingredient irogén; PH was administered by whole-
body inhalation“as a gas to 240 Fischer 344 rdd¢s€d/group). The test substance was
administered_for six hours per day, five days pereky for thirteen weeks at target
concentrations of 0, 0.3, 1.0 and 3.0 ppm, groud§ tespectively. Ten animals/sex/group
were sacrificed after 4 and 13 weeks of exposurk then after 28 days of recovery. In
addition,‘satellite groups at 5 and 10 ppm (10 afsrsex: groups VIIl and VI) and concurrent
controls (6 animals/sex: groups VIl and V) were @sqd for 13 and 3 days, respectively,
followed by a 28 day recovery period. Exposure levevere monitored by gas
chromatography four times per chamber per day.ofatlg the exposures, all animals were
sacrificed, selected organs were weighed and dvgdg/weight ratios calculated. Complete
gross post mortem examinations were conducted lamahals. Histopathologic evaluations
were performed on selected tissues from all anifalExperimental Pathology Laboratories,
Herndon, Virginia.
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The cumulative mean analytical exposure conceotrafi as determined by gas
chromatography, were 0, 0.37, 1.0, 3.1, 5.1 andppfh. The corresponding nominal
concentrations for the phosphine exposed groupg We35, 0.99, 3.3, 5.1 and 9.1 ppm,
respectively.

Findings:

Three 6-hour exposures to 10 ppm phosphine weed fatfemale rats, resulting in the
premature termination of this satellite group. Nloeo deaths occurred. The borderline effects
on body weight (gain), food consumption, and orgamghts were mostly-only slight and
were not seen as being necessarily adverse. Besidasiost occasions.there was no clear
dose response relationship. Reduced testes weaghthe only effect which was accompanied
by a pathological correlate, i.e. small seminalales with decreased secretion, but a marked
effect was only seen at mid-dose. All other haetogtoand clinical chemistry effects seen at
5 ppm and lower exposure levels were completelgnslule either during the exposure period
or after a four week recovery period.

Conclusion:

Under the conditions of this investigation the mserved adverse effect level (NOAEL) was
determined as 3 ppm BHAssuming an hourly ventilation of 45 L/h/kg bwr filhe rat and a
daily exposure time of 6 hours, this is equivatenta. 1,1 mg Pkkg bw/day.

B.6.3.2.3 Further inhalation studies

Report: Klimmer, O.R. (1969): Contribution to the Study thie Action of
Phosphine (Pk) - The Question of the So-Called Chronic Phosphine
Poisoning, Arch. Toxikol. 24 (1969), pp. 164-1810X96-52057

Guidelines: No

Deviations: Parameter spectrum does not agree with guidelordg;male rats,
low number,of cats and guinea pigs, no control gsouere used,
different application frameworks in different dag®ups.

GLP: No

Acceptability: The study is considered to be not acceptable.

Material and methods

In the study a gas tight inhalation chamber hawangapacity of 400 litres (‘Wirzburger
Modell’) was used.:The chamber could be aerateastiine/air mixture (Phosphonium
iodide provided by Fa. Schuchardt, Munich) flowingntinuously through the inhalation
chamber 7 hours a day. Phosphine content was adabgfore start of the test and every hour
during inhalation tests (‘flow test’). Phosphine svgenerated in an Erlenmeyer flask by
dripping a 10°% KOH solution on pure phosphoniumiide. Phosphine dosage: 1 ppm, 2.5
ppm and 5’ppm respectively. At 1 ppm 4 female (atsto 2.95 kg) and 10 male wistar rats
(110 g) were used. At 2.5 ppm 4 female cats (2.2 1dkg), 4 female guinea pigs (280 to 360
g) and-10 male wistar rats (110 g) were used. pp# in two subgroups a total of 6 white
cats (2.2 to 3.3 kg), 6 female guinea pigs (30860 g) and 20 male wistar rats (110 g) were
used.

Test duration:

1 ppm: 5 weekdays of 6 hours each, saturdays &hadirweeks.

2.5 ppm: same, 24 weeks
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5 ppm: 8 days per 6 hours each (sub group a) ay8 der 6 hours each plus 4 days per-8
hours each (subgroup b); 48 and 80 hours respbctBefore starting the tests, at half-time
and after the end of the experiments all the erpantal animals were subjected to a“urine
analysis (protein, urobilinogen, sugar, sedimemy &lood analysis (oxyhaemaoglobin,
methaemoglobin, osmotic resistance, blood stat@jgans were histopathologically
sectioned.

Findings:

1 ppm: experimental animals behaved calmly, masslgep and, with the exception of two
cats having fallen sick intercurrently, exhibitenl striking symptoms. The-weights of the rats
increased from an average of 110 g at the beginmiran average of 318 g at the end of the
tests. In the urine of cats and rats no patholbgicerial was found. in addition to bacteria
and crystals prior to the start of tests. Bloodstes cats revealed-normal leucocyte count,
blood colour, and the typing oxyhaemoglobin bandjtheut any indication of
methaemoglobin. Blood test on rats revealed noosalotic impedance. The autopsy of the
two cats and ten rats showed only a slight diffgkgbular fatty infiltration in the liver
parenchyma of the cats and a slight and isolatiéyl ifsiltration in the adrenocortical system
of the rats. Besides that, three rats exhibitetigatscloudy swelling of the tubular epithelia.
The investigation of the brain section of all aniisndid not reveal any pathological findings.
2.5 ppm: The four female cats, four guinea pigs &eml rats behaved calmly, slightly
increased in weight on the average, and survived thie exception of two rats which died
after 742 and 708 test hours respectively of agmgwlimonary infection. The investigation
of urine, blood counts and osmotic impedance ofheogytes, showed a slight and uniform
decrease of the erythrocyte and haemoglobin valaeghree out of four. Blood count,
differential blood count and osmotic impedance weithin the normal variation range. The
three liver function tests made on each of the foats showed normal bromsulphthalein
excretion in all the cases. The blood showed dmydxyhaemoglobin band and not that of
the methaemoglobin. Histopathological investigatievealed a slight diffuse fatty infiltration
in livers of cats and an isolated slight cloudy kiwg in the tubular epithelia of the rats. The
neuropathological investigation of brain sectiohgats, rats and guinea pigs revealed slight
and non specific changes of the Purkinje cellschyhinowever, were considered as agonal or
post-mortem changes.

5 ppm: All the animals showed a strong hyperaerhida® organs with cases of pulmonary
oedema. The urine contained traces of albumenaut 6f 10 cases. The blood of three cats,
three guinea pigs and five rats showed only théna@gnoglobin band, a fact, however, which
does not exclude the possibility of a slight methaglobin formation. The histological
investigation of the” organs of all the animals sbdwstrong blood congestion in the
capillaries, congestion in the liver with large ieear-angular cells; a slight diffuse fatty
infiltration was. found in rats and guinea pigs, it in cats. The neurohistological
investigation of the brains showed for all the matsriking dilatation of the perivascular areas,
vacuolisation in the nuclei of the ganglion cellsl @ecaying Purkinje cells, respectively.

Conclusion:

Subchronic exposure to 1 and 2.5 ppm phosphine ndid result in any recognisable

disturbance of blood formation, i.e. in shifts @emoglobin values, erythrocyte and leucocyte
counts, and in no disturbance of the osmotic impeeaof the erythrocytes. The subacute
phosphine poisoning at 5 ppm, however, was accomgaim some animals, by a decrease of
about 50 % in the haemoglobin and erythrocyte uNeither during the first three test

series, however, nor during the ultimate acutestest several animal species could the
authors establish a noticeable formation of metiuagoiin.
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B.6.4 Genotoxicity (Annex IIA 5.4)

All submitted in vitro bacterial reverse mutaticests (see Table B.6.4-1) showed nggative
results. No clear result was obtained for the paikenf PH; to cause clastogenic effects in
CHO cells in vitro. The results of the test weraliggcal, however, the ability of-the test
design to detect potential clastogenic effects edusy PH could not be demonstrated
convincingly. 6 submitted in vivo tests (see TaBl&.4-2) showed negative results. In a
subchronic (13 weeks, mice) in vivo test the foioratof micronuclei was increased at the
highest test concentration (approaching theg.DHowever, such exposure conditions are
unlikely to be encountered in an occupational emrment. In a dominant-lethal-test in mice
with aluminium phosphide in peanut oil the post iampation loss was increased and the
number of live implants was reduced. In the onlgaldevel also toxic effects have been
observed. However, the quality of the study wastéich An inhalative -dominant-lethal test in
mice was negative. Overall, calcium phosphide/RHhot likely to be genotoxic in humans on

relevant exposure conditions.

Table B.6.4-1: Summary of in vitro tests
Method Test system Concentra- | Results Reference
(Organism, tions tested
strain) +39 - S9
Bacterial reverse | Salmonella typhi- | 0-25600 ppm | Negative Negative Sutou, S. et al. (1982)
mutation test murium, TA98, (estimate) (TOX2005-283)
(Ames test) TA100, TA1535,
TA1537, TA1538,
Escherichia coli
WP2 Hcr-
Bacterial reverse | Salmonella typhi- | 0-4340 ppm Negative Negative Stankowski, L.F. (192004 -
mutation test murium, TA98, 685)
(Ames test) TA100, TA102,
TA1535, TA1537,
TA1538
Bacterial reverse | Salmonella typhi- [ 01780 ppm Negative Negative Rajwani, L.S. (2000)
mutation test murium, TA98, (TOX2006-220)
(Ames test) TA100, TA102,
TA1537, TA1535
Bacterial reverse | Salmonella typhi- | Phosphine gas| Negative Negative Araki et al. (1994) (TOX2002-
mutation test murium, TA98, uptol% 182)
(Ames test) TA100,-TA102,
TA1537, TA1535,
E. ecali WP2uvrA
Structural chro- | CHO-KI-BH4 0-4957 ppm Equivocal Equivocal SanSebastian, J.R. (1990
mosome aberra-_|cells (TOX2001-686)
tion
Mammalian cell | V79 hamster cell§ 0-6580 ppm Negative Negative Leusclimd1992)
gene mutation (TOX2005-284)
(HGPRT test)
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Table B.6.4-2: Summary of in vivo tests
Method Species, Route and [ Sampling | Dose levels| Results Reference
Strain, Frequency of| times
Sex, application
No/sex/group
Chromoso- | Swiss albino Single oral 1 day post | 0-1.5-3-6 Negative Guna Sherlin, D.M.
mal aberra- | mice (gavage) exposure | mg/kg bw (1998) (TOX2006-222)
tion test in
mice
Micronucleus| Swiss albino 2 days, oral 1 day after | 0-1.5-3-6 Negative Guna Sherlin, D.M.
testin mice | mice (gavage) last expo- | mg/kg bw (1998) (TOX2006-221)
sure
UDS testin | Rat, CDF Single whole | At 2 and 0-4.8-13-18- | Negative McKeon, M.E. (1993)
rat primary | (F344)/CrIBR, |bodyinhala- |12-14 h, 23 ppm (TOX2005-285)
hepatocytes | M, 10 tion, 6 h expo- | respec-
sure time tively
Test for Mouse, Balb-c, | Whole body Not indi- 5.5+0.67 Negative Barbosa, A. et al (1994))
micronuclei M, F, 4-6 inhalation,2 cated ppm (TOX97-50676)
weeks, 6
hours/day, 5
days/week
M, F, 12 13 weeks, 6 |[Notindi- |0-0.3+0.1- [ Positive at
hours/day, 5 | cated 1.0+0:2- the highest
days/week 4.5+0.8 ppm | concentration
Test for SCE| Mouse, CD-1 6 h inhalative | At 20 hrs. | 0-5-10-15 Negative Kligerman, A.D. et al.
chromosome| (Charles River), | exposure post-expo- [.ppm (1994) (TOX97-50677)
aberrations | M, 5 sure
and micronu-
clei
Test for SCE| Mouse, CD-1 6 h/d inhalativg At 20 hrs. | 0-1.25-2.5-5 | Negative Kligerman, A.D. et al.
chromosome| (Charles River), | exposure on 9 | past-expo- | ppm (1994) (TOX2002-830)
aberrations | M, 3-5, Rat, d during an 11 |sure
and micronu-| F344/N (Charles| d period.
clei River), M, 4-5
Dominant Mouse, B6C3F1| 6 h/d inhalative - 0-5 ppm
lethal test (Charles River), | exposure on 1(
M, 50 (control: |d during a12d
30) period.
Test for Mouse (inbred. - Zink phos- 20-20-40 Equivocal, Pal, B.B., Bhunya, S.P.
chromo_some swiss), 4 phide, chromoq o4 1 post mg/kg bw howev_er, (1995) (TOX2002-183
aberrations some aberra- exposure study is not
and micronu- tion test: acute acceptable
clei i.p., p.o. and
s.C.
Subacute: i.p., 8 mg/kg
5 days bw/d
6 h after
Micronucleus | last injec- | 20-30-40
test: 2 xi.p. |tion mg/kg bw
Sperm abnor- | 35 days
mality test: i.p.,| after first 20-30-40
5 days injection

mg/kg bw
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Method Species, Route and [ Sampling | Dose levels| Results Reference
Strain, Frequency of| times
Sex, application
No/sex/group

Dominant Mouse, Swiss | Aluminium - 0-6 mg/kg Positive at | Rajesh Sundar,.S” (1999)

lethal test albino, control: | phosphide in bw/day toxic con- (TOX2006-224)
10 M, treated peanut oil centration
group: 11 M

B.6.4.1 In vitro genotoxicity testing — bacterial gene mutéion assay

Report: Sutou, S. et al. (1982): In vitro microbial mutagéy testing of
hydrogen phosphide, Nomura Research Institute nJapgublished
report no. NRI 82-7492, 30.06.82 (TOX2005-283)

Guidelines: No guideline indicated.

The study was based on the following-publications:
Ames, B.N. et al., Mutation Res., 31:347 (1975)

Ames, B.N., Lee, F.D. & Durston, W.E., Proc. Naitad. Sci.
USA, 70: 782 (1973)

Deviations: Atmospheric levels of PHare only estimates based on the amount
of magnesium phosphide applied. No analytical \&iion, no
analysis of residues.
Actual PH; levels within the test medium are subject to sfamn.
Plates were exposed for only 1 hour.
In contrast, positive controls were applied asitiqu

GLP: No

Acceptability: The study is considered to be supplementary.

Materials and methods

Hydrogen phosphide, generatedy the reaction ginesium phosphide and distilled water;
batch no. 82016. The concentrations of hydrogerspiide used were 640 ppm (ordinary
concentration in actual usage), 1280 ppm, 2560 @#®) ppm, 12800 ppm and 25600 ppm.
Toxicity test of hydrogen phosphide with S. typhimmm TA98:

S typhimurium TA98 cultured overnight was diluted to 10-6 witll M phosphate buffer.
One-tenth mL of the diluted culture was plated omg®-Bonner E. agar medium and the
bacteria were exposed to hydrogen phosphide forhone at the ambient temperature. After
incubation for two days at 37 °C, the number obo@#s was counted. Three plates were used
for each prescribed concentration. Reverse Mutdiate Method with E.coli B/r WP2 TRP-
HCR:

Tryptophan-requiring E. coli WP2 Her- was cultumebrnight with nutrient broth. Ten mL of
0.5 mM tryptophan solution was added to 100 mLhef top agar, which consisted of 0.5 %
NaCl and 0.7 % DIFCO agar. Then, 0.1 mL of overh@liture of E. coli, 2 mL of the molten
tryptophan-containing top agar, and 0.5 mL of 0.JphMsphate buffer or 0.5 mL of S9 mix
were mixed in a small test tube and poured ontoeV/8gnner E. agar medium. Duplicate
plates were placed in the exposing apparatus apdser to hydrogene phosphide for one
hour at the ambient temperature. After incubationthree days at 37 °C, the numbers of
revertant colonies were counted. Dimethyl sulfoxides used as the negative control, and 2-
aminoanthracene (2AA) in the presence of S9 mix &na(2-furyl)-3-(5-nitro-2-furyl)
acrylamide (AF-2) in the absence of S9 mix wereduae the positive control. The mean
number of revertant colonies was calculated fohetuse level.
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Reverse Mutation-Plate Method with S. typhimurium:

Histidine and biotin-requiring S. typhimurium TA 3%, TA 100, TA 1537, TA 1538 and TA
98, which were established by Ames and others, weeel. Each strain of S. typhimurium
was cultured overnight with nutrient broth. A mis¢u(10 mL) of 0.5 mM histidine and 0.5
mM biotin was added to 100 mL of the top agar, Wwhionsisted of 0.5 % NaCl and 0.7 %
DIFCO agar. Then, 0.1 mL of overnight culture of tghimurium, 2 mL of the molten
histidine and biotin-containing top agar, and 0I5 of 0.1 M phosphate buffer or 0.5 mL of
S-9 mix were mixed in a small test tube and powetb Vogel-Bonner E. agar medium.
Duplicate plates were placed in the exposing appsrand exposed to hydrogene phosphide
for one hour at the ambient temperature. After liation for three days at.37 °C, the numbers
of revertant colonies were counted. As the negatordrol, dimethyl sulfoxid was used. The
positive controls were N-ethyl-N’-nitro-N-Nitrosognidine (ENNG) in.the absence of S9 mix
and 2AA in the presence of S9 mix for TA 1535, Airr2he absence of S-9 mix and 2AA in
the presence of S-9 mix for TA100 and TA98, 9-anwaicridine (9AC) in the absence of S-9
mix and 2AA in the presence of S-9 mix for TA 15&hd 2-nitroflourene (2NF) in the
absence S-9 mix and 2AA in the presence of S-9faniXA 1538.

Findings:

In the toxicity test of hydrogen phosphide with-r8ahella typhimurium TA 98,
approximately 20 % growth inhibition was observéthe highest concentration, but no toxic
effect was observed at lower concentrations. Reverstation with Escherichia coli WP2 and
S. typhimurium TA 1535, TA 100, TA 1537, TA:1538ENA98 in the presence and absence
of S9 mix, a metabolic enzyme activation systems wanducted. No mutagenic activity of
hydrogen phosphide was detected.

Conclusion:

No mutagenic activity of hydrogen phosphide wasecketd regardless of the absence or
presence of S9 mix. From the above-test resultsntbe concluded that hydrogen phosphide
was negative in this gene mutation:assay.

Report: Stankowski, L. F. (1990): Ames/Salmonella Plateiporation
Assay‘on Hydrogen Phosphide (#HPharmakon Research
International, Inc., Waverly, Pennsylvania, USApuhlished report
no: PH 301-DA-001-89, 10.02.90 (TOX2001-685)

Guidelines: No guideline indicated.
The study was based on the following publications:
Ames, B.N. et al (1975): Methods for detecting saygens and
mutagens with the Salmonella/Microsome Mutageniditytation
Res., 31: 347 — 364
Maron, D.M. and B.N. Ames (1983): Revised methods the
Salmonella mutagenicity test, Mutation Res. 11® 4215
Maron, D.M. et al. (1981): Compatibility of orgarsolvents with
the Salmonella/Microsome Test, Mutation Res., && 3 350
Snee, R.D. and Irr, J:D. (1981): Design of a diaat method for
the analysis of mutagenesis at the hypoxanthinenigaa
phosphoribosyl transferase locus of cultured Clartesmster ovary
cells, Mutation Res., 85: 77 — 93
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Deviations: Some of the positive controls (1,3-butadiene, ethyloxide) were
successfully employed as gases, demonstrating iiciple, that
uptake of compounds from the gas phase by thettaaljecultures
was possible in the test system. However, uptake a@faseous
substance by cultured bacterial cells might head#pend on its
physico-chemical properties and with phosphinesibigation-might
be completely different from that of the above comnpuds.

GLP: Yes

Acceptability: The study is considered to be acceptable.

Materials and methods:

Hydrogen phosphide, 10000 ppm in, s a clear colorless gas, was evaluated in the
Ames/Salmonella Plate Incorporation Assay to detsmits ability to induce reverse
mutations at selected histidine loci in six testrains of Salmonella typhimurium in the
presence and absence of an exogenous metaboh@tamti system (S9). Based upon an
expected lack of toxicity, PHwas evaluated in triplicate cultures in strains T835, TA
1537, TA 1538, TA98, TA100 and TA102 in the preseand absence of S9 at doses of 4.52,
54.7, 190, 488, 1160 and 4340 ppm (all doses asedbaipon analytically determined
concentrations from analysis performed by the spon®ue to the findings reported below,
PH; was re-evaluated in the confirmatory assay irsillstrains at doses of 73.3, 147, 228,
360, 378 and 399 ppm with and/or without S9zRds re-evaluated in a third assay in all six
strains at doses of 99.0, 111, 152, 172, 183 a@¢pf with and without S9.

Findings:

In the Ames/Salmonella Plate Incorporation Assdwhited growth was observed in all tester
strains at doses > 488 ppm with and without S9 eRent frequencies for all doses of FAH

all strains with S9, and in strains TA1537, TA 153898, TA100 and TA102 without S9,
approximated or were less than those observecdeicdhcurrent negative control cultures. In
contrast, a statistically significant increase @vartant frequency, to approximately 2.5 fold
control values, was observed i’ strain TA1535 dose of 190 ppm without S9. In addition,
the increase was apparently’dose dependent oveamatige of 0 — 190 ppm. BHvas re-
evaluated in the confirmatory assay in all sixrsaat doses of 73.3, 147, 228, 360, 378 and
399 ppm with and/or without S9. Inhibited growthsaggain observed in all tested strains at
doses of 146.5, 228, 360, 378 and/or 399 ppm withveithout S9. Revertant frequencies for
all doses of PHlin strains TA1535, TA1538, TA100 and TA102 with,3hd all strains
without S9, approximated or were less than comatles. Increased revertant frequencies, to
approximately 3.2- to 4.5 fold control values, webserved in strains TA1537 and TA98 at a
dose of 360 ppm with S9. However, these increase weither statistically significant nor
dose dependent (revertant frequencies at dosea8pf3Z8 and 399 ppm were below control
values). PHwas re-evaluated in a third assay in all six sgat doses of 99.0, 111, 152, 172,
183 and 262 ppm with and without S9. Normal grow#s observed in all strains at all doses
with and-without S9. Revertant frequencies fordalses of Phlin strains TA1535, TA1537,
TA98,TA100 and TA102 with S9, and all strains weitih SO, approximated or were less than
control values. In contrast, statistically sigrafit increases in revertant frequencies, to
approximately 2.1 fold control values, were obsdrue strain TA1538 with S9. Although
these increases were apparently dose dependeetiamtvirequencies at all dose levels were
elevated as compared to control values; Rids subsequently re-evaluated in all six strains
with and without S9 in two additional assays. Readrfrequencies for all doses of £id all

six strains in the fourth assay approximated orewess than control values at doses of 37.0 —
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203 ppm with and without S9 (although no toxicitpsvapparent). Similar results were

observed in the fifth assay at doses of 41.0, 239, 518, 670 and 962 ppm (however,
significant toxicity was observed in this last gsaadoses of 277, 518, 670 and/or 962 ppm
with and/or without S9). All positive and negatigentrol values in all assays were within

acceptable limits.

Conclusion:

Thus, the increases observed in S. typhimuriuninstrBA1535, TA1537, TA1538 or TA98 in
the first three assays were never independentlfiroted and are considered to be statistical
aberrations or artifactual in nature. Therefores tesults for Pk were-‘negative in the
Ames/Salmonella Plate Incorporation Assay.

Report: Rajwani, L.S. (2000): Salmonella typhimurium reeensutation
assay of aluminium phosphide technical. JAl Resekoundation
(JRF), Gujarat, India, JRF study No. 2567, 14.08020 OX2006-

220)
Guidelines: Environmental Protection Agency (1998) Health efdest
guidelines. OPPTS 870.5100
Deviations: Cytotoxicity was not demonstrated. No positive coinsubstances
were tested. No repeat assays for mutagenicity penfermed.
GLP: Yes (laboratory certified by Netherlands authositie
Acceptability: The study is considered to-be acceptable.

Materials and Methods:

Aluminium phosphide techn., description: yellowggleen coloured powder, lot/batch #: 9/99,
purity: 85.65 %, stability of test compound: stail@luminium flask, solvent used: none;
phosphine gas was generated from aluminium phosphiith a special gas generation assem-
bly connected to an exposure.

S9 mix composition (10 mL):

Component: Concentration:
Distilled water 3.8 mL
Phosphate puffer 5.0 mL
MgCILIKCI salt solution 0.2 mL
Glucose- 6-phosphate{1M) 0.1 mL
NADP (0.1 M) 0.4 mL

S9 fraction 0.5 mL

Test organism: Salmonella typhimurium strains: 1588, TA 1537, TA 98, TA 100 and TA
102, test organisms were properly maintained are wieecked for appropriate genetic
markers (rfa and uvrB mutation, R factor).

Test concentrations: Preliminary cytotoxicity assay

strain TA 98 0, 280, 670, 860, 1260 and 1628 ppm
strain TA 100 0, 250, 592, 914, 1185 and 1582 ppm
strain TA 102 0, 243, 575, 950, 1130 and 1640 ppm
strain TA 1537 0, 310, 652, 850, 1290 and 1780 ppm
strain TA 1535 0, 290, 638, 870, 1330 and 1750 ppm
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Mutation assay:

strain TA 98 0, 188, 710, 1004, 1380 and 1710 ppm
strain TA 100 0, 145, 720, 984, 1565 and 1625 ppm
strain TA 102 0, 185, 812, 1015, 1440 and 1714 ppm
strain TA 1537 0, 185, 630, 871, 1420 and 1625 ppm
strain TA 1535 0, 190, 734, 905, 1275 and 1590 ppm

Tests were carried out from 08.08.2000 to 14.08200

Plate incorporation assay (for preliminary cytotiy and mutation assays):

Metabolic activation: Post mitochondrial superna{&@9 fraction) were-received from DRDE,

Gwalior, India. Before use S9 fraction was supplet@@ with -co-factors. Procedure:

Tests were run in absence of metabolic activatrahwith a metabolic activation system (S9
mix). In the cytoxicity test five concentrations @iiminium phosphide technical were tested
for all five strains using two plates per concetira The mutagenicity tests were run with all
five strains and three plates per concentratiorwal as negative controls. Mixtures of

bacterial cultures, top agar, activation mixturer (experiments in presence of S9) or
phosphate puffer (for experiments without S9) wavared on agar plates. After solification

of the agar mixture the plates were exposed for iwars to different concentrations of

aluminium phosphide. After incubation at 371 °C for 48 to 72 hours and examine of
background bacterial growth, cytotoxicity was assds

Pre-incubation assay: Prior to the mutagenicity, takiminium phosphide technical was
assessed for cytogenicity to bacteria. Test stnaere tested against TA1537, TA1535, TA98,
TA100 and TA102 with and without 5 % (v/v) S9 mikive different concentrations of
aluminium phosphide in the range of 243 and 17388 pre tested for each of the five tester
strains. After exposure of the Petri.dishes, thatt@ined the bacteria, and incubation at
37+ 1°C for 48 to 72 hours the state of background bedtgrowth was assessed.

Statistics: Linear regression analysis.

Evaluation criteria: The test material is considegpesitive for a particular strain and

condition if it caused a statistically significgpt< 0.01) dose-related increase in revertants
over the solvent controls at three treatment levels

Findings:

Five concentrations of:phosphine gas ranging frd® @ 1780 ppm were evaluated + S9 in
five strains. No cytotoxicity was observed. Detaite shown in Table B.6.4-3.

Table B.6.4-3: Cytotoxical effects of aluminium phgshide

TA 1537 TA 1535 TA 98 TA 100 TA 102

Aluminium |89 - + - + - + - + - +
phosphide

[Lg/plate]

Control (S9 mix) | NI NI NI NI NI NI NI NI NI NI
243 - 310 ppm NI NI NI NI NI NI NI NI NI NI
575 =670 ppm NI NI NI NI NI NI NI NI NI NI
850— 950 ppm NI NI NI NI NI NI NI NI NI NI
1230 — 1330 ppm| NI NI NI NI NI NI NI NI NI NI
1582 - 1780 ppm| NI NI NI NI NI NI NI NI NI NI

NI no inhibition
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Mutation assay: Five concentrations of phosphirsergaging from 145 to 1714 ppm were
evaluated £ S9 in five strains. No cytotoxicity wasserved. Revertant counts in phosphine
treated tests did not differ significantly from thegative (culture medium) control data.
Details are shown in Table B.6.4-4.

Table B.6.4-4: Mean number of Hi$ revertant colonies per plate

Strains TA 1537 TA 1535 TA 98 TA 100 TA 102
Aluminium S9| - + - + - + - + e +
phosphide

[Lg/plate]

Control (S9 mix) | 9.00 8.67 11.00 14.6f 20.67 53.00 110.328:33 | 293.00/ 300.0(
145 — 190 ppm 8.33 13.00) 17.67 13.67 23.00 45/00 121.00.67130 304.33| 325.00
630 — 812 ppm 10.00f 9.33 16.33 14.33 17.67 37|33 116.00.001P 282.33| 326.67
871 — 1015 ppm 8.33 10.000 12.7 16.00 25.33 24/00 96|67 .6709 297.67| 327.67
1275 — 1565 ppm| 8.67 10.33 14.7 16.00 29)33 4567 .130.(2.33 | 288.67| 328.61
1590 — 1714 ppm| 9.33 8.67 17.00 16.00 37,00 47.67..°117.3%5.001]| 298.33| 327.0(

Conclusion:

It was concluded that phosphine gas generated tinentest article was not mutagenic in this
bacterial test system, either in the presence serate 0f metabolic activation in the strains
tested. The sensitivity of the procedures to deteagtagenesis was not validated by the
inclusion of positive controls.

Report: Araki, A.; et al. (1994): Improved method for mutagrity testing of
gaseous compounds.by using a gas sampling balishrdin:
Mutat. Res. 307, pp«335-344, 1994 (TOX2002-182)

Guidelines: No guideline indicated.

Deviations: No batch and purity indicated.

GLP: No

Acceptability: The study is‘considered to be supplementary.

Material and methods:

Phosphine (Nihon Sanso Co: Ltd., Tokyo, Japanghbab. and purity: no data. Test
procedure: reverse mutation assay with and withwitibolic activation using Escherichia
coli WP2 uvrA and four strains of Salmonella typhmam (strains: TA98, TA100, TA1535,
TA1537), Metabolic activation: S9-mix from male 8gue Dawley rats, Method: bacterial
plates prepared by the agar overlay method wepeglen 10-| gas sampling bags. The air in
the bag was removed and replaced by the test sudestgs (phosphine diluted with helium)
at an adjusted concentration level. Exposure volwae 500 mL/plate, and maximum
concentration of phosphine was limited to 1 %. Agdours of exposure at 25 °C, the test
substance gas was removed, and sterile air wapguiimto the exposure bag for 30 min.
Thereafter, plates were incubated for 48 houBY&C.

Findings and Conclusion:
Phosphine was not mutagenic to S. typhimurium TA98L00, TA1535 and TA1537 and E.
coliWwP2 uvrA with and without metabolic activatiander the conditions of this test.
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B.6.4.2 In vitro genotoxicity testing — clastogenicity testn mammalian cells

Report: SanSebastian, J.R. (1990): Structural Chromosomerrafion
Chinese Hamster Ovary (CHO) Cell induced by Hydmoge
Phsophide (P§J, Pharmakon Research International, Inc., Waverly,
Pennsylvania, USA, unpublished report no. PH 320GaDA-89,
08.03.90 (TOX2001-686)

Guidelines: No guideline indicated.

According to the authors the study was based onfdhewing
publications:

Buckton, K.E. and Evans, H.J. (1973): Methods far Analysis of
Human Chromosome Aberrations. WHO, Geneva

Goto, K., Maeda, S., Kano, Y. and Sugiyama, T. 8)9Factors
involved in differential Giemsa — staining of sistehromatids.
Chromosoma 66: 351 — 359

EPA New and Revised Health Effects Guidelines, deffiof
Pesticides and Toxic Substances, -Report No. EPAGS&ED001,
1983. Environmental Protection Agency Federal Regi¥ol. 50,
No. 188, Friday, September 27,1985

Perry P., and Wolff S. (1974): New Giemsa method fioe
differential staining of sister chromatids. Nat@&gl: 156 — 158
Preston, J. et al. (1981) : In Vivo and In Vitrot@yenetic Assays :
A Report of the U.S.cEPA « Gene-Tox » Program. Mata
Research 87: 143 — 188

Savage, J.R.K. (1975): Classification and Relatgrss of Induced
Chromosomal Structural Changes. Journal of MedeGen12: 103
-122

Deviations: No assessment of the levels of BD orzHAl the culture medium
was performed. No relevant cytotoxicity was obsdrae any dose
level. This could mean that BHevels within the culture medium
were too low to cause cytotoxicity. This might B3 as indicative
of the test system also not being sensitive enocwglietect a
potential clastogenic effect of BH
Mean cell cycle and average proliferation time usedidentify

cytotoxicity

150 metaphases scored per concentration
GLP: Yes
Acceptability: The study was considered to be acceptable.

Materials and methods:

Hydrogen phosphide, 10000 ppm in &$ a clear colourless gas. In a preliminary cytiottyx
test utilising cell proliferation kinetics as a aareter in CHO cells the appropriate
concentrations for the assay were determined asZg@® and 5000 ppm.

In the chromosome aberration assay in CHO cellplichted roller bottles were inoculated
with' 1 x 106 CHO-KI-BH4 cells/bottle (Lot #A-12 anél-1 from Dr. Abraham W. Hsie,
Tennessee, USA). Each dose was evaluated eitheiowivithout S-9 mix along with current
untreated, solvent and positive controls. Cellurels were treated for five hours in culture
medium containing PHor the control articles followed by three Salinev@hes and medium
replacement. The cultures were then incubatedrf@dalitional 8, 18 and/or 26 hours. Two to
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three hours prior to harvest, colcemid was addedrtest cells in mitosis. Cultures were
harvested at the appropriate time and slides wegaped, stained and coded. 150 metaphases
from duplicate cultures were pooled for analysis.

Findings:

MNNG at 15 pg/mL produced statistically significantreases in aberration frequency and
proportion of aberrant metaphases. The positivporese of MNNG demonstrates the
integrity of the assay. However, BD at 50 % did pobduce any statistically significant

increase at 18-hour harvest time. The positivearesge of BD at the 8-hour time interval,

however, is probably due to the low mean of thevesa control, since the mean of BD is

within the historical range for the solvent contrbhis lack of a true positive response for BD
indicates that the S9 activation system was nottfaning biologically or perhaps, the BD

was not tested at the appropriate dose to indugetstal chromosomal aberrations. Results
indicate PH did not produce any statistical significance & 18 and 26-hour time intervals

with and without S9 mix. However, BHinduced statistically significant increase in
aberrations per cell at 2500 (2733) and 5000 (49pmM without S9 mix at the 8 hour time

interval.

Conclusion:

In conclusion, Pkl did not produce any statistical significance a t8 and 26-hour time
intervals with and without S9 mix. However, Pidduced statistically significant increase in
aberrations per cell at 2500 (2733) and 5000 (49pmM without S9 mix at the 8 hour time
interval. To sum up it can be said, that no cleauits were obtained for the potential of;PH
to cause clastogenic effects in CHO cells.in viffbe ability of the test design to detect
potential clastogenic effects caused by Bblld not be demonstrated convincingly.

B.6.4.3 In vitro genotoxicity testing’'— gene mutation assayn mammalian cells

Report: LeuschnerpF. (1992): Phosphine mutagenicity sindpammalian
cells (V79) in vitro — HGPRT-Test, LPT, Hamburg, r&any,
unpublished report no. 6990/91, 15.06.92 (TOX2088)2

Guidelines: OECD Guideline 476

Deviations: Positive controls were apparently applied as liglgdlutions. They
can therefore not be taken as reliable indicatmrshfe suitability of
the test system.

No assessment of the levels of Pid the culture medium was

performed.
GLP: Yes
Acceptability: The study is considered to be acceptable.

Materials-and methods:

Phosphine, batch no. LS 109 25, gaseous, 0.658 ¢géppime (v/v), balance nitrogen. Test
samples of phosphine were assayed in a gene muiasgay in cultured mammalian cells
(V79, genetic marker HGPRT) both in the presenakabsence of metabolic activation by a
rat liver post-mitochondrial fraction (S9 mix) frorroclor 1245-induced animals. The
duration of the exposure with the test substance 2dahours in the experiments without S9
mix and 2 hours in the experiments with S9 mix. Exposure concentrations in the air for
the study ranged from 500 to 6580 ppm (0.57 — 9§l air) phosphine for the studies
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without and with metabolic activation. For techiicaasons it is not possible to employ
phosphine concentration above 6580 ppm in the peesef air as phosphine may otherwise
auto-ignite. Ethyl methanesulfonate (EMS) was erygidoas positive control chemical ify the
absence of metabolic activation and 9,10-dimethgddenzanthracene (DBMA)~ was

employed as positive control chemical in the preseasf metabolic activation.

Findings:

At none of the doses up to and including 4000 pgtataxicity or an increased -mutation rate
were observed, therefore it is not possible to guatpether the target cells within the culture
medium were really exposed to P&t all. On the other hand, at the highest dosel lev6580
ppm, cytotoxicity was likely to have been causedhsylack of oxygen/carbon dioxide, as no
air was admixed to the test substance (0.658 %tdyin nitrogen). Under the present test
conditions phosphine tested up to an exposure otrat®n of 6580 ppm in the air in the
absence and presence of metabolic activation inndependent experiments was negative in
the V79 mammalian HGPRT cell mutagenicity test wundenditions where the positive
controls exerted potent mutagenic effects.

Conclusion:

No conclusions regarding the potential of;Rélcause mutagenic effects in V79 hamster cells
can be drawn from this test. The ability of thd tbssign to detect potential mutagenic effects
caused by Pkicould not be demonstrated convincingly.

B.6.4.4 In vivo genotoxicity testing

Report: Guna Sherlin, D.M, (1998): Chromosomal aberratest of
aluminium phosphide technical in mice. JAI Rese&chndation
(JRF), Guijarat, India, JRF study No. 367, 23.1181@3X2006-
222)

Guidelines: “The recommendations on pesticide toxicology sutadito Central
Insecticide Board by Dr. B.B. Gaitonde, protocasrhutagenicity
tests, micronucleus test”

Deviations: No range finding toxicity test was performed. Tagbstance purity
not indicated.

GLP: None

Acceptability: The study is considered to be supplementary.

Material and methods:

Aluminium phosphide techn., description: grayisHooo powder, lot/batch: not reported,

purity: not reported, stability of test compoundalde in aluminium bottle at room

temperature,~ solvent used: peanut oil, controlssitpe: intraperitoneal dose of 4 mg

Mitomycin<C/kg bw, solved in distilled water, doselume of 10 mL/kg bw, test animals:

mice, srain: Swiss albino, age: 6 - 7 weeks, weaghtosing: 22 - 31 gsource: breeding
facilities at JAl Research Foundation, India, aneliion period: 5 daysdiet: mice pellet diet
(Amrut brand), Nav Maharashta Chakan Oil Mills Lildia, ad libitum water: drinking water

(filtered through Aquaguard water filter systemy, lditum housing: animals were housed 4
per cage in polypropylene cages with stainlessl gjgeé top, with rice husk as bedding,

number of animals per dose: 4 animals/group, testpound concentrations: 0, 1.5, 3.0 and
6.0 mg /kg bw, dose volume: 10 mL/kg bw, tests weneied out from 10.10. to 23.11.1998.
Animals received the test compound by a single apgilication (gavage). Control group
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received only peanut oil, whereas mice from posittentrol received a single application -of
Mitomycin-C dissolved (4 mg/kg bw) in distilled veat The application volume was 10
mL/kg bw. On the day after treatment, animals nesi 3 hours prior sacrifice”an
intraperitoneal injection of aqueous solution ofcbicines at dose level of 4 mg/kg bw to
arrest cell divisions at metaphase. For bone mapmeparation animals were sactificed by
cervical dislocation. Femora were excised and ewigle tips removed. Bone marrow was
harvested. Smears prepared from the bone marrawmsemas place on a slide-and stained
with 5 % Giemsa in phosphate buffer. Slides weramgred for chromosomal aberration,
among 500 cells per animal were counted to deterntive mitotic index. Among 100
metaphases per animal were observed for structarel numerical” anomalies and
pulverisation were recorded. Statistical methodsdé&nt’s t-test.

Findings:

No deaths occurred. Clinical signs (tremor, polgurand piloerection) were observed after
dosing at 6 mg/kg bw. There were no significantreases in mean body weight change for
any of the treated groups or control groups (vehehd positive control). There was no
relevant difference in the incidence of aberrartscbetween treated and vehicle control
groups (see Table B.6.4-5). The incidence of aherealls in the positive control group

fulfilled the criteria of a positive response arahrbnstrated the sensitivity of the test system.

Table B.6.4-5: Summary of results of a chromosomalcerration assay in male mice

Parameter Vehicle 15 3.0 6.0 Positive
control mg/kg bw mg/kg bw mg/kg bw control #

Mitotic index 2.33+0.38 2.80 + 0.50 2.69+0.17 266.80 1.93+1.03

Aberrant cells (%) 0.75 £ 0.50 0.50 +0.58 0.50+0.58| 1.00 +1.41 12.0 + 2.94*

# vehicle control: peanut oil (10 mL/kg bw per-osysjtive control: mitomycin-C (4 mg/kg bw i.p.)
* significant at 5 % level (g 0.05)

Conclusion:
Aluminium phosphide technical does not induce closomal aberrations in mice up to a
dose of 6 mg/kg bw by oral gavage (one-half otd)D

Report: Guna Sherlin, D.M. (1998): Micronucleus test ofralmium
phosphide technical in mice. JAI Research Founddt&F), Gu-
jarat, India, JRF study No. 368, 23.11.1998 (TOX&2QQ1)

Guidelines: “The recommendations on pesticide toxicology sutadito Central
Insecticide Board by Dr. B.B. Gaitonde, protocasrhutagenicity
tests, micronucleus test”

Deviations: No range-finding toxicity test was performed. Banarrow was
sampled 24 hours after dosing only. No historiceitol data on
micronucleated polychromatic erythrocytes were gumeed. Test
substance purity and batch number were not indicate

GLP; No

Acceptability: The study is considered to be supplementary.
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Material and Methods:

Test Material: aluminium phosphide techn., desmiptgrayish coloured powder, lot/batch:
not reported, purity: not reported, stability ostteompound: stable in aluminium bottle at
room temperature, solvent used: peanut oil, comraterials: positive: Mitomycin-C.solved
in distilled water test animals - species: micegist Swiss albino, age: 6-7 weeks,-weight at
dosing: 22-34 g, source: Breeding facilities at J¥dsearch Foundation, India, acclimation
period: 5 days, diet: mice pellet diet (Amrut brgnidav Maharashta Chakan Oil Mills Ltd,
India, ad libitum water: drinking water (filteretirough Aquaguard water filter system), ad
libitum, housing: animals were housed 6 per cageoigpropylene cages with stainless steel
grid top, with rice husk as bedding, number of asmper dose: 6 male rats/group, test
compound concentrations: 0, 1.5, 3.0 and 6.0 mgolkgdose volume:>10 mL/kg bw tests
were carried out from 10.10. to 23.11.1998, Animaseived the test compound by oral
gavage application (gavage) for two consecutivesd@pntrol group received only peanut oil,
whereas mice from positive control received a gragiplication of Mitomycin-C dissolved (4
mg/kg bw) in distilled water. The application volamvas 10 mL/kg bw. For bone marrow
preparation animals were sacrificed by cervicalodetion 24 hours after dosing. Femora
were excised and epicondyle tips removed. Boneanawas harvested in foetal calf serum.
Smears prepared from the bone marrow serum wae plac slide and stained with 5 %
Giemsa in phosphate buffer for 10 minutes. Theder¢e of micronuclei in polychromatic
and normochromatic erythrocytes among 1000 polyoht erythrocytes (PCE),
normochromatic erythrocytes (with and without miarnolei) and the ratio of PCE to
normochromatic erythrocytes (NCE) (P/N) was detagdi for each animal. Statistical
methods: Student’s t-test.

Findings:

No deaths occurred. Clinical signs (tremor, polgurand piloerection) were observed after
dosing at 6 mg/kg bw. There were na-significantréases in mean body weight change for
any of the treated groups or control groups (vehahd positive control). There were no
statistically significant changes in:the PCE/NCHEorgsee Table B.6.4-6). There was no
relevant difference in the numbper and frequencyM®BfCEs between treated and vehicle
control groups (see

Table B.6.4-7). The number-and frequency of MPGE#he positive control group fulfilled
the criteria of a positive response and demonstiie sensitivity of the test system.

Table B.6.4-6: Summary of micronucleus results in ma mice (PCE/NCE ratio data)

Mean PCE/NCE ratio + standard deviation
Harvest Sex No. of Vehicle 1.5 3.0 6.0 Positive
time (h) animals control # mg/kg bw mg/kg bw mg/kg bw control #
24 Male | 6 1.31+0.24| 153+0.37] 128+0.26 155+0.32.13+3.26

# vehicle conttol, peanut oil (10 mL/kg bw per g®)sitive control, mitomycin-C (4 mg/kg bw i.p.)

Table.B.6.4-7: Summary of micronucleus results in ma mice

Mean MPCE/total erythrocytes (%) + standard deviation
Harvest Sex No. of Vehicle 15 3.0 6.0 Positive
time (h) animals control # mg/kg bw mg/kg bw mg/kg bw control #
24 Male | 6 0.06 +0.06| 0.03+0.03 0.05+0.06 0.07 +£0.09.93 + 0.43*

# vehicle control, peanut oil (10 mL/kg bw per g®)sitive control, mitomycin-C (4 mg/kg bw i.p.)
* significant at 5 % level (g 0.05)
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Conclusion:

Aluminium phosphide technical does not have micobews induction potential in mice up;to

a dose of 6 mg/kg bw oral gavage (one-half o§dD

Report: Barbosa, A. et al. (1994): Determination of genat@nd other
effects in mice following short term repeated-dasd subchronic
inhalation exposure to phosphine, Published paeriron. Mol.
Mutagen. 24:81-88 (1994) (TOX97-50676)

Guidelines: Not indicated

Deviations: A positive control was not included in this study.
GLP: No

Acceptability: The study is considered to be supplementary.

Material and methods:

Common name: hydrogen phosphide, phosphineg;, Bbde no..“none, lot/batch no.: not
specified, purity: not specified, description: cleeolourless gas:(not specified in the paper),
negative/solvent control: room air, test organigiiédc mouse bone marrow erythrocytes,
spleen lymphocytes, peripheral blood and skin kewaytes, species: mouse, strain: Balb-C-
mice, Source: SPF Biological Facility, University Hew South Wales, Australia, age at
dosing: subchronic: 42 - 49 day old, short term: 5@ day old, weight at dosing: subchronic:
males (19.5 - 22.4 g), females (15.5 - 17.4 g)rtdeom: males (19.2 3.6 g), females (178

1.2 g), diet: Rat & mouse standard ration (code 8M-ab-Feed, Australia), water: filtered

water ad libitum, housing: 45 cm x 25 cm x 13-cnypmpylene cages with a wire lid and

cellulose based bedding. Environmental conditiauring non-exposure periods:

Temperature: 21 -2%C

Humidity: 50 - 60.%

Air changes: Not specified

Photoperiod: 12 hours light: 12 hours dark
Dose levels:

Subchronic inhalation exposure: 0, 0.3, 1.0 abdopm
Short-term repeated dose inhalation exposure: @b p

Phosphine gas was procured at concentration of {0 phosphine (0.14 % v/v) in
nitrogen. Dose selection-for the subchronic expmswas based on the current ACGIH
(American Conference ‘of Governmental Industrial idggsts). Threshold limit Value Time
Weighed Average (TLV-TWA) (0.3 ppm), TLV-Short Teraxposure Limit (1.0 ppm) and a
representative of the' maximum tolerated dose (gtb)pThe concentration used in the short-
term study (5.5 ¢pm) was selected as a representafi the maximum tolerated dose.
Subchronic test: Four groups of 12 male and 12 liemméce each were used in this treatment,
where animals were exposed to phosphine conceamigatf 0, 0.3, 1.0 and 4.5 ppm, for a
period of 13 weeks, 5 days/week, 6 hours/day. Alimaere marked and weighed
individually at the commencement of the experimaam re-weighed just prior to sacrifice, 15
hours after the last exposure. Individual organghes (kidneys, lungs, liver, heart, brain and
spleen) were obtained at necropsy and are repagedpercentage of respective final whole
body: weights. Bone marrow polychromatic erythrosy(® CE) were mounted on slides,
stained and scored. The frequency of micronudieastis was recorded in a minimum of
1000 PCE per animal. The ratio of PCE to 400 nohmmuatic erythrocytes (NCE) was
determined in order to assess chemical-induced &@gwietic toxicity. Spleen lymphocytes
were stimulated to divide by addition of concanawv& (Con-A, 2.5 ug/mL), and cytokinesis
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was blocked by the addition of 4.5 pg/mL cytochiald® at 21 hours of culture. Cells were
harvested at 48 hours. Micronuclei were scorednmiramum of 1000 binucleated (BN) cells.
Point mutation assays were also performed on splgaphocytes. Cells lacking HPRT
activity were selected using thioguanine. The et cells were plated at 10 cells/well and
the selected cells atx50%well. The mutants were quantified using the ratfocloning
efficiencies obtained with and without thioguanseection. Short-term test: 10 male and 10
female mice were used in this 2-week treatmentn&iles and 6 females were exposed to 5.5
ppm of phosphine for 5 days/week, 6 hours/day whifeales and 4 females were exposed to
room air. Animals were weighed individually 1 hdagfore the start of the first exposure and
15 hours after the last exposure. The endpointuatesd were weight gain,”MN incidence in
PCE from whole blood and in cultured skin keratyies. Skin keratinocytes from the
exposed mice, cultured appropriately to produceideate cells, were fixed, prepared onto
slides and stained with 4 % Giemsa. At least 100Qdbeated keratinocytes were scored per
animal. Smears of whole blood were prepared omaltass slides; air dried and stained with
Diff-Quik Stain Set. Micronucleated cells were smbin 1000 — 2000 PCE/mouse. Statistical
methods: In the subchronic study, multiple lineggression techniques were used to analyse
weight gain and HPRT mutation frequency in splgemphocytes. Differences between sexes
and between doses of phosphine in the inducticddMfPCE in bone marrow were examined
by two-factor analysis of variance using the Genknagar Models (GLM) procedure. An
unpaired t-test was used to analyse differenceelative organ weights and MN in spleen
lymphocytes. In the short-term repeated-dose stweyght gain was analysed by GLM and
frequencies of MN in peripheral blood and skin kexeytes were analysed using an unpaired
t-test.

Findings:

Subchronic study (13 weeks exposure:at 0, 0.3,ahd 4.5 ppm): Male and female mice
exposed to 4.5 ppm of phosphine showed signs lhigcaround the face, tail and feet during
exposure and were less active at the end of egobsaxe than the other groups. No other
clinical signs were observed. There was a highgyificant decrease in weight gain, which
was dose related in both sexes; with a greatecteifefemales (P < 0.0001) (see Table
B.6.4-8). Organ weights relative to bodyweight shdwstatistically significant increase in
treated females: lung and heart at 0.3, 1.0, aligh@m, liver and spleen at 1.0 and 4.5 ppm,
kidney at 4.5 ppm (Table B.6.4-9). This was not fcored in males, which showed
occasional statistically significant reductions elated to concentration of phosphine. This
pattern of relative organ'weights in males and femenay be due in parts to the variations in
bodyweight gain than‘a real increase or decreasegan weights. No evidence of toxicity
was noticed as indicated by the percentage PCEhwhas, in excess of 40% at all exposure
levels (see Table B.6.4-10). MN frequency in boreerow PCEs did not differ from control
values (P > 0.9) at dose levels of 0.3 and 1.0 gauhwas 111 % higher than control values
(5.8 vs. 2.6) at’a dose of 4.5 ppm in female mécsignificant elevation in MN frequency in
spleen lymphocytes was observed in both sexes ifedpatest, P < 0.05) at 4.5 ppm (the
intermediate groups were not assessed). AnalysislRRRT mutation frequency in spleen
lymphocytes showed no significant differences betwedhe sexes or between control
(6.75x20°) and exposed groups (4xD° 6.3x10° 5.2%10° for 0.3, 1.0 and 4.5 ppm
respectively). Short-term study (2 weeks exposur® and 5.5 ppm): Exposed male and
female mice had a slightly lower weight gain thamtecols, but this was not statistically
significant. There were no significant differenaeshe MN frequency in PCE from peripheral
blood or in skin keratinocytes.
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Table B.6.4-8:  Weight gain and percentage weight gaiin mice following 13 weeks
exposures to phosphine

PH; Females (10/concentrations) Males (10/concentrations

concentration Body WE | Wt gain % Wt gaifi Body WE | Wt gain % Wt gaif

(ppm)

0 20.1+2.1 | 3.380.57 | 20.1+3.1 26.6+1.7 | 4.20+0.45 17.0t 1.4

0.3 18.5+1.5 | 2.82+0.42 | 18.1+2.6 25.5+1.3 | 3.34t0.51 15.1+ 2.5

1.0 19.4+0.7 | 2.83:0.37 | 17.2+25 25.5+2.3 | 3.11+0.47 14.1+ 2.5

4.5 18.0+ 1.9 1.77+ 0.32 11.0:1.7 25.5+ 2.5 2.92+ 0.70 12.9+ 2.6

a Terminal body weight; all data are mea8.D.

b Highly significant decrease related to expospre 0.0001)

Table B.6.4-9:

Organ weights as a percentage of whkobody weight, and absolute

organ weights, in mice following 13 weeks exposurt different
concentrations of phosphine

Group (sex) 1M 2M 3M 4M 1F 2F 3F 4F
Target dose [ppm] 0 0.3 1 4.5 0 0.3 1 4.5
Body weight 26.6 255 255 255 20.1 18.5 194 18.0
At termination (g)

Organ weights

Brain [g] 0.40 0.38 0.37 0.41 0.38 0.36 0.38 0.38
Brain [% bodyweight] 1.57 1.41 1.46 1.62 2.01 1.93 1.98 2.16
Heart [g] 0.20 0.17 0.19 0.17 0.12 0.11 0.12 0.12
Heart [% bodyweight] 0.78 0.63 |0.76 0.67 0.53 0.6% 0.6Z 0.65
Lungs [g] 0.17 0.16 016 0.16 0.13 0.13 0.13 0.13
Lungs [% bodyweight] 0.65 0.60 |0.62 0.63 0.64 0.72 | 0.69 0.74
Liver [g] 1.24 1.28 1.13 1.22 0.98 0.88 0.80 0.95
Liver [% bodyweight] 4.77 4.73 4.41 4.86 4.88 4.76 255 | 540
Kidney [g] 0.41 0.39 0.40 0.39 0.28 0.22 0.24 0.23
Kidney [% bodyweight] 1.59 145 | 155 1.53 1.19 1.25 1.24 130
Spleen [g] 0.08 0.07 0.08 0.07 0.07 0.07 0.08 0.08
Spleen [% bodyweight] 0.30 0.26 0.30 0.28 0.36 0.37 0.41] 0.45

b Statistically significant compared-Wwith respeetoontrols, 0.01 < p < 0.05

c Statistically significant compared with respeetoontrols, p < 0.001
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Table B.6.4-10: Frequency of micronuclei in PCE from bone marrow and
lymphocytes from spleen in mice following 13 weekexposure to
different concentrations of phosphine

Phosphine | Bone marrow Spleen

Conc. Number of | Total MN Total PCE | % PCE | MN/1000PCE | MN/100C0° | Total BN

(ppm) animals scored scored Mean+ S.D? BN cells scored

Males

0 10 67 13500 490 |4.7+21 3.3t 1.0 5618

0.3 6 26 6500 49.5 3.8+2.4 N.AS

1.0 6 17 6200 40.7 [3.4+1.2 N/A.

4.5 10 109 19600 44.2 55+ 2.0 6.3+1.6 6000

Females

0 10 29 11600 48.2 |26+1.0 3.4+ 1.3 7000

0.3 6 20 6000 49.1 3.3+1.0 N.A.

1.0 6 24 6300 433 [3.7+17 N.A.

4.5 10 117 19200 46.7 | 5.8+ 1.7 78+1.3 | 4000

a Calculated from individual frequencies of MN/1(®CE

b Five animals/group.

¢ Not assessed

d Statistically significant compared with respeetoontrol, p < 0.005
e Insufficient cells available to score 1000 caltihal.

Conclusion:

Following the subchronic inhalation exposure of erior 13 weeks, phosphine at the highest
test concentration of 4.5 ppm caused an increasa&dronuclei frequencies in bone marrow

polychromatic erythrocytes and spleen lymphocyitéswever, no increase were observed in
gene mutations at the HPRT locus in the recovepésks lymphocytes. Short-term exposure
of mice to 5.5 ppm over two weeks did not affectnmnucleus frequency in polychromatic

erythrocytes from peripheral blood orin skin karatytes.

Report: McKeon, M.E. (1993): Genotoxicity test on phosphimethe in
vivo/in vitro’ assay for unscheduled DNA synthesisrat primary
hepatocyte cultures at two timepoints, report-n&Q040-0-494,
Metal - phosphide task force, Hazleton Washingtorg., 9200
Leesburg Pike, Vienna, Virginia 22182, USA, 2 Julp93
(TOX2005-285)

Guidelines: US EPA FIFRA 84-2

Deviations: None

GLP: Yes

Acceptability: The study is considered to be acceptable.

Material and methods:

Hydrogen phosphide, phosphine, $2Ebde no.: none, lot/batch no.: container #1 =3B41-
04, container #2 = 864-2241-01, container #3 = 3B41-03, container #4 = 864-2241-02,
purity:~99.98 %, description: colourless gas, negétolvent control: room air, positive
controls: dimethyl nitrosamine at 10 mg/kg and 1&/kg, test organism/cells: rat liver cells,
species: rat, strain: fisher 344, source: CharleerRBreeding, Inc., USA, acclimatisation
period: at least 10 days, age at dosing: 12 weedtght at dosing: 218 — 253 g., diet: purina
certified rodent chow 5002, water: tap water, ditum, housing: 2 per cage in suspended
stainless steel wire mesh cages during acclimetisaindividually thereafter during non-
exposure periods.
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Environmental conditions during non-exposure pesiod

Temperature: 2 1°C

Humidity: 42+ 9 %

Air changes: Not specified

Photoperiod: 12 hours light : 12 hours dark

Dose levels, test compound: target levels of 5205nd 25 ppm
Mean analysed exposure concentrations of 4.8,8andl 23 ppm
Positive compound: 10 mg/kg and 15 mg/kg

Dose preparation: aerosol generation: chambers ws@pplied with room air mixed with

phosphine from a gas cylinder, regulated by a nmgevalve and monitored by a mass
flowmeter. The main exposure parameters are showalle B.6.4-11:

Table B.6.4-11: Main exposure parameters

Exposure period 6 hours

Exposure chamber volume 1000 |

Chamber air flow 201 — 218 litres/minute
Air changes 12/hour

Actual chamber temperature 21+1°C

Actual relative humidity range 40+ 7 %

Target concentration 5, 15, 20 and 25 ppm
Nominal concentration 4.7, 14,20 and 24 ppm
Mean analysed concentration 4.8, 13, 18 and 23 ppm

Groups of ten male rats were given a:single, sixxhahole body inhalation exposure to
phosphine at target levels of 5, 15, 20°and 25 ppmegative control group consisting of
6 male rats received room air only. Six more angmaere dosed with the positive control,
DMN, by intraperitoneal injection.-The actual contation of phosphine in the chambers
during the exposure period was determined by walvdrg chamber air at 90-minute intervals
during the exposures and analysing by gas chromagiby. Airflow, temperature, relative
humidity and static pressure were measured athloalf intervals. Animals were observed for
pharmacologic and/or toxicologic signs during expes post exposure and prior to sacrifice.
Observations included body weights and physicakonfaions. Two time-points for UDS
were employed, one approximately 2 to 3 hours arather 12 to 14 hours after exposure.
Hepatocytes from at least three rats at each expdsuel and each timepoint were prepared
for UDS analysis. 7After hepatocyte harvesting, otbelling with thymidine and the
preparation of autoradiographs, the net nucleamgecaunts from treated animals were
compared with the control counts. Net nuclear gaiunt was determined from 150 nuclei
per animal (50°per coverslip, 3 coverslips per atynThe test material is considered active in
the UDS assay at doses that cause an increase grdbp average of mean net nuclear grain
count to at least five grains per nucleus abovetimeurrent negative control average, leading
to a positive number and/or the group average @fprcent of nuclei with five or more net
grainsdo increase at least 10 % above the avefafe concurrent negative controls. The test
material is considered inactive in this assay tieof the above conditions are met in any of
the"treated animals. When results are neither Iglgaysitive nor clearly negative, dose
response, frequency, distribution and reprodutybiamong animals is considered. The
criteria for a positive response are based on t&stital analysis of the historical data and
calculation of the minimum increase required faignificant UDS response as described by
Casciano and Gaylor (Casciano, D.A and Gaylor D3AAtistical criteria for evaluating
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chemicals as positive or negative in the hepatsci§A repair assay. Mutation Research,
122 p 81-86, 1983).

Findings:

At 18 and 23 ppm laboured breathing was observechediately following exposure.
Respiration returned to normal in many animals ho@rs post exposure. Slight decrease in
body weight was observed at 13, 18 and 23 ppm.eThas no evidence that phosphine
caused increased unscheduled DNA synthesis indieks of male rats exposed by inhalation
to levels up to 23 ppm. Mean net nuclear grains %@ndells with more than 5 grains were
comparable among all treated animals and air-expasatrols. Positive’ control animals
treated with DMN showed marked increases in nudigaelling that greatly exceeded both
criteria used to indicate UDS.

Conclusion
Hydrogen phosphide showed no evidence of caustrgased unscheduled DNA synthesis in
hepatocytes of male rats exposed by inhalatioavtel$ up to 23 ppm.

Report: Kligerman, A.D. et al.(1994), Cytogenetic effecigphosphine
inhalation by rodents. I: acute 6-hour exposurmiaie, Published
paper. Environ. Mol. Mutagen. 23:186-189 (1994) KB®3-50677)

Guidelines: Guideline not specified

Deviations: A positive control was not included in this study
Samples of bone marrew were taken only once ab2@shafter
treatment.

GLP: No

Acceptability: The study is considered to be supplementary.

Materials and methods:

Phosphine (750 ppm in nitrogen); batch no.: ndedtgurity: 99.99 %; five male CD-1 mice
(age: approx. 12 weeks) per group were exposedrgett concentrations of 0, 5, 10 and 15
ppm phosphine in nitrogen for 6 hours in a wholéybmhalation experiment. 24 hours after
termination exposure, bone marrow smears were mépand spleens were removed,
macerated and splenocytes cultured for the anabysthromosomal aberrations (CA), sister
chromatid exchanges (SCE) and micronucleus (MNp&tion. Inhalation atmospheres were
generated by metering BRHn nitrogen mixture through a mass flow controllato the
chamber airflow stream. The inhalation system &ratterised in Table B.6.4-12:

Table B.6.4-12; “ Characterisation of the inhalation gstem

Chamber volume: 133 L Analytics: IR Spectroscopy
Airflow rates: 35 L/min Chamber temperature : 23.13:82C
Chamber volume change: 15.8 per hour Relative haynidi 64 — 68 %

Oxygen content: >20.3 %
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Findings:

The actual concentrations measured were 0, 5.246%; 0.94 + 0.69 and 16.00 + 1.15 ppm,
respectively. No increase in any of the cytogeneticipoints was found at any of” the
concentrations examined. The only statisticallyngigant response was a concentration
related slowing of the cell cycle in the splenosyte

Conclusion:
There is no evidence that phosphine is clastogameuploidogenic or capable of inducing
SCE under the conditions of the test.

Report: Kligerman, A.D. et al. (1994): Cytogenetic and gerefl effects of
phosphine inhalation by rodents: Il. Sub-acute eyp® to rats and
mice; Environ. Mol. Mutagen. 24: 301 — 306 (TOX26820)

Guidelines: Not indicated

Deviations: In the OECD guideline 474 sampling times for boranow shorter
than 24 h post exposure are not recommended.

GLP: No

Acceptability: The study is considered to be supplementary.

Materials and methods:

Test material: phosphine (21500 ppm in nitrogenAA&pecialty Gas. Inc., Maumee, OH);
batch no.: not stated; purity: no data. Five mak8F1 mice and 5 male F344/N rats (age:
approx. 8 weeks) were exposed to target concemtsatf O, 1.25, 2.5 and 5 ppm phosphine
in nitrogen for 6 hours/day for 9 days over a l1§-g@riod in a whole-body inhalation
experiment. 18 - 20 hours after termination expestone marrow smears were prepared
from rats and peripheral blood smears, were madea fnace and rats. In mice, isolated
mononuclear leucocytes were analysed for sistevnehtid exchange (SCE); chromosomal
aberrations (CA) were determined in peripheral 8lgells (PBL), and micronucleus (MN)
formation in binucleated (BN) lymphocytes and pbilyomatic erythrocytes (PCE). Bone
marrow smears of rats were analysed for microntete®CEs, and peripheral blood was
investigated for SCE and CA.‘Inhalation atmosphaevese generated by metering Pk
nitrogen through a mass flow controller into thearciver airflow stream. The inhalation
system is characterised in Table B.6.4-13.

Table B.6.4-13: Characterisation of the inhalation gstem

Chamber volume: 133 L Analytics: IR Spectroscopy
Airflow rates: 35 L/min Chamber temperature: 23.13-:8°C
Chamber volume change: 15.8 per hour Relative hiynidi 64 — 68 %

Oxygen content: >20.3 %

Findings:

Phosphine inhalation caused no statistically siggiit increases in the incidences of SCE,
CAs .in peripheral blood cells, MN in peripheral d&dband in binucleated lymphocytes of
mice. Cytogenetic results in rats were similatimse obtained in mice.
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Conclusion:

No evidence of SCE, CA or MN induction was foundperipheral blood and bone marrow
cells. The vast majority of chromosomal aberraticere simple chromatid or chromosome
deletions. Therefore, there is no evidence thasphine causes cytogenetic damage in mice
or rats under the conditions of this test.

Report: Pal, B.B.; Bhunya, S. P. (1995): Mutagenicity tegtof a
rodenticide, zinctox (zinc phosphide) in a mouseivio system; In
Vivo 9, 81-83 (TOX2002-183)

Guidelines: Not stated.

Deviations: Only 4 animals per group were tested, lack of atpescontrol and
lack of standardisation concerning dose regimen.

GLP: No

Acceptability: The study is considered to be not acceptable.

Material and Methods:

Test Material: zinc phosphide (“zinctox”)

Description: solid

Lot/Batch no.: not stated (Source:-All India MediCadrporation,
Bombay)

Purity: 80 %

Control materials:

Negative: vehicle (water) only

Solvent/vehicle: double distilled water

Positive: none

Test animals:

Species: mouse

Strain: inbred Swiss mice

Age: 10-12 weeks

Weight at dosing: 25-30 g

Source: not stated

Number of animals per dose: 4 animals

Test compound concentrations: 20, 30 and 40 mg/kg bwicronucleus assay,

chromosome aberration-assay and sperm abnormasigygn 8 mg/kg bw for 5 consecutive
days (chromosome aberration assay). Bone marroanasome aberration assay: For the
acute experiment, 4:animals per group were treatdgddifferent doses (20, 30 and 40 mg/kg
bw) by different routes (i.p., p.o. and s.c.) fapesure periods of 6, 24 and 48 hours. In the
sub-acute experiment, 4 mice received repeatedhjgrtions of 8 mg/kg bw every 24 hours
for 5 consecutive days. 24 hours after the lagiciign animals were sacrificed, cytological
slides prepared, and 75 good metaphase spreadssearexl for each animal. Micronucleus
assay: Doses of 20, 30 and 40 mg/kg bw were injewtece i.p. at an interval of 24 hours to
groups of 4 animals. Mice were sacrificed 6 houtsrahe last injection, and bone marrow
smears- were prepared. 1000 each of polychromagitirecytes (PCE), normo-chromatic
erythrocytes (NCE) and nucleated white cells wereresd per animal. Sperm abnormality
assay: Doses of 20, 30 and 40 mg/kg bw were irgeccpe at an interval of 24 hours on 5
consecutive days to groups of 4 animals. Mice warificed 35 days after the first injection.
Sperm smears were drawn after collection from t@ugdae epididymides in isotonic saline,
fixed in methanol and then stained in 2 % eosiB0Q sperms per animal were examined for
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abnormalities. Evaluation criteria: Statisticalljgrsficant increase of the percentage -of
abnormal sperm in comparison to the controls.

Findings:

The percentage of micronucleated PCEs and NCEs ioeohland nucleated cells was dose-
dependently and statistically significantly incre@sIn contrast, the chromosomal aberration
assay did not yield a dose-related trend of themiesl effects. However, the usefulness of the
test is limited due to the lack of a positive cohtin addition, there are several shortcomings
(number of animals tested, inconsistencies in theedregimen), and the fact that the
bioavailability of zinc phosphide from s.c. and.i.padministration may be considered
questionable.

Different types of abnormal sperm heads includihgpbhook, snake hood, beak, amorphous,
bell calyx etc. were observed in the sperm abnotynassay. Percentage of abnormal sperm
increased with increasing doses. In the opiniorthef authors, zinc phosphide indicated a
genotoxic potential in mice in view of the statislly significant higher frequencies of
abnormal sperm observed at different doses. Howeuerent guidelines on genotoxic effects
on germ cells focus on cytogenetic effects, anconadlterations in sperm morphology.

Conclusions:

No positive control was used in the test. In additithere are several shortcomings (number
of animals tested, inconsistencies in the dosemeg), and the fact that the bioavailability of
zinc phosphide from s.c. and i.p. administrationyna considered questionable. The results
of the sperm abnormality assay are not usefultierdvaluation of genotoxicity. Therefore,
the study is considered to be not acceptable.

Report: Rajesh Sundar, S.1(1999): Dominant lethal testuwhaium
phosphide techni¢al in mice. JAI Research Founddtl&F), Gu-
jarat, India, JRF study No. 370, 07.07.1999 (TOX&2QQ4)

Guidelines: OECD 478

Deviations: No positive‘control was tested. Only one dose levesd tested. Test
substance’purity not indicated.

GLP: No

Acceptability: The study is considered to be supplementary.

Materials and methods:

Aluminium phosphide” techn., lot/batch: not reportedrity: not reported, solvent used:
peanut oil.

Control materials; negative control: peanut oillveat: peanut oil, positive control: not
conducted.

Test animals: species: mice, strain: Swiss alkage; not reported, weight at dosing: 29-42 g,
source: Hafkine Bio-pharmaceutical Corporation Lddumbai, India, acclimation period: 5
days, diet::mice pellet diet (Amrut brand, Nav Mashta Chakan Oil Mills Ltd, India) ad
libitum, water: drinking water (filtered through Agguard water filter system), ad libitum,
housing: animals were housed 4 per cage in polypeop cages with stainless steel grid top,
with:rice husk as bedding, number of animals peed&l and 10 male mice in the treated and
control group, respectively.

Environmental conditions: temperature: climaticalbpntrolled, humidity: climatically
controlled, air changes: not reported, photoperadigrnating 12 h light and dark cycles

test compound concentrations: 0 and 6 mg/kg bw.
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Male mice were administered aluminium phosphide dbse level of 6 mg/kg bw. The test
substance was suspended in peanut oil and thevdhsae maintained at 10 mL/kg bw.
Animals of the control group received plain peamilt

Three untreated virgins were cohabited with onatée male for 7 days. Females were then
moved to another cage and another set of 3 femades cohabited. This procedure was
followed by 8 consecutive weeks.

The females were sacrificed during™t® 18" day after cohabitation. Both uterine horns were
examined for the number of live implants, the nundfelead implants including early death
(moles) and late death (dead foetuses) and tomabauof implants.

The pre-implantation loss was estimated by compdte total number of implants per
pregnant female of the treated group with thosl@icontrol group. Postimplantation loss
was calculated by determining the ratio of deatbtal implants in treated and control groups.
Dominant lethality was calculated by comparingrnhenber of live implants per female in the
treated group to those in the control group. Steéismethods: Student’s t-test.

Findings:

No deaths occurred. Lethargy was observed in mgigs 3 days after dosing at 6 mg/kg bw.
Significant decreases in body weight were notenates during the first 2 weeks after dosing
at 6 mg/kg bw.

No statistically significant change in pre-implaida loss was noted, but there was a
significant increase in post-implantation lossha first and third week in the 6 mg/kg bw
group. A significant reduction in the number ofdiimplants was observed in the 6 mg/kg bw
group during the first and third week. For detage Table B.6.4-14.

Table B.6.4-14: Results of dominant lethal assay imice

Dose Parameter Wkl | Wk2 | WKk3 | Wk4 | Wk5 | Wk6 | Wk7 | WKk8
(mg/kg bw)

0 (control) Pregnancy frequency (% 66.7 46J7 63|13 66.70.06| 73.3 | 63.3 | 80.0

6 69.7 | 576 | 72.7 | 60.6| 63.6] 424 54.5 42.4
0 (control) No. live implants 10.2] 11.1] 110 109 109 210) 10.2 | 9.6

6 (mean values) 7.1*| 95 8.3*| 10.00 9.5 8.6 8.2 8.0

0 (control) No. total implants 10.6f 11.20 11§ 11.2 1155 .610] 105 | 10.2

6 (mean values) 9.0 9.7 10.64 10.( 10.2 100 9.7 9.4
0 (control) Post-implantation loss 0.04 0.01 0.04 0.03 050.| 0.04 | 0.04 | 0.06

6 (mean values) 0.231 0.05| 0.21* 0.01 0.0y 0.2 0.17 0.10

* significant at 5 % level (g 0.05)

Conclusions:

Increase in post implantation loss and reductiothexnumber of live implants was observed
at the only dese level of 6 mg/kg bw. Parental ditxi(decreased body weight of the males)
was also observed in this dose group.

B.6.5 Long-term toxicity and carcinogenicity (Annex IIA 5.5)

Phosphine was assessed for chronic inhalationitpxod carcinogenicity in a combined 104
week study in rats (summary in Table B.6.5-1). Tges was produced by aluminium
phosphide. In the inhalation study, body weightpdfcconsumption, routine haematology,
serum biochemical, and urinary analyses were alhilai to control animals.
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Ophthalmological observations, gross pathologyaorgeights and histopathology indicated
no adverse effects from phosphine exposures. Th&HEIOwas 3.0 ppm, the highest
concentration tested. This dose level is equivatedtl mg/kg bw/day.

In two older limited dietary studies, rats receikdts treated with phosphine released from
aluminium phosphide. Behaviour, general appeararm@yival, body weight,” food
consumption, haematology, blood chemistry, uringlymes and bone smear data; as well as
gross and microscopic findings and rate of tumoevetbpment, did not reveal any toxic
effects from the aluminium phosphide treated digiwever, the test design of both studies
was insufficient. Therefore, the oral studies anesidered to be not acceptable.

Based on lack of exposure and the absence of gaoatoncern waiving of a long term
/carcinogenicity study in a second species was asgustified.

Table B.6.5-1: Summary of long-term toxicity and cacinogenicity

Study and dose levels NO(A)EL LOEL Reference
(mg/kg/day)
Combined rat chronic (2 Toxicity: Toxicity: Newton, 1998
year) toxicityand (TOX2000-98)
carcinogenicity study, NOAEL: 3 ppm LOEL: > 3 ppm
0,0.3, 1, and 3 ppm equivalent to 0.0042 mg/L or | Based on lack of
by inhalation with purified | 1.1 mg/kg bw/day systemic toxicity at any
PH; dose level

Carcinogenicity: Carcinogenicity:

NOEL: 3 ppm LOEL: > 3 ppm

based on lack of
carcinogenicity at any

dose level
Rat chronic (2 year) toxicity| No effects observed. However,| - Hackenberg,
oral, levels of phosphine in | the study is considered to be npt 1972/1969
diet after fumigation ranged| acceptable. (TOX96-52058) /
from 0.167-7.5 mg/kg (TOX2005-286)
Rat chronic (2 year) toxicity] No effects observed. However,| - Telle et al., 1985
oral, level of phosphine in | the study is considered to be npt (TOX2002-831)

diet after fumigation 5 ppb | acceptable.

B.6.5.1 Long-term (2:years) inhalation toxicity — rat

Report: Newton, P.E. (1998): 2-Year combined inhalatioroaie toxicity
and oncogenicity study of phosphine in rats. MP3dech,
Mattawan, USA; unpublished report no. 750-001, 20.998
(TOX2000-98)

Guidelines; Guidelines of the Environmental Protection Agerd$4):
Pesticide Assessment Guidelines, Subdivision FakbEvaluation:
Human and Domestic Animals, Section 83-5

Deviations: None

GLP: Yes

Acceptability: The study is considered to be acceptable.

Report: Newton, P.E. et al.(1999): A 2-year inhalation gtotiphosphine in

rats, Inhalation Toxicol. 11, pp. 693-708, 1999 KZD02-189)
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Materials and methods:

Test material: Phosphine; purity: 1 % in nitrogehosphine was administered as a gas to rats
via whole-body exposure 6 hours per day, genetaltays per week, for 104 consecutive
weeks. Three groups (Group 2, 3 and 4) each comgist 60 male and 60 female Charles
River Fischer CDF (F-344)/Crl/BR VAF/Plus rats wesgosed to target phosphine exposure
levels of 0.3, 1 and 3 ppm of phosphine, respdgtivenother group of 60 males and 60
females served as negative control and was exptusedean air. Exposureclevels were
determined using gas chromatography. Exposure cowedeon March 5, 1996 and terminal
necropsies were conducted on March 4 though 1(8.199

Each rat was observed twice daily for mortality asigns of toxicity.-Detailed clinical
observations of each animal were conducted wedkdlpvidual body weights were recorded
weekly during the study and then at approximatemnthly intervals. After 26, 52, 78 and 104
weeks of exposure, various haematologic, clinitenaistry and urinalysis evaluations were
conducted. Ophthalmoscopic observations were caedymrior to-exposure and prior to the
52 week interim sacrifice and 104 week terminafifae.

After 52 weeks of exposure, 10 rats per sex peumraere euthanised and received a
complete necropsy. Tissues were collected, orgasgghwd and tissues preserved for
shipment to Experimental Pathology Laboratories;. I(EPL), Herndon, Virginia, for
histopathologic evaluation. After 104 weeks of esyre; all survivors were euthanised and
received a complete necropsy. Tissues were agdiectsml, organs weighed and tissues
preserved for shipment to EPL for histopathologialeation.

Through 104 weeks, the mean phosphine exposurés lessge 0.3t 0.019, 1.0+ 0.037 and
3.01+ 0.086 ppm.

Findings:
There was no apparent test article related effssn $n the detailed clinical observations. The
findings recorded occurred with a low incidence amde sporadic.

Through 104 weeks of exposure, there were a t6td9 ainscheduled deaths (7 males and 14
females at O ppm, 16 males and”15 females at 08 pp males and 9 females at 1.0 ppm,
and 12 males and 12 females:at 3 ppm). These aninak either found dead, sacrificed in

extremis, or died post bleeding. These deathsareamsidered to be test article-related.

There was no apparent effect of the test articgmsnres on body weight. All exposure groups
gained similar weight_over the 52 week chronic &émel 104 week oncogenicity exposure
period.

There was no apparent effect of the test articfmsdres on food consumption. Statistically
significant differences between the test articlpased groups and the control group were
noted. However, these occurred sporadically, wepe gonsistent over time, small in
magnitude, and not considered to be test artidtdde® or biologically significant.

The observations in ophthalmoscopic examinationsewepresentative of pathology that
would be expected for this group of animals comsmgeage, sex, and strain; no obvious
trends™in pathology suggestive of test articleteglareactions were observed. All rats
demonstrated some degree of corneal superficialah)sy.

There were no apparent test article related aitermtin the haematology parameters
evaluated. Three values for MCV were statisticdlfferent from controls in the 1 and 3 ppm
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group males. Because these are calculated valugsalerations did not occur in the
erythrocyte counts or hematocrit, these changesidered incidental.

There were no apparent test article related ailber@tin the biochemistry parameters
evaluated. Occasional values were statisticallyediht from controls. A slightly-“higher
chloride value occurred in the 3 ppm males at érual. Because this occurred in only one
sex, did not have a dose response, and the magrofudifference compared ta the controls
was small and not biologically meaningful, this wamsidered incidental and not related to
test article administration. A slightly lower creeg phosphokinase occurred in the 1 ppm
group males at one interval. Because there was ase desponse, thiS was condidered
incidental and not related to test article admiaigin. A slightly lower cholesterol occurred
in the 1 and 3 ppm group males at 1 interval. Beedhe values at this interval were similar
to previous intervals and because the control nfedésan increase in‘mean cholesterol at this
interval, these observations were considered intaédeand not related to test article
administration. Slightly higher alkaline phophatas¢ues occurred in the 0.3, 1, and 3 ppm
group females at one interval. Because there watogse response and values were similar to
other intervals, and because the control femalelsehdecreased mean at this interval, this
observation was considered incidental and noteeltd test article administration. A slightly
lower cholesterol occurred in the 0.3 ppm groupdiesm-at 1 interval. Because there was no
dose response, this observation was consideredeml and not related to test article
administration.

There were no apparent test article-related altersin the urinalysis parameters evaluated. A
larger volume of urine was noted in the 3 ppm gromgles at 1 interval. A number of urine
samples with high volumes and low specific grawsre noted in both males and females at
this interval. Data points with the mast extremduga were excluded from statistical
evaluation; however, the observation of higher &imolume in the 3 ppm group males was
considered incidental and not related to testlaradministration. At the 104 week interval,
urine protein was quantitated for :samples which pezhter than or equal to 300 mg/dL
protein by a simiquantitative method. There wasimerease in urinary protein for rats
exposed to the test article at 0.3, 1, or 3 ppmmdmenpared to control rats.

No treatment related variations in organ or bodygiws were seen. The only statistically
significant organ weight change in male or femals treated with phosphine was decreased
relative liver/body weight ratio in the 3 ppm gromales at the terminal sacrifice. This change
was attributed to a slightly higher mean body weighthis group compared to controls. The
absence of a similar finding in females, as wellnascorresponding findings in clinical
pathology or microscopic evaluations, suggests tihattrend for liver weights to decrease
with dose, which'was seen in the males, is coimtadeand unrelated to phosphine exposure.
There were no“histomorphologic tissue alteratidtrébatable to exposure to the test article in
any tissue examined. No tumors that were attribetibtest article exposure were noted.

The only sstatistically significant increase seenswa adenomas of the Islet cells in the
pancreas in male rats. The incidence in the 3 gpgh (exposure level) group was 5 %. The
highercvalue was statistically significant for tReto Test, but not for the Cochran Armitage
Trend Test of the Fisher Exact Test. However, tiigher percentage is within the historical
range of 0 to 10 % seen at this facility and witthie 0 to 20 % seen in the historical data
published by Charles River. Therefore, this statdly significant increase is considered to be
random and not test article-related.
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Conclusion:

In conclusion, under the conditions of this stuthgre were no treatment related changes
suggestive of a toxic or carcinogenic effect seemats following 52 weeks and 2 years of
whole-body inhalation exposure to 0.3, 1 or 3 pgragphine. The NOAEL was 3.0 ppm, the
highest concentration tested. This dose levelisvatent to 1.1 mg/kg bw/day.

B.6.5.2 Long-term (2 years) oral toxicity — rat

Report: Hackenberg, U. (1972): Chronic ingestion by ratsstaindard diet
treated with aluminium phosphide, published papeicol. Appl.
Pharmacol. 23, 147-158, Institut fur IndustrielladuBiologische
Forschung, Cologne, German Federal Republic, 197M2X06-
52058)
and
U. Hackenberg (1969): 2 years toxicity-studies vAtiostoxin-
treated food on rats, Institut fir industrielle uridlogische
Forschung, Koéln, Germany, report no. A0187/01202%9

Guidelines: No

Deviations: Batch and purity not indicated” Low number of arsnased (60).
One dose level only. The dose was increased duh@gtudy. No
dose level can be determined due to the great bitiyaof PH3
levels between batches. Batches were used fomtesatfor weeks
despite the fact that «feed analysis, which was operéd only
sporadically and is poorly documented, shows raj@day of PH
levels in the fumigated diet which, presumably, hat been stored
adequately. Limited clinical and histopathologicabsessment.
Environmental conditions, statistics, age and awafisation period
of rats were not reported

GLP: No

Acceptability: The studys considered to be not acceptable.



- 154 -
Calcium phosphide — Annex B.6: Toxicology and metibol 12 June 2007

Materials and methods:

Aluminium phosphide (Phostoxin pellets), lot/batuhr: not specified, purity: not specified,
description: 3 g of Phostoxin pellets containingwi® g of aluminium phosphide and release
about 1 g of phosphine. The pellets also contaimanmum carbamate. Vehicle control:
untreated diet. Test animals: species: rat, stiiistar, SPF bred, source: Charles River
Breeding Laboratories Inc., Wilmington, MassachissdtiSA, weight at start dosing: males:
166 — 288 g, females: 150 — 216 g, diet: laboratdrgw produced by Altromin GmbH
“Alleindiat fir Ratten und Mause” pulverised, B @l0fine ground, water;<tap water, ad
libitum, housing: individually in wire grid cageA. total of sixteen 100 kg batches of treated
diets were prepared. Eight Phostoxin pellets, spwading to a concentration of 48 g/metric
ton, were introduced into batches 1 and 2 and dtéoe 72 hr. Fifteen Phostoxin pellets,
corresponding to a concentration of 90 g/metrig t@are introduced into batches 3 through
16. Batches 3 and 4 were stored for 48 hr and batbhthrough 16 4or 72 hr before mixing.
After fumigation, each batch was mixed and then ¢batents were aerated for 1 hour.
Quantitative assays for phosphine concentratiore ywerformed -after aeration on each batch
according to the mercuric chloride method of Wiaitel Bushey (1944). Batches 1 through 3
were analysed at approximately 1, 5 and 8 week afteation. Batches 4 through 16 were
analysed about 3 — 10 days after aeration. Diet pragided to animals in feeding vessels
which were re-filled twice a week. Each treatedchatf diet was fed for 5 to 7 week, the
unused portion being stored in closed containddsndle and 30 female rats received diets
treated with aluminium phosphide as Phostoxin pehlé a level of 48 g/metric ton from week
1 through 16 and 90 g/metric ton from week 17 td.18nother group of 30 males and 30
females served as the negative control and receingdated basal diet for the duration of the
study. Weekly records of body weight, food.consuamtphysical appearance and behaviour
were kept for each animal. Daily observations weeede for mortality, general appearance
and behaviour. Clinical laboratory determinationsrev performed prior to the start of
treatment and at 2, 6, 12, 18 and 24-months ofyssaimples were taken from 3 sets of 5
males and 5 females in each group,-as follows: ht@ogy, blood glucose and urine (set 1),
SGPT and urea (set 2) and prothrombin time (setABgr 104 weeks of exposure, all
survivors were euthanised. Observations were recoadl necropsy for each animal sacrificed
at termination, as well as those ‘animals, whickl diewhere sacrificed in moribund condition
during the study and received a complete necrofsfull range of tissues were collected,
organs weighed (liver, heart, spleen, thyroid, ki#) adrenals) and tissues prepared for
histological examination. “Except for the eye les$ tissues, preserved from 5 males and 5
females in each group>sacrificed at 24 months oflystwere examined microscopically.
Furthermore, all tissues or organs with macros@dyicrecognisable or questionable
neoplasms were examined microscopically. The assegsof bone marrow smears was also
performed on 5 male and 5 female rats per grougfisad at termination.

Findings:

Levels of phosphine remaining in the treated didtisr fumigation and aeration ranged from
0.167 mg/kg to 0.377 mg/kg for batches 1 and 2, famh 0.205 mg/kg to 7.50 mg/kg for
batches<3 through 16. The average phosphine leagfound to be 0.996 mg/kg for batches 3
through 16 assayed 3 to 10 days after treatmetiteotliet. These values include residues of
the Phostoxin pellets.Survival was comparable betweontrol and test groups. Percent
survival at 106 week of study, and mean survivaks, were as follows: control males, 60 %,
98.6 week; test males, 53.3 %, 92.5 week; contmolaes, 53.3 %, 89 week; and test females,
50 %, 95.3 week.
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The general appearance and behaviour of the tssiveae comparable to that of the controls
throughout the 24 months test period. As the sprdgeeded, and in particular during the-last
quarter, an increasing number of control and teshals developed signs usually found in
rats of this age: coarse fur, weight loss, signsawsious infections, diarrhoea, disequilibrium
and tumours. Mean body weights and weight rangdsf@d consumption were comparable
in the first year of study between control and tesel male and female rats. During the
second year, a slight trend toward higher body teggnd food consumption were observed
among the test females as compared to the controlaleés. Body weights and food
consumption were similar between male test level @ntrol animals in the, second year of
study. All blood chemical values, with the exceptaf a high serum urea .concentration in the
control males at 24 months, were within normal eanighe haematologicdeterminations were
within normal range for the control and test grqugosd parallel trends were observed in both
groups. Urine analyses revealed no meaningful reiffees between control and test
groups.There were no meaningful differences inrgaights in control and treated animals
that could be attributed to treatment. Rats whiell during the test and those sacrificed at 24
months exhibited comparable gross and microscopgianges, and distinct changes
attributable to the experimental regimen were nogseoved.” The incidence of neoplasms
between control and treated animals was not saamifly. different and was considered to
represent the spontaneous tumour rate.

Conclusions:

Under the conditions of this study, there werem@atinent related changes suggestive of a
toxic or carcinogenic effect seen in rats exposg®fyears to diet fumigated with phosphine
generated by incorporation of Phostoxin.-pelletaur@hium phosphide and ammonium
carbamate) at 48 g/metric ton (weeks 1lo— 16) andy/@fetric ton (weeks 17 onwards).
However, the test design was insufficient.and thdyswas considered to be not acceptable.

Report: Telle, A.-M. et al (1985): Nutritional and toxicgial effects of
long term ingestion of phosphine fumigated dieth®yrat. Fd.
Chem. Toxic., Vol 23, No. 11, pp. 1001 — 1009, 19B5X2002-

831)
Guidelines: Not stated
Deviations: The test design is insufficient. Only one treateslig was used. The

feedused for treatment was stated to have comt&impb phosphine
(but without analytical proof). By using standaaheersion factors,
this would correspond to a dose level of only al#b0025 - 0.005
mg/kg bw/d, which is far below the lowest doseha inhalation
study. Furthermore, presentation and discussioasuiits (especially
of pathomorphology) is insufficient.

GLP: Not stated

Acceptability: The study is considered to be not acceptable.
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Materials and methods:

Phosphine released from aluminium phosphide, batwhnot stated; purity: not stated.
Dietary toxicity study carried out over a period2fears on 120 weanling Sprague-Dawley
rats (60 male and 60 females). The control group r{tales and 30 females) received a
standard laboratory diet and the treated groupnfales and 30 females) received the same
diet previously fumigated with phosphine (2000 pipnthe sealed containers with-bulk diet).
The resulting average residual level of phosphingiét was stated to be 5 ppb.-Observations
and examinations: mortality, general appearancenetr, body weights, food consumption,
haematology, clinical chemistry, urinalysis, orge@ights, macroscopic and-histopathological
examinations; Sacrifice after one year, 19 male 2ldemale control animals and 20 male
and 19 female test animals, and all surviving dfter years of treatment,

Findings:

No relevant differences on general condition artthle®ur of animals were observed.

No significant difference persisted in body weiglatsd the body weight gain was very similar
in rats of control and treated groups. The laboyaiovestigation showed no difference of

biological significance between control and treagedups., Interim sacrifice after one year:

Relative organ weights did not show significantfefiénces between control and treated
groups with the exception of increased thymus wisigh females. Terminal sacrifice after

two years: Relative thymus weight of treated fenaalinals was increased and lung weight of
treated females was decreased. The presentatiosigsousgsion of results of pathomorphology
in the submitted paper is inconsistent and inadegua

Conclusion:

The authors of this study stated no substanceerklaffects. However, test design and
presentation and discussion of the results ardfiagunt. Therefore, the study is considered to
be not acceptable.

B.6.5.3 Carcinogenicity study —amouse

A carcinogenicity study with magnesium or aluminipimosphide in the mouse has not been
conducted. Based on lack of exposure and the absdrgenotoxic concern waiving of a long
term/carcinogenicity study.in a second speciesseas as justified.

B.6.6 Reproductive toxicity (Annex Il1A 5.6)

An acceptable two generation reproduction study wats submitted. However, long-term
exposure is negligible and there is a very steege desponse curve of metal phosphide /
phosphine toxicity from which it can be expectedttmaternal toxicity would dominate over
reproductive effects. Therefore, a waiving concegs accepted. A 2-generation oral study in
rats with-fumigated diet (fumigation with phosphineas published. No effects have been
observed, however, the study was considered toobaateptable. The effects of phosphine
gas on pregnancy/embryo-foetal development werduateal in a developmental toxicity
study in the rat (summary see Table B.6.6-1). Tmeat was by inhalation with phosphine, the
gas produced by aluminium phosphide. Phosphinerasimied by whole body inhalation to
pregnant females rats at target exposure levete 6 ppm for 6 hrs/day over the day 6 - 15
of gestation interval was not maternally toxic, eyatoxic, foetotoxic or teratogenic.
However at the 7.5 ppm exposure, the first 14 migethles on test died during the day 8 - 15
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gestation interval after receiving three to 10 daly®xposure. Therefore, the No Observed
Effect Level (NOEL) for the maternal and developtaémoxicity for this study in rat was'5
ppm. The analytical concentration of this targetedwas 4.9 ppm, equivalent to 0.007-mg/L
air or 1.9 mg/kg bw/day.

Table B.6.6-1: Summary of maternal and developmentdbxicity

Study and dose levels NO(A)EL LOEL Reference
(mg/kg/day)
Rat 2-generation study with| No effects in result of No effects in result of Cabrol, 1986
fumigated diet fumigation. Concentration of ag fumigation. Concentration of | (TOX2005-
in diet not measured. The study as in diet not measured. 189)
is not acceptable
Rat developmental toxicity | Maternal toxicity: Maternal toxicity: Schroeder,
0,0.03,0.3,3.0,5.0and 7.5 1989
ppm (by inhalation) NOEL: 5 ppm LOEL: 7.5 ppm (TOX2001-
Based on-mortality 687)
Developmental toxicity: Developmental toxicity:
NOEL: 5 ppm *) LOEL:.> 5 ppm
Equivalent to 0.007 mg/L air or| Up.to 5 ppm no developmental
1.9 mg/kg bw/day tox: was observed, dose grou}
7'5 ppm was early terminated

*) = The analytical concentration was 4.9 ppm.

B.6.6.1 Reproduction study in the rat with-phosphine fumigded diet

Report: Cabrol, A.-M. et al-(1986): Reproduction in théwath phosphine
fumigated diet, published in: Microbiol. Alimentsubdition, Vol. 4,
pp. 241-246, 1986 (TOX2005-189)

Guidelines: Not stated

Deviations: No guideline study. The concentration of the tesissance in the
diet was not measured.

GLP: No

Acceptability: The study is considered to be not acceptable.

Material and methods:

Phosphine, concentration during fumigation of d2&0 ppm; animals: Sprague-Dawley rats,
number of rats: 104female, 4 male, age: 1 to 7 hwiigenerationsoF F, and F). Body
weight at start of treatment (generatiop): females: 106 + 8 g; males: 106 + 8 g
acclimatisation; “seven days under laboratory canwst after veterinary examination.
Conditions: air‘conditioned with adequate freshsapply, temperature 23 + 1 °C, relative
humidity 50+ 10 % and 12 hours light and 12 halagkness, solid diet: 12 % water, 20 %
protein, 545 % glucoside, 4 % cellulose, 5.5 % arais. Observations and examinations:
fertility index, viability index, nutritionnal inde and biological or clinical values in plasma
and urine; statistics: students’ t test.

Findings:

No substance related effects have been observetk\o, the design of the study was
insufficient. Therefore, the study is considerethéanot acceptable. Results are summarised in
Table B.6.6-2, Table B.6.6-3, and

Table B.6.6-4, respectively.
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Table B.6.6-2: Parameters of reproduction in two geerations of rats (n = 10) fed by
fumigated diet (results obtained are in percentage)
FoF1 FoF1 FiF FiF»
Control Treated Control Treated
Fertility index 70 90 100 100
Gravidity index 100 100 100 100
Viability index 67 +13.1 71+14.4 83+10.3 75+11.4
Nutritional index 100+0 95+4.7 80 +13.5 89 +8.9

Table B.6.6-3:

Haematological analyses evaluated iwo generations of rats fed by

fumigated diet (age of rats: 2 months, n = 6)

Generation F; Generation F,
Male Female Male Female
Control |Treated |Control |Treated [Control |Treated |Control |Tr eated
Number of 79+24 | 85+45% 79+ |73+ 7.0+ 6.8¢ 6.7 + 6.6 +
erythrocytes 15 4.6 0.5 0.2 0.4 0.4
x 10P/mm3
Number of 15.8 13.2 16.1 13.6 9.6 + 7.8+ 9.1+ 6.5+
leucocytes +1.1 +0.9 +1.8 +2.2 0.7 15 1.0 0.7
x 10%/mm3
Table B.6.6-4: Urine analyses in two generations oéts fed by fumigated diet (age of
rats = 2 months, observation time = 24 hours, n 96
Generation F Generation F,
Male Female Male Female
Control |Treated |Control {Treated |Control |Treated |Control |Tr eated
Na’ 53+4.6 | 49+94 36+5] 44+1/6 37+6.3 55+6.9 £BL1|34+75
mg/ 24 h
K* 123 126 87 127 105 149 98 88
mg/24h |+21.8 +17.2 |¥116 |+183 |+24.0 |x144 |77 +15.4
Phosphoru|31+4.1 | 20+3.2-°21+3.6 15+1/)8 24+42 27+45 +227|18+2.9
s total
mg/ 24 h
Urea 06+0.1 | 0.4% |04+ 0.5+ 0.8+ 1.0+ 0.8+ 0.7 +
g/24h 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Creatinin |14.9 15.6 9.8 11.5 18.9 18.8 13.7 13.2
mg/24h |£1.0 +2.1 +1.1 +0.4 +4.2 +1.0 +0.9 +2.6
Diuresis |15+0.8 | 13+1.6 15+2% 14+15 15+10 18+1.8 +1B1|17+2.6
mL/ 24 h
pH 6.8+0.2 | 71+ |75+ 7.1+ 7.0+ 8.1+ 75+ 8.0+
0.3 0.5 0.2 0.3 0.2 0.2 0.3
Conclusions:

Under the conditions of work, in animals fed by fgaied diet, no effects of the active
substance has been observed. However, the desilge study was insufficient. Therefore,

the study is considered to be not acceptable.
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B.6.6.2 Teratogenicity by the inhalation route — rat

Report: R. E. Schroeder (1989): An Inhalation Developmemntaicity
Study of Phosphine (PHin Rats, Bio/dynamics Inc., East Millstone,
USA, unpublished report no. 89-3413, 05.12.89 (TOX2687)
Guidelines: United States Environmental Protection Agency eelsi
Assessment Guideline (Subdivision F: Hazard EvalnaHuman
and Domestic Animals; Office of Pesticide Progrars&ction 83-3
Teratogenicity Study (November 1984).

Deviations: No
GLP: Yes
Acceptability: The study is considered to be acceptable.

Materials and methods:

Test material: Phosphine, batch numbers N-429438)3¥7, N-299593, N-411001, gaseous,
1 % phosphine/nitrogen.

Phosphine was administered by whole-body inhalatibm the breathing zone as vapour to
mated CD rats (24 mated females/group) from day46 of gestation. Target exposure levels
were 0.03, 0.3, 3.0, 5.0 and 7.5 ppm. In this sdham-air, chamber-exposed control group
was included.

Study animals were observed twice daily for mangatiorbidity and for obvious
pharmacologic and/or toxicologic effects and .eaeimdle was given a detailed physical
examination on days 0, 6 — 15 and 20 of gestaiemales were weighed on days 0, 6, 10, 12,
16 and 20 of gestation and food consumption data wexorded for days 0 — 6, 6 — 10, 10 —
16 and 16 — 20 of gestation. All surviving femalesre sacrificed on day 20 of gestation and
given a gross postmortem evaluation. The uteresaoh female was removed, weighed intact
and evaluated for the number of fetuses and reaearpites. The ovaries were also dissected
free and the number of corpora lutea recorded.seéstuecovered at this time were evaluated
for external malformations/variations, sexed andhived.

Subsequently, one-half of the fetuses in eachr littere processed for visceral evaluation
(microdissection procedure) and the remaining &duwere processed for staining of the
ossified structures with Alizarin Red S and evaddafor skeletal malformations and/or
ossification variations.

Findings:

The overall mean analytical concentrations werseckn target and nominal values were 0.0,
0.034, 0.33, 2.8, 49 and 7.0 ppm. Temperaturesraladive humidity values within the
chambers during exposure intervals were considacegptable. There was no significant
gradient of test material concentration within thembers as evident from pre-test chamber
distribution evaluations.

Only at the 7.5 ppm exposure level an adverse teffieceatment was evident from maternal
mortality. No mortality occurred in the control gm or in groups treated at the 0.03 ppm,
0.30 ppnt, 3.00 ppm or 5.00 ppm exposure levelsfekiales in these groups (groups I-V)
survived to scheduled sacrifice. In group VI (7@ the first 14 females on test died during
the exposure period (days 8 - 15 of gestation) #fiiee to 10 days of exposures. Due to this
martality, the 7.5 ppm exposure group was termohately.

No adverse effect of treatment was evident fromdistailed physical evaluation of females in
the control or treated groups. Even at the 7.5 ppposure level which was terminated due to
increased mortality, no adverse effect of treatmeas evident from physical observation
data.



- 160 -

Calcium phosphide — Annex B.6: Toxicology and metibol 12 June 2007

No adverse effect of treatment up to an exposuvel lef 5.0 ppm was evident from
bodyweight, bodyweight change data and food consompata.

No adverse effect of treatment to an exposure lef’/&.0 ppm was evident from the gross
postmortem examination data. Reddening of the lamgsliver was observed in some of the
group VI (7.5 ppm) animals that died during thedgtbut these findings were not censidered
unusual in animals, which die and are not exsamgechprior to postmortem examination.

Pregnancy rates for groups 0-0.03-0.3-3.0-5.0 pgmeWw1.7 %, 87.5 %, 100.0-%, 95.8 % and
95.8 %, respectively, therefore no adverse effetieatment up to the 5.0 ppm exposure level
was evident from pregnancy rates (see Table B.6.&\5otal of seven-females in these
groups were not pregnant.

The mean number of corpora lutea, uterine implariagites and viable-foetuses per pregnant
female and the mean pre-implantation loss indiceseweomparable-between the control and
treated groups 0.03 - 5.0 ppm.

The mean numbers of resorption sites per pregeamale, the mean resorption/implant ratio
and the incidence of females with resorptions ambeg uterine implants was comparable
between the control and treated groups 0.3-5.0 ppnthe dow exposure group (group I,
0.03 ppm) the mean number of resorption sitesiriban resorption/implantation ratio and the
incidence of females with resorptions were highemt.control and these differences were
statistically significant. These same data forltve dose group were also outside the range of
recent historical control data for this laboratofje increase in resorption data for this low-
exposure group (group IlI) was not attributable fioirecrease in resorption data for a single
litter. In the absence of a similar response ahigher exposure levels (0.3 ppm, 3.0 ppm and
5.0 ppm) this change was not considered to-bentierdtrelated.

Thus, to an exposure level of 5.0 ppm, no advdfsetef treatment was evident from uterine
implantation data.

No adverse effect of treatment was evident frontaioeeight, sex distribution or external
variation in morphology.

The dissimilar malformations seen-among the tregtedps occurred at low incidence and
their occurrence in this study was'not consideneicative of a treatment related effect.

No adverse effect of treatment at up to 5.0 ppm esdent from visceral and skeletal
evaluations of fetuses.

Table B.6.6-5: Summary of reproduction data from aninhalation developmental

toxicity study of phosphine in rats

Dose groups

0 ppm 0.03 ppm 0.3 ppm 3.0 ppm 5.0 ppm
Females mated 24 24 24 24 24
Pregnant (%) 22 (91.7) 21 (87.5) 24 (100) 23 (95.8) B8
Corpora Lutea 16.0£2.0 16.3+£1.9 16.0 £ 2.(J 15952 16.1+£2.3
Implantationsites 15.4+2.0 15.7+1.8 14.7+24 0162.8 15.4+2.3
Mean preimplantation loss 0.039 0.036 0.079 0.059 0.039
Mean litter size 14.9 14.1 14.0 14.2 14.7
Resorptions (mean) 12 (0.5) 33 (1.6)** 17 (0.7) 20)0.9 | 17 (0.7)
Mean resorptions/implants 0.036 0.098* 0.045 0.056 0.051
Litter with resorptions (%) 8 (36.4) 16 (76.2)* 9 (87. 14 (60.9) 10 (43.5)
Foetal weight (g) 3.24+0.4 3.18+0.25 3.26+0.17 283 0.23 | 3.22+0.20

*=p < 0.05 (Fisher exact test)
**=p < 0.01 (Fisher exact test)
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Conclusions:

Phosphine administered by whole body inhalatiorpitegnant females Cbrats at targét
exposure levels of 0.03 ppm, 0.3 ppm, 3.0 ppm a@g@pm for 6 hrs/day over the day 6°- 15
of gestation interval was not maternally toxic, eyatboxic, foetotoxic or teratogenic.-At the
7.5 ppm exposure level, the first 14 mated femaledest died during the day 87- 15 of
gestation interval after receiving three to 10 dafyexposure. Therefore, this dose group was
terminated early. The NOEL for maternal toxicitydadevelopmental toxicity in rat was 5
ppm (the analytical concentration of this nominagel was 4.9 ppm).

B.6.6.3 Teratogenicity study — rabbit

A teratogenicity study in rabbits was not submitt@tle justification-for non-submission is
based on negligible long-term exposure and thgsdese response curve of metal phosphide
toxicity from which it can be expected that matérmaxicity would dominate over
reproductive effects. Phosphine was not embryojofdetotoxic or teratogenic in the rat
study. A waiving is considered to be acceptable.

B.6.7 Delayed neurotoxicity (Annex I1A 5.7)

The neurotoxicity of phosphine has been assesseatdnn an acute and a 90-day inhalation
study (see Table B.6.7-1).

In the acute neurotoxicity study, rats were expase@, 20, 30 and 40 ppm phosphine gas
(nominal conc.) administered via whole body inhalatexposure for one session of four
hours duration. The No Observable Adverse EffesteLéNOAEL) of phosphine in rats was
40 ppm (analytical conc. 38 ppm) with regard totamac pathology and the behavioural and
neurological status observed in the functional plzdenal battery, and less than 20 ppm with
regard to changes in motor activity on day 1.

In the subchronic neurotoxicity study, rats wer@ased to phosphine gas via whole body
exposure at levels of 0.3, 1 and;3 ppm, 6 hourslagr5 days per week, for 13 weeks. Due to
equivocal effects seen in high dose males, andatle of effects seen in females the No
Observed Adverse Effect Level (NOAEL) of phosphinesystemic/neurotoxic effects in rats
exposed over a 90-day period is 3 ppm, the highest tested in this study.
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Table B.6.7-1: Overview of neurotoxicity studies ophosphine

Method/ Species, Dose levels Value Reference
Guideline Strain, NOAEL

Sex,

No/group
Rat acute Rats, Phosphine Motor activity: | Schaefer, 1998
neurotoxicity Sprague 0, 20, 30, 40 ppm NOAEL <21 |(TOX2000-97)
Whole body Dawley (nominal conc.) ppm
inhalation, 4 h | albino (analytical conc.: 0, |FOB and
US EPA Series | 11M+11F 21.2, 27.6, and 38.4 | histopathology
81, 82, 83, 82-4 ppm) NOAEL = 38

ppm

Rat repeat-dose | Rats, Phosphine Neurotoxic/ Schaefer, 1998
neurotoxicity Charles River 0, 0.3, 1, 3 ppm systemic (TOX2006-176)
whole body Crl:CD BR NOAEL 3 ppm
inhalation, VAF/Plus
6h/day, 5d/week,| 16M+16F,
13 weeks recovery
EU 2004/73/EC, | 6M+6F
B.43 (2004)

B.6.7.1 Acute neurotoxicity — rat

Report: Schaefer, G.J. (1996): Acute neurotoxicity studyaits, 750-002,
1996 Phosphine task farce, MPI Research, Mattaiad9071,
USA, 31 July 1998 (TOX2000-97)

Report: Schaefer, G.J. et al.“(1998): Acute and subchriohiglation
neurotoxicity of phosphine in the rat, Inhalatiooxicol. 10, pp.
293-320, 1998 (TOX2002-190)

Deviations: Food consumption was not measured. Batch not mesdtio
GLP: Yes
Acceptability: The study:is considered to be acceptable.

Material and Methods:

Groups of 11 male and 11 female albino Sprague-®aalbino rats (Crl: CD BR VAF/Plus,
provided by Charles River Laboratories, Michigard&8B, USA) were exposed to 0, 20, 30
and 40 ppm phosphine gas administered to rats ki@eabody inhalation exposure for one
session of four hours duration. Another group ofmdles and 11 females served as the
negative controkand was exposed to clean air.

One percent phosphine gas in nitrogen (99 %) wasedi with the chamber ventilation air to
produce the desired exposure atmosphere. The nbagneentration (ppm) was determined
by multiplying the total volume (litres) of test tedal delivered to the chamber by the
concentration of the test material (10.000 ppm pho®) and dividing by the total volume of
air passed through the exposure chamber. The anamfutést material used during the
exposure was calculated by multiplying the testemalt flow rate by the duration of exposure.
Actual chamber concentrations were determined fioues each hour by delivering chamber
atmosphere samples to a gas chromatograph (GQjopesi beside the chamber for analysis.
The animals underwent a detailed clinical examamatince each week and were observed
twice daily for mortality, morbidity and injury dimg the 14 day post-exposure period.

Body weights were recorded just prior to the expesund at 7 and 14 days post-exposure.
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Functional observational batteries (FOB) consistiof quantitative and qualitative
neurobehavioral parameters (observations in theehoage, during handling and in :the
openfield, and sensimotor evaluations) were perdgrnon each animal pre-test, at the
estimated time of peak effect within 8 hours pogiesure and at 7 and 14 days post-
exposure. Motor activity parameters were assessedach animal on a comparable’regimen
using a Digiscah Activity Monitor for three consecutive 10-minutetérvals (30 minutes
total).

Following the in-life neurotoxicity evaluation, sibats per sex per group were randomly
selected for neuropathology evaluation; a thoropgst mortem examination was conducted
on the remaining animals. Absolute organ weighisfall animals were recorded along with
post mortem body weights and appropriate weighbsgtelative to body and brain weights)
were calculated.

Chamber airflow, temperature, and humidity were nooed continuously throughout the
exposure and recorded at 30-minute intervals. Kygen content of the chamber atmosphere
was measured once during the exposure.

The main exposure parameters were as follows, abke B.6.7-2.

Table B.6.7-2: Main exposure parameters

Exposure period 4 hours

Exposure chamber volume 16.000 L

Chamber air flow 3500 L/minute

Mean chamber temperature 23 -24°C

Mean relative humidity range 47 =62 %

Target concentration 0, 20, 30 and 40 ppm

Nominal concentration 0;,20, 30 and 40 ppm

Mean analysed concentration 0, 21, 28 and 38 ppm
Findings:

All animals survived to study termination. No siggant clinical signs were noted during the
study, although a single 40 ppm group animal ditilek emaciation. No remarkable changes
in the body weights of animals were noted durirg study with the exception of the animal
exhibiting emaciation. Although some statisticgnsiicance was noted in body weights, it
was not considered article related and all theratin@mals appeared to gain weight normally
during the study.

No significant instances of behavioural toxicity reenoted in the functional observational
battery examinations. The differences observed weresidered random and therefore not
dose related.

The motor activity evaluations exhibited a consisigattern characterised by a reduction in
all four activity"parameters in both sexes on ddprithe 20, 30 and 40 ppm groups when
compared with animals in the O ppm group (see T&&7-3). These decreases where
particularly“evident during the 10 and 20 minuteeivals. Reduction in activity parameters
was alse’observed during the 30 minute intervat, thase changes were not significant.
While these changes appear to be test articleedel#ttey no longer occurred at 7 and 14 days
after-dosing.
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Table B.6.7-3: Summary of motor activity of rats onday 1 after exposure to
phosphine (group mean values for 10-minute interval)

Time Males Females

interval 0 ppm 20 ppm| 30 ppm| 40 ppm 0 ppm 20 ppm 30 ppm 40 ppm
(minutes)

Horizontal activity (count)

0-10 3188 751 901" 518" 4217 1217 2191 694"
10 - 20 1073 240 123" 22" 1552 220 391 161
20 - 30 621 66 115 58 259 119 91 80
Vertical activity (count)

0-10 1019 412 256 343" 850 497 406 247"
10 - 20 484 74 14" 26 351 121 45 31
20 - 30 209 29 8 38 51 37 1 23
Total distance (cm)

0-10 2066 417 586 309" 2906 573 1434 410
10 - 20 679 66 36 4 945 71 144 32
20 - 30 406 21 25 23 96 32 6 24
Stereotypic time (sec)

0-10 104 43 33" 26 126 65 75 31"
10 - 20 34 171 6 1" 65 12 21 g

20 - 30 24 2 7 2 17 7 6 5

" Significantly different from the control group:<p0.05
" Significantly different from the control group:sp0.01

There were no definitive macroscopic test artieated effects or test article related organ
weight changes observed. Observations noted weargdmyed to be incidental or unrelated to
test article administration. Similarly, no testiag related findings were observed in the
neuropathology segment.

Conclusion:

NOAEL (No Observable Adverse Effect Level): 38 pfmith regard to anatomic pathology
and the behavioural and neurological status obdarvéhe functional observational battery)
and < 20 ppm (with regard to changes in motor dgton day 1).

B.6.7.2 Delayed neurotoxicity following acute exposure — hme

The chemical structures of zinc phosphide/phosphenge no relationship with compounds
known to induce delayed neurotoxicity, e.g. orgdragphorus compounds that can cause
neuropathy target esterase inhibition. Consequamtlguch study has been conducted.

B.6.7.3 28-day delayed neurotoxicity — hen

The chemical structures of zinc phosphide/phosphee no relationship with compounds
known to, induce delayed neurotoxicity, e.g. orgdragphorus compounds that can cause
neuropathy target esterase inhibition. Consequamtlguch study has been conducted.
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B.6.7.4 Subchronic 90-day neurotoxicity — rat

Report: Schaefer, G.J. (1998, TOX): A 90-day inhalationro&xicity study
of phosphine in rats, 750-003, 1996 Phosphineftaske, MPI
Research, Mattawan, MI 49071, USA, 31 July 1998X2006-176)

Guidelines: EU 2004/73/EC, B.43 (2004)

Deviations: Food consumption was not measured.
GLP: Yes

Acceptability: The study is considered to be acceptable.

Materials and Methods:

Hydrogen phosphide, phosphine, #bit/batch no.: 1A017105, 1A4424, 1A9257, 1A9299,
1A016812, 1C1098, 1C1882, and 1A020359; purity: pr¥sphine electronic grade, 99 %
nitrogen electronic grade.

Three groups (groups 2, 3 and 4) each consistiig ofiale and 16 female Charles River"CD
albino rats were exposed to phosphine administaeed gas via whole body exposure at
levels of 0.3, 1 and 3 ppm, 6 hours per day, 5 paysveek, for 13 weeks. Another group of
16 males and 16 females served as the negativeotand was exposed to clean air (group
1). Additional 6 males and 6 females were assidgoegtoups 1 and 4 and were used for a 2
week recovery group. In each group, 11 animals ger were designated as behaviour
animals, and 6 of these were designated for nethological examinations. All animals not
assigned to neuropathology constituted the toxglitgse of the study. One percent phosphine
gas in nitrogen (99 %) was diluted with the chamipamtilation air to produce the desired
exposure atmosphere.

The nominal concentration (ppm) was determined hytiplying the total volume of test
article delivered to the chamber by the, concemnabf the test article. This product was
divided by the total volume of air passing throulgh exposure chamber to give the nominal
concentration. The amount of test article used ndurihe exposure was calculated by
multiplying the test article flowrate by the dumati of exposure. Actual chamber
concentrations were determined each hour duringtheur exposure by delivering chamber
atmosphere samples to a gas chromatograph (GC).

All animals were observed for mortality, morbidiyd injury twice daily, 7 days a week
throughout the study. The rats were observed tdky for signs of toxicity at the times of
the mortality/morbidity checks. Detailed clinicakaeninations were conducted once each
week. Individual body weights were obtained pre-tesl weekly throughout the study.

After at least 65 days of exposure (and a 2-weekwvery period for the recovery group
animals), various haematologic, serum biochemigahalysis, necropsy and histopathologic
evaluations were -conducted on samples collected fr@ 11 males and 11 females from each
group not designated for neuropathology. An oplntiogicopic examination was conducted on
each rat once during the pre-test period and diysarmination (week 13).

Functional -observational batteries (FOB) consistiof§ quantitative and qualitative
neurobehavioural parameters (observations in theehoage, during handling and in the
openfield; and sensorimotor evaluations) were peréal in all groups at pre-test, and during
weeks-4, 8 and 13 of exposure, as well as aftemwaek recovery period for the recovery
group animals. Following all other FOB measuremeimdividual animal body weight and
body temperatures (measured rectally) were recordiéotor activity parameters were
assessed for each animal on a regimen comparabledtdéollowing the FOB regimen. Each
animal was monitored in a Digis¢aActivity Monitor for 3 consecutive, 10-minute imials
(30 minutes total time).
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Following the in-life neurotoxicity evaluation, @iaals/sex/group were randomly selected
for neuropathology evaluation from the 11 animaisigroup designated as behaviour test
animals. Animals in the recovery study were alseppred for neuropathology evaluations; a
thorough postmortem examination was conducted emeimaining animals.

For main exposure parameters see Table B.6.7-4.

Table B.6.7-4: Main exposure parameters

Exposure period 6 hours/day

Exposure chamber volume 16.000 L

Chamber air flow 3500 L/minute

Mean chamber temperature 225+x1.7°C

Relative humidity range 55.8 £ 9.8 %

Target concentration 0, 0.3, 1 and 3 ppm

Nominal concentration 0, 0.25, 0.97 and 3.02 ppm

Actual concentration 0, 0.30, 1.01 and 2.99-ppm
Findings:

The nominal concentrations were 0.25, 0.97 and B2 of phosphine respectively, while
the analytically determined actual concentratioesend.30, 1.01, and 2.99 ppm.

Three animals died during the course of the stédgnale of dose group 0.25 ppm died on
study day 101 and a female of group 3 ppm diedwdysday 89, but the cause of death could
not be determined. In addition, a male of groupp&pdied on study day 102 after blood
collection.

There were no significant clinical findings ebsahduring the study period

Body weights were slightly higher in high dose (esaR.4 %, females 1.2 %) after 13 weeks
of treatment and became equal or less;than theotdrtdy weights after the 2 week recovery
period.

There were no treatment related findings in thentaelogical and serum biochemical or
urinalysis parameters evaluated.

Palpebral closure was dose related increased iesmahd reached statistic significance in
high dose males at week 4. Body temperatures wae delated decreased in males and
reached statistical significance at week 13. Howete overall evaluation of the functional
observational battery assessment was that theat@iste did not produce consistent or
enduring effect in the behavioural or neurologatatus of the animals.

The horizontal and vertical motor activities wergngficantly lower in high dose males at
week 13, and were consistently, but not significemwer at other time intervals. Motor
activity measurenients in females were compromisgdhigh variations and significant
decreases in the‘high dose group at the pretesvatt

There were no‘treatment related findings at negropsit neurohistopathological examination
of collected tissues.

There were’'no definitive test article-related orgasight changes observed.

Conclusion:

Dueto equivocal effects seen in high dose males,tlae lack of effects seen in females the
No-Observed Adverse Effect Level (NOAEL) of phosghfor systemic/neurotoxic effects in
rats exposed over a 90-day period is 3 ppm, theelsigdose tested in this study.
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B.6.7.5 Postnatal developmental neurotoxicity — rat

No evidence of a neurotoxic potential was seenha rat acute and subchronic (90=day)
toxicity studies. Therefore, it is considered uressary to conduct a postnatal developmental
toxicity study.

B.6.8 Further toxicological studies (Annex IIA 5.8)

It was demonstrated that phosphine or other phdspterived reaction products induced
Heinz body formation in relatively low concentraitso(1.25 ppm) in normal human
erythrocytes. The time course for the inductioflefnz bodies is relatively slow (4 h). The
formation of Heinz bodies by phosphine is oxygepeat@ent, consistent with earlier work
regarding the insecticidal properties of the chami€inally, thesen vitro data lead to the
speculation that prolonged vivo exposure to phosphine in congentrations exceedm@EL
might have an adverse effect on haemoglobin inepigde segments of the worker
population exposed to the chemical.

The results of another study show that after aqgdisoning of rats by phosphine the
respiration of the isolated liver mitochondria isnthished. The oxidation of-ketoglutarat
turned out to the most sensitive. The oxidative spiharylation, however, remains on a
normal level. In general, the disturbance equalst thf phosphine action on isolated
mitochondriain vitro. Similar effects has been-observed on the isolatadosomes of
heartmuscle of poisoned animals on an early stht@toxication. But in the sarcosome
respiration and phosphorylation is uncoupled at shene time. Since the respiration of
neurospora crassa is also decreased by phosphséitassume that this agent acts by this
mechanism on living cells in general. The same kihdisturbance can be demonstrated in
the mitochondria after chronic administration okée which are far below the toxic ones of
phosphine and by which animals do not show any sigdamage. There is a small but
considerable fall of CoA in the liver-of acute pmed animals.

Report: Potter, W.T. et al. (1991): Phosphine-mediated Hbéiody
formation and hemoglobin oxidation in human erytiytes,
published in: Toxicology Letters, 57, pp. 37-459194TOX2000-

113)
Guidelines: No guideline study
Deviations: Not applicable
GLP: No
Acceptability: The study is considered to be supplementary.

Material and ‘methods:

Phosphine‘generated from magnesium phosphide gjedtetck phosphine solutions were
prepared-by adding 1.0 mL of 70 % ethanol to 4002tmg of magnesium phosphide in gas-
tight vials (total volume of 15 cc). Hepariniseddd was obtained from healthy donors by
venipuncture and used within 2 days. For in vigssessments of red-cell Heinz body
formation, 1.0 mL of whole blood was mixed with i of Hanks™ balanced salt medium
supplemented with 25.0 mM Hepes buffer (pH 7.13irrtight-Teflon-sealed vials with a total
volume of 25 cc. Phosphine dose response curvespegeformed on individual blood
samples with injections of either the stock phosphathanol solution (0-100 pL) or head
space gas. Treated and control samples were iredibaB7 °C for time periods up to 24 h.
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Red cells suspension was then mixed and stainddeiorz bodies with a freshly prepared,
filtered 0.5 % methyl violet. Cytospin slides wemepared after 5 min and the number of cells
containing Heinz bodies were counted from 10 fiefi$00 cells each. Erythrocytes were
prepared for electron microscopy by fixation in @/% 3.0 % glutaraldehyde in White's
buffered saline (pH 6.8) for 30 min at 4 °C. Théscerere sedimented by low-speed
centrifugation and refixed in 3.0 % glutaraldehya&Vhite's saline for 1 h at 4 °C.<Cells
were then post-fixed with 1.0 % osmium tetroxid®, % ferrocyanide for 1 h at 4.°C. The
cells were dehydrated through an ascending sefrethanol (50, 70, 90, 100 %) for 15 min at
each step and embedded in Spurr (EM Sciences).sBEaiions (60 nm) were-collected on
copper grids and stained with uranyl acetate aad ditrate. Sections were-examined in a
Philips 300 electron microscope at an acceleratotiage of 80 kV. Haemoglobin was
obtained from human packed red cells previouslyheds3 times in isotonic saline prior to
hypotonic lysis using a 5-fold excess of pure waieB0 min at 20 °C. Incompletely lysed
cells and membrane stromal material were removexkbirifugation. The resultant Hb
solution was dialysed for 24 h against 100 mM KX&,mM NaPQ@ buffer (pH 7.2) with 3
changes of buffer. Formation of the deoxygenatethdvonyl derivatives was accomplished
by blowing purified nitrogen or CO over gently stid haemoglobin solutions. Gas exchange
was monitored using a Cary 119 UV/visible spectodpimeter thermostatted at 20 °C. The
identification and monitoring of haemoglobin reaati products was made
spectrophotometrically using previously publishpddral extinction coefficients of Antonini
and Brunori. Phosphine reactions on oxygenatedydemated and carbonyl haemoglobin
derivatives were performed by direct injection ifier phosphine/70 % ethanol stock
solutions or the head space gas directly intoailimibber septum-sealed 1-cm path- length
cuvettes. Oxidation kinetics were monitored-byrteasuring of absorbance at time intervals.
Analytic apparatudn vitro assessment of red cell Heinz body formation wasitoed by
means electron microscopy (Philips 300:electrorr@smope) to explore the mechanisms of
phosphine intoxication. The identification and nioring of haemoglobin reaction products
was made spectrophotometrically (Cary 119 UV/vistypectrophotometer) using previously
published spectral extinction coefficients of E.témni and M. Brunori (Hemoglobin and
Myoglobin in their Reactions with’Ligands, Fronsiaf Biology, Vol. 21, North- Holland
Publishing Co., New. York, 1971).

Findings:

Phosphine-induced Heinz'bodies in human erythrecyiiee exposure of human erythrocytes
to phosphine results in.a dose-dependent develdpohéteinz bodies. Phosphine
concentrations greater'than 1.25 ppm were reqimresbservable Heinz bodies. The extent
of Heinz body formation after 4 h of phosphine esqoe was only slightly less (~ 5 %) than
that observed following a 24-h exposure; howeVer,development at exposure times of less
than 4 h was more variable. In general, Heinz Isodiere not observed following only 1 h of
incubation at:the 2.0 ppm levels or lower. The majof the erythrocytes contained more
than one Heinz body per cell at phosphine conceotraf 3 ppm or greater. The lesions were
similar in appearance the those formed with mughér concentrations of phenylhydrazine.
The average size and shape was highly variablgestigg multiple nucleation sites. Most
Heinz bodies exhibited an irregular contour and ynaat not all, were associated with slight
protrusions or invaginations of the cell membraktethe 3 ppm levels of phosphine exposure,
some haemolysis was observed (up to ~ 20 %). Rtetent of the erythrocytes by flushing
with carbon monoxide for 20 min eliminated the fation of Heinz bodies. Under these
conditions residual dioxygen is present, but at levels. Phosphine-induced haemoglobin
oxidation and degradation The publication contéiopngres with typical spectroscopic changes
induced in oxyhaemoglobin by addition of 0.1 uM gbloine. Over the initial 8 h of the
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reaction time course the spectra indicate a slawesion of Hb@to metHb (isosebestic
points at 590 and 524 nm). The pseudo-first-order constant obtained indicates that the
initial reaction occurs without a lag phase. Atipproximately this first third of the total
reaction course, absorbances at longer wavelengttease, isosebestic points shift and
multiple unresolved spectral species are indicaddorbances at wavelengths up te“700 nm
increase with the accompanied protein precipitatmation. The final spectrum is not
indicative of pure metHb state but most closelyrappnates that of haemichrome. The
oxygen dependence of the phosphine-mediated ddgmadd Hb was investigated using
HbCO and deoxyHb. Both HbCO and deoxyHb showedwaeace of metHb formation even
with prolonged exposure to 0.4 uM phosphine.

Conclusions:

The present work demonstrates for the first tina ghosphine or other phosphide derived
reaction products induced Heinz body formationeiiatively low concentrations (1.25 ppm)
in normal human erythrocytes. The time courseHerihduction of Heinz bodies is relatively
slow (4 h). The formation of Heinz bodies by phasphs oxygen-dependent, consistent with
earlier work regarding the insecticidal propertéshe chemical. Finally, these vitro data
lead to the speculation that prolonged in vivo exyre to phosphine in concentrations
exceeding the PEL might have an adverse effeckembglobin in susceptible segments of
the worker population exposed to the chemical.

Report: Neubert, D. and Hoffmeister, I. (1960): Verandemmgn interme-
diaren Stoffwechsel nach der Einwirkung von Phospheserstoff,
Naunyn-Schmiedeberg’s Arch. exp. Path. u. Phar@ag, pp. 219-
233, 1960 (TOX96-52055)

Guidelines: No guideline study

Deviations: Not applicable

GLP: No

Acceptability: The study is'considered to be supplementary.

Material and methods:

Phosphine, in predetermined dosages, generatdteiglass cages by reaction of crystallic
phoshonium iodide with 0:1 N solution of potassibyaroxide. Animals: Wistar-rats, female
(staff E 3). Acclimatisation: The rats were givéarglard food and water ad libitum up to the
beginning of the tests,”"Dosage of phosphine: 04L&4 mg/L. Housing: 121 L cages of glass,
good sealed, air conditioned with adequate freslsugply. Test with microorganisms: The
microbiological studies were performed witleurospora crassa wildtyp 7a.

After acute poisoning by phosphiirevivo andin vitro investigation of the respiration and the
oxidative phosphorylation in the respiration chdests with liver cells (liver-mitochondria);
tests with isolated sarcosomes of heartmuscle vagtismicroorganisms ofype Neurospora
crassa. After chronic poisoning investigation of the r@apon and the oxidative
phospharylation in the respiration chain. Aftergmriing determination of the concentration of
CoA in‘the liver and the activity of ferments agigtating agents.

Findings:
Results are summarised in Table B.6.8-1, Table8B26Gand Table B.6.8-3:
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Table B.6.8-1: Acute poisoning by phosphine. Calculimn of concentration x time
product (c « t) (mg/L x min) from the mid-point of range of survival
times.

Concentration Lethal time cet
of t (min) (mg/L ¢ min)
phosphine
¢ (mg/L)
4.64 19 87
3.16 - -
2.15 31 67
1.47 39 57
1.00 54 54
0.681 70 48
0.464 110 51
0.316 158 50
0.215 220 47
0.147 - -
0.100 490 49
Table B.6.8-2:  Toxicity of phosphine by multiple-doages
Concentration | Lethal time acute| Number of Chronic poisoning
(mg/L) (min) animals Day'1 Day 2 Died
(min) (min)
0.68 65-75 8 46 25 8
1.47 35-50 10 25 25 8

Table B.6.8-3: Influence on respiration and the oxidtive phosphorylation in the
respiration chain by phosphine. Tests with liver ciés (liver- mito-
chondria) in_vivo. Phosphine dosage: 0.68 mg/L. Test time: 40 - 45
min, Substrate: a-ketoglutarat. The animal no. 8 was in a lethargic
stage.

Test Animal nog Q02 HAO pMP P/O
Check-up 1 152 4.0 11.9 3.0
2 195 6.4 21.4 3.3
3 240 4.4 12.9 2.9
4 171 6.3 17.2 2.7
5 263 5.0 15.6 3.1
6 207 7.3 21.7 3.0
Phosphine 7 51 1.3 3.4 2.6
dosage 8 26 1.0 0 0
9 70 1.8 4.9 2.7
Conclusion:

After acute poisoning of rats by phosphine theiraipn of the isolated liver mitochondria is
diminished. The oxidation af-ketoglutarat turned out to the most sensitive. dRiglative
phosphorylation, however, remains on a normal leSwhilar effects have been observed on
isolated mitochondrian vitro and on the isolated sarcosomes of heartmuscle isbmped
animals on an early state of intoxication. Buthia sarcosome respiration and phosphorylation
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is uncoupled at the same time. Since the respiratidleurospora crassa is also decreased by
phosphine it is to assume that this agent acthibyriechanism on living cells in general. The
same kind of disturbance can be demonstrated in rth®chondria after chrenic
administration of doses which are far below thea@xes of phosphine and by which.animals
do not show any sign of damage. There is a smalttsiderable fall of CoA in the‘liver of
acute poisoned animals.

B.6.9 Medical data and information (Annex IIA 5.9)

Among the examined persons, occupied in the pramucif Polytanol (Calcium phosphide),
no health impairement was detected over a perio8 t§ 16 years..The case reports are
considered to be representative of the numerousrdecof poisening cases, mainly in
connection with suicide, which are available frdre titerature. Diagnosis is mainly based on
the history of intake, gastrointestinal symptom&ock symptoms and silver nitrate
impregnated paper test. Main symptoms are sevecela&iory, cardiac, and renal failure,
uraemia, hepatic damage, changes in ECG, and asmpirdistress connected with a high
mortality rate. Histopathological changes have hyaieen observed in lungs, liver, heart and
kidney. Since an antidote is not available, thenaghigs on-treatment of the clinical symptoms
and administration of high doses of corticoids.

B.6.9.1 Report on medical surveillance on manufacturing plat personnel

Report: Konerding , J.(2004):-Arbeitsmedizinische Besclging; Chemi-
sche Fabrik Wiilfel GmbH & Co. KG, Hannover, Germany
unpublished report, April 05, 2004 (TOX2004-882)
and
Kohler, U., Arbeitsmedizinische Vorsorgeuntersudemdes
Betriebspersonals- Direkte Beobachtungen; Chemisabek
Wiilfel GmbH & Co. KG, Hannover, Germany, unpublidhreport,
March 15, 2004 (TOX2005-194)

Guidelines: No guideline study

Deviations: Not.applicable

GLP: No

Acceptability: The report is considered to be acceptable.

Material and metheds:

Statement on medical surveillance on manufactyplagt personnel by Dr. med. Konerding
(Occupational ;physician, Hannover, Germany): Allrkess involved with the production of
calcium phosphide are regularly monitored at irdbn\of 12 months by occupational medical
inspections-according to the requirements of thenf@a national regulations on hazardous
substances (Gefahrstoffverordnung). In additiothis, special comprehensive health check
ups are conducted in intervals of 36 months adegrtb recommendation no. 26 (relevant
where protective respiratory devices are used) hed professional trade association
(Berufsgenossenschatft). In the regular health tigpes, the following parameters are
assessed: differential blood count, blood glucosesatinine, liver status parameters,
haematocrit, urine sampling. Furthermore, technmatlical check ups are carried out like
hearing tests, vision tests, lung function testsgyinvestigations of the chest, and ECG and
tests on olfactory nerve.
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Findings:

Nine persons in total were examined from 1987 t6320rhe examinations are performed
annually. The examinations according to G25 (dgysteering and supervision abilitiesy and
according to G26.2 (medium respiratory protectifmi, mask) occur every three years. The
different time periods for the examined personstlaeeresult of the duration of the respective
occupational circumstances. Among the examinedopsrsoccupied in the production of
Polytanol (Calcium phosphide), no health impairenveas detected over a period of 3 to 16
years.

Conclusion:
Among the examined persons, occupied in the pramucif Polytanol (Calcium phosphide),
no health impairement was detected over a peri@itofl6 years.

Report: Garry, V.F. et al.(1989): Human Genotoxicity: Pest Applicators
and Phosphine, published in: Science; 246, pp.225%1-1989
(TOX2006-28) (TOX2000-114)

Guidelines: No guideline study

Deviations: Not applicable

GLP: No

Acceptability: The study is considered to be acceptable.

Material and methods:

Phosphine was generated from magnesium phosphitend&d culture and harvest
techniques were used. A mixture of RPMb1640 (G)b@® % fetal bovine serum (Hyclone
lot no. 1115583), and phytohemagglutin:(PHA) (Gib(@75 pg/mL) was routinely used as
the culture medium for all cytogenetic-studies. Baene lot of fetal bovine serum was used
throughout the study. Cells were “harvested after hd8irs of culture for nonbanded
chromosome analysis and stained with 2 % GiemsaéioRs (100 pL) of phosphine dissolved
in solvent were withdrawn through a Teflon facedtem and added to cell cultures. Within
one half hour of addition to culture, phosphine watracted from the culture with toluene
and processed for gas chromatography. The gas akwgraphic method used is a
modification of A. Vinsjansen and K. E. Thrane (Aysa 103, 1195 (1978)). Fumigant
workers who, 6 weeks to 3 month earlier, were eggo® phosphine, a common grain
fumigant, or to phosphine and other pesticidesdiguificantly increased stable chromosome
rearrangements, primarily translocations in G bdnlyenphocytes. Less stable aberrations
including chromatid’ deletions and gaps were sigaiftly increased only during the
application season, but not at this later time pduring fumigant application, measured
exposure to phosphine exceeds accepted natiomadlasts. This refers in particular to
severalin vitro cytogenicity tests with inhalation exposure to gptune, and to a gene
mutation test (HPRT mutation assay in mice spledls)cinvolving exposure of the test of
fumigant workers over a period of 6 weeks to 3 mdht0.26, 1.4 and 4.5 ppm of phosphine.
To index and characterise phosphine exposure, maréveathing zone measurements were
made-on members of the study group who alloweddtisess to fumigant application. Among
workers involved in enclosed space applicationifgbén), exposures ranged from 0.4 to 5.8
mg/m3 (n=10) with a mean of 2.97 mg/m3. Phospheiease from the phosphide occurred in
some instances in as little as 5 min. Among workarslved in open air application (rail car),
exposure ranged from 0.1 to 0.90 mg/m3 (n=4). Ay methods: Sister chromatid
exchange analysis was performed on 72 hour cultareshich bromodeoxyuridine (BrU)
(8ug/mL) was added at 24 hours. Cells were stanethe Hoechst + Giemsa method. All
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samples were coded and scored. Phosphine analgsisperformed according to National
Institute for Occupational Safety and Health (NIQSHethod S-332. Phosphine standards
were prepared from zinc phosphide (D. Hill, in Ariml Methods for Pesticide and Growth
Regulators, G. Zweig and J. Sherma, Eds., AcadPnaiss, New York, 1986, p. 145).

Findings:

Chromosome aberrations were compared among diffegplicator groups, grain workers,
and control subjects (see Table B.6.9-1). The filata each applicator, consisting of samples
studied two or more times during the fumigant aggilon season, were pooled and expressed
as the average rate per 100 cells for chromosomeadions. In each sample, 100 cells were
counted per exposed subject. Grain workers andralentvere similarly studied over the
fumigant application season. The combined datae&wh subject was; converted to a square
root scale to homogenise the intersubject variatithin groups. Satistical significance (t test
after significant F) was determined by analysis/afiance on the-converted scale. In these
analyses, exposure related trends, differences @mgooup means, and possible smoking
related influences were considered. Mean + SE ande for the untransformed data are
presented. Gaps are defined as achromatic regiths & chromatid less than the width of
the chromatid. Deletions in the nonbanded prepgaratare nonstaining regions in a chromatid
greater than the width of the chromatid. Breaks areiscontinuity in a chromatid or
chromosome that is misaligned. Rings, dicentricsdgiradial figures, and acentric fragments
result from exchanges within or between chromatissplicators as a group demonstrate
significantly increased aberrations compared tangveorkers or control subjects wit gaps
excluded in the computation. Applicators who usegpine alone compared to applicators
who used other pesticides and fumigants but nosgiiae and compared to control subjects
have significantly increased gaps and deletions.

Table B.6.9-1: Results of chromosome aberrations amg different applicator groups

Mitotic cells Gaps Deletions Breaks Rings, dicentrics, Total (excludes

counted quadriradial gaps)

figures, acentric
fragments

Phosphine alone (n = 9)

2400 5.92+1.00 2.52+0.53 1.64+0.28 0.46+0.28 4.62+0.74
2510123 0to4.7 0to3 Oto?2 15t08.5

Phosphine and other pesti¢ides (n = 11)

3600 2.86+0:54 1.45+0.48 1.67+0.34 0.5540.16 3.67+0.79
0to6 0to 4.7 Oto 4 Oto 1.5 1t09

Other pesticides and fumigants (n = 4)

800 1:25+0.52 1.62+1.01 1.25+0.32 0.88+0.24 3.75+0.83
0to2.5 0to4.5 0.5t02 0.5t015 15t05.5

State grain workers (n = 15)

1500 2.33+0.51 1.20+0.24 0.87+0.32 0.07+0.07 2.14+0.65
Oto 6 0to 6 Oto 4 Oto1l 0to9

Control (n'=24)

2400 3.3+0.51 0.54+0.20 0.71+0.21 0.1340.09 1.38+0.31
0to 8 0to 3 Oto 4 0to 2 0to 5
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Go-stage human lymphocytes in complete medium wepesed to phosphine for 20 min at

room temperature in gas-tight vials, aerated fa-balf hour, and cultured for 96 hours with

added PHA. The nonbanded chromosome aberrationdnetes for each phosphine dose are
the data from five se parate studies. At least h#btic cells per dose were counted. The
aberration rate per 100 cells is shown in Table®BZXshown. There is a significant (P < 0.01)
dose related increase for gaps, deletions, and #diarrations excluding gaps (linear

regression analysis).

Table B.6.9-2: Chromosome aberration frequencies ineted by different doses of
phosphine added in vitro.

Dose Mitotic cells Gaps Deletions Breaks Rings, Total

(Ma/L) Counted dicentrics, (excludes
acentric gaps)
fragments

Control 200 3.5 0.05 0.1 0 0.15

ND* 125 4.0 3.0 2.0 0 5.0

0.26 125 6.4 6.4 0.8 2.0 9.2

1.40 125 7.2 5.6 7.2 1.6 14.4

4.50 125 8.8 10.4 4.0 1.6 16.0

*ND, not detectable by gas chromatography

Report: Sorensen, K.J. (1996): The effect of phosphine kangoand age on
stable chromosome aberration frequencies in agu@liworkers.
Environ. Mol. Mutagen. 27, Suppl. 27, 64. (TOX202®%)

Guidelines: No guideline study

Deviations: Not applicable

GLP: No

Acceptability: The study is‘considered to be supplementary.

Material and methods:

Whole chromosome painting-probes were used tordéterwhether occupational exposure to
phosphine leads to detectable cytogenetic damaagricultural workers. Blood samples were
collected from 50 individuals (23 workers occupatilly exposed to phosphine and 27 non
exposed subjects) in:"Minnesota aged 18 — 62 inofudimokers and non-smokers.
Chromosome 1, 2 and 4 were painted simultaneounsiy1800 cell equivalents were analysed
from each donor to determine the frequency of stabkerrations and aneuploidy.

Findings:

No differences in the frequency of stable chromasa@ierrations or aneuploidy were found
in the phosphine exposed group or the smoking grauggnificant increase in the frequency
of stable aberrations with age was found.

Conclusion:
The lack of detail on the extent and nature of expe does not allow any precise allocation
of-potential effects of exposure to phosphine.
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Report: Garry, V.F. et al. (1992): Chromosome rearrangemsigntumigant
appliers: possible relationship to non-Hodgkin'si\phoma risk.
Cancer Epidemiology 1, 287-291. (TOX2006-30)

Guidelines: No guideline study

Deviations: Not applicable

GLP: No

Acceptability: The study is considered to be supplementary.

Material and methods:

Study investigating chromosomal aberrations in gssional fumigant applicators. The
following study groups were included: (1) 6 fumigaappliers using phosphine almost
exclusively during the application season (5 ofséhevorkers discontinued the use of
phosphine during the 2-year study period), (2) 1@kers who applied herbicides and
insecticides in their primary work and used phosetor occasional fumigation work, (3) 26
control subjects. Blood specimens were taken apmietely one year apart from each of the
18 appliers. One hundred G-banded metaphase cefts éach subject were analysed for
chromosome aberrations.

Findings

A significant increase in chromosome re-arrangement G-banded chromosomes from
peripheral blood was observed in appliers of pess (n = 18) who were exposed to the
fumigant phosphine or who had mixed exposure teroffesticides and phosphine when
compared to a control group. Appliers who-had disooied the use of phosphine for at least
8 month prior to specimen collection (n = 5) didt m@monstrate significant increases in
chromosome rearrangements (see Table B.6.9-3).

Table B.6.9-3: Chromosome breakage and re-arrangem&nin G-banded metaphase
cells (expressed as rate/100 metaphase cells)

Group No. of subjects No. of mitoses Breaks Rearrangemts

Phosphine 6 700 41+1.0 1.7+05

Ceased phosphine | 25 500 3.0+1.0 0.0

Mixed exposure 12 2205 3.5+0.6 1.4+04

Controls 26 2533 3.3+0.4 0.5+0.1

drepeat measurements performed in 2 of 5 subjecta@ith after cessation of phosphine use are chided in
the table The average frequency of breaks was Bdagerage frequency of rearrangements was 1.0tB61@0
metaphases examined-from each of these two subjects

Breakpoint analysis indicated four bands (1p13,3232932, 21g12) with a significant excess
of breaks in.the exposed group and no breaks indht&ol group. Most breaks at bands 1p13,
14932 and?21922 were associated with chromosomenggments and occurred in appliers
who have a mixed exposure to phosphine and otlsticjpes. Cytogenetic abnormalities, i.e.
rearrangements and/or deletions involving bands31@M13 and 14932 are associated with
non-Hodgkin’s lymphoma.

Conclusion:

The lack of detail on the extent and nature of expe (indoors or outdoors as well as the
combination with other pesticides) does not allmy precise allocation of the claimed effects
to the action of phosphine.
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Report: Amr, M. et al. (1993): Neurobehavioural changes agnoorkers in
some chemical industries in Egypt; Environ. Res.28%-300
(TOX2002-201)

Guidelines: No guideline study

Deviations: Not applicable

GLP: No

Acceptability: The study is considered to be supplementary.

Material and methods:

Test group (see Table B.6.9-4): 46 industrial woskeccupationally.-exposed to zinc
phosphide in Egypt; Control group: non-exposed exibj Recordingsowere made of: (1)
detailed history: personal, occupational, preset past medical histories, (2) neurological
and psychiatric assessment, (3) fundus examinafinlaboratory tests: EEG and in some
cases EMG (electromyography).

Table B.6.9-4: Study population exposed to zinc phphide
Parameters Zinc phosphide
Number 46

Age (years) 28-46

Mean 35.8

Duration of exposure (years) 5-21

Mean 11.3

Findings:

EEG tracings were abnormal in 17.4 %:-of subjecfsoeg&d to zinc phosphide, and in EMG
studies, partial denervation of anterior tibial dlecor digiti minimi muscles in 2/30 workers
exposed to zinc phosphide were noted. A high le¥ééar of poisoning was striking in zinc
phosphide exposed workers, speculated upon byuti®rs occupational exposure poses a
heavy psychological stress andcis associated wgghs sof anxiety. For further details on
neuropsychiatric symptoms related to zinc phospligmsure please refer to Table B.6.9-5:

Table B.6.9-5: Frequency distribution of neuropsychatric symptoms and signs
among-the studied population
Zinc phosphide n = 46) | Non-exposed (n = 300
Parameters frequr;ncyp(%) : frequenréy (%)( :
Headache 24.0 8.0
Impotence 15.0 3.0
Numbness and parasthesia 2.2 11.0
Anxiety and irritability 19.6 10.0
Symptoms | Muscle weakness and easily fatigued 9.0 3.0
Tremors 0.0 2.0
fear of poisoning 87.0 0.0
Other symptoms 9.0 6.0
Symptom free 13.0 80.0
sighs Abnormal reflexes 23.9 4.0
Hyposthesia (peripheral) 19.6 7.0
Mask faces 0.0 0.0
Muscle weakness and static tremors 6.5 2.0
Fundus changes 0.0 6.0
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Parameters Zinc phosphide n = 46) | Non-exposed (n = 300)
frequency (%) frequency (%)
Psychiatric changes 13.0 12.0
Constricted pupil 0.0 0.0
EEG change 17.4 1.0
Other 13.0 1.0
sign free 54.4 76.0
Conclusion:

In the opinion of the authors, exposure to zinc gpinde of industrial workers raises a

number of concerns over possible neuropsychiatyopsoms and other signs such as
headache, anxiety and irritability, abnormal refiexhyposthesia and-others. However, for
lack of job descriptions and process informatidican not be excluded that zinc phosphide is
not the only agent to which these workers were sggpwhich is why the interpretation of

this report should be with care.

Report: Amr, M. et al. (1997): Neuropsychiatric syndromes accupational
exposure to Zinc phosphide in Egypt; EnvironmeRiesearch 73,
200-206 (TOX2006-27)

Guidelines: No guideline study

Deviations: Not applicable

GLP: No

Acceptability: The study is considered:to be supplementary.

Material and methods:

Test group (see Table B.6.9-6): 86 -industrial woskeccupationally exposed to zinc
phosphide in Egypt; control group: non-exposed extb] recordings were made of: (1)
detailed history: personal, occupational, preset past medical histories, (2) neurological
and psychiatric assessment, (3) EEG recording isudfects, EMG studies were conducted in
30 members of the exposed group who had neuronarssyrnptoms or signs, (4) assessment
of clinical chemistry parameters for liver and kegnfunction (including GPT, GOT, LDH,
and urea), (5) determination,of serum levels of o, Fe, sodium, potassium, Ca, P, Mg,
total lipids, phospholipids;.total cholesterol,gtycerides and amino acids, (6) ECGs and
postereo-anterior view x-rays of the chest.

Table B.6.9-6: Study population exposed to zinc phphide
Parameters Zinc phosphide
Number 86

Age (years) 28-46

Mean 35.8

Duration of exposure (years) 5-21

Mean 11.3

Findings:

Serum zinc and calcium levels were significantlgreased while Cu, Fe, P and Mg levels
were significantly decreased in exposed workers paoed to the control group (Table
B.6.9-7). The electrophoretic pattern of globulowed that the gamma-globulin fraction was
significantly increased while, and - globulin levels were decreased (Table B.6.9-%)e T
lipoprotein pattern showed that total lipids, Belggotein and BY ratio were significantly
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increased in exposed workers andipoprotein was decreased (Table B.6.9-8). Trighabes
and cholesterol levels and several hepatorenatibtmparameters (i.e. glucose, urea, GPT,
GOT, AP, LDH,y-GT) were significantly increased in the exposeougr (Table B.6.9-10).
Phospholipids and phospholipids/cholesterol raterensignificantly decreased. A total of
68.6 % of the exposed workers had chest symptonig, 231.4 % presented with-chest or
cardiac signs. Respiratory functions were abnormaf0 % of the exposed workers and
abnormal ECG findings were present in 12.8 %.

Table B.6.9-7: Mean values of serum levels of zinod other elements
Zn Cu Fe Ca(mg o Mg (mg Na K
CroUP | (ug/dl) | (uoid) | (ugrdL) | %) P (M9 %) | ge) (MEg/L) | (mEg/L)
g}ogt;%') 13150 | 1138 | 126,70 | 8.85 5.05 2.25 1411 | 45
(Enxgogsg)d 2159 | 70.1 77.9 10.14 | 3.75 1,76 1427 | 466
pvalue | <0.005 | <0.005 | <0.005| <0.005] <0.005.>» <0.026 ns [ns
* ns: not significant
Table B.6.9-8: Mean values of serum lipids and theisubfractions
Parameter (mg %)
Total Tri- Phospho | Cholest- Phospholipid | Lipoprotein pattern
Group livids glyce- _lipids erol / cholesterol " B non Bla
b rides (%) mobile

g}ogt;%') 560 |1755 | 222.2 | 162 1.37 1925 3009 721 1.5
(Enxgogsze)d 628 |2232 | 19516 | 21313 | 092 160.2 367.3 104 2.34
pvalue | <0.001 <0.001 | <0.001] <0.001 <0.001 <0/000.081] <0.001 | <0.00L
Table B.6.9-9: Mean values'of serum proteins and elgophoretic pattern (g/100 mL)
Grou Total Albumin Globulins Albumin/

P proteins O o, B V% Total G | globulin ratio
Control

_ 6.93 3.74 0.35 0.78 0.93 1.13 3.19 1.16

(n =20)
(Enxg";;d 6.47 364 0.27 0.42 0.55 1.54 2.85 1.28
p value ns ns ns <0.001 <0.001 < 0.001 <0.01 ns
* ns: not significant
Table B.6.9-10: Hepatorenal function
Grou Glucose | Urea GPT GOT Alk. ph. |LDH y-GT T;oteins Globulin

Pl (mg/dL) |(mg/dL) |(u/mL) | (u/mL) | (KU/dL) |(umLl) |(UL) E’g ) |@dn)
Control | 77.1 28.3 19.8 21.2 5.13 179.3 24.7 7.36 2.7
Exposed| 103.9 33.27 31.22 26.54 9.21 605.5p  53.57 7.91 3.35
pvalue | <0.001 | <0.005] <0.001 <0.01] <0.001 <0.001 .08D | <0.001 | <0.01
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Conclusion:

In the opinion of the authors, exposure to zinc gpinde of industrial workers raises a

number of concerns over possible neuropsychiatyopsoms and other signs such as
headache, anxiety and irritability. In additiongyhconcluded that the results of the study
indicated that exposure to zinc phosphide causéd acute and sub-acute liver cell’”damage
and affected renal function and perhaps B-cellthefpancreas. However, (i) for dack of job

descriptions and process information, and (ii)l&mk of any exposure data related to zinc /
zinc phosphide, it can neither be excluded that pimosphide is the only chemical to which

these workers were exposed, nor can zinc quamgtgtbe identified as a-causative agent.
Thus, the reliability of the information given ihi$ publication should be-considered as very
limited.

Report: Tucker, J.D. et al. (2003): Multi-endpoint biologienonitoring of
phosphine workers; Mutation Research536, 7-14 (ZaD5-336)

Guidelines: No guideline study

Deviations: Not applicable

GLP: No

Acceptability: The study is considered to be supplementary.

Material and methods:

Test group: 22 industrial workers occupationallp@sed to phosphine divided into smokers
and non-smokers. Control groups: 26 non-exposeptaisbh(smokers and non-smokers); two
independent methods were used to evaluate expodyréuorescence in situ hybridisation

(FISH) with whole-chromosome paints of chromosorhe? and 4 labelled in a single colour
to quantify translocations in peripheral; lymphosyt€2) glycophorin A (GPA) assay to

quantify phenotypically mutant erythrocytes.

Findings:

No effect of phosphine applier status or cigarstteking on translocation frequencies was
observed (Table B.6.9-11) and‘no significant défere was observed among any of the three
sub groups of phosphine applicators (Table B.6)9-T2e results of multiple linear regression
analysis showed a significant increase in the feeqy of translocations with age, but there
are no effects of phosphine applier status or eitgsmoking.

Table B.6.9-11: Donor age, chromosome translocatioftequencies and GPA variant
frequencies in the study population by applier stais and cigarette

smoking
Control Phosphine appliers
non-smokers ever-smokers non-smokers| ever-smokgrs
Age (Mean +'SE) 36.0+2.4 419+27 37.0+2.1 433%
All translocations
No. of subjects evaluated 11 15 9 11

Mean-per 100 cell equivalents + SE| 0.370+0.054 D#60.064 | 0.275+0.028 | 0.390 + 0.038

GPA

No. of subjects evaluated 3 7 3 3

NN frequency per million cells + SE| 10.0+1.8 11.24 6.2+0.6 10.0+2.9

NO frequency per million cells £ SE[ 5.4 + 0.9 5511 20x0.4 46+15
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Table B.6.9-12: Donor age and chromosome translocati frequencies in the applier
sub-populations

Auto-dispensers Other uses No current use
Age (Mean + SE) 47.0+4.9 37.1+25 39.3+5.0
Total translocations
No. of subjects evaluated 5 8 7
Mean per 100 cell equivalents + SE|  0.491 + 0.136 D80.053 0.272 + 0:089
Conclusions

No differences in the frequency of translocationsravfound in the .phosphine appliers
compared to the controls, and no effect of cigarsthoking was observed. A significant
increase in the frequency of translocations witle ags seen in alb groups. No effect of
phosphine exposure of cigarette smoking was obddarvéhe GPA ‘assay. In the opinion of
the authors, the results of this study can be pnééed as supporting the effectiveness of the
personal protective equipment that is now wornHgyworkers_but which was not employed
prior to and during the earlier studies, which sadvan increase in chromosome aberrations
among phosphine appliers.

Further reports:

Barbosa and Bonin (1994, TOX97-50675)The -authors examined a small cohort of 31
fumigators who had worked with phosphine for;a mebhl.6 years (range between 1.5 and
32 years). Phosphine concentration in the breathamg of fumigators was recorded during
eight fumigations, with the highest level recordeing 2.4 ppm/hour, although more typical

concentrations were < 0.1 ppm/hour. These workeds24. controls matched by sex, age, and
smoking habit had haematological profiles, wholeiseand blood cholinesterase activities,
and several clinical biochemistry measures morgtofde results for micronuclei showed no

significant differences between fumigators and kst but detected a strong association
between age and increased frequency of micronudieasurement of urine mutagenicity did

not show any significant difference between funagatand controls, but did show increased
excretion of mutagens in smokers. No significarfecs were seen in any parameter
monitored, including genotoxic endpoints. At morgith occupational exposures of < 2.4

ppm/h the results revealed no association betwdémspghine exposure and genotoxic or
toxicological effects in fumigators.

Guth (2003, TOX2004-2205) In this study all workers involved in the prodoct of
aluminium phosphide containing products were ratjulaonitored by IAS at intervals of 12
months since 1988 and at intervals of 24 monthsesR000. In this health inspection the
following parameters are assessed: physical exaimmasight and hearing test if required,
urine examination (no further specification), diéietial blood count, transaminase and
cholinesterase activity and, in various cases, @aton of breathing equipment, driving,
steering,.and overseeing work, and mercury (conagon in blood?- no further description
given). It was concluded that the health examimaticonducted with the plant personnel
showed no negative health effects during the ingastn period of ten years.

Misra et al. (1988, TOX2006-182ktudied 22 fumigation workers in India. These veosk

placed aluminium phosphide pellets in grain pildsclv were then covered air-tight for a
period of 1 week. The mean age of the workers wayehars (range 24 — 60) and mean
duration of exposure 11.1 years (range 0.5 — 28)vearkplace concentrations of phosphine
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gas ranged from 0.17 to 2.11 ppm during the peoibthvestigation. After fumigation they
reported symptoms, which included cough (18.2 %$pdoea (31.8 %), tightness around;the
chest (27.3 %), headache (31.8 %), giddiness, nassband lethargy (13.6 % each), anorexia
and epigastric pain (18.2 % each). The abnormaskipal signs included bilateral diffuse
rhonchi and absent ankle reflex each occurring ne aorker. Motor nerve conduction
velocity of median and peroneal nerves, and sensmmguction velocity of median-and sural
nerves were normal.

Asher (2005, TOX2006-225)In the years of 1997, 2000 and 2002a, total ofatfory work-
ers in the manufacturing plant of aluminium phodghhave had regularkhealth check. Ac-
cording to the author, there was no relation of k&’ health status to exposure to metal
phosphide and phosphine gas.

Environmental Protection Agency (1999):In an Australian study of workers exposed to
phosphine, 31 phosphine fumigators and 21 contatlemployed at the New South Wales
Grain Corporation, were examined for micronucleugidence in peripheral blood
lymphocytes and their concentrated urine was asddes mutagenicity in TA100 and TA98
strains ofS. typhimurium. In addition, serum bile acids were measured. Jhigects, all
males, were matched for medication, X-ray exposgutiein the past year and smoking habits.
There was no indication how often the fumigatorseagxposed, or the most recent exposure
date or the length of the various fumigators emgdbyNo individual data were presented to
identify if certain individuals showed unusuallyghi micronuclei incidence or presence of
mutagens in the urine. Urine samples were condentra5-fold and the procedure of
Yamaski and Ames (1977) was used to test mutaggmicirA100 and TA98 in the presence
or absence of metabolic activation (S9). There m@sncrease in the mutagenicity of urine
from the fumigators (N-27) vs controls (N=-19) imst assay. Serum bile acids showed no
changes related to phosphine exposure. Cholestedosome liver enzymes (gamma-glutamyl
transferase were elevated in the exposed grouproNliclei formation was measured in
isolated peripheral blood Ilymphocytes cultured féd4 hours in the presence of
phytohemagglutinin to stimulate” mitosis, arresteédmeetaphase with cytochalasin-B and
harvested by cytocentrifugation”after 72 hours uttuce. The micronucleus incidence was
comparable among the fumigators and the contralggdoverall Ml for fumigators = 6.9 vs
7.1 for controls).

B.6.9.2 Report on clinical cases and poisoning incidents

Inquiries were made to several German institutidesling with intoxication incidents,
specifically addressing cases of Zinc phosphidegrong:

Brockstedt (1991, TOX2006-688) Inquiry with regard to the active substance zinc
phosphide - ‘Engl. transl. of German doc.: Anfragem Wirkstoff Zinkphosphid; Written
communications, Beratungsstelle fir Vergiftungseesaungen, Berlin, Germany.

Martens {1991, TOX2006-692)inquiry with regard to the pesticide active substa- Engl.
transl.cof German doc.: Anfrage zu Pflanzenschutehirkstoff Zinkphosphid, Giftinfor-
mationszentrum, Universitatsklinikum Virchow, BetliGermany.

Kowaleswski; Smend (1991, TOX2006-25)Inquiry with regard to the pesticide active
substance - Engl. transl. of German doc.: AnfrageP#anzenschutzmittelwirkstoff Zink-
phosphid, Informationszentrale gegen Vergiftungenedrich-Wilhelms-Universitat Bonn,
Bonn, Germany.
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Gellner (1991, TOX2006-696)Inquiry with regard to the pesticide active substa- Engl.
transl. of German doc.: Anfrage zu Pflanzenschuteiiirkstoff Zinkphosphid, Medizini-
sche Klinik, Wilhelms-Universitat Munster, Mlnst&ermany.

Moll (1991, TOX2006-697):Inquiry with regard to the pesticide active substa - -Engl.
transl. of German doc.: Anfrage zu Pflanzenschutehirkstoff Zinkphosphid,
Marienhospital, Papenburg, Germany.

The response to inquiries on poisoning incidentslining zinc phosphide can be summarised
as follows (Table B.6.9-13):

Table B.6.9-13: Request on zinc phosphide poisonimgses

Reference Institute/Hospital No. of all Zinc phosphide related incidents
incidents
5.9.2/01 Bezirksamt Charlottenburg voim 1990: total reported cases: 74

Brockstedt (1991) Berlin, Beratungsstelle fiir 49.591 reported attempted suicide: 13
(TOX2006-688) | Vergiftungserscheinungen undncidents (total) | accidents involving children: 61
Embryonaltoxikologie

5.9.2/02 Freie Universitat Berlin, Uni- | 1975-1991: total reported cases: 40
Martens, F. versitatsklinikum Rudolf Vir- | a total of 40 adults: 37

(1991) chow, Reanimationszentrum/| zinc phosphide | children: 1
(TOX2006-692) | Giftinformationszentrum related cases | household pets: 2
5.9.2/03 Informationszentrale gegen |1986-1991: a |total reported cases: 11

Kowaleswski, S.; | Vergiftungen, Rhein. Friedr.- | total of 11 zinc | human exposures: 9
Smend, J. (1991)| Wilhelms-Universitdt Bonn | phosphide caseshousehold pets: 2

(TOX2006-25) reported

5.9.2/04 Westfalische Wilhelms- 1990-1991 no incidents with plant protection
Gellner, R. (1991) Universitat Minster, Medizinit products containing with zinc phosphifle
(TOX2006-696) | sche Klinik u. Poliklinik were reported

5.9.2/05 Marienhospital, Padiatrische | 1990-1991 Only one case of planned (not

Moll H. (1991) | Abteilung performed) suicide with zinc phosphide
(TOX2006-697) reported

Further reports:

The literature concerning;‘phosphine exposure in dnsnconsists of studies in worker
populations exposed by inhalation and reports ghhilose exposure by the oral route.
Phosphine is usually ingested as a metal phospeide aluminum phosphide). The acidic
environment of the.stomach catalyses the hydrolggigshe metal phosphide releasing
phosphine gagSiwach et al., 1988, TOX2006-191)There is a wide range of symptoms
resulting from this’ exposure, including nausea amiting, restlessness, metabolic acidosis,
hypotension, shock, sweating, tachycardia, oliguaahypnea, and dyspné@hugh et al.,
1989, TOX2007-168; Gupta et al., 1995, TOX2006-188hosla et al. 1988, TOX2007-
170; Siwach et al., 1988, TOX2006191Yhere are some reports of cardiac dysfunction
(Gupta et al., 1995 TOX2006-188, Khosla et al., 188TOX2007-170)and adrenocortical
toxicity (Chugh et al., 1989, TOX2007-168)ngestion also involves a high mortality (25-70
%). Ingestion of one or more aluminum phosphideifaton tablets produces 1 gram of
phosphingChugh et al., 1991, TOX2005-305).

Ninety-two patients with aluminium phosphide poisgndue to ingestion were studied over a
period of 3 years. Abdominal pain, vomiting andlessness were the common initial features
followed by alteration in sensorium and shock upoesive to conventional treatment.
Electrocardiographic abnormalities were very comnaod highly variable. Routine serum
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biochemistry was usually unremarkable. Severe moétabacidosis was common and
mortality high (49 %). The survivors recover comelg without any residual organ damage
(Khosla et al., 1992, TOX2006-189).

Harger and Spolyar (1958, TOX2007-171); Wilson etla(1980, TOX2007-172):There
have been a few deaths attributed to high levelgladled phosphine gas. The.signs and
symptoms following exposures are very similar tosth observed following oral-exposure.
There are several descriptions of acute toxicitjfofang inhalation exposure to high
concentrations of phosphine in the literature. Hasve in many of these ccases toxicity
appeared to be reversibl@lass (1956, TOX2006-187)eported phosphine-poisoning of 11
members of a submarine crew. The men became dixkglaort of breath; developed visual
disturbances, and vomited; some complained of faiphs and chest tightness, and seven
required hospitalisation. Preliminary examinatioegealed weak and rapid pulses, dyspnoea,
and moist sounds at the base of the lungs. Onehadra drop in blood pressure to 100/50
that returned to normal by the next day. By daylB,men had recovered fully and were
returned to active duty.

Similar symptoms were reported in 29 of 31 crew tbers and 2 children aboard a freighter
which was loaded with phosphine-fumigated gr@iilson et al., 1980, TOX2007-172).
Exposure concentrations were not reported. Laboyréitadings revealed occult blood (n = 5),
bile (n = 3), and glucose (n = 1) in the urine.driyunction abnormalities were noted: serum
glutamic pyruvic transaminase (SGPT) (n = &)glutamyl transpeptidase (GGTP) (n = 1),
and lactate dehydrogenase (LDH) (n = 5) were irsg@aand cholinesterase was decreased in
one individual. Four of the crew and both childrequired hospitalisation. Two of the four
crew members had elevated creatinine phosphok{i@2k) values, one had tachycardia, and
two had decreased sensation to pinprick in"theirefoextremities. One child died and the
other child had tachycardia with ST segment depesand CPK elevation. All clinical and
laboratory findings on the survivors were-normaab days of hospitalisation.

Three federal grain inspectors were reported touaecome by phosphine gas after opening a
railcar containing phosphine-fumigated grdfreldstein et al., 1991, TOX2006-186)he
workers immediately closed the railcar and 1 haaterl reported symptoms at a local
emergency room. None required’ hospitalisation amel worker was asymptomatic 4 days
later. Another worker was still.symptomatic 4 d#ter; however, the clinical evaluation and
complete blood count were normal. Three weeks tagpatient still complained of shortness
of breath, while the other symptoms had resolvedlbimalised after one week and the patient
remained asymptomatic.“The third worker reportetsagfes of disorientation and daily
occipital headaches. However, EEG and neurologgaims were normal. The phosphine
level of the railcar was 2.029 ppm 20 minutes adtation.

The findings of inhalation studies described abiowicate that acute phosphine toxicity can
result from exposure to very high short-term expesuHowever, the effects are reversible
among survivors with clinical and laboratory finggreturning to normal in a few days.
Michael O’Malley of the California Department of $tieide Regulation has examined past
exposures to the rodenticide fumigant aluminiumgpinide. Between 1982 and 1992 a total
of 29.863“pesticide incidents occurred in Califaynl81 were associated with aluminium
phosphide or its phosphine by-product. There wasfatality involving an unemployed man
who stowed away in a rice filled railcar undergofagiigation, who was found dead several
days later when the train reached its destinatioanother case, a person fumigating silos at a
wheat milling operation without respiratory proteat passed out while driving home from
work. Cases associated with improper disposal spent residues accounted for 31 (15 %) of
the aluminium phosphide cases.
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Zipf et al. (1967, TOX2005-287):In this detailed case report of aluminium phosphid
poisoning a 25-year-old gardener’s labourer swalbw Phostoxin tablets (70 % aluminium
phosphide and approximately 30 % ammonium carbgnuissolved in water as suicide
attempt. The poison was inhaled as well sincedb&ts have been dissolved in water which
causes release of phosphine gas. In the hospitaxi@nsive gastric lavage with potassium
permanganate and magnesium sulphate was carried loaitfollowing findings were noted:
The patient had experienced severe pain behindstdr®um and in the epigastric region
accompanied by an unbearable feeling of heat amdirmu throughout the body after
swallowing the poison. Severe circulatory, cardiad renal failure and liver damage resulted.
Clearly apparent changes in ECG and EEG were folimel histological findings for liver and
kidneys corresponded to a great extent with thteted in the literature,.thus providing intra
vitam confirmation. One probable reason for the mawing survived.drinking a lethal dose
of Phostoxin is that he immediately vomited the angjortion of the poison. A further reason
is that, due to the characteristic carbide odde nature of the poisoning could be recognised
immediately and appropriate treatment commencedowit delay. The application of
extracorporal haemodialysis and medication with rtheand circulatory preparations
contributed decisively towards prevention of ad¢ttourse.

NIOSH Alert document (Anonymous, 1999, TOX2006-226) Californian authorities
reported typical cases of poisoning incidents Iatien with metal phosphide and phosphine
gas.

Burgess et al (1998, TOX2002-203)Fumigant related illness: Washington State’s fiear
experience, published in: J. Toxicol. Clin. Toxicd6, 465: A data base search was
performed in Washington state for pesticide. relate@sses, specifically directed at metal
phosphide fumigants such as Aluminium phosphidé,atao producing information on zinc
phosphide and other pesticide related incident® dimalysis of cases by nature, route of
exposure, and clinical outcome yielded the follayviBetween 1992 and 1996, a total of 2759
cases of possible pesticide-related illnesses vegrarted, of which 43 % (1186) were related
to fumigants. The most common fumigant to which asype was recorded was, among
others, aluminium phosphide with™ 12 incidents (Xses). For zinc phosphide, only 3
incidents (3 cases) were reported. Symptoms vasedumigant and included irritation
(mucous membrane and/or skin) and respiratory symptfor the majority of exposures, but
no fatalities occurred. Despite established reguiatand training of fumigant applicators,
exposures to fumigants continue to occur. Of paldicinterest are the relatively high number
of aluminium phosphide esxposures, and the sulstawimber of exposures due to reentry.
Hayes (1982, TOX96-52228)A 19-year-old woman in her B0week of pregnancy had
ingested (in a drunken state) an unknown amourdiraf phosphide in form of rodenticide
bait, subsequentlylost consciousness and was tgamden brought to the hospital.
Following gastric_lavage etc., complete recoverg wated after 3 days, and her later born
baby appeared.normal at birth and subsequent dewvelat.

Gosselin et al. (1984, TOX2002-199A review of the clinical symptoms encountered in
cases of paisoning is presented. To date (198®Wtah of 25 deaths in humans were known
from european literature. Whereas the ingestiof-6fg had produced death in human adults
(2 cases), even doses as high as 25 — 50 g hanesbedved by 2 victims. Earliest symptoms
involved nausea with vomiting, abdominal pain, tiggss in the chest, excitement, agitation
and chills. Sometimes rapid exodus occurred. Indlereesis was considered to produce more
effective removal of the powder than gastric lavagarly dyspnoea, shock, oliguria,
metabolic acidosis, hypocalcaemic tetany, convaksicoma were further symptoms. In fatal
cases, death occurred after 30 h. Survivors wermedjaed due to extensive liver damage.
Most patients were out of danger after 30 h.
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Rodenberg et al. (1989, TOX2002-20ase report: 36 year old male, ingestion of unknewn
amount of zinc phosphide, suicide intention, ingestof rodenticide zinc phosphide.
Symptoms: nausea, vomiting, dyspnoea, changes mamstatus; immediate death from
pulmonary oedema.

Sarma and Narula (1996, TOX2006-26):Case report: A 21-year-old woman was
hospitalised six hours after ingestion of Zinc pitode, when she appeared drowsy but her
vital signs were normal. Twelve hours after ingastishe was found to be stuporous, but
irritable, febrile (37.4°C), jaundiced and hypoters Signs of metabolicc-acidosis and
peripheral circulatory failure were present. Selvér@ematological and clinical chemistry
parameters were increased, and generalised iletls avtfluid levels and an oedematous
enlarged pancreas were observed. This acute pétisreeas successfully managed with
conservative treatment. The patient fully recovewétiin two month after discharge.

Halloran & Reich (1970, TOX2002-202)Case report: 37-year-old:man was exposed to zinc
phosphide and DDT over a period of 6 months whibekmg 5-days a week in the demolition
of a building which had previously been treatechvitese pesticides. Frequent exposure with
pesticide dust working without mask was encountefiedlly leading to symptoms such as
acneiform eruption, loose prune-juice like stoolaysea, daily vomiting, and after 6 months,
loss of eyesight, and bilateral optic atrophy.

The author of this report himself was unable ta famy reference linking the exposure to the
two compounds to any such effect. In view of thembmed exposure, this isolated case report
does not allow allocating this phenomenon to amgiig effect of zinc phosphide.

B.6.9.3 Clinical signs and symptoms of poisoning

Balali-Mood (1991, TOX2006-185);Childs and Coates (1971, TOX2006-170)tnitial
clinical manifestations of mild phosphine inhalationimic an upper respiratory tract
infection. Other symptoms may include nausea, viagiitdiarrhoea, headache, fatigue and
dizziness. In severe exposure, lung irritation wagrsistent coughing, ataxia, paraesthesia,
tremor, diplopia and jaundice may also occur. Veeyere cases may progress to acute
pulmonary oedema, cardiac_dysrhythmias, convulsianganosis and coma. Oliguria,
proteinuria and finally anuria-smay be induced. Detate ingestion of phosphides, especially
AID (Phostoxin), causes -nausea, vomiting, and somest diarrhoea, retrosternal and
abdominal pain, tightness'in the chest and cougliiegdache and dizziness. In severe cases,
gastrointestinal haemeorrhage, tachycardia, hypaensshock, cardiac arrhythmias,
hypothermia, metabolic acidosis, cyanosis, pulmppadema, convulsions, hyperthermia and
coma may occur. Clinical features of renal insugiicy and hepatic damage including
oliguria, and jaundice may develop later, if theiggg does not die. Death, which may be
sudden, usually‘occurs within four days but magéayed for one to two weeks. Postmortem
examinations have revealed focal myocardial iilon and necrosis, pulmonary oedema and
widespread. ‘small vessel injury. Chronic poisoningnt inhalation or ingestion of
phosphine/phosphides may cause toothache, swatlinthe jaw, necrosis of mandible,
weakness, weight loss, anaemia, and spontaneoctrés. The diagnosis of phosphine
poisoning is easy, but the clinical manifestatioigphosphine and the phosphides may be
similar to those of other toxic chemicals such @g@ic sulphide and calcium oxide. A silver
nitrate-impregnated paper test can be used foibtkath and gastric fluid of the patients
exposed to phosphine/phosphide: silver nitrate@rabsphine/phosphides react to form silver
phosphide which confirms the diagnosis. Other latwoy investigations such as cell blood
counts, haemoglobin, haematocrit, arterial bloosl gaalyses, renal and liver function tests
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and cardiopulmonary monitoring and investigatioBEG and chest X-ray) are essential for
the assessment of organ effects and the manageimambsphine/phosphide poisoning.
Chugh et al. (1991, TOX2005-305)A total of 418 patients with aluminium phosphide
poisoning admitted during January 1981 to Decendl®&7, were studied and analysed for
various parameters. Diagnosis of ALP poisoning based on the history of intake, presence
of gastrointestinal symptoms, shock (systolic BBO<kmm Hg), and confirmed by-a positive

bedside silver nitrate impregnated paper test.

The patients showed varied clinical features asvahia Table B.6.9-14.

Table B.6.9-14:  Clinical spectrum of aluminium phospide poisoning

No. Of %

patients
Gastrointestinal upset, nausea, epigastric burngighing, pain, etc. 381 91.2
Clear mentation with restlessness, anxiety at aglaris 381 91.2
Shock 376 90.0
Signs of sympathetic overactivity (sweating, tacrgia) 278 66.5
Oliguria 214 51.2
Tachypnoea, dyspnoea, crepts and rhonchi 192 45.8
Acute renal failure (raised urea and NPN and semaatinine etc.) 32 7.6
Hepato-biliary (tender hepatomegaly, raised SGOPBGaundice) 18 4.3
Bradycardia 14 3.3

All patients were treated similarly with dopamimgusion (starting dose 4 — 8 pg/kg/min),
intravenous glucose drip (2 — 3 L glucose salinir# 4 — 6 h), continuous £administration,
and systemic corticosteroids. Frequent electroogrdphic monitoring showed varied pattern
of ST-T changes, conduction and rhythm disturbafees Table B.6.9-15).

Table B.6.9-15:  Electrocardiographic changes
ECG abnormalities (160 patients) 38.2%
ST-T changes (elevation or depressian) in more Phigads 56
Varied sino-atrial conduction (sino-atrial blockjss pauses) 20
Atrial fibrillation or strial prematurg’beats 14
Bradycardia 14
Bundle branch block: LBBB 6
RBBB 4
Ventricular tachycardia 3
Paricarditis (elevation with ST-T upwards) 3

The mortality was high (77.2 %) and directly rethte the dose of poison consumed. The bad
prognostic indices and presence of complicationghén increased the mortality. The
mortality did -not have any relation with durationdatime interval between ingestion and
admission. Histopathological changes: lungs, leed heart showed oedma and congestion,
cellular hypoxia. In addition in liver, kidney aheart, areas of necrosis were observed.
Guale etal. (1994, TOX2002-205):

The verification of zinc phosphide poisoning is albu first based on the detection of
phosphine from stomach contents or vomitus. Fos fhirpose, Drager tubes causing a
colorimetric reaction in the presence of phosplare used, combined to 1000 mL squeeze
bottle and concentrated hydrochloric acid, bottithw-tube fitted with stopcocks (air-tight).
As a standard, zinc phosphide powder is used. & 8ample is weighed and placed in the
squeeze bottle (with closed valves), 2 mL of hyHlogc acid are added, followed by
immediate closure of the bottle and agitation. Télease of phosphine begins immediately,
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and after 30 min. The phosphine is distributedqnilédrium between the air space and the
aqueous phase. By opening the valve leading t®thger tube, and squeezing of bottle until
no air is left in the head space (with 10 conseeutepeats), phosphine can then be read from
the Drager tube. The detector tubes have 2 layers, light-blue pre-layer and a “white
indicating layer, that changes from white to gréylet colour upon reaction with phosphine.
In addition, by reading the length of discolouratia the tube against a calibrated-graduation,
phosphine can be quantified with a minimum detectiomit of 0.1 ppm. This method was
specifically developed for the detection of zinmgphide poisoning. Different species, with
and without addition of different amounts of hydntmric acid, were tested. It should be noted
that in ruminants, the rumen contents with a pHb.dfdid not release sufficient Bior the
detection without addition of extra acid. Hences #ddition of 2 mL of hydrochloric acid in
general seemed to be necessary to guarantee agléiaedtion of phosphine and detection by
the Dréager tubes. The method is highly specific sensitive, the paossibility of false negative
results being negligible.

Reigart and Roberts (1999, TOX2002-207):

Summary of data on the recognition and manageménZimc phosphide poisoning.
Symptoms: The inhalation of Zinc phosphide dust maucegpulmonary oedema. The emetic
effect of zinc released in the gut may provide asnee of protection, but will be alongside
the release and absorption of phosphine in theaggther with the zinc. Symptoms include
nausea, vomiting, excitement, chills, chest tighspedyspnoea, cough, and finally lung
oedema. Systemic toxicity is comparable to thatyelffow phosphorous: hepatic failure,
jaundice, haemorrhage, delirium, convulsions, c@inmn toxic encephalopathy), tetany from
hypocalcaemia, anuria from renal tubular damagentrieilar arrythmia from
cardiomyopathy, and shock are common:“causes ofh.désagnosis: Confirmation of
poisoning is usually by the foul odour of>vomitdaeces, or breath, the luminescence of
vomitus or faeces, and hyperphosphataemia and blgammmia occurring in some cases.
Treatment: Skin decontamination is by brushingavaging non-adherent phosphorous (Zinc
phosphide) from the skin. Wash skin burns with oapiamounts of water. Make sure all
particles have been removed. Supportive manageoigmbisonings by ZgP, is extremely
difficult, and needs to be supportive and symptaenahe control of airways and convulsions
must be established prior to’ considering gastreimal decontamination. Caution is
warranted since highly toxic phosphine gas mayw@lom emesis, lavage fluid, faeces of
victims, so ensure good ventilation of patient rgorttending persons should wear gloves
and avoid contact with the poison. Lavage with gsitam permanganate solution (1:5000) is
often used, but not recommended by these authack @f effectiveness). Catharsis is not
indicated, but there may be benefit in administgemmineral oil (100 mL for adults; 1.5 mL
children < 12 years), but do not give vegetabls oil fats. Transfusions may be required to
combat shock and acidosis, i.e. with transfusidnstmle blood and appropriate intravenous
fluids. Regular monitoring should involve blood alelytes, glucose, and pH to guide the
choice of intravenous solutions. Administrationl®0 % oxygen by mask or nasal tube may
also be indicated. For renal protection, urine miioy glucose, and sediment should be
monitored-to detect early renal injury. Initiatetraxcorporal haemodialysis in case of acute
renal failure, but avoid enhancement of phosphorexisretion. Monitor ECG to detect
myocardial impairment. Liver damage is controllad serum alkaline phosphatase, LDH,
ALTAST, prothrombin time, bilirubin to evaluatevér damage. Administer Vitamin jKif
prothrombin level declines. Pain management mayiregmorphine sulphate if necessary
(adult dose: 2-15 mg/ IM/IV/ISC Q 2-6 h; child do8et-0.2 mg/kg/dose Q 2-4 h).
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B.6.9.4 First aid measures

Concerning first aid measures and therapeutic regisee safety data sheet. The following
proposes have been submitted by applicants.

Balali-Mood (1991, TOX2006-185): First aid measures for cases of poisoning with
phosphine should comprise standard decontaminateasures and symptomatic treatment of
non-specific symptoms. No antidote is available fbosphine/phosphide peisoning. Early
recognition and management of the poisoning isntisée

Ingestion: In case of ingestion, after consideratbtracheal intubation, perform gastric
aspiration and lavage with cold water and prefgrabtium bicarbonate solution (2 %). Do
not give milk, fats or saline emetics. Adminisivatof repeated doses-of activated charcoal
through the gastric tube may be useful.

Inhalation: Remove the patient from exposure sitel, keep at rest.cIf the patient is
unconscious and breathing stops, immediately \&atdrtificially and if the heart stops,

begin cardiopulmonary resuscitation.

Monitor and support vital functions, particularlardiopulmonary, G.l., renal and hepatic
functions. Treat shock conventionally and correat@sis based on blood gas analyses.
Shadnia et al. (2005, TOX2006-192)fhere is no known antidote for aluminium phosphide
intoxication, but in one case it was shown thaidggevention of absorption by coconut oil
might be helpful. In the present case, the sam@obwas used in a 28 year old man who
had ingested a lethal amount (12 g) of aluminiurogpihide with suicidal intent and was
admitted to hospital approximately 6 hours posestmpn. The patient had signs and
symptoms of severe toxicity, and his clinical ceurscluded metabolic acidosis and liver
dysfunction. Treatment consisted of gastric lavagk potassium permanganate solution, oral
administration of charcoal and sorbitol suspensiotravenous administration of sodium
bicarbonate, magnesium sulphate and-calcium gltepaad oral administration of sodium
bicarbonate and coconut oil. Conservative and suippatherapy in the Intensive Care Unit
was also provided. The patient survived followiagid treatment and supportive care. It is
concluded that coconut oil hasza positive clinisgjnificance and can be added to the
treatment protocol of acute aluminium phosphide@aing in humans.

B.6.9.5 Therapeutic regimes

Gastric lavage, with tracheal intubation if apprafg Chopra et al. (1988, TOX2007-173);
Khosla et al. (1988,;TOX2007-170); Misra et al. (B8, TOX2006-182)applied potassium
permanganate for {gastric lavage. Coconut oil anidaed charcoal may limit absorption of
phosphine and may be administered by mouth or storhge (although activated charcoal
did not work:>in the patient reported b$tephenson, (1967, TOX9652073)Oral
administration of sodium bicarbonate and coconlbivais used successfully in a poisoning
case byShadnia et al. (2005, TOX2006-192Repeated doses of activated charcoal together
with sorbitol (to avoid constipation) may be usedinid has been used by the author but has
not been yet reported for phosphine/ phosphideopoig.

Monitor and support vital functions, particularlgrdiovascular, respiratory, hepatic and renal
functions. Treat shock conventionall@hopra et al., (1988, TOX2007-173; Khosla et al.,
1988, TOX2007-170 Dopamine and hydrocortisone succinate have bsed to overcome
the shock. Perform arterial blood gas analysis@ncect respiratory dysfunction by clearing
the airways, giving oxygen and perform artificiahgchanical) respiration if required.
Metabolic acidosis must also be treated by givindjem bicarbonate according to the results
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of arterial pH and blood gas analyses. Hepaticrandl failure should be treated as required,
with consultation with an experienced hepatologistl nephrologist. Calcium gluconate-has
been used as a membrane stabilising agent. It ffastiee in controlling excitement-and
convulsions in some patients. However, if convuisiacdo not respond to calcium, an
anticonvulsant drug such as diazepam should be réstetied intravenously. Mechanical
respiration may be required in severely poisoneitpis.

Weller (1982, TOX2005-306):Inhalation exposure: Move victims to fresh-airdase of
headache, dizziness, feeling of constriction, clfti breathing and/or nausea, consult a
physician. Emergency personnel should avoid sgibexre. Remove contaminated clothes.
Place victim on side if unconscious. Stay with mcand check his state of health even if he
feels “healthy”. Keep victim quiet, warm and contéddle. Victim should inhale a
dexamethason spray. Victim should always be accamagdo hospital or to physician.

Dermal exposure: Remove any rests by brushing; only then‘use watercleansing (in
addition to the above mentioned points). Eye canfemove rests of preparation with fluff-
free cloth; rinse with plenty of water and applg @yops only after no more powdery residues
are visible (in addition to the above mentionednfg)i Special aids required for First Aid
measures: Have methyl prednisolon (application bysgian) and a dexamethason spray
available.Suman and Savani (1999, TOX2006-227A-case report describes resuscitative
measures after accidental ingestion of aluminiumsphide tablet. Gastrointestinal upset and
shock were treated with two bolus injections of g&inlactate (20 mL/kg each) along with
oxygenation. Gastric wash was done with potassiarmpnganate solution. Activated char-
coal tablets were administered and left in the sidm Treatment with hydrocortisone and
ceftriaxone also started. One hour after treatragmiptoms like blood pressure, cyanosis and
respiratory distress improved.
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B.6.9.6 Expected effects and duration of poising as a funicin of the type, level and
duration of exposure or ingestion

Singh et al. (1985, TOX2007-177); Chopra et al. (88, TOX2007-173); Khosla et al.
(1988, TOX2007-170):The mortality of attempted suicide by acute phaspiphosphide
poisoning is 37 to 80 % in suicidal patients. Hoagyn occupational or accidental exposure
to phosphine, the mortality is much lower and deljgseon the severity of exposure, age and
other predisposing factors of the patients. Deatlich may be sudden, usually occurs within
four days but may be delayed for one to two wedisute metal phosphide poisoning,
particularly deliberate aluminum phosphide poisgnimay cause death within a few hours.
Deliberate ingestion of aluminum phosphide, is Ugumore severe than occupational
phosphine intoxication. However, the clinical séyeiof phosphine/phosphide poisoning
could be classified as follows. Mild exposure mayesent ~as slight respiratory,
gastrointestinal and neuropsychiatric disorderdh sag cough, shortness of breath, nausea,
vomiting, headache, fatigue and dizziness. Modeexjgosure may cause cardiovascular,
renal and hepatic dysfunction, as well as more reevespiratory, gastrointestinal and
neuropsychiatric involvement, e.g. tachycardia, dbgpsion, persistent coughing,
paraesthesia, tremor, diplopia, ataxia, intentimmmbor, retrosternal and abdominal pain,
shortness of breath, oliguria, jaundice and dia#a®evere exposure may progress to shock,
gastrointestinal haemorrhage, pulmonary oedemaliazamarrhythmias, metabolic acidosis,
cyanosis, convulsions and coma. Renal failure aret damage may also occur. Common
causes of death following phosphine/phosphide paigpare pulmonary oedema, cardiac
arrhythmias and myocardial injury. A secondary eanfsdeath may be renal failure.
Stephenson (1967, TOX96-52078)assified patients seriously poisoned by phospito 3
groups: (a) those who die within a few hours withnponary oedema (b) the majority of fatal
cases who die after about 30 hours, and.(c) thdsesarvive the first 3 days who may not be
in danger, despite extensive liver damage and aysdlinction.

Child and Oates (1971, TOX2006-1703ummarised the effects of phosphine on man as
follows: see Table B.6.9-16.

Table B.6.9-16: Effects of phosphine on man

Effect Concentration

mg/L ppm
Rapidly fatal 2.8 2000
Death after 0.5 — 1 hr.exposure 0.56 — 0.84 400 — 600
Dangerous to life after 0.5 — 1 hr 0.4-0.6 2906 43
Max. Exposure for 0.5 — 1 hr without serious effect | 0.14 — 0.26 100 - 190
Serious effects after several hours 0.01 7
Limit of perceptibility 0.002 — 0.004 1.4-28
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B.6.9.7 Expected effects and duration of poisoning as a fation of varying time
periods between exposure or ingestion and commencent of treatment

Stephenson (1967, TOX96-52073)eviewed the european cases by suggests that early
vomiting improves the prognosis. Two young womeralfywed similar quantities‘of zinc
phosphide in a suicide pact. One woman was indtee®mit by mechanical means shortly
after poisoning; she had only transient symptonusranovered completely. Her:friend would
not vomit and despite gastric lavage one hour gidésoning, she died within 24 hours. Early
recognition and treatment of phosphine/phosphidgoming is therefore of great importance.

Misra et al. (1988, TOX2005-307)Eight cases of phosphine poisoning following iniges

of aluminium phosphide tablets for suicidal attengpé described:. The clinical picture

consisted of gastritis, altered sensorium and pergd vascular failure in all cases, cardiac
arrhytmia (3), jaundice and renal failure (1 ea8wy. patients died, the mean hospital stay was
19 h (range 4 — 72).

Post-mortem examination was performed in two p&ienevealing pulmonary oedema,

gastrointestinal mucosal congestion, petechial loaehages on the surface of liver and
brain. Histopathological changes included pulmoneegma, desquamation of the lining

epithelium of the bronchioles; vascuolar degenematof hepatocytes, dilatation and

engorgement of hepatic central veins, sinusoidsaaeads showing nuclear fragmentation.

Table B.6.9-17 summarises the clinical picture o&l caluminium phosphide poisoning
patients.

Table B.6.9-17:  Clinical symptoms of oral aluminiumphosphide poisoning patients

Patient no. | Age/Sex | No. Of Clinical features Remarks
tablets
taken
1 14/F 1 Gastritis, breathing difficulty, PVF**| Disclgad, day 2
2* 31/M 2 Vomiting, coma, PVF** Died, 22 h
3 19/M 0.5 Gastritis, PVF** Discharged, day 5
4* 26/M 20 Vomiting, drowsy, PVF** Died, 5.5 h
5 25/M 4 Vomiting, drowsy Died, 2 h
6 25/M 2 Vomiting, unconscious Died, 2 h
7 24/F ? Vomiting, unconscious Died, 5.5 h
8 20/F 3 Vomiting, delirium, PVF**, renal Died, 72 h
failure, jaundice, ventricular
tachycardia

9. subjected to autopsy
** peripheral vascular failure
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B.6.10 Summary of mammalian toxicology and proposed ADI, ®EL,
ArfD and drinking water limit (Annex 11A 5.10)

B.6.10.1 Absorption, distribution, excretion and metabolism

Metal phosphides in contact with moisture (Gl traeiadily decompose to metal hydroxide
and phosphine, the toxicological principle. Duetih® decomposition by moisture other
phosphides are regarded as adequate model compounds

Studies concerning absorption, distribution, meliabo and excretion ‘of ingested zinc
phosphide and phosphine are available (Table B.B)1@nce formed from the metal
phosphide, phosphine is rapidly and completely eteck by exhalation or via urine after
oxidation to hypophosphite or phosphite. The phosphmetabolites hypophosphite or
phosphite are regarded as less toxic than phosjiseleé Due to the inorganic nature of the
metal phosphides and its degradation productsteidrespective-metabolites it is reasonable
to assume that residues of these phosphides agetegto be minimal or non-existent.
Following oral administration of zinc phosphidé?d] was rapidly absorbed from the
gastrointestinal tract. Inhaled Rk considered to be rapidly and quantitatively cabed
through the lungs3fP] was detectable in all organs and tissues, withporary higher levels
in liver and medulla oblongata. Ri$ excreted as such'with the expired air or, aftetabolic
oxidation, with the urine in the form of hypophog&prand phosphite.

In the absence of experimental data, for dermadgtion of both calcium phosphide and £H
a default value of 10 %, based on expert judgened,assumed.

Table B.6.10-1: Summary of toxicokinetic studies

Method/ | Route Species, Dose levels, |Results Reference
Guideline Strain, Duration of
Sex, exposure
No/group
No guide- | Oral Rats, number| Zinc phosphide| Mortalityt at high dose, Pidetect- | Curry, A.S. et al.
line; bw and sex-not 4o mg/kg bw able in liver (1959) (TOX2002-
Non-GLP stated (> LDsg) and 163)
lower dose (nof]
specified),
single applica-
tion
Rats, sex not | Zinc phosphide| Mortalityt, phosphide and PHietect-
stated, 6 ani- 10 mgrat, able in liver
mals single applica-
tion
Rats and No information | Urinary excretion: main product is
guinea pigs, ng given hypophosphite
further infor-
mation given
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Method/ | Route Species, Dose levels, |Results Reference
Guideline Strain, Duration of

Sex, exposure

No/group
No guideli- | Oral, sub- | Rattus norvegi{ Zinc phosphide}| Oral application: Andreev, S:B. et al.
ne, cutaneous, | cus Berk, [¥?P]-labelled | After 6-8 h,®?P was detectable in all | (1958) (TOX2002-
Non-GLP | per rectum| number, bw | 4q mglkg bw | ©rgans and tigsqes with temporary | 165)

and sex not higher levels in liver and medulla

stated oblongata.

Application per rectum:
After 24 h*P was detectable in large:
intestine, arterial blood, liver and
kidneys.

Subcutaneous injection:
After 24 h®?P was detectable-only
around the point of injection

Oral Zinc phosphide] The distribution of?P was similar to

32p. and®®zn- | that in the above experimefitzn was

labelled found in all organs..The ratio #Pto

Sublethal %7n was different in“different tissueg.

lethal, 2-, 3-

and 4-fold

lethal doses
No guide- | oral Human Unknown Residuespost mortem in stomach, | Chan, L.T.F. (1983)
line, Non- quantity of blood, liver (TOX98-50056)
GLP Phostoxin

tablets
Not appli- [ Inhalation Inhaled PHlis considered to be readf WHO (1988)
cable ily absorbed through the lungs, excrpfTOX2005-1201)

tion with urine as hypophosphite angd
phosphite and via lungs as PH

B.6.10.2 Acute toxicity

No acute oral toxicity study for calcium phosphides been submitted by the applicant and no
justification was given for that:'However, thereséxespective studies with other phosphides
(summary see Table B.6.10-2). Metal phosphidesomtact with moisture (Gl tract) readily
decompose to metal or calcium hydroxide and phosphhe toxicological principle. Due to
the decomposition by moisture other phosphidesesyarded as adequate model compounds.
Studies with aluminium phosphide and magnesium fide are available and are
considered to be of high toxicity when administemgdlly to animals. Therefore calcium
phosphide has to“be classified as ‘very toxic ifakowed’ (T+; R 28). Pk which is
developed after<contact of calcium phosphide wititew by spontaneous hydrolysis of the
phosphide, is“very toxic by inhalation. According Annex | to Directive 67/548/EEC
classification and labelling of the gas is appragi(T+; R 26), but calcium phosphide itself is
like aluminium phosphide not classified with reg&wdnhalation toxicity.

No dermal toxicity study for calcium phosphide Haeen submitted. However, regarding
calcium phosphide no higher acute dermal toxid¢intobserved in aluminium phosphide e.g.
is expected (LB 460 — 900 mg/kg bw). Therefore, for calcium phodphclassification as
‘harmful in contact with skin’ (Xn; R 21) is reqed.

No skin irritation study for calcium phosphide hbeen submitted. However, calcium
phosphide reacts like aluminium and zinc phosphia®. both substances no irritation was
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noted after application to the skin of rabbits. fEfere, for calcium phosphide no
classification according to Commission DirectiveD2(b9/EC (adaptation to 67/548/EEC) is
required, too.

No eye irritation study for calcium phosphide haef submitted. However, studies for
aluminium and zinc phosphide revealed no eye fimapotential. Therefore, far calcium
phosphide no classification according to Commisdibrective 2001/59/EC (adaptation to
67/548/EEC) is required.

No skin sensitisation study has been presented usiltium phosphide. However, the study
for zinc phosphide revealed no skin sensitisatiotemtial. Therefore, calcium phosphide is
considered to be not a sensitising substance atab classification according to Commission
Directive 2001/59/EC (adaptation to 67/548/EEQ)asrequired.

Table B.6.10-2: Overview on the acute toxicity of mal phosphides

Method/ Species, Dose levels Value Risk Reference
Guideline Strain, LD5y/LCsg Phrase
Sex, Remarks
No/group
Acute oral toxicity. | Rat, Aluminium LDso M+F: 8.7 |R 28 Sterner, W.
Similar to OECD | Wistar albino | phosphide mg/kg bw and Stiglic, A.
401 5M+5F 7.94-8.92-10.0- (2977)
Non-GLP 11.2 mg/kg bw (TOX2006-
981)
Acute oral toxicity | Rat Aluminium LDso M+F: [B R 28 Stephen, F.
OPPTS 870.1100 | Wistar, 3M + | phosphide mg/kg bw (2000)
3F 5 mg/kg bw (TOX2006-
210)
Acute oral toxicity. | Rat Aluminium LDso. 9 mg/kg R 28 Joshi, M.
Similar to OECD | Wistar, 5 M +| phosphide bw (1998)
401, Non-GLP 5F 0-6-9- 13.5 mg/kg (TOX2006-
bw 211)
Acute oral toxicity. | Mouse, Aluminium LDso M+F: 14.8 |R 28 Leuschner, J.
OECD 401 NMRI/HAN < phosphide mg/kg bw (1992)
Bo6 6.81-10.0-14.7- (TOX2005-
5M+5F 21.5 mg/kg bw 308)
Acute oral toxicity. | Mouse Aluminium LDso M+F: 12 R 28 Joshi M.
Similar to OECD | CD, 5M + 5F | phosphide mg/kg bw (1998)
401, Non-GLP 0,9,11.2,14 (TOX2006-
mg/kg bw 212)
Acute oral toxicity {Rat Zinc phosphide |LDsy: 12 mg/kg |R 28 Lewis, R.J.
No guideline No dose levels bw (Eds.) (2000):
Non-GLP mentioned (TOX2006-
19)
Acute oral toxicity | Rat, Zinc phosphide |LDsgF: R 25 Krishnakumar,
No guideline CFT-Wistar |21, 28, 38, 51, 68|43 — 56 mg/kg , M. etal.
Non-GLP albino mg/kg bw bw (21979)
10F (TOX2002-
167)
Acute oral toxicity | Deer mice Zinc phosphide ALD: 42 mg/kg | Not Schafer, E.W.
No guideline 6 animals bw acceptable and Bowles,
Non-GLP W.A. (1985)
(TOX2002-
168)
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Method/ Species, Dose levels Value Risk Reference
Guideline Strain, LD5¢/LCsp Phrase
Sex, Remarks
No/group
Acute oral toxicity. | Rat, Magnesium LDsg R 28 Sterner, W.,
No guideline Wistar albino | phosphide M: 20.7 mg/kg Chibanguza,
Non-GLP 5M+5F 0.897, 1.0, 1.13, |bw G. (1980)
1.26 g/kg bw total | F: 10.4 mg/kg bw (TOX2000-
amount M+F: 11.2 mg/kg 89)
bw
Acute dermal Rat, Aluminium LDso M+F: 900 |R 21 Dickhaus, S.,
toxicity. Wistar albino | phosphide mg/kg bw Heisler, E.
OECD 402 5M+5F 500-1000-2000 (1987)
mg/kg bw (TOX2000-
93)
Acute dermal Rat Aluminium LD5q:461.2 R 21 Stephen, F.
toxicity Wistar, 5 phosphide mg/kg bw (2000)
OPPTS 870.1200 | F/each level | 0-280-420-630 (TOX2006-
+ 5 M/highest mg/kg bw 213)
level
Acute dermal Rat Aluminium LDgp:901 mg/kg | R 21 Joshi, M.
toxicity. No Wistar, phosphide bw (1998)
guideline 5M+5F 0-637.7-1275-2550 (TOX2006-
Non-GLP mg/kg bw 214)
Acute dermal Rat, Wistar | Zinc phosphide | LDgo M+F: 1000 | R 21 Dickhaus, S.,
toxicity albino 1000-2000-4000 | mg/kg bw Heisler, E.
Comparable to 5M+5F mg/kg bw (1980)
92/69/EEC, B3 (TOX2002-
172)
Acute dermal Rat, Wistar | Zinc phosphide-’ | LDso M+F: 525 |R 21 Dickhaus, S.,
toxicity albino 100-200-400-2000 mg/kg bw Heisler, E.
Comparable to 5M+5F mg/kg bw (1980)
92/69/EEC, B3 (TOX2002-
173)
Acute inhalation Rat Aluminium LCs0:34.6 ppm |R 26 Roy, B.C.
toxicity. No Wistar, phosphide (0.048 mg/L) (1998)
guideline, non GLP| 5M+5F 0:15.4-26-47 ppm (TOX2006-
215)
Inhalation whole Rat PH; LCse:>11 ppm R 26 Newton, P.E.
body Fisher 3440 | 2.4-4.9-11 ppm | (M/F) (1989)
6 h exposure, equivalent to (TOX97-
US EPA >0.015 mdL 51198)
or >0.675 mg/kg
bw
Acute inhalation Rat, PH;, developed LCso: 204/179 (R 26, Shimizu, Y. et
toxicity, whole Slc:SD from magnesium | ppm (M/F) PHy) @ |al. (1982)
body, 1 h exposure 10M+10F | phosphide equivalent t¢?: (TOX2005-
Similar to OECD. 150-165-182-200-| 0.29/0.25 mg/L 280)
403 220-242 ppm air (M/F)
Non-GLP or®
12.9/11.4 mg/kg
bw (M/F)
Acute-skin Rabbit, White| Aluminium Not irritating None Dickhaus, S.
irritation, Partly New Zealand| phosphide and Heisler, E
OECD 404 5 (sex not 0.5 g/animal (1987)
mentioned) (TOX2000-
94)
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Method/ Species, Dose levels Value Risk Reference
Guideline Strain, LD5¢/LCsp Phrase
Sex, Remarks
No/group
Acute skin Rabbit, White| Aluminium Non-irritant None Joshi M.
irritation. No New Zealand| phosphide (1998)
guideline, non-GLP| 3M+3F 0.5 g/animal (TOX2006+
216)
Acute skin Rabbit, New | Zinc phosphide | Not irritating None Brunt,-P.
irritation, OECD Zealand 0.5 g/animal (2001)
404 White 3M (TOX2005-
168)
Acute eye irritation | Rabbit White,| Aluminium Non-irritant Study Dickhaus, S.
OECD 405 New Zealand| phosphide (washed out 30 | design netf and Heisler, E
6 (sex not 0.1 g/animal seconds after | suitable> | (1987)
mentioned application) (TOX)2000-
95)
Acute eye irritation.| Rabbit, White| Aluminium Not acceptable Study | Joshi, M.
No guideline, non- | New Zealand| phosphide design not (1998)
GLP 3M + 3F 1 mg/animal suitable | (TOX2006-
217)
Acute eye irritation | Rabbit, White| Zinc phosphide | Non-irritant None Brunt, P.
OECD 405 New Zealand| 0.1 mL/animal (2001)
2M+1F (TOX2005-
171)
Skin sensitisation | Albino Zinc phoshpide Non-sensitisingl None Brunt, P.
OECD 406 Guinea Pig (2001)
(10M) (TOX2002-
179)
(2) PH; was included into Annex | to Directive 67/548/EE@hAR 26, whereas the different phosphides were not

classified for inhalation toxicity.
(2) 1 ppm PHis equivalent to 1.41 pg/L air, density of puresR2D °C): (34 g/mol)/(24.1 L/mol) = 1.41 g/L
3) Assuming an hourly respiratory volume.(rat) of L[4 kg bw)

B.6.10.3 Short term toxicity

Calcium phosphide like other metal phosphides mtact with moisture readily decompose to
metal and phosphine, thestoxicological principleieDo the decomposition by moisture other
phosphides are regarded as adequate model compoS8tadies with zinc phosphide,
aluminium phosphide“and phosphine are availabl@nlroral 90-day gavage test (see Table
B.6.10-3), mortality.was increased at 2 mg alumimiphosphide/kg bw/d (corresponding to
1.18 mg PHkg bw/d) in both sexes, the NOAEL being 1 mg aklionin phosphide/kg bw/d,
equivalent to 0,59 mg/PHbw/d, respectively. However, these values areidensd to be of
limited reliability due to methodological deficiers of the respective study report. A
subchronic study in a second, non-rodent speciesneasubmitted. An expert statement has
been provided: The toxicological profile of calciuphosphide/Pkl does not differ
significantly between rodents and non-rodents dmadeby justified non-submission of such
data. Male and female rats and mice were exposew @p 1.25, 2.5 or 5 ppm RBHor 2
weeks. Under the conditions of this investigatioea NOAEL was determined as 2.5 ppmzPH
(0.95 mg/kg bwi/day for rats, 0.1 mg/kg bw/day face) based on decreased lung weights in
male rats/mice, increased heart weight in femakfmace and increased urea nitrogen in mice
at 5 ppm PH (1.9 mg/kg bw/day for rats, 0.2 mg/kg bw/day force). After inhalative
administration of up to 3 ppm Rigas (equivalent to ca. 1.1 mg/kg bw/d) to rats @period

of 90 days, no substance related adverse effects oxserved. Two satellite groups at 5 and
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10 ppm, respectively, were introduced during therse of the study. In the 5 ppm satellite
group, which received the test item for only 2 wseeko relevant effects were observed
(which is in accordance with the NOAEL of 4.9 ppmtle inhalative developmental study in
rats, see below). Inhalative administration of 1mpPH (3.8 mg PHkg/bw/d)-was
terminated after 3 days, when already 4/10 fembkss$ died. In summary, a short-term
NOAEL of 1.1 mg PHkg bw/d was established.

Table B.6.10-3: Overview on the short-term toxicity of metal phosphide and
phosphine

Method/ Species, Dose levels Value Reference
Guideline Strain, NOAEL

Sex,

No/group
Subchronic, oral,| Rat, CFT- Zinc phosphide <50 ppm Muktha Bai, K. et al.
13 week, Wistar, 12F |0, 50, 100, 200, 500 | (3.5 mg/kg (1980), (TOX2005-175)
Non-GLP (female only) | ppm bwi/d)
Subchronic, Rat, Aluminium phosphide| 1 mg/kg bw Schnellhardt, M. et al.
oral,90d Wistar 0, 0.1, 0.5, 2 (week 1| (0.59 mg (1985), (TOX2005-282)
Non-GLP 24M+24F and 2) 1 mg/kg bw | PHy/kg:bw)

32M+32F

(control )
Subchronic, Rat, Phosphine gas (RH |25 ppm = Morgan, D.L. et al. (1995)
inhalation, Fischer 344; |0, 1.25, 2.5, 5 ppm _[0.95 mg/kg bw | (TOX2002-181)
6h/day, 5d/week, Mouse, (rat)
2 wks, B6C3F1, 9.0,
Non-GLP 6M+6F

(mice)

Subchronic, Mouse, Phosphine gas (RH | No reliable Omae, K. et al. (1996)
inhalation, ICR, 5 ppm NOAEL can be| (TOX2002-174)
6h/day, 5d/week, 10M derived.
2 — 4 wks, Study not
Non-GLP acceptable
Subchronic, Rat, Phosphine gas (RH |3 ppm = Newton, P.E. (1990)
inhalation, Fischer 344, |0, 0.3, 1, 3, 1.1 mg/kg bw | (TOX2001-684)
6h/day, 5d/week, 30M+30F, satellite groups:
13 wks, satellite 5,10 ppm
satellite groups 3 10M+10F
resp. 13 days~. | and 6M+6F
OECD 413;-GLP| (control)
Subchronic;, Rats (only Phosphine gas (RH | No NOAEL Klimmer, O. R. (1969),
inhalation, no male), cats |1, 2.5, 5 ppm can be derived| (TOX96-52057)
guideline, no and guinea | No control groups! Study is not
GLP pigs acceptable.

1 ppm PH is equivalent to 1.41 pg/L air, density of puresR2D °C): (34 g/mol)/(24.1 L/mol) = 1.41 g/L
Assuming an hourly respiratory volume (rat) of l4& kg bw)
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B.6.10.4 Genotoxicity

All submitted in vitro bacterial reverse mutatiasts (see Table B.6.10-4) showed negative
results. No clear result was obtained for the paikenf PH; to cause clastogenic effects in
CHO cells in vitro. The results of the test weraliggcal, however, the ability of the test
design to detect potential clastogenic effects edusy PH could not be demonstrated
convincingly. Six submittedn vivo tests (see Table B.6.10-5) showed negative redolts
subchronic (13 weeks, mic@) vivo test the formation of micronuclei was increasedhat
highest test concentration (approaching theg.DHowever, such exposure conditions are
unlikely to be encountered in an occupational emnnent. In a dominant-lethal-test in mice
with aluminium phosphide in peanut oil the post iampation loss was- increased and the
number of live implants was reduced. In the onlgaldevel also toxic effects have been
observed. However, the quality of the study wastéich An inhalative-dominant-lethal test in
mice was negative. Overall, calcium phosphide/RHhot likely to be genotoxic in humans on
relevant exposure conditions.

Table B.6.10-4: Summary ofin vitro tests
Method Test system Concentra- | Results Reference
(Organism, tions tested
strain) +39 - S9
Bacterial reverse | Salmonella typhi- | 0-25600 ppm | Negative Negative Sutou, S. et al. (1982)
mutation test murium, TA98, (estimate) (TOX2005-283)
(Ames test) TA100, TA1535,
TA1537, TA1538,
Escherichia coli
WP2 Hcr-
Bacterial reverse | Salmonella typhi- | 0-4340 ppm Negative Negative Stankowski, L.F. (1990)
mutation test murium, TA98, (TOX2001-685)
(Ames test) TA100, TA102,
TA1535, TA1537,
TA1538
Bacterial reverse | Salmonella typhi- [ 0<1780 ppm Negative Negative Rajwani, L.S. (2000)
mutation test murium, TA98, (TOX2006-220)
(Ames test) TA100, TA102,
TA1537, TA1535
Bacterial reverse | Salmonella typhi- | Phosphine gas| Negative Negative Araki et al. (1994), (TOX2002+
mutation test murium, TA98, uptol% 182)
(Ames test) TA100,-TA102,
TA1537, TA1535,
E. colf WP2uvrA
Structural chro- | CHO-KI-BH4 0-4957 ppm Equivocal Equivocal SanSebastian, J.R. (1990
mosome aberra- |cells (TOX2001-686)
tion
Mammalian cell” | V79 hamster cell§ 0-6580 ppm Negative Negative Leusclimnd1992)
gene mutation (TOX2005-284)
(HGPRT test)
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Table B.6.10-5: Summary ofin vivo tests
Method Species, Route and [ Sampling | Dose levels| Results Reference
Strain, Frequency of| times
Sex, application
No/sex/group
Chromoso- | Swiss albino Single oral 1 day post | 0-1.5-3-6 Negative Guna Sherlin, D.M.
mal aberra- | mice (gavage) exposure | mg/kg bw (1998) (TOX2006-222)
tion test in
mice
Micronucleus| Swiss albino 2 days, oral 1 day after | 0-1.5-3-6 Negative Guna Sherlin, D.M.
testin mice | mice (gavage) last expo- | mg/kg bw (1998) (TOX2006-221)
sure
UDS testin | Rat, CDF Single whole | At 2 and 0-4.8-13-18- | Negative McKeon, M.E. (1993)
rat primary | (F344)/CrIBR, |bodyinhala- |12-14 h, 23 ppm (TOX2005-285)
hepatocytes | M, 10 tion, 6 h expo- | respec-
sure time tively
Test for Mouse, Balb-c, | Whole body Not indi- 5.5+0.67 Negative Barbosa, A. et al (1994))
micronuclei } inhalation,2 cated ppm Environ. Mol. Mutagen.
M, F, 4-6
weeks, 6 24, 81-88 (TOX97-
hours/day, 5 50676)
days/week
M, F, 12 13 weeks, 6 | Notindi- |0-0.3+0;1- | Positive at
hours/day, 5 | cated 1.0+0:2- the highest
days/week 4.5+0.8 ppm | concentration
Test for SCE| Mouse, CD-1 6 h inhalative | At 20 hrs. | 0-5-10-15 Negative Kligerman, A.D. et al.
chromosome| (Charles River), | exposure Post-expo- |\ppm (1994), Environ. Mol.
aberrations | M, 5 sure Mutagen. 23, 186 — 189
and micronu- (TOX97-50677)
clei
Test for SCE| Mouse, CD-1 6 h/d inhalativg At 20 hrs. | 0-1.25-2.5-5 | Negative Kligerman, A.D. et al.
chromosome| (Charles River), | exposure on 9 | Post-expo-| ppm (1994), Environ. Mol.
aberrations | M, 3-5, Rat, d during an 11 |%sure Mutagen. 24, 301 — 306
and micronu-| F344/N (Charles| d period. (TOX2002-830)
clei River), M, 4-5
Dominant Mouse, B6C3F1| 6 h/d inhalative - 0-5 ppm
lethal test (Charles River), | exposure on 1(
M, 50 (control: |d during a12d
30) period.
Test for Mouse (inbred. - Zink phos- 20-20-40 Equivocal, Pal, B.B., Bhunya, S.P.
chromo_some swiss), 4 phide, chromoq o4 1 post mg/kg bw howev_er, (1995) (TOX2002-183)
aberrations some aberra- exposure study is not
and micronu- tion test: acute acceptable
clei i..p., p.o. and
s.C.
Subacute: i.p., 8 mg/kg
5 days bw/d
6 h after
Micronucleus | last injec- | 20-30-40
test: 2 xi.p. |tion mg/kg bw
Sperm abnor- | 35 days
mality test: i.p.,| after first 20-30-40
5 days injection

mg/kg bw
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Method Species, Route and [ Sampling | Dose levels| Results Reference

Strain, Frequency of| times

Sex, application

No/sex/group
Dominant Mouse, Swiss | Aluminium - 0-6 mg/kg Positive at | Rajesh Sundar,.S” (1999)
lethal test albino, control: | phosphide in bw/day toxic con- (TOX2006-224)

10 M, treated peanut oil centration

group: 11 M

B.6.10.5 Long term toxicity and carcinogenicity

Phosphine was assessed for chronic inhalationitpx@od carcinogenigcity in a combined 104
week study in rats (summary in Table B.6.10-6). gas was produced by aluminium
phosphide. In the inhalation study, body weighpdicconsumption, routine haematology,
serum biochemical, and urinary analyses were ahil@ to control animals.
Ophthalmological observations, gross pathologyaorgeights-and histopathology indicated
no adverse effects from phosphine exposures. Th&BlOwas 3.0 ppm, the highest
concentration tested. This dose level is equivaierit.1 mg/kg bw/day. In two older limited
dietary studies, rats received diets treated whibsphine released from aluminium phosphide.
Behaviour, general appearance, survival, body wefghd consumption, haematology, blood
chemistry, urine analyses and bone smear dataglhssvgross and microscopic findings and
rate of tumour development, did not reveal anydeffects from the aluminium phosphide
treated diet. However, the test design of bathistudvas insufficient. Therefore, the oral
studies are considered to be not acceptable.

Based on lack of exposure and the :-absence of geootmncern waiving of a long
term/carcinogenicity study in a second-speciessgas as justified.

Table B.6.10-6: Summary of long-term toxicity and cecinogenicity

Study and dose levels NO(A)EL LOEL Reference
(mg/kg/day)
Combined rat chronic (2 Toxicity: Toxicity: Newton, 1998
year) toxicityand (TOX2000-98)
carcinogenicity study, NOAEL: 3 ppm LOEL: >3 ppm
0,0.3,1, and 3 ppm equivalent to 0.0042 mg/L or | Based on lack of systemic
by inhalation with purified- | 1.1 mg/kg bw/day toxicity at any dose level
PH;

Carcinogenicity: Carcinogenicity:

NOEL: 3 ppm LOEL: >3 ppm

based on lack of
carcinogenicity at any dose

level
Rat chronic,(2 year) toxicity] No effects observed. However,| - Hackenberg,
oral, levels of phosphine in | the study is considered to be npt 1969/1972
diet after fumigation ranged| acceptable. (TOX96-52058) /
from 0.167-7.5 mg/kg (TOX2005-286)
Rat-chronic (2 year) toxicity] No effects observed. However,| - Cabrol et al.,
oral, level of phosphine in | the study is considered to be npt 1985

diet after fumigation 5 ppb | acceptable. (TOX2002-831)
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B.6.10.6 Reproductive Toxicity

An acceptable two generation reproduction study wats submitted. However, long-term
exposure is negligible and there is a very steege desponse curve of metal phosphide /
phosphine toxicity from which it can be expectedttmaternal toxicity would dominate over
reproductive effects. Therefore, a waiving conceas accepted. A 2-generation oral study in
rats with fumigated diet (fumigation with phosphineas published. No effects have been
observed, however, the study was considered toobaateptable. The effects of phosphine
gas on pregnancy/embryo-foetal development werduateal in a developmental toxicity
study in the rat (summary see Table B.6.10-7). fimeat was by inhalation with phosphine,
the gas produced by aluminium phosphide. Phosdnanistered by whole body inhalation
to pregnant females rats at target exposure lexet® 5.0 ppm for 6 hrs/day over the day 6-
15 of gestation interval was not maternally tox@mbryotoxic, foetotoxic or teratogenic.
However at the 7.5 ppm exposure, the first 14 mégeathles on test died during the day 8-15
gestation interval after receiving three to 10 dalyxposure. Therefore, the No Observed
Effect Level (NOEL) for the maternal and developtaémoxicity for this study in rat was 5
ppm. The analytical concentration of this targetedwas 4.9 ppm, equivalent to 0.007 mg/L
air or 1.9 mg/kg bw/day.

Table B.6.10-7: Summary of maternal and developmentaoxicity

Study and dose levels NO(A)EL LOEL Reference
(mg/kg/day)
Rat 2-generation study with| No effects in result of No effects in result of Cabrol, 1989
fumigated diet fumigation. Concentration of ag fumigation. Concentration of | (TOX2005-
in diet not measured. The study as in diet not measured. 189)
is not acceptable
Rat developmental toxicity | Maternal toxicity: Maternal toxicity: Schroeder,
0,0.03,0.3,3.0,5.0and 7.5 1989
ppm (by inhalation) NOEL: 5 ppm LOEL: 7.5 ppm (TOX2001-
Based on mortality 687)
Developmental toxicity: Developmental toxicity:
NOEL:5 ppm * LOEL: >5 ppm
Equivalent to 0.007 mg/L air or| Up to 5 ppm no developmental
1.9'mg/kg bw/day tox. Was observed, dose group
7.5 ppm was early terminated

9. =The analytical concentration was 4.9 ppm.

B.6.10.7 Neurotoxicity

The neurotoxicity of phosphine has been assesseatsrnin an acute and a 90-day inhalation
study (see Table B.6.10-8). In the acute neurotiypstudy, rats were exposed to 0, 20, 30 and
40 ppm phosphine gas (hominal conc.) administer@dviole body inhalation exposure for
one session of four hours duration. The No ObséevAblverse Effect Level (NOAEL) of
phosphine in rats was 40 ppm (analytical conc. @& )pwith regard to anatomic pathology
and the behavioural and neurological status obdervéhe functional observational battery,
and less than 20 ppm with regard to changes in masttvity on day 1. In the subchronic
neurotoxicity study, rats were exposed to phospgasevia whole body exposure at levels of
0.3, 1 and 3 ppm, 6 hours per day, 5 days per weel,3 weeks. Due to equivocal effects
seen in high dose males, and the lack of effects s® females the No Observed Adverse
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Effect Level (NOAEL) of phosphine for systemic/netaxic effects in rats exposed over a 90-
day period is 3 ppm, the highest dose tested sstinidy.

Table B.6.10-8: Overview of neurotoxicity studiesmphosphine

Method/ Species, Dose levels Value Reference
Guideline Strain, NOAEL

Sex,

No/group
Rat acute Rats, Phosphine Motor activity: | Schaefer, 1998
neurotoxicity Sprague 0, 20, 30, 40 ppm NOAEL< 21 |(TOX2000-97)
Whole body Dawley (nominal conc.) ppm
inhalation, 4 h | albino (analytical conc.: 0, |FOB and
US EPA Series | 11M+11F 21.2, 27.6, and 38.4 | histopathology
81, 82, 83, 82-4 ppm) NOAEL =38

ppm

Rat repeat-dose | Rats, Phosphine Neurotoxic/ Schaefer, 1998
neurotoxicity Charles 0,0.3,1, 3 ppm systemic (TOX2006-176)
whole body River Crl:CD NOAEL 3 ppm
inhalation, BR VAF/Plus
6h/day, 5d/week,| 16M+16F,
13 weeks recovery
EU 2004/73/EC, | 6M+6F
B.43 (2004)

B.6.10.8 Further toxicological studies

It was demonstrated that phosphine or other phdspterived reaction products induced
Heinz body formation in relatively low.concentraitso(1.25 ppm) in normal human
erythrocytes. The time course for the inductioflefnz bodies is relatively slow (4 h). The
formation of Heinz bodies by phosphine is oxygepeat@ent, consistent with earlier work
regarding the insecticidal properties of the chami€inally, thesen vitro data lead to the
speculation that prolonged vivo exposure to phosphine in concentrations exceedm@EL
might have an adverse effecton haemoglobin inepigde segments of the worker
population exposed to the.chemical. The resulenother study show that after acute
poisoning of rats by phosphine the respiratiorhefisolated liver mitochondria is diminished.
The oxidation ofi-ketoglutarat turned out to the most sensitive. Gkidative

phosphorylation, however, remains on a normal lduejeneral, the disturbance equals that
of phosphine action on isolated mitochondnaitro. Similar effects has been observed on
the isolated sarcosomes of heartmuscle of poisanidals on an early state of intoxication.
But in the sarcosome respiration and phosphorylaiancoupled at the same time. Since the
respiration of heurospora crassa is also decrdasptosphine it is to assume that this agent
acts by this;mechanism on living cells in genefake same kind of disturbance can be
demonstrated in the mitochondria after chronic adstriation of doses which are far below
the toxic ones of phosphine and by which animalaatsshow any sign of damage. There is a
small but considerable fall of CoA in the liveraxfute poisoned animals.
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B.6.10.9 Medical data and information

Among the examined persons, occupied in the pramucif Polytanol (Calcium phosphide),
no health impairement was detected over a peri@&ltofl6 years. The case reports submitted
by the applicants are considered to be represeatafi the numerous records of poisoning
cases, mainly in connection with suicide, which arailable from the literature. Diagnosis is
mainly based on the history of intake, gastroimestsymptoms, shock symptoms and silver
nitrate impregnated paper test. Main symptoms axeers circulatory, cardiac, and renal
failure, uraemia, hepatic damage, changes in E@QG respiratory distress connected with a
high mortality rate. Histopathological changes hawvainly been observed in lungs, liver,
heart and kidney. Since an antidote is not avalatlerapy relies on treatment of the clinical
symptoms and administration of high doses of coidis.

B.6.10.10Acceptable Daily Intake (ADI)

The most relevant study to derive the ADI is thaegléerm study in rats. The NOAEL in the 2-
yr inhalation study was 3 ppm (equivalent to 1.1 Rigi/kg bw/day). In the absence of
experimental data, it is assumed, that after ingesdf calcium phosphide, phosphine gas
would be liberated stoichiometrically (0.37 g #AdHcalcium phosphide) and successively be
quantitatively absorbed. Based on the NOAEL forsBH1.1 mg/kg bw/day, the maximum
liberation of gas of 0.37 g R4y calcium phosphide-and a safety factor of 100 an

ADI of 0.030 mg/kg bw/dayis derived.

B.6.10.11Acceptable Operator Exposure Level (AOEL)

The most relevant study to derive the AOEL is tlied@y inhalation study in rats. The
NOAEL in the 90-day inhalation study was 3 ppm (egient to 1.1 mg Pklkg bw/day). In
the absence of experimental data; it is assumed,atfiter ingestion of calcium phosphide,
phosphine gas would be liberated stoichiometricédl87 g PH/g calcium phosphide) and
successively be quantitatively -absorbed. BasedherNOAEL for PH of 1.1 mg/kg bw/day,
the maximum liberation of gas of 0.37 g £ calcium phosphide and a safety factor of 100
anAOEL of 0.030 mg/kg bwi/dayis derived.

B.6.10.12Acute Reference Dose (ArfD)

The most relevant study to derive the ArfD is teeelopmental study in rats. The NOAEL in
the developmental study in rats was 4.9 ppm (etgmtao 1.9 mg Pklkg bw/day). In the
absence of experimental data, it is assumed, thiat Bngestion of calcium phosphide,
phosphine gas would be liberated stoichiometricédl87 g PH/g calcium phosphide) and
successively be quantitatively absorbed. BasedherNOAEL for PH of 1.9 mg/kg bw/day,
the maximum liberation of gas of 0.37 g # calcium phosphide and a safety factor of 100
anArfD of 0.051 mg/kg bwis derived.
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B.6.11 Acute toxicity including irritancy and skin sensitisation of
preparations (Annex IIIA 7.1)

Polytanol is a gas generating product (GE) produegellets with a content of 180<g/kg of
the pure active ingredient calcium phosphidesBga The specification of the preparation is
given in Annex C. The content of the active substams calcium phosphide, techn.
= 1000 g/kg and calcium phosphide, pure =180 gthgs as stated by the. notifier only
impurities and no formulants are to be considefBde maximum purity ‘of the active
substance as manufactured is 280 g/kg. (see Tabl@1R1)

Table B.6.11-1: Preparation with the active ingrediat calcium phosphide:

Notifier Preparation Content of as
Chemische Fabrik Polytanol Gas generating product CaP, techn. 1000.0 g/kp
Wilfel GE as pellets CaP, pure 180.0 g/kg

Only the acute oral and the acute inhalation stuay been conducted with Polytanol. For
further assessment of the £8acontaining product the notifier refers to the zptwsphide
(Zn3P,) studies submitted to assess the active subsi@ef,). The results of the acute
toxicity tests with Polytanol or the respective dsis submitted/cited by the notifier are
summarised in Table B.6.11-2.

Table B.6.11-2: Summary of acute toxicity studies tassess Polytanol

Study [test substance] Species Result Reference

Acute oral toxicity Rat LDso = 72.32 mg/kg bw (M+F) Venugopala Rao, K.

[Polytanol, 17.6 % oily dilution] (1999) (TOX2000-
105)

Acute percutaneous toxicity: Rat LDso = 1000 mg/kg bw (M+F) Dickhaus, S.,

[zinc phosphide] Heisler, E (1980)

(TOX2002-172 +
TOX2002-173)

Acute percutaneous toxicity: Rat (e.g. aluminium pode: (Div. studies — see
LDso = 460 — 900 mg/kg bw) B.6.2)

Acute inhalation toxicity (4 h) Rat LGy =64 ppm (M+F)* Venugopala Rao, K|

[phosphine generated from-Polytanpl] equivalent to 0.090 mg/L air (M+F)| (2001) (TOX2002-
or 16 mg/kg bw** 822)

Skin irritation Rabbit Non-irritating Brunt, P. (2001)

[zinc phosphide] (0.5 g/animal; 4 h) (TOX2005-168)

Eye irritation Rabbit Non-irritating Brunt, P. (2001)

[zinc phosphide] (0.1 mL/animal) (TOX2005-171)

Skin sensitisation Guinea pig Non-sensitising Brunt, P. (2001)

[zinc phosphidé] (2002-179)

9. 1 ppm PH equivalent to 0.00141 mg/L air [RK20°C): 34 g/mol; 24.1 L/mol]
** respiratory volume: 45 L/kg bw/h (rat); 4 h exqoe

In contrast to the notifier in this draft assesstmeport the data for aluminium phosphide
(AIP) and zinc phosphide (4R;) are used to assess calcium phosphide and Pdlytamm
specific studies were available. Since both mekalsphides react with moisture to evolve
phosphine gas which is the substance responsiblthéotoxicity of the product, tests with
aluminium phosphide can also be used to assedexiogty of Polytanol. Based on the acute
oral LDso value of Polytanol in rats (72.32 mg/kg bw) cléisation/labelling with R 25 (toxic
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if swallowed) is considered suitable. The relalwe value is caused by the concentrationof
the pure active ingredient in Polytanol ¢a pure 180 g/kg) in relation to other known metal
phosphide containing products with contents of ntlba@ 560 g as/kg. The dermal iJ¥value
derived from the study conducted with zinc phosphadd considering further data e.g. from
AIP studies leads to classification/labelling wih21 (harmful in contact with skin). The
acute inhalation toxicity of Polytanol should nad blassified regarding the kg£value but
assessed as phosphides and other phosphide cogtpmoeducts with R 15/29 (contact with
water liberates toxic, extremely flammable gas) &82 (contact with acids: liberates very
toxic gas). The potential of Polytanol to irritagkin and eyes and the skin sensitising
properties should be assessed on the basis ofctespstudies conducted with the active
ingredients aluminium and zinc phosphide. Calcidmagphide reacts like-aluminium and zinc
phosphide. Therefore, for the active ingredientcicah phosphide no respective
classification/labelling is proposed. For skin tation and skin sensitisation considering
information on further studies also conducted wiosphide containing products (e.g.
aluminium phosphide) these results are acceptabie Polytanol, too. Because some
information regarding eye irritating propertiespdfosphide containing products are available
and considering the difficulty to investigate sueffect ifzthe high toxic phosphine is
generated in moisten surroundings, the RMS propatassification/labelling of Polytanol
with R 36 (irritating to eyes). Although some segliare’only considered supplementary or
insufficient to make a decision regarding the retipe classification/labelling, the overall
information is considered sufficient to assessptaluct and for the sake of animal welfare
and protection no further studies should be reduire

With regard to Directive 1999/45/EC and also coesity the similarity of other formulations
in discussion, the RMS proposes for Polytanol:

T Toxic

R 15/29 Contact with water liberates toxic, extrgnflElmmable gas
R 21 Harmful in contact with skin

R 25 Toxic if swallowed

R 32 Contact with acids liberates very toxic gas

R 36 Irritating to eyes

B.6.11.1 Acute oral toxicity — Polytanol

Report: Venugopala Rao, K. (1999): Acute oral toxicity wRblytanol in
Wistar Rats; Toxicology Department Rallis Rese&ehntre, Rallis
India Ltd., Bangalore, India; report no.: 2739/@&tober 15, 1999.
(TOX2000-105)

Guidelines: OECD 401.

Deviations: None.

GLP: Yes (certified laboratory).

Acceptability: The study is considered to be acceptable.

Material and methods:

Test material: Polytanol (grey pellets: Tricalciupttbsphide, CAS-No. 1305-99-3)
manufactured by Chemische Fabrik Wilfel , Hannow&ermany; batch-No.: 127; purity:
17.6 %w/w; vehicle/solvent: Corn oil. Test animalglistar rats; source: Toxicology
Department Rallis Research Centre, Bangalore, jradja at start of treatment: 8-10 weeks;
body weight at start of treatment: males 234 —@9kmales 163 — 190 g. Animal allocation
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and treatment: 10 Wistar rats (5 males and 5 feshaler group were acclimatised seven days
under laboratory conditions after veterinary exation.

Table B.6.11-3:  Groups, dosing of Polytanol and tesiem preparation:

Group Dose (Polytanaol) Test item Corn all Concentration | Dose volume
(mg/kg bw) (mg) (mL) (mg/mL) (mLikg bw)

Gl 0 - X - -

G2 60 360 30 12 5

G3 80 480 30 16 5

G4 100 600 30 20 5

The prepared suspensions were administered ontlg byagavage 1o the fasted rats at the
dose volume of 5 mL/kg body weight to deliver tlosels of 0 (G1),-60 (G2), 80 (G3) and 100
(G4) mg/kg bw. Dead rats were necropsied and tisestaviving to the end of the observation
period were sacrificed by ether anaesthesia andpsied.

Findings:

The results are represented in Table B.6.11-4. greeterminal deaths were 0, 20, 70 and
90 % in G1, G2, G3 and G4.

Table B.6.11-4: Results of acute oral toxicity:studwith Polytanol in Wistar Rats

Group | Dose Toxic signs No.: Day Mortality

No. (mg/kg bw) dead/tested| of death | (%)

Gl 0 - 0/10 - 0

G2 60 Males: - 2/10 2 20
Females: Lethargy and/or recumbency on day 1

G3 80 Lethargy and/or ataxia with recumbency in tets|r7/10 1-2 70

on day 1 with deaths of one male rat and four
female rats. On.day 2, two male rats died. The
surviving rats were lethargic. All the survivingts
were normaldrom day 3 onwards.

G4 100 Lethargy and/or ataxia with recumbency onay 9/10 1-2 90
with deaths of three male and four female rats. On
day 2,;one male and one female rats died. The
surviving rat had lethargy. The surviving rat wa
normal from day 3 onwards.

Ul

Lethargy and/or ataxia with recumbency on day lewszen in all dosed groups. All the
surviving rats were normal from day 3 onwards. tAk surviving rats gained weight during
the experimental period and all the dead rats st Wweight in all the groups. Lung
congestion:was observed in some animals in alldigssups.

Conclusion:

The calculated acute oral EPvalue of Polytanol in Wistar rats is 72.32 mg/kg with 95 %
confidence limits of 59.33 and 82.47 mg/kg bw. @rs tbasis, classification/labelling with
R 25 (toxic if swallowed) would be needed.



- 207 -
Calcium phosphide — Annex B.6: Toxicology and metibol 12 June 2007

B.6.11.2 Acute percutaneous toxicity — Polytanol

Justification for non-submission as given by théfieo:
As result it is not considered valid to measureabate dermal toxicity of Polytanol (calcium
phosphide), since contact with dermal moisture wa@ult in rapid decomposition and
evolution of phosphine and calcium dihydroxide whiwill invalidate any attempt at
estimation. Dermal absorption of calcium phosphated phosphine is regarded to be
insignificant [see: WHO Environmental Health Cri¢eNo. 73, Phosphine and-Selected Metal
Phosphides, page 49 (1988)] (TOX2005-1201. Theeadatmal L, for zinc phosphide in
rats has been reported :
LDso 24 hours 2000 mg/kg bw
LDso 14 days 1000 mg/kg bw.
For more details please refer to references:
Document K, Section 3, Tier Il, Annex IIA, point%2/02, [Dickhaus, S. (1980)] : and
Document K, Section 3, Tier Il, Annex IIA, point22/03, |[Dickhaus, S. (1980)]
respectively.

Report : Dickhaus, S. and Heisler (1980): Akute Toxizitatgpng von der
(see B.6.2.2) Substanz “Zinkphosphid” nach dermaler Applikationder Ratte,
report no.: 1-4-258-80. (TOX2002-172)

Guidelines: In consideration of ‘Appraisal-of the Safety of @fieals in Food,

Drugs and Cosmetics’, Division of Pharmacology, FI8%9.
Deviations : Batch number, purity notimentioned. No identicaiicthe active

substance or a product‘has been tested. Diffanéormation
regarding the observation period for mortality weneen.
GLP : No.
Acceptability : The study is considered to be supplementary.

The dermal (intact skin) L{ of zinc phosphide in rats was calculated to befbhours 2000
mg/kg bw and for 14 days 1000 mg/kg bw for bothesex

Report : Dickhaus, S. (1980): Akute Toxizitatsprifung vom 8elbstanz

(see B.6.2.2) “Zinkphosphid” nach dermaler Applikation an der skaierten
Haut der Ratte, report no.: 1-4-258a-80. (TOX20@3)1

Guidelines : No.

Deviations : Batch number, purity not mentioned. No indicatibthe active
substance or a product has been tested. Diffanéarmation
regarding the observation period for mortality weneen.

GLP : No.

Acceptability The study is considered to be supplementary.

The dermal (scarified skin) Lo of zinc phosphide in rats was calculated to be Mghkg bw
(24 hours) or 525 mg/kg bw (14 days) for both sexes

Conclusion:

The acute dermal toxicity of metal phosphides dsffédluminium phosphide is more toxic
than zinc phosphide e.g. : The df¥alues were calculated to be 460 — 900 mg/kg bw and
therefore classification as ‘harmful in contact lwgkin’ (Xn; R 21) is required for both
substances. Regarding calcium phosphide no highee alermal toxicity than observed in
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aluminium phosphide is expected. Consequently,walgphosphide should be classified -as
“harmful in contact with skin” (Xn; R 21) (see B2).

B.6.11.3 Acute inhalation toxicity — Polytanol

Report : Venugopala Rao, K. (2001): Acute inhalation toyigtudy.with
Polytanol in Wistar Rats; Toxicology DepartmentIRaResearch
Centre, Rallis India Ltd, Bangalore, India; repoot: 3078/00, July
21, 2001. (TOX2002-822)

Guidelines : OECD 403.

Deviations : None.

GLP: Yes (certified laboratory).

Acceptability : The study is considered to be acceptable.

Material and methods:

Test material: Polytanol (grey pellets: Tricalciupttbsphide, CAS-No. 1305-99-3)

manufactured by Chemische Fabrik Wilfel, Hannow&ermany; batch-No.: 127; purity:

17.6 %wi/w; vehicle/solvent: Deionisied water. Tastmals: Wistar rats; source: Toxicology

Department Rallis Research Centre, Bangalore, jlrzgja at start of treatment: 17-18 weeks;

body weight at start of treatment: males 355-3%@males 214-243 g.

Animal allocation and treatment:

10 young adult Wistar rats (5 males and 5 femaksgooup) were acclimatised 7-9 days

under laboratory conditions after veterinary exation.

Detail of Exposure:

9. Exposure system: Whole body, static atmosphereittond

2. Phosphin gas analysis:

9. Analysis at breathing zone, using real time phaspmonitor “UNIPHOS 250" (0- 200
ppm range, diffusion type), having LCD display dhd real time concentrations recorded
at intervals of 5 minutes throughout the exposerop of 4 hours.

b) A personal safety monitor was used to checkegmess of traces outside the airtight chamber
(if any) — “UNIPHOS 350" (0-20 ppm range). Thereswe reading indicating the absence of
any leakage from the chamber.
3. Facilitating phosphine gas liberation
A piece of silicon rubber-tubing was connectedrie end of a steel tube (facing outer side of
chamber) which was<inserted into a rubber cork andther piece of silicon tubing was
connected to the other end of the steel tube @ariside the chamber) to drip in the water
into the crucible kept inside the chamber in whaclcurately weighed quantities of Polytanol
pellets were placed. The rubber cork (having steleé and silicon tube connections) was
inserted into athole at the top of the inhalatibarober and fixed firmly to make the chamber
airtight.

4. Durationrof exposure

Rats were exposed continuously for four hours ® tidst item gas. The post exposure

observation was made once daily for 15 days.

5. Animal restraint during exposure

The“rats were individually housed in compartmenséminless steel mesh cages with ten

compartments per cage and kept inside the expobaraber.

Test item preparation:

A guantity of 2.0, 3.0 and 4.0 g of Polytanol wasistened with deionised water to facilitate

the liberation of phosphine gas for the groups @ and G3 groups, respectively.
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Treatment:

All the rats of one group were exposed continuofmlyfour hours to gas (phosphine) in-the
inhalation chamber. Exposure was carried out ogetsuccessive days in the same inhalation
chamber, i. e. day 1-G1 group, day 2 —G2 groupanday 3 —G3 group.

Dead rats were necropsied and the rats surviinfpgoend of the observation period were
sacrificed by ether anaesthesia and necropsied.

Findings:
The results acute inhalation (4 h) toxicity studyhwPolytanol in Wistar rats-are presented in
Table B.6.11-5.

Table B.6.11-5: Results of acute inhalation toxicitystudy with Polytanol in Wistar

Rats
Group Dose Toxic signs No: Day of | Mortality
No. Polytanol Phosphine dead/tested| death | (%)
() (mg/L air)
G1 2.00 0.079 Nasal irritation in all the rats; /1/10 1(@h) | 10
(=57.88 surviving rats were normal from
ppm) day 2 onwards.
G2 3.00 0.096 Nasal irritation in all the rats; | 7/10 1(3h) | 70

(=70.44 ppm)| some animals lethargic;>surviving
rats were normal from-day 2
onwards.

G3 4.00 0.099 Nasal irritation in-all the rats; | 9/10 1(3-4h) 90
(=72.50 ppm)| some animals.lethargic; surviving
rat was normal from day 2
onwards.

9. Polytanol was moistened with deionised water tdifate the quick release of the phosphine gas.

9. Test item gas concentration in chamber air

The mean phosphine concentration in the chambevasr57.88 (0.079 mg/L), 70.44 (0.096
mg/L) and 72.50 (0.099 mg/L) ppm for G1 (low dosBY, (mid dose) and G3 (high dose)
groups respectively as measured by the real timsegihne monitor “UNIPHOS 250”.

2. Mortality (Table B.6.11-5):

Low dose group: One female rat died 8thbur of exposure on day 1.

Mid dose group: Three male and four female ratd @t & hour of exposure on day 1.

High dose group: Fourmale and all female rats eigf' / 4" hour of exposure on day 1.

All the surviving rats-gained weight during the eb&tion period except for a female rat of
low dose group which had same body weight at imtexieighing as compared to its initial
weight, however; it gained weight at terminal wengh

4. Toxic signs:

G1: Nasal irritation was observed in all the r&t®tighout the exposure period. All surviving
rats were normal from day 2 onwards.

G2: Nasal irritation was observed in all the ratsing first two hours of exposure period.
Two female rats were lethargic & hour of exposure and two male rats and one feraale
were-lethargic during"3and 4" hour of exposure period. All surviving rats wegmal from
day2 onwards.

G3: Nasal irritation was observed in all the ratgmp first two hours of exposure period. One
male rat was lethargic at%3and 4" hour of exposure period and two female rats were
lethargic during % hour of exposure period. The surviving male ras warmal from day 2
onwards.
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5. Necropsy:

G1: There were no abnormalities detected at negrops

G2: Lung congestion was observed in one male arel female rat and lung and liver
congestion was observed in two male and one femaleat necropsy. There were no
abnormalities at necropsy in the remaining rats.

G3: Lung congestion was observed in one male anddémale rats and liver congestion was
observed in one male and three female rats at pggrdhere were no abnormalities detected
at necropsy in the remaining rat.

Conclusion:

The acute inhalation (4 h) lkgvalue of phosphine generated by Polytanol in Wistts was
0.090 mg/L air with 95 % confidence limits of 0.088d 0.095 mg/L air. On this basis,
classification/labelling with R 26 (very toxic byhalation) would be needed.

B.6.11.4 Skin irritation — Polytanol

Justification for non-submission as given by théfieo:

Polytanol (calcium phosphide) is a dry granularidsathich decomposes very rapidly in
contact with water to produce highly toxic gas pgitose: As result it is not considered valid
to measure the skin irritation of calcium phosphisiace contact with dermal moisture will
result in rapid decomposition and evolution of gdtose and calcium dihydroxide which will
invalidate any attempt at estimation. In generah skritation of calcium phospide and
phosphine is regarded to be insignificant. But thianlikely with zinc phosphide. The result
of tests on skin irritation is, that zinc phosphideclassified as non-irritant according to the
classification scheme of Draize. No classificatisrrequired according to the classification
criteria of EU Commission Directive 93/21 EEC. roore details please refer to reference:
Document K, Section 3, Tier Il, Annex-1l1A, point254/02 [Brunt, P.( 2001)].

Report : Brunt, P. (2001): Zinc phosphide: Acute dermatation in the

(see B.6.2.4) rabbit; Safepharm Laboratories, Derby, U.K., proj¢e.: 1483/001,
unpublished report, March 1, 2001. (TOX2005-168)

Guidelines : OECD,Guideline 404 ‘Acute Dermal Irritation/Corrosi (adopted

17 July 1992); Commission Directive 92/69/EEC Metli3 Acute
Toxicity (Skin Irritation).

Deviations : None.
GLP : Yes.
Acceptability : The study is considered to be acceptable.

The test material was classified as non-irritant.

Conclusion:

In contrast to the notifier in this draft assessh@port the data available for aluminium

phosphide and zinc phosphide are used to asseastihe substance calcium phosphide:

“... calcium phosphide reacts like aluminium andczphosphide. For both substances no
irritation was noted after application to the skinrabbits. Therefore, for calcium phosphide
no classification according to Commission Direct®@1/59/EC (adaptation to 67/548/EEC)

IS required, too” (see B.6.2).
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B.6.11.5 Eye irritation

Justification for non-submission as given by théfieo:

Hydrolysis of calcium phosphide (Polytanol) on tbyges would lead to the evolution of
gaseous phosphine and the calcium cations. Phaspburdd only absorbed by inhalation. In
general eye irrritation of calcium phosphide andgghine is insignificant. But this.s unlikely

with zinc phosphide. The result of a study on esigation is, that zinc phosphide,is classified
as mild-irritant according to the classificatiorheme of Kay and Callandra.-However, no
classification is required according to the clasatfon criteria of the EU Commission

Directive 93/21 EEC. For the reason given abovis ihot considered feasible to conduct
irritating studies on eyes with calcium phosphideaading 92/69 EEC. We suggest to
preferrably refer to the results with zinc phosghid

Document K, Section 3, Tier Il, Annex lIA, point255/02 [Brunt, P. (2001)].

Report : Brunt, P. (2001): Zinc phosphide: Acute:eye iriitatin the rabbit;

(see B.6.2.5) Safepharm Laboratories, Derby, U.K.,.Project Nd833/002,
unpublished report, March 1, 2001. (FTOX2005-171)

Guidelines : OECD Guideline 405 ‘Acute Eye Irritation/Corrosidiadopted 24

Feb 1987); Commission Directive’ 92/69/EEC Method B5
Deviations : None.
GLP : Yes.
Acceptability : This study is considered to be not suitable tosssdee eye irritating
potential of calcium phosphide.

The test material was classified as mild irritactaading to the scheme of Kay and Callandra.
However, no classification is required-accordingtie classification criteria of the EU
Commission Directive 93/21 EEC.

Conclusion:

In contrast to the notifier in this:draft assessi@port the data available for aluminium
phosphide and zinc phosphide are used to asseastihe substance calcium phosphide:

“... studies for aluminium and-zinc phosphide ré@gano eye irritation potential. Therefore,
for calcium phosphide no«classification accorditng @Gommission Directive 2001/59/EC
(adaptation to 67/548/EEC) is required.” (B.6.2)

Nevertheless, because some information regardirg irifating properties of phosphide
containing productszare available (see also dssfessment report to aluminium phosphide)
and considering the difficulty to investigate suefiect if the high toxic phosphine is
generated in moisten surroundings, the RMS propatasskification/labelling of Polytanol
with R 36 (irritating to eyes).

B.6.11.6°Skin sensitisation — Polytanol

Justification for non-submission as given by théfieo:

Polytanol (calcium phosphide) is a dry granulaidsolhe particle size is ranging from 2 —
12 mm. There is no evidence of any skin sensitisatiffects of any nature. The performance
of studies for skin sensitisation is not consideiete required , since calcium phosphide is
instable in contact with moisture. Moreover, givitbe acute toxicity of calcium phosphide
and phosphine, it is recommended that all skinaxiriie avoided.
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The investigation of skin sensitisation in guinégspwith zinc phosphide shows, that the test
material was classified as mild-irritant accordittgthe classification scheme of Kay and
Callandra. However, no classification is requiredaading to the classification criteria of the

EU Commission Directive 93/21 EEC.

For more details please refer to reference:

Document K, Section 3, Tier Il, Annex lIA, point256/02 [Brunt, P. (2001)].

Zinc phosphide: skin sensitisation in the guinea-pMagnusson and Kligman maximisation

method, Safepharm Laboratories Ltd., Derby, U.Kojétt No. 1483/003, unpublished report,

March 1, 2001]

Report: Brunt, P. (2001): Skin Sensitisation in the GuiRég.— Magnusson

(see B.6.2.6) and Kligman Maximisation Method, SafePharm Labatas) Derby,
U.K.; unpublished report no. 1483/003, 25.04.2q00X2002-179)

Guidelines: OECD guideline 406, Commission Directive 96/54/ECGhmnd B6
Acute Toxicity (Skin Sensitisation).

Deviations: This study does not concern the skin sensitisatfaalcium
phosphide, but of zinc phosphide.

GLP: Yes.

Acceptability: This study is considered to be acceptable.

This study revealed no sensitising potential foczphosphide to guinea pig skin.

Conclusion:

“... the study for zinc phosphide revealed no sensitisation potential. Therefore, calcium
phosphide is considered to be not a sensitisingtanbe, too, and classification according to
Commission Directive 2001/59/EC (adaptation to 88/&EC) is not required” (see B.6.2).
Basing on the given data classification/labelliigh® product Polytanol containing calcium
phosphide is considered not necessary.

B.6.11.7 Supplementary studies for combinations of plant prtection products

The plant protection product Polytanol is a reamyise rodenticide which should be placed
into the voles’ holes and:-only into holes which aoeupied by rodents. Combinations with
other plant protecting products are not envisaged.
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B.6.12 Dermal absorption (Annex IlIA 7.3)

Specific experimental investigation of dermal apson of the product was not performed
since the main way of uptake is inhalative or €ase of an accident or in suicidal intention —
oral. The exposition should be minimal since priwecgloves are worn during production
and handling of the product. In the absence of exy@atal data for both the active substance
and the product, the dermal absorption rate foh laicium phosphide and RiHas to be
estimated. A first estimate, based on physico-cbhahproperties (molecular-mass and log
Pow, according to the ‘Guidance Document on Dermal oipon’ of -the European
Commission; Doc. Sanco/222/2000 rev. 7 of 19 Ma2@®4), would result in a default
assumption of 100 % dermal absorption for both caumps. However,.the same document
notes that on a case by case basis it could batdeMirom 100 % by expert judgement. In the
case of calcium phosphide/HRMS concludes, that a 100% default value would
overestimate the actual dermal absorption ratescban the following considerations: Due to
the nature of the formulated product (pellets drle®s), only @ minor part of the active
substance, if any, is expected to come into comattt the skin. Contact with the (humid)
skin surface would be expected to initiate libematof PH gas making systemic absorption
highly unlikely. In previous evaluations by botletiVHO (Environmental Health Criteria 73
of 1988) and the German ‘MAK-Kommission’ for theosely related substance aluminium
phosphide/Pgldermal absorption was stated to be negligibleleicades of approved use, no
casualties or serious intoxications have been teg@ofor operators dermally exposed to
aluminium phosphide. Assuming that the oral absamps 100 % and taking into account the
acute oral study with Aluminium phosphide (Dr. B¥. Sterner, A. Stiglic (1977): Acute Oral
Toxicity of “Aluminiumphosphid” in Rats, Internati@l Bio-Research, Hannover, Germany;
unpublished report no. 0-0-51-77, 1977 (TOX2006)9&kulting in a L (24 h) of 8.7
mg/kg bw, the dermal absorption should be very tmmpared to the oral absorption, since
the acute dermal toxicity of aluminium-phosphid®4, 24 h) was 1520 mg/kg bw which is
only 0.57 % of the acute oral 5

Conclusion:
In conclusion, the use of a default value of 10s%roposed, which is considered to represent
a cautious and conservative approach.

B.6.13 Toxicological-data on non active substances (AnneklA 7.4 and
point 4 of the introduction)

Polytanol is a gas generating product (GE) produegellets with a content of 180 g/kg of
the pure active-ingredient calcium phosphidesBga The specification of the preparation is

given in Annex C. The content of the active substams calcium phosphide, techn.

= 1000 g/kg-and calcium phosphide, pure =180 gthgs as stated by the notifier only

impuritiescand no formulants are to be considergd account and respective Safety Data
Sheets are therefore not available.

The maximum purity of the active substance as naatufed is 280 g/kg. Thus, the

impurities can vary in quantity and concentratiom ére considered not to be of toxicological
concern.
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Table B.6.13-1 Product of the notifier:

Notifier Preparation
Chemische Fabrik Polytanol Gas generating product
Wilfel GE as pellets

The possibly acute oral and inhalation toxic prtpsrare covered by the studies with the
technical product Polytanol.

B.6.14 Exposure data (Annex Il1A 7.2)

Calcium phosphide (Polytanol) can be used for thdrol of rodents in burrows. No data on

the operator exposure with calcium phosphide coimgiproducts are available. But based on
measurement of PHn soil and an “industrial medical check-up stuéyxposure assessments
for operators, bystanders and workers were givethéyotifier (Table B.6.14-1).

Table B.6.14-1: Overview of the submitted studies/galications and assessments

Notifier Preparation |Chapter |Field studies and publicaions
Chemische Fabrik Polytanol B.6.14.1 | Reh,"P. (2001) (TOX2002-826),Bdée14.1.1
Wiilfel Kogh, E. (1982) (MET2005-87, MET2006-454
[submitted to section 5, Annex IlIA, point 9.1
Konerding, J. (2004) (TOX2004-882), see B.6.14.3.1

With regard to the intended use as also assesdbe idraft assessment report to aluminium
phosphide for 4 different AlP-containing preparatighe respective risk assessment should be
considered for Polytanol, too. The respective askessment is supported by the submitted
data of the notifier.

Thus, as it is partly approved by estimations andieasurements it can be concluded that the
risk to operators from exposure to phosphine falhgarodent burrow treatment is considered

acceptable without the use of personal protectjugpenent (no PPE/RPE).
It was also demonstrated that bystander exposutevarker exposure will be acceptable.

B.6.14.1 Operator exposure

Table B.6.14-2:  Description of Exposure

Intended uses Field of use envisaged Likely concentit which as will
be used

Rodenticide; Control of rodents and moles 18 % caiqilnosphide
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B.6.14.1.1 Estimation of operator exposure assuming personalrptective equipment is
not used/is used

Report: Reh, P., (2001): Polytanol - Bewertung der Exjasivon Anwen-
dern im Haus- und Kleingartenbereich, February20®1. (TOX2002-
826)

Presentation of the statement as given by the nagf:

Polytanol is introduced into the target animalsdenground runs and tunnels by means of an
applicator. This applicator is designed to be bathapplicator and a dosage measuring
system, which operates by means of a hand-opecatett incorporated in the handle of the
applicator, on to which the product container imfy screwed. The erank-operated dispenser
feeds pellets or granules into a tube which isriegeinto the underground tunnels. Pellets or
granules can then be introduced one at a timeti@dunnels with a simple, clear, accurate
measurement of the dosage, whilst at the same éim@nating operator exposure. The
applicator is a completely integrated enclosedesystfrom the container all the way through
to the placement of the pellets or granules undergt, and hence the operator has no direct
contact with the pellets or granules at any timeis Tntegrated applicator system effectively
and safely prevents inhalation of calcium phosplidst or phosphine since the user does not
come into contact with the product at all. Afterplpation of Polytanol in the field, the
container can be unscrewed from the applicatorfiumdy re-sealed wit the screw cap. This
operation takes no more than a few seconds, andeqaently the potential for operator
exposure to calcium phosphide or phosphine is &gy nil. Underground, the evolution of
phosphine is not abrupt, but depends onithe preigeesibsorption of soil moisture. Since
phosphine is heavier than air, it remains. withia thrget animals™ burrows underground, and
because the entrances to the burrow-system ared¢ltise gas ultimately diffuses into the
surrounding soil, with no more than trace quartitieaching the surface, well away from the
respiration zone of operators or bystanders. Foerdetails please refer to reference:
Document K, Section 5, Annex IlIA, point 9.1.1.k¢salso B.8.1.2.2) Report: Koch, E., Mes-
sungen des Diffusionsstromes®von sHrl Boden, report no.: P/W/K 82, April 26, 1982
(MET2005-87, MET2006-454)

Phosphine has a characteristic garlic-like smell this can be detected at 0.02 ppm [A
NOAEL in a 90 d-inhalation study in rats of 3 ppmused for derivation of the proposed

systemic AOEL for phosphine: 0.03 ppm]. This sntbBleshold concentration is not even

comparable with thezconcentration needed to cieeai@zard to health which are typically tens
or hundreds of thousands of times greater. Phosphkimot absorbed via the skin and skin
contact with Polytanol is effectively prevented twe use of a sealed integrated applicator
system. Moreover, even this remote risk can bééunteduced by wearing of gloves.

B.6.14.12 Measurement of operator exposure

Justification for non-submissias given by the notifier:

Any”measurement of operator exposure for the prto@atytanol is not considered to be
required, since this plant protection product repnés a ready-to-use rodenticide which
should be placed underground into target animad amd tunnels. Polytanol is a granule with
a particle size of 2 — 12 mm The product showsrg kigh stability and a low content of dust
(< 0.5 %).
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Due to this attributes, no relevant exposure ofojherator is to be expected. If in contact with
moisture any phosphine will release, no relevamiosure of the operator can be expected.
Phosphine is heavier than air, it remains withim tdrget animals™ burrows underground, and
because the entrance to the burrow system aredgltise gas ultimately diffuses into the
surrounding soil, with no more than trace quartitieaching the surface, well away from
respiration zone of operators and bystanders. Phasphine will quickly diluted in air and
oxidised to phosphorous acids. For more detailasgleefer to reference:

Document K, Section 5, Annex llIA, point 9.1.1.k¢salso B.8.1.2.2) Report: Koch, E., Mes-
sungen des Diffusionsstromes von ;AR Boden, report no.: P/W/K 82, April 26, 1982
(MET2005-87, MET2006-454)

B.6.14.2 Estimation and measurement of bystander exposure

Justification for non-submission as given by théfieo:

The estimation or the measurement of bystander sexpaofor the product Polytanol is not
considered to be required, since Polytanol shoelglaced underground into target animal
runs and tunnels. Polytanol is a granule with gigarsize of'2 — 12 mm The product shows a
very high stability and a low content of dust (6 @6). Due to this attributes, no relevant
exposure of the operator and bystanders is to beetad. If in contact with moisture any
phosphine will release, no relevant exposure ofoiieerator and bystanders can be expected.
Phosphine is heavier than air, it remains withie tdwrget animals burrows underground, and
because the entrance to the burrow system .aredgltise gas ultimately diffuses into the
surrounding soil, with no more than trace quartitieaching the surface, well away from
respiration zone of operators and bystanders. Phasphine will quickly diluted in air and
oxidised to phosphorous acids. Particularly in vieiwuse an applicator any quantitatively
relevant exposure of bystanders to Polytanol igkelyl

B.6.14.3 Worker exposure

B.6.14.3.1 Estimation of worker exposure assuming personal pitective equipment is
used

Report : Konerding, J., Arbeitsmedizinische Bescheinigumglstrial
Medicine Certifikation), April 5, 2004. (TOX2004-38

Presentation of-the information as given by the ndfier:

Statement on medical surveillance on manufactyslagt personnel by Dr. med. Konerding
(Occupational physician, Hannover, Germany):

All werkers involved with the production of calciuphosphide are regularly monitored at
intervals of 12 months by occupational medical @wsfpns according to the requirements of
the: German national regulations on hazardous sutesa (Gefahrstoffverordnung). In

addition to this, special comprehensive health kings are conducted in intervals of 36
months according to recommendation no. 26 (relevdrdre protective respiratory devices
are used) of the professional trade associatiomufBgenossenschaft). In the regular health
inspections, the following parameters are assessifdrential blood count, blood glucose,
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creatinine, liver status parameters, haematocripeusampling. Furthermore, technical
medical checkups are carried out like hearing tessson tests, lung function tests, x-ray
investigations of the chest, and ECG and testdfantory nerve.

Findings:

Industrial medical check-up study

Results of industrial medical check-up study aciwydto paragraph 28 GefStoffV to
Chemische Fabrik Wilfel, Hannover, Germany, aremiv Table B.6.14-3.

Table B.6.14-3:  Results of industrial medical checkyp study

Examination Examined No. Of No. Of No. Of Examination
period in years | persons examinations | examinations |examinations |results
to paragraph 28|to G 25 to G 26.2
GefStoffV
16 1 14 9 8 no health
considerations
10 1 10 3 4 nhc *
9 1 9 5 3 nhc *
9 1 9 1 3 nhc *
8 1 8 3* 3* nhc *
6 2 6 2 3 nhc *
3 2 3 2 2 nhc *

*nhc (no health considerations) — under specifieditions

Conclusion:

The results of the industrial medical check-up adioy to paragraph 28 GefStoffV are
presented in Table B.6.14-3. Nine persons in tetle examined from 1987 to 2003. The
examinations are performed annually-The examinateccording to G25 (driving, steering
and supervision abilities) and according to G2&2dium respiratory protection, full mask)
occur every three years. The different time peyifudt the examined persons are the result of
the duration of the respective occupational cirdamses. Among the examined persons,
involved in the production of /Polytanol (calcium gsiphide), no health impairment was
detected over a period of 3 t0?16 years.

B.6.14.3.2 Measurement of worker exposure

Justification for non-submission:
Not required for the reasons given in point B.6314 above.
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B.6.15 References relied on

Annex Author(s) Year| Title Data owner
point/ source (where different from company) protection
reference report no. claimed
number GLP or GEP status (where relevant),
published or not
BVL registration number YIN
AllA-5.1 Andreev, S.B., | 1958 | Some results of the use of tracer techniques in N -
Voevodin, the study of plant protection.
A.V., Molcha- 2" Int. Conf. Peaceful Uses Atomic Energy,
nova, V.A., 27,1958, 85-92
Khotyanovich, not GLP, published
AV. TOX2002-165
AllA-5.1; Chan, L.T.F., |1983| Phosphine analysis in post mortem specimens N -
AllA-5.9.4 Crowley, R.J., following ingestion of aluminium phasphide.
Delliou, D., Journal of Analytical Toxicology-,“7, 1983,
Geyer, R. 165-167
not GLP, published
TOX98-50056
AllA-5.1; Childs, A.F., 1971| The toxicity of phosphorus compounds — N -
AllIA-5.9.4; | Coates, H. Mellor's comprehensive treatise/inorganic and
AllA-5.9.6 theoretical chemistry.
White plains, New-York, Longman (1971)
Unknown
not GLP, published
TOX2006-170
AllA-5.1 Curry, A.S., 1959 | Absorptien of zinc phosphide particles. N -
Price, D.E., Nature, 184, 1959, 642-643
Thyhorn, F.G. not GEP, published
TOX2002-163
AllA-5.1; Neubert, D., 1960| Veranderungen im intermediaren Stoffwechsel N -
AllA-5.4.2; | Hoffmeister, I. nach Einwirkung von Phosphorwasserstoff.
AllA-5.8.2 Nannyn-Schmiedebergs's Arch. Exp. Path. U.
Pharmak. , 239, 1960, 219-233
not GLP, published
TOX96-52055
AllA-5.1; WHO — World | 1988 | Environmental Health Criteria 73 — Phosphine N -
AllIA-5.3; Health Organi- and selected metal phosphides (Page 1-100Q).
AllA-5.6.2; |sation IPCS INCHEM, Environmental Health Criterja
AllA-5.9.1; 73, WHO, Geneva, 1-100
AllA-5.9.2 not GLP, published
TOX2005-1201
AllA-5.2.1 Joshi, M. 1998 Acute oral toxicity of Alumium phosphide Y UPL
technical in mice.
362
not GLP, unpublished
TOX2006-212

® Only notifier listed
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Annex Author(s) Year| Title Data Owne?
point/ source (where different from company) protection
reference report no. claimed
number GLP or GEP status (where relevant),

published or not

BVL registration number Y/N
AllA-5.2.1 Joshi, M. 1998 Acute oral toxicity of Alumium phosphide Y UPL

technical in rats.

361

not GLP, unpublished
TOX2006-211

AllA-5.2.1 Krishnakumari, | 1980 | Toxicity and rodenticidal potency of zinc N CFW
M.K., Bai, phosphide.
K.M., Majum- Not GLP, published
der, S.K. TOX2002-166
AllA-5.2.1 Krishnakumari, | 1979 | Evaluation of acute oral toxicity of zinc phog- N -
M.K., Bai, phide in Rattus norvegicus (albino).
K.M., Majum- Pesticides, 13, 11, 1979, 33-35
der, S.K. not GLP, published
TOX2002-167
AllA-5.2.1 Leuschner, F. 1992 Acute toxicity studyAfiminium phospide by N DET
oral administration to NMRI mice.
7129/92

GLP, unpublished
TOX2005-308
AllA-5.2.1 Stephen, F. 2000 Acute oral toxicity of alinium phosphide Y UPL
technical in rats (fixed dose method).
2565

GLP, unpublished

TOX2006-210

AllIA-5.2.1 Sterner, W., 1980| Acute oral toxicity of 1 % Magnesiumphosphid N CFW
Chibanguza, G, invaseline in rats.
1-4-666-79
not GLP, unpublished
TOX2000-89
AllA-5.2.1 Tkadlec, E., 1993| Circadian changes in susceptibility of voledfan N CFW
Gattermann, R. golden hamsters to acute rodenticides.

Not GLP, unpublished
TOX2002-170
AllA-5.2.1 Nakata, K. 1993 Acute symptoms caused lpeficent zinc N CFW
phosphide pellets in the gray red-backed vole,
clethrionomys rufocanus bedfordiae.
Not GLP, published

TOX2002-171

AllA-5.2.1; 0] Venugopala 1999 | Acute oral toxicity study with Polytanol in Y CFW
AllA-5.3.15 | Rao, K. Wistar rats.

AllA-5.3.2; 2739/99

AlllIA-7:1.1 GLP, unpublished

TOX2000-105
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Annex
point/
reference
number

Author(s)

Year

Title

source (where different from company)
report no.

GLP or GEP status (where relevant),
published or not

BVL registration number

Data

protection
claimed

YIN

Owner

AllA-5.2.2;
AlllIA-7.1.2

Dickhaus, S.,
Heisler, E.

1987

Akute Toxizitatsprifung von der Substanz
Aluminiumphosphid nach dermaler Applikati
on an der Ratte (OECD-Guidelines no. 404)
(Acute toxicologial study on compound Alu-
miniumphosphid after dermal application to
rat).

1-4-142-87

GLP, unpublished

TOX2000-93

DET

AllA-5.2.2

Dickhaus, S.,
Heisler, E.

1980

Akute Toxizitatsprufung von der Substanz
»Zinkphosphid“ nach dermaler Applikation a

Acute toxicity test of the substance zinc
phosphide after dermal application to the
skarified skin of rats.

1-4-258a-80

not GLP, unpublished

TOX2002-173

der skarifizierten Haut der Ratte:’Translation:

CFW

AllA-5.2.2

Dickhaus, S.,
Heisler, E.

1980

Akute Toxizitatsprifung von der Substanz
»Zinkphosphid“nach dermaler Applikation a
der Ratte.

1-4-258-80

not GLP;-unpublished

TOX96-52062

CFW

AllA-5.2.2

Dickhaus, S.,
Heisler, E.

1980

Akute Toxizitatsprufung von der Substanz
»Zinkphosphid“ nach dermaler Applikation a
der Ratte. Translation: Acute toxicity test of
the substance zinc phosphide after dermal
application to the rat.

1-4-258-80

not GLP, unpublished

TOX2002-172

CFW

AllA-5.2.2

Joshi, M.

1998

Acute dermal toxicity of Ahinium phosphide
technical in rats.
363
not GLP, unpublished
TOX2006-214

UPL

AllA-5.2.2

Kohler, U.

2004

Calcium phosphide: Acuterpgtaneous
toxicity.
GLP, unpublished
TOX2000-110

CFW

AllA-5.2.2

Stephen, F.

200

D Acute dermal toxicity duAinium phosphide
technical in rats.
2566
GLP, unpublished

TOX2006-213

UPL
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nylphosphine.
Am. Ind. Hyg. Assoc., 36, 1975, 452-458
not GLP, published

TOX2002-176

Annex Author(s) Year| Title Data Owne?
point/ source (where different from company) protection
reference report no. claimed
number GLP or GEP status (where relevant),
published or not
BVL registration number Y/N
AllA-5.2.3 Muthu, M., 1980| A study on the acute inhalation toxicity of N -
Krishnakumari, phosphine to albino rats.
M.K., Bulletin of environmental contamination and
Muralidhara, toxicology (1980) Vol. 24 pp.404-410
Majumder, S.K. Unknown
not GLP, published
TOX2006-171
AllA-5.2.3; | Newton, P.E. 1989 An acute inhalation toxicity stadyhosphine N CAS
AlllA-7.1.3 (PH3) in the rat.
PROJECT NO.: 87-8029
not GLP, unpublished
TOX97-51198
AllA-5.2.3; |Newton, P.E., |1993| Inhalation toxicity of phosphine in the rat: N -
AllIA-5.3; Schroeder, Acute, subchronic, and developmental.
AllA-5.6.1; |R.E., Sullivan, Inhalation Toxicology, 5,2, 1993, 223-239
AllIA-5.6.2; |J.B. et.al. Not GLP, published
AlllA-7.1.3 TOX2002-824
AllA-5.2.3 Roy, B.C. 1998 Acute inhalation toxicity éuminium phos- Y UPL
phide technical inrats.
366
not GLP, unpublished
TOX2006-215
AllA-5.2.3; | Shimizu, Y., 1982 | Acute inhalation toxicity testing of hydrogen N DET
AllIA-7.1.3 | Ogawa, Y., phosphide in rats.
Tokiwa, K. NRI-82-7489
not GLP, unpublished
TOX2005-280
AllA-5.2.3; | Venugopala 2001/ Acute inhalation toxicity study with Polytang Y CFW
AllA-5.3.3; |Rao, K. in Wistar rats.
AlllA-7.1.3 3078/00
GLP, unpublished
TOX2002-822
AllA-5.2.3 Waritz, R:S., |1975| Acute and subacute inhalation toxicities of N -
Brown, R:M. phosphine, phenylphosphine and triphe-
nylphosphine.
Am. Ind. Hyg. Assoc. J., 36, 1975, 452-458
not GLP, published
TOX2002-828
AllA-5.2.3 Waritz, R.S., |1975| Acute and subacute inhalation toxicities of N -
Brown, R.M. phosphine, phenylphosphine and triphe-
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Author(s)

Year

Title

source (where different from company)
report no.

GLP or GEP status (where relevant),
published or not

BVL registration number

Data

claimed

YIN

protection

Owner

AllA-5.2.4

Brunt, P.

2001

Zinc phosphide: Acute dernngtation in the
rabbit.
1483/001
GLP, unpublished
TOX2005-168

CFW

AllA-5.2.4;
AlllIA-7.1.4

Dickhaus, S.,
Heisler, E.

1987

Prufung von Aluminiumphosphid auf priméar
Hautreizwirkung an der intakten Haut des
Kaninchens (OECD-Guidelines no. 406).
(Irritant effects of Aluminiumphosphid-en
intact skin of Rabbits).

1-3-183-87

GLP, unpublished

TOX2000-94

DET

AllA-5.2.4

Joshi, M.

1998

Primary skin irritation ofléminium
phosphide technical in rabbits.
364
not GLP, unpublished
TOX2006-216

UPL

AllA-5.2.4

Kohler, U.

2004

Calcium phosphide: Skinitation.
Not GLP, unpublished
TOX2005-165

CFW

AllA-5.2.5

Brunt, P.

2001

Zinc phosphide: Acute eyétation in the
rabbit.
1483/002
GLP; unpublished
TOX2005-171

CFW

AllA-5.2.5;
AlllIA-7.1.5

Dickhaus, S.,
Heisler, E.

1987

Augenreiztest am Kaninchen mit Aluminium
phosphid nach OECD no. 405. (Irritant effeq
of Aluminiumphosphid on rabbit eye).
1-3-184-87

not GLP, unpublished

TOX2000-95

Z

ts

DET

AllA-5.2.5

Kohler, U

2004

Calcium phosphide: Eye tation.
Not GLP, unpublished
TOX2005-170

CFW

AllA-5.2.6;
AlllA-7.1.6

Brunt, P.

2001

Zinc phosphide: Skin sensitisatiothin
guinea pig — Magnusson and Kligman maxir
sation method.
1483/003
GLP, unpublished
TOX2002-179

=
1

CFW

AllA-5,2.6

Kohler, U.

2004

Calcium phosphide: Skin siation.
Not GLP, unpublished

TOX2005-172

CFW
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not GLP, published

TOX2005-1200

Annex Author(s) Year| Title Data Owne?
point/ source (where different from company) protection
reference report no. claimed
number GLP or GEP status (where relevant),
published or not
BVL registration number Y/N
AllIA-5.3; Potter, W.T., [1991| Phosphine-mediated Heinz body formation pnd N -
AllA-5.4.1; |Rong, S., hemoglobin oxidation in human erythrocytes.
AllA-5.6.2; | Griffith, J., Toxicology Letters, 57, 1991, 37-45
AllA-5.8.2 White, J., Not GLP, published
Garry, V.F. TOX2000-113
AllA-5.3.2; |Barbosa, A., |1994| Determination of genotoxic and other effects’in N -
AllA-5.4.2 Rosinova, E., mice following short term repeated-dose and
Dempsey, J., subchronic inhalation exposure to phosphing.
Bonin, A.M. Environmental and Molecular Mutagenesis ,
24,1994, 81-88
not GLP, published
TOX97-50676
AllA-5.3.2; | Jokote, C. 1904 Experimentelle Studien Gber-den @Enfech- N -
AllA-5.6.2 nisch und hygienisch wichtiger Gase und
Déampfe auf den Organismus, Teil XI. Studign
Uber Phosphorwasserstoff.
Arch. Fir Hyg., 49/50; 275-306
not GLP, published
TOX2005-1198
AllA-5.3.2; | Kietzmann, M. | 2004 Statement of<concerning toxicatabstudies Y CFW
AllIA-5.5; with calcium{phosphide (Polytanol).
AllA-5.6.2 Not GLP, unpublished
TOX2005-178
AllA-5.3.2; | Kligerman, 1994 | Cytogenetic and germ cell effects of phosphine N -
AllA-5.4.2 A.D., Bishop, inhalation by rodents. Il: Subacute exposures
J.B., Erexson, to,rats and mice.
G.L. et. Al Environmental and Molecular Mutagenesis, P4,
1994, 301-306
not GLP, published
TOX2002-830
AllA-5.3.2 Morgan, D. L.;.[1995| Inhalation toxicity of Phosphine for Fischer N -
Moorman, M; 344 rats and B6C3F1 mice.
P., Elwell M. Inhalation Toxicology, 7, 1995, 225-238
R., et aly not GLP, published
TOX2002-181
AllA-5.3.2 Muktha Bai, K.,| 1980| Short term toxicity study of zinc phosphidein N -
Krishnakumari, albino rats
M.K., Ramesh, (rattus norvegicus).
H.T., etal; Indien Journal of Exp., 18, 1980, 854-857
not GLP, published
TOX2005-175
AllA-5.3.2; | Okolie, N.P., |2004| Phostoxin-induced biochemical and patho- N -
AllA=5.6.2 Aligbe, J.U., morphological changes in rabbits.
Osakue, E.E. Indian J. Exp. Biol., 42, 11, 2004, 1096-1098
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Annex Author(s) Year| Title Data Owne?
point/ source (where different from company) protection
reference report no. claimed
number GLP or GEP status (where relevant),
published or not
BVL registration number Y/N
AllA-5.3.2 Schnellhardt, |1985| Study on the subchronical toxicity of Alumini- N DET
M., Gebhardt, um phosphide — 90-day-test on growing wistar
M., Brater, M., rats.
et al; Not GLP, unpublished
TOX2005-282
AllA-5.3.3 Newton, P.E. 1990 An thirteen week inhadatitoxicity study of Y PSA
phosphine (PE) in the rat.
87-8030
GLP, unpublished
TOX2001-684
AllA-5.4.1 Araki, A., 1994 | Improved method for mutagenicity testing of N -
Noguchi, T., gaseous compounds by using a;gas sampling
Kato, F., bag.
Matsushima, T. Mutation Research, 307, 1994, 335-344
not GLP, published
TOX2002-182
AllA-5.4.1; | Garry, V.F., 1989 | Human genotoxicity:‘Pesticide applicators and N -
AllA-5.9.1 Griffith, J., phosphine.
Danzl, Th.J., Science, 246, 1989, 251-255
Nelson, R.L., not GLP, published
Whorton, E.B., TOX2000-114
Krueger, L.A.,
Cervenka, J.
AllA-5.4.1 Leuschner, F. 1992 Phosphine: Mutagenisttydy in mammalian N DET
cells:(V79) in vitro — HGPRT Test.
6990/91
GLP, unpublished
TOX2005-284
AllA-5.4.1 Rajwani, L.S. 200Q Salmonella typhimuriueverse mutation Y UPL
assay of Aluminium phosphide technical.
2567
GLP, unpublished
TOX2006-220
AllA-5.4.1 SanSebastian, | 1990| Structural chromosome aberration in Chinese Y PSA
J.R. hamster ovary (CHO) cells induced by
hydrogen phosphide (RH (in vitro).
PH 320-DA-001-89
GLP, unpublished
TOX2001-686
AllA-5.4.1 Stankowski, 1990| Ames/salmonella plate incorporation assayjon Y DET
L.F. hydrogen phosphide (RH
PH 301-DA-001-89
GLP, unpublished
TOX2001-685
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370
not GLP, unpublished

TOX2006-224

Annex Author(s) Year| Title Data Owne?
point/ source (where different from company) protection
reference report no. claimed
number GLP or GEP status (where relevant),
published or not
BVL registration number Y/N
AllA-5.4.1 Sutou, S., 1982| In vitro microbial mutagenicity testing of N DET
Yamamoto, K., hydrogen phosphide.
Shirakawa, H. 82-7492
not GLP, unpublished
TOX2005-283
AllA-5.4.2 Guna Sherlin, |1998| Chromosomal abberation test of Aluminium Y UPL
D.M. phosphide technical in mice.
367
not GLP, unpublished
TOX2006-222
AllA-5.4.2 Guna Sherlin, | 1998| Micronucleus test of Aluminium phosphide Y UPL
D.M technical in mice.
368
not GLP, unpublished
TOX2006-221
AllA-5.4.2; | Kligerman, 1994 | Cytogenetic and germcell effects of phosphine N -
AllA-5.4.3; |A.D., Bishop, inhalation by rodents{1l: Subacute exposures
AllA-5.6.1 J.B., Erexson, to rats and mice.
G. L. etal Environmental and Molecular Mutagenesis, P4,
1994, 301-308
not GLP, published
TOX2002:185
AllA-5.4.2 Kligerman, 1994 | Cytogenetic effects of phosphine inhalationjby N -
A.D., Bryant, rodents. I: Acute 6-hour exposure of mice.
M.F., Doerr, Environmental and Molecular Mutagenesis, P23,
C.L.,etal 1994, 186-189
not GLP, published
TOX2002-184
AllA-5.4.2 Kligerman, 1994 | Cytogenetic effects of phosphine inhalationjby N -
A.D., Bryant, rodents. |: Acute 6-hour exposure of mice.
M.F., Doerr, Environmental and Molecular Mutagenesis ,
C.L., Erexson, 23,1994, 186-189
G.L., Kwany- not GLP, published
uen, P.,.McGeg, TOX97-50677
J.K.
AllA-5.4.2 McKeon, M.E. | 1993 Genotoxicity test on Ppbie in the in Y DET
vivo/in vitro assay for unscheduled DNA syn-
thesis in rat primary hepatocyte cultures at two
timepoints.
A0040-0-494
GLP, unpublished
TOX2005-285
AllA=5.4.2; |Rajesh Sundar, 1999 | Dominant lethal test of Aluminium phosphide Y UPL
ANA-5.6.1 S. technical in mice.
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Data
protection
claimed

YIN

Owner

AllA-5.5

Newton, P.E.,
Hilaski, J.,
Banas, D.A. et
al.

1999

A 2-year inhalation study of phosphine in rats.

Inhalation Toxicology, 11, 1999, 693-708
not GLP, published
TOX2002-189

N -

AllA-5.5

Newton, P.E.

1998

2-year combined inhalataimonic toxicity
and oncogenicity study of phosphine in rats:
750-001 ! 182-007
GLP, unpublished
TOX2000-98

Y DET

AllA-5.6.1

Kohler, U.

2004

Calcium phosphide: Two geat@n reproduc-
tive in the rat.

Not GLP, unpublished
TOX2005-188

N CFW

AllA-5.6.2

Anonymous

1991

Poisons Information Monodneg65 —
Phosphine.
IPCS INCHEM
not GLP, published
TOX2005-1197

AllA-5.6.2

Neurath, G.

2004

Phosphine/metal phosphidastification for
non-submission of a developmental
toxicity/teratogenicity study in the rabbit with
phosphine~ Expert Statement.
149288-A2-050602-01
not GLP, unpublished
TOX2005-1127

N CFW

AllA-5.6.2

Schroeder, R.E|

198

9 -An inhalation develgmal toxicity study of

phosphine (Pk) in rats.
89-3413

GLP, unpublished
TOX2001-687

Y PSA

AllA-5.6.10

Mduller, W.

1940

Uber Phosphorwasserstoftyttung (Tierver-
suche). I. Mitteilung:. Akute und subakute
Vergiftung
not GLP, published
TOX2005-1199

N DET

AllA-5.6.10

Newton, P.E. e
al.

1993

Inhalation toxicity of phosphine in the rat:
Acute, subchronic, and developmental.
not GLP, published

TOX2002-824

AllA-5.7;
AllA-5.8.2

Schaefer, G.J.

199

8 90-day inhalation neurotoxicitgs of

phosphine in rats Vol. 1 to 5.
750-003

GLP, unpublished
TOX2006-176

Y CAS
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point/ source (where different from company) protection
reference report no. claimed
number GLP or GEP status (where relevant),

published or not
BVL registration number YIN
AllA-5.7 Schaefer, G.J. | 1998 Acute neurotoxicity studyphosphide in rats Y DET
(delayed neurotoxicity following acute
exposure).
750-002
GLP, unpublished
TOX2000-97
AllA-5.7 Schaefer, G.J.,| 1998 | Acute and subchronic inhalation neurotoxicity N -
Newton, P. E., of phosphine in the rat.
Gruebbel, M.M. Inhalation Toxicology, 10, 1998, 293-320
et al. not GLP, published
TOX2002-190

AllA-5.9.1; | Anonymous 1999 Emergency first aid treatment.guideziioc N -

AllA-5.9.5 phosphide.
EPA, 1999

not GLP, published
TOX2002-209
AllA-5.9.1 Asher, P.P. 2005 Report on health statuaofory workers Y UPL
exposued during manufacturing of Aluminiun
phosphide.

Not GLP, unpublished
TOX2006-225
AllIA-5.9.1; |Barbosa, A.,, |1994| Evaluation-of phosphine genotoxicity at occu- N -
AllA-5.9.3; | Bonin, A.M. pational-levels of exposure in New South
AlllA-7.2.1.2 Wales;Australia.

Occup.-Environ.-Med. , 51, 10, 1994, 700-705
not GLP, published
TOX97-50675
AllA-5.9.1 Guth, E. 2003 Occupational Health Care Eonployees unde
Hydrogen Phosphide (PH3) Exposition.
not GLP, unpublished

TOX2004-2205

AllA-5.9.1 Henschler 1987 Gesundheitsschadliche Adssitffe — Toxi- Y CFW
kologisch-arbeitsmedizinische Begriindung yon
MAK-Werten. VCH; 1-12 Lieferung/1986/87
Phosphorwasserstoff. (Translation: Industrigl
substances dangerous to health — Toxicological
occupational health justification of MAK
values).

not GLP, unpublished

TOX97-50342

AllA-5.9.1 Koéhler, U. 2004| Arbeitsmedizinische Vorsetgtersuchungen N CFW
des Betriebspersonals — Direkte Beobachtu
gen —Industrial medical check-up of factory
personnel — direct observations. Translation|:
Industrial medical check-up of factory person
nel — direct observations.
not GLP, unpublished
TOX2005-194

>

Z

DET

-
1
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Annex Author(s) Year| Title Data Owne?
point/ source (where different from company) protection
reference report no. claimed
number GLP or GEP status (where relevant),
published or not
BVL registration number Y/N
AllA-5.9.1; |Konerding, J. 2004 Arbeitsmedizinische Bescheinigdmgnslati- N CFW
AllA-5.9.2; on: Industrial Medicine Certification.
AlllIA-7.2.3.1 Not GLP, unpublished
TOX2004-882
AllA-5.9.1 Misra, U., 1988| Occupational phosphine exposure in indian N -
Bhargava, S., workers.
Nag, D., Toxicology letters, 42, 257-263
Kidwai, M., Lal Unknown
M. not GLP,published
TOX2006-182
AllA-5.9.2; | Anonymous 1999 Niosh Alert — Preventing phosphinequaing N -
AllA-5.9.6 and explosions during fumigatior:
National Institute for Occupational Safety and
Health, Cincinnati, USA, DHHH (NIOSH)
publication No. 99-126
not GLP, published
TOX2006-226
AllA-5.9.2; |Balali-mood, |1991| Phosphine — International programme on N -
AllA-5.9.4; | M. chemical safety, poisons information
AllA-5.9.5; monograph 865.
AllA-5.9.6 International‘Programme on Chemical Safety
(IPCS)
PIM 865
not GLP, published
TOX2006-185
AllA-5.9.2 Brockstedt, M. | 1991 Inquiry with regard te active substance zinc Y CFW
phosphide — Engl. Transl. Of German doc.:
Anfragen zum Wirkstoff Zinkphosphid
not GLP, unpublished
TOX2006-688
AllA-5.9.2; | Chugh, S.N. et[1991| Incidence & outcome of aluminium phosphigle N -
AllA-5.9.4 al; poisoning in a hospital study.
Indian J Med Res, 232-235
not GLP, published
TOX2005-305
AllA-5.9.2 Chugh, S.N., |1989| Adrenocortical involvement in aluminium N -
Ram, S., phosphide poisoning.
Sharma, A., Indian J Med Res, 90, 289-294
Arora, B.B. et not GLP, published
al. TOX2007-169
AllA-5.9.2 Chugh, S.N., [1989| Spot diagnosis of aluminium phosphide N -
Sant Ram, ingestion: An application of a simple test.
Chugh, K., J. Assoc. Physicians India, 37, 219
Malhotra, K.C. not GLP, published
TOX2007-168
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number GLP or GEP status (where relevant),

published or not
BVL registration number Y/N
AllA-5.9.2 Feldstein, A., |1991| Fumigant intoxication during transport of grain N -
Heumann, M., by railroad.
Barnett, M. Journal of Occupational Medicine (1991)
Vol.33, pp. 64-65
Unknown

not GLP, published
TOX2006-186
AllA-5.9.2 Gellner, R. 1991 Inquiry with regard to tpesticide active Y -
substance - Engl. transl. of German doc.:
Anfrage zu Pflanzenschutzmittelwirkstoff
Zinkphosphid

not GLP, unpublished

TOX2006-696

AllA-5.9.2 Glass, A. 1956 Account of suspected phasphpoisoning in & N -
submarine.

Journal Royal Navy Medical Services (1956
Vol. 42, pp. 185-187

Unknown

not GLP, published

TOX2006-187

AllA-5.9.2 Gosselin, R.E.;| 1984 | Zinc phosphide. N -
Smith, R.P; Clinical toxicology of commercial products.
Hodge, H.C. Fifth edition, Williams & Wilkins — Baltimore
and Braddock, Hong Kong London Sydney, 1984, 11-120
J.E. not GLP,published
TOX2002-199
AllA-5.9.2 Gupta, S., 1995 |;Aluminium phosphide poisoning — a review. N -
Sushil, K., Clinical Toxicology, 33, 1, 1995, 19-24
Ahlawat, K. Unknown

not GLP, published
TOX2006-188
AllA-5.9.2 Harger, R.N:,” | 1958 | Toxicity of phosphine, with a possible fatality N -
Spolyar, LW. from this poison.

Arch. Ind. Health, 18, 497-504
not GLP, published
TOX2007-171

AllA-5.9.2 Hayes, W.J. 1982 Pesticides studied in nf@nganic phosphorys N -
pesticides, clinical considerations, potentiatipn
and antagonism, chlorfenvinphos.).
Pesticides studied in man. Williams & Wilkins;
Baltimore/London, , 1982, 301-318
132AX-493-089

not GLP, published

TOX96-52228

AllA-5.9.2 Khosla, S.N., [1988| Aluminium phosphide poisoning. N -
Nand, N., Med. Hyg., 91, 196-198
Khosla, P. not GLP, published

TOX2007-170
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number GLP or GEP status (where relevant),

published or not
BVL registration number Y/N
AllA-5.9.2 Khosla, S.N., [1992| Aluminium phosphide poisoning. N -
Handa, R., Tropical Doctor (1992) Vol.22, pp. 155-157
Khospla, P. Unknown

not GLP, published
TOX2006-189
AllA-5.9.2 Kowaleswski, |1991| Inquiry with regard to the pesticide active Y CFW
S., Smend, J. substance (Engl. Transl.) — Anfrage zu Pflan
zenschutzmittelwirkstoff Zinkphosphid.
Not GLP, unpublished

TOX2006-25

AllA-5.2.9 Martens, F. 1991 Inquiry with regard to thesticideactive Y CFW
substance — Engl. Transl. Of German doc.:
Anfrage zu Pflanzenschutzmittelwirkstoff
Zinkphosphid

not GLP, unpublished

TOX2006-692

AllA-5.9.2 Moll, H. 1991 | Inquiry with regard to-the pecide active Y -
substance - Engl. transl. of German doc.:
Anfrage zu Pflanzenschutzmittelwirkstoff
Zinkphosphid

not GLP, unpublished

TOX2006-697

AllA-5.9.2 Rodenberg, 1989| Zinc phgsphide ingestion: A case report and N -

H.D., Chang, review;
C.C.and Vet-Hum. Toxicol., 31, 6, 1989, 559-562
Watson, W.A. not GLP,published
T0OX2002-200
AllA-5.9.2 Sarma, P.S.A.,| 1996/ Acute pancreatitis due to Zinc phosphide N -
Narula, J. ingestion.

Postgraduate Med. J., 72, 1996, 237-238
not GLP, published

TOX2006-26
AllA-5.9.2 Siwach, S.B., |1988| Acute aluminium phosphide poisoning, an N -
Yadav, D-R., epidemiological, clinical, and histopathological
Arora; B., study.
Dalal; S. Journal Association of Physicians India (1988)
Vol. 36, pp. 594-6
Unknown

not GLP, published
TOX2006-191
AllA-5.9.2 Stephenson, |1967| Zinc phosphide poisoning N -
J.B.P. not GLP, published
TOX96-52073
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Annex Author(s) Year| Title Data Owne?
point/ source (where different from company) protection
reference report no. claimed
number GLP or GEP status (where relevant),
published or not
BVL registration number Y/N
AllA-5.9.2 Wilson, R., 1980| Acute phosphine poisoning aboard a grain N -
Lovejoy, F.H., freighter. Epidemiologic, clinical and patholg-
Jaeger, R.J., gical findings.
Landrigan, P.L. JAMA, 244, 148-150
not GLP, published
TOX2007-172
AllA-5.9.2 Zipf, K. E., 1967 Clinical observation of a case of Phostoxin N -
Arndt, T.; poisoning.
Heintz, R. Springer Verlag
not GLP, published
TOX2005-287
AllA-5.9.3 Amr, M., 1993| Neurobehavioral changes among workers in N -
Allam, M., some chemical industries in Egypt.
Osmaan, A.L. et Environmental Research, 63, 1993, 295-30(
al. not GLP, published
TOX2002-201
AllA-5.9.3 Amr, M. M.; et | 1997 | Neuropsychiatric syndromes and occupational N -
al; exposure to Zinc phosphide in Egypt.
Environ. Res., 73,1997, 200-206
not GLP, published
TOX2006-27
AllA-5.9.3 Burgess, J.L., | 1997 | Hazardous material incidents: The Washington N -
Pappas, G.P., poison center experience and approach to ex-
Robertson, posure assessment.
W.O. JOEM, 8, 39, 1997, 760-766
not GLP, published
TOX2005-195
AllA-5.9.3 Burgess, J.L., |1998| Fumigant related illnesses: Washington State's N -
Morrissey, B., five year experience.
Robertson, J. Toxicol. Clin. Toxicol., 36, 1998, 465
W.O. not GLP, published
TOX2002-203
AllA-5.9.3 Garry, V.F., et | 1992| Chromosome rearrangements in fuminant ap- N -
al; pliers: Possible relationship to non-Hodgkins
lymphoma risk.
Cancer Epidemol. Bio. Prev., 1, 1992, 287-291
not GLP, published
TOX2006-30
AllA-5.9.3 Garry, V.F., et |1989| Human genotoxicity: Pesticide applicators and N -
al; phosphine.
Science, 246, 1989, 251-255
not GLP, published
TOX2006-28
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AllA-5.9.3 Halloran, R.O., | 1970| Blindness and gastrointestinal tract symptoms N -
Reich, G.A. after exposure to pesticides.

JAMA, 214, 5, 1970, 920
not GLP, published
TOX2002-202
AllA-5.9.3 Sorensen, K.J., 1996 | The effect of phosphine, smoking and age on N -
et al; stable chromosome aberration frequencies'i
agricultural workers.

Environ. Mol. Mutagen. Abstr., 27, 1996, 64
not GLP, published

>

TOX2006-29
AllA-5.9.3 Tucker, J.D., et| 2003 | Multi-endpoint biological monitefing of N -
al; phosphine workers.

Mutat. Res., 536, 2003, 7-14
not GLP, published

TOX2006-31
AllA-5.9.4; | Backhaus, A. 1997 Medizinisches Merkblatt fir denditdschutz N CFW
AllA-5.9.5; - Unfalle mit Polytanol - Medical information
AllA-5.9.6 for worker protection - Accidents with

Polytanol.

not GLP, unpublished
TOX2000-122

AllA-5.9.4 Guale, F.G,, 1994 | Laboratory diagnosis of zinc phosphide N -
Stair, E.L., poisoning.
Johnson, B.W. Vet-Human Toxicol., 36, 1994, 517-519
etal. not GLP, published
TOX2002-205
AllA-5.9.4; |Klimmer, O.R. | 1971 Phosphorwasserstoff und Phosphidflan- N -
AllA-5.10 zenschutz- und Schéadlingsbekdmpfungsmittel-
Abriss einer Toxicologie und Therapie von
Vergiftungen.

not GLP, published
TOX2005-197
AllA-5.9.4 Koéhler, V. 2004| Calcium phosphide: Poisaniliagnosis. N CFW
not GLP, unpublished
TOX2005-198

AllA-5.9.4 Reigart, J.R. |1999| Recognition and management of pesticide N -
and Roberts, poisonings.
J.R. EPA Manual, fifth edition, chapter 17, 1999,
169-182

not GLP, published
TOX2002-207
AllA=5.9.5 Chopra, J.S., |1988| Aluminium phosphide poisoning: a propectiye N -

Karla, O.P., study of 16 cases in one year.
Malik, B.S. et Postgrad. Med. J., 62, 1113-1115
al. not GLP, published

TOX2007-173
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AllA-5.9.5 Kohler, U. 2004| Prescribed treatment - Intdiade measures. N CFW
not GLP, unpublished
TOX2005-199
AllA-5.9.5 Shadnia, S., 2005| Successful treatment of acute aluminium phos-, N -
Rahimi, M., phide poisoning: possible benefit of coconut]
Pajoumand, A., oil.
Rasouli, M.H., Human & Experimental Toxicology (2005)
Abdollahi, M. Vol.24, pp.215-218
Unknown
not GLP, published
TOX2006-192
AllA-5.9.5 Suman, R.L., |1999| Pleural effusion - A rare complication of Alur N -
Savani, M. minium phosphide poisoning.
Indian Pediatrics, 36, pp 1161-1163
not GLP, published
TOX2006-227
AllA-5.9.5 Weller, D. 1982 Toxicology of hydrogen Pipdsde (Phosphi- N -
ne) - Therapy of peisoning.
not GLP, published
TOX2005-306
AllA-5.9.6 Misra, U.K., 1988| Acute Phosphine poisoning following ingestion N -
Tripathi, A.K., of Aluminium phosphide.
Pandey, R. Human Toxicol., 343-345
Bhargwa, not GLP, published
TOX2005-307
AllA-5.9.6 Singh, S., Dila-| 1985| Aluminium phosphide ingestion. N -
wari, J.B., Br. Med. J., 290, 1110
Yashist, R. et not GLP, published
al. TOX2007-177
AllIA-5.10; Reh, P. 2001 Polytanol - Bewertung der Exposition von N CFW
AlllIA-7.2.1.1 Anwendern im Haus- und Kleingartenbereich.
not GLP, unpublished
TOX2002-826
AlllIA-7.1.1 | Sterner,:\W., 1977| Acute oral toxicity of "Aluminiumphosphid”in N DET
Stiglic, A. rats.
0-0-51-77
not GLP, unpublished
TOX2006-981
AlllA-7.2.1.25| Tucker, J.D. 2003 | Multi-endpoint biological monitoring of N -
Moore, D.H. Phosphine workers.
Ramsay, M.J., Mutation Research, 536, 2003, 7-14
et al; not GLP, published
TOX2005-336
AlA-7.4 Kohler, U. 2004| Polytanol: Available toxicogical data for N CFW
each formulant.
not GLP, unpublished
TOX2005-211
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AlllA-7.4 Kohler, U. 2004 | Polytanol: Notification anshfety data sheet N CFW

submitted in the context of Directive
67/548/EEC and Commission Directive
91/155/EEC for each formulant.

not GLP, unpublished

TOX2005-210

Codes of owner

CAS: CASA BERNADO LTDA
CFW: Chemische Fabrik Wilfel
DET: Detia Freyberg GmbH
PSA: Prosanitas GmbH

UPL: United Phosphorus Ltd.



