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APPENDIX D

AEGL Values for Selected Metal Phosphides
Aluminum Phosphide (AIP)
Potassium Phosphide (K;P)

Sodium Phosphide (Na;P)
Zinc Phosphide (Zn;P,)

Calcium Phosphide (Ca;P,)
Magnesium Phosphide (Mg;P,)
Strontium Phosphide (Sr;P,)
Magnesium Aluminum Phosphide (Mg;AlP3)

SUMMARY

Metal phosphides are solids and are typically used as fumigants against in-
sects and rodents in stored grain. The metal phosphides react rapidly with water
and moisture in the air or stored grain to produce phosphine gas. It is the
phosphine gas that is responsible for acute toxicity, and the rate of phosphine
generation is dependent on ambient temperature and humidity and the chemical
structure of the phosphide (Anger et al. 2000).

In the absence of appropriate chemical-specific data for the metal
phosphides considered in this appendix, the AEGL-2 and AEGL-3 values for
phosphine were used to obtain AEGL-2 and AEGL-3 values, respectively, for
the metal phosphides. The use of phosphine as a surrogate for the metal
phosphides is deemed appropriate because qualitative (clinical signs) and quan-
titative (phosphine blood level) data suggest that the phosphine hydrolysis prod-
uct is responsible for acute toxicity from metal phosphides. The phosphine
AEGL-2 and AEGL-3 values were used as target values for calculating the con-
centrations of metal phosphide needed to generate the phosphine AEGL values.

Because AEGL-1 values for phosphine are not recommended (due to in-
sufficient data), AEGL-1 values for the metal phosphides considered in this ap-
pendix are also not recommended. The calculated values are listed in Table D-1
below.

D.I. INTRODUCTION

Metal phosphides are solids and are typically used as fumigants against in-
sects and rodents in stored grain. The metal phosphides react rapidly with water
and moisture in the air or stored grain to produce phosphine gas. It is the
phosphine gas which is responsible for acute toxicity, and the rate of phosphine
generation is dependent on ambient temperature and humidity and the chemical
structure of the phosphide (Anger et al. 2000).
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TABLE D-1 AEGL Values for Metal Phosphides”

Compound Classification  10-min 30-min 1-hr 4-hr 8-hr
Aluminum AEGL-1 NR NR NR NR NR
Phosphide AEGL-2 9.5mg/m® 9.5 mgm’ 47mg/m’ 12mgm’ 0.59 mg/m’
AEGL-3 17mgm’ 17 mg/m’  85mgm’ 2.1mgm’ 1.1 mgm’
Potassium AEGL-1 NR NR NR NR NR
Phosphide AEGL-2 24 mg/m*  24mgm’ 12mg/m’  3.0mg/m’ 1.5mgm’
AEGL-3 44 mg/m® 44 mg/m® 22mg/m’  55mg/m’ 2.7 mg/m’
Sodium AEGL-1 NR NR NR NR NR
Phosphide AEGL-2 16 mg/m® 16 mg/m* 82mg/m’ 2.0mg/m’ 1.0 mg/m’
AEGL-3 29mg/m’ 29 mg/m’  1Smgm’ 3.7mg/m’ 1.8 mg/m’
Zinc Phosphide AEGL-1 NR NR NR NR NR
AEGL-2 2l mgm’ 21 mg/m® 1lmgm’ 2.6mgm’ 1.3 mg/m’
AEGL-3 38 mg/m*  38mg/m’ 19 mg/m’ 48mg/m’ 2.4 mgm’
Calcium AEGL-1 NR NR NR NR NR
Phosphide AEGL-2 15mg/m’  15mgm®  75mgm’ 1.9 mg/m® 0.93 mg/m’
AEGL-3 27mgm’ 27 mg/m®  13mgm’ 34mgm’ 1.7 mg/m’
Magnesium AEGL-1 NR NR NR NR NR
Phosphide AEGL-2 I mgm® 1lmg/m’ 55mgm’ 1.4mg/m® 0.69 mg/m’
AEGL-3 20 mg/m* 20 mg/m®* 9.9 mg/m’ 2.5mg/m’ 1.2 mgm’
Strontium AEGL-1 NR NR NR NR NR
Phosphide AEGL-2 27 mg/m*  27mg/m’  13mg/m® 33 mgm’ 1.7 mgm’
AEGL-3 48 mgm’ 48 mg/m® 24 mgm’ 6.0mg/m’ 3.0 mg/m’
Magnesium AEGL-1 NR NR NR NR NR
Alumin}lm AEGL-2 11 mgm’ 11mgm® 53mgm’ 13mgm’® 0.66mg/m’
Phosphide AEGL-3 19mg/m’  19mg/m’ 95mg/m’ 24mg/m’ 12mgm’

“These airborne concentrations will produce the equivalent AEGL values for phosphine.
Note: Absence of an AEGL-1 does not imply that exposure below the AEGL-2 is without
adverse effects.

NR, not recommended.

Aluminum Phosphide (CAS No. 20859-73-8), Potassium Phosphide
(CAS No. 20770-41-6), and Sodium Phosphide (CAS No. 12058-85-4): One
mole of aluminum phosphide, potassium phosphide, or sodium phosphide will
react rapidly with water or moisture to produce a maximum of 1 mole of
phosphine gas as follows:

AIP + 3H,0 > PH; + Al(OH);
KsP + 3H,0 = PH; + 3KOH

NagP + 3H20 > PH3 + 3NaOH
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Zinc Phosphide (CAS No. 1314-84-7), Calcium Phosphide (CAS No.
1305-99-3), Magnesium Phosphide (CAS No. 10257-74-8), and Strontium
Phosphide (CAS No. 12504-13-1): One mole of zinc phosphide, calcium
phosphide, magnesium phosphide or strontium phosphide will react rapidly with
water or moisture to produce a maximum of 2 moles of phosphine gas as fol-
lows:

Zn3P, + 6H,0 - 2PH; + 3Zn(OH),
Ca;P, + 6H,0 - 2PH; + 3Ca(OH),
Mg;P, + 6H,0 = 2PH; + 3Mg(OH),
Sr;P, + 6H,0O - 2PH; + 3Sr(OH),

Magnesium Aluminum Phosphide (CAS No. None): One mole of mag-
nesium aluminum phosphide will react rapidly with water or moisture to pro-
duce a maximum of 3 moles of phosphine gas as follows:

Mg;AIP; + 9H,0 = 3PH; + Al(OH); + 3Mg(OH),

Aluminum phosphide is a gray or yellow crystalline solid prepared from
red phosphorus and aluminum powder (O’Neil et al. 2001). Commercial alumi-
num phosphide sachets contain 70% aluminum phosphide and 30% aluminum
carbonate (Bajaj et al. 1988). Calcium phosphide is a red-brown or gray solid
prepared by heating calcium phosphate with aluminum or carbon by passing
phosphorus vapors over metallic calcium. In addition to its use as a rodenticide,
calcium phosphide is also used in signal fires and pyrotechnics and in the purifi-
cation of copper and copper alloys (HSDB 2007a). Zinc phosphide is a gray
solid and may be produced by passing phosphine through a solution of zinc sul-
fate (HSDB 2007b). Manufacturing information on the other metal phosphides
considered in this appendix was not located. Available physico-chemical data
for the metal phosphides are shown in Tables D-2 through D-9.

TABLE D-2 Physicochemical Data for Aluminum Phosphide

Parameter Description/Value Reference
Synonyms (commercial Celphos, Phostoxin, Quickphos ~ O’Neil et al. 2001
product)

CAS Registry No. 20859-73-8 O’Neil et al. 2001
Chemical formula AlP O’Neil et al. 2001
Molecular weight 57.96 O’Neil et al. 2001
Physical state Solid, gray of yellow crystals O’Neil et al. 2001

(Continued)
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TABLE D-2 Continued

Parameter Description/Value Reference
Relative density (water = 1) 2.9 IPCS 1989
Melting point >1350°C IPCS 1989
Solubility in water Reactive produces phosphine gas IPCS 1989

TABLE D-3 Physicochemical Data for Potassium Phosphide

Parameter Description/Value Reference

CAS Registry No. 20770-41-6 ChemIDPlus 2005a
Chemical formula K;P ChemlIDPlus 2005a
Molecular weight 148.3 ChemIDPlus 2005a

TABLE D-4 Physicochemical Data for Sodium Phosphide

Parameter Description/Value Reference
Synonyms Trisodium phosphide ChemIDPlus 2005b
CAS Registry No. 12058-85-4 ChemIDPlus 2005b
Chemical formula Na;P ChemIDPlus 2005b
Molecular weight 99.94 Lewis 1996a
Physical state Solid, red crystals Lewis 1996a
Melting point Decomposes Lewis 1996a
Solubility in water Reacts violently Lewis 1996a

TABLE D-5 Physicochemical Data for Zinc Phosphide

Parameter Description/Value Reference
Synonym Trizinc diphosphide IPCS 1989
CAS Registry No. 1314-84-7 IPCS 1989
Chemical formula Zn;P, IPCS 1989
Molecular weight 258.1 IPCS 1989
Physical state Solid, gray powder or crystals O’Neil et al. 2001
Relative density (water = 1) 4.55 O’Neil et al.2001
Melting point Sublimes IPCS 1989
Solubility in water Insoluble, reacts IPCS 1989

TABLE D-6 Physicochemical Data for Calcium Phosphide

Parameter Description/Value Reference
Synonyms (commercial Calcium photophor, O’Neil et al. 2001
product) photophor

CAS Registry No. 1305-99-3 O’Neil et al. 2001
Chemical formula CazP; O’Neil et al. 2001

(Continued)
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TABLE D-6 Continued

Parameter Description/Value Reference

Molecular weight 182.18 O’Neil et al. 2001

Physical state Solid, red-brown crystals or ~ O’Neil et al. 2001
gray lumps

Relative density (water=1)  2.51 O’Neil et al. 2001

Melting point 1600°C O’Neil et al. 2001

Solubility in water Decomposes O’Neil et al. 2001

TABLE D-7 Physicochemical Data for Magnesium Phosphide

Parameter Description/Value Reference

Synonyms Trimagnesium diphosphide ~ IPCS 1989
CAS Registry No. 12057-74-8 IPCS 1989
Chemical formula Mg;P» IPCS 1989
Molecular weight 134.87 IPCS 1989
Physical state Solid, gray or bright yellow  IPCS 1989

crystals

Relative density (water=1) 2.1 IPCS 1989
Melting point >750°C IPCS 1989
Solubility in water Moisture sensitive, reacts IPCS 1989

TABLE D-8 Physicochemical Data for Strontium Phosphide

Parameter Description/Value Reference

CAS Registry No. 12504-13-1 Lewis 1996b
Chemical formula Sr;P, Lewis 1996b
Molecular weight 324.9 Lewis 1996b
Physical state Solid Lewis 1996b

TABLE D-9 Physicochemical Data for Magnesium Aluminum Phosphide

Parameter Description/Value Reference

CAS Registry No. None ChemIDPlus 2005¢
Chemical formula Mg;AlP; ChemlIDPlus 2005¢
Molecular weight 192.8 —

Physical state Solid ChemIDPlus 2005¢

D.I1. SPECIAL CONSIDERATIONS
Metabolism and Disposition
Solid metal phosphides deposited on moist respiratory tract surfaces may

hydrolyze and release absorbable phosphine. However, a more likely scenario
would involve atmospheric hydrolysis of metal phosphides to phosphine gas.
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Chan et al. (1983) detected phosphine in postmortem stomach, blood, and
liver specimens from a 27-year-old man who had ingested aluminum phosphide
tablets. The phosphine was released from the samples after acid treatment. Simi-
larly, Anger et al. (2000) identified phosphine in postmortem brain, liver, and
kidneys of a 39-year-old man who had committed suicide by ingestion of alumi-
num phosphide tablets.

Chugh et al. (1996) measured blood phosphine levels in patients with se-
vere (n = 30), mild (n = 10), or minimal (n = 5) toxicity due to aluminum
phosphide ingestion. Patients with severe toxicity had ingested “fresh” alumi-
num phosphide compound and were in a state of shock. Those with mild toxicity
had ingested “old” aluminum phosphide compound and presented with hypoten-
sion and gastrointestinal symptoms. Patients with minimal toxicity ingested
some powder from the aluminum phosphide tablets and presented with only
nausea and occasional vomiting. Blood phosphine levels were positively corre-
lated with severity of clinical signs and to dose of pesticide. At admission, blood
phosphine levels were 71% higher (p < 0.001) in patients in the severe toxicity
group than in the mild toxicity group of patients; blood phosphine was not de-
tected in the minimal toxicity group of patients. Blood phosphine levels were
also correlated to mortality; patients having blood phosphine levels < 1.067 +
0.16 mg% survived, whereas those with blood phosphine above this apparent
threshold died (6 of 30 in the severe toxicity group).

Garry et al. (1993) described a fatality from inhalation of aluminum phos-
phide aerosol In this case report, blood aluminum concentration was used as a
marker of exposure (see Section 2.1.1).

Mechanism of Toxicity

Metal phosphides react rapidly with moisture in air to produce phosphine
gas. It is the phosphine gas that is responsible for acute inhalation toxicity from
metal phosphide exposure. The rate of phosphine generation is dependent on
ambient temperature and humidity (Anger et al. 2000) in addition to the chemi-
cal structure of the metal phosphide. The hydrolysis reactions and phosphine
evolution rates (OECD 2001) of the metal phosphides considered in this appen-
dix are summarized in Table D-10.

D.ITI. RATIONALE AND AEGL-1
Summary of Human Data Relevant to AEGL-1

No human data are available for the derivation of AEGL-1 for the metal
phosphides considered in this appendix.
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TABLE D-10 Hydrolysis of Metal Phosphides

Maximum Number of
moles of phosphine
produced per mole of

Phosphine
evolution rate at

Hydrolysis metal phosphide 20°C and 1 atm
Metal Phosphide Reaction hydrolyzed (mL/kge min)
Aluminum AIP +3H,0 > 1 2069.7
Phosphide PH; + AI(OH);
Potassium K;P +3H,0 > 1 807.6
Phosphide PH; + 3KOH
Sodium Na;P +3H,0 > 1 997.8
Phosphide PH; + 3NaOH
Zinc Zn;P, + 6H,0 > 2 929.9
Phosphide 2PH; + 3Zn(OH),
Calcium CasP, + 6H,O 2> 2 1274.6
Phosphide 2PH; + 3Ca(OH),
Magnesium Mg;P, + 6H,0 > 2 1781.4
Phosphide 2PH; + 3Mg(OH),
Strontium Sr3P, + 6H,O 2> 2 737.1
Phosphide 2PH; + 3Sr(OH),
Magnesium Mg;AlP; + 9H,0 > 3 1865.2
Aluminum 3PH; + AI(OH); +
Phosphide 3Mg(OH),

Summary of Animal Data Relevant to AEGL-1

No animal data are available for the derivation of AEGL-1 for the metal
phosphides considered in this appendix.

Derivation of AEGL-1

No human or animal data are consistent with the effects defined by
AEGL-1. Data were also insufficient for derivation of AEGL-1 values for
phosphine; thus phosphine cannot be used as a surrogate. Therefore, AEGL-1
values for the metal phosphides considered in this appendix are not recom-
mended (Table D-11).

D.IV. RATIONALE AND AEGL-2
Summary of Human Data Relevant to AEGL-2

No human data are available for the derivation of AEGL-2 for the metal
phosphides considered in this appendix.
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TABLE D-11 AEGL-1 Values for Metal Phosphides

Compound 10min 30min 1h 4h 8h
Aluminum Phosphide NR NR NR NR NR
Potassium Phosphide NR NR NR NR NR
Sodium Phosphide NR NR NR NR NR
Zinc Phosphide NR NR NR NR NR
Calcium Phosphide NR NR NR NR NR
Magnesium Phosphide NR NR NR NR NR
Strontium Phosphide NR NR NR NR NR
Magnesium Aluminum Phosphide NR NR NR NR NR

NR: not recommended. Absence of an AEGL-1 does not imply that exposure below the
AEGL-2 is without adverse effects.

Summary of Animal Data Relevant to AEGL-2

No animal data are available for the derivation of AEGL-2 for the metal
phosphides considered in this appendix.

Derivation of AEGL-2

In the absence of appropriate chemical-specific data for the metal
phosphides considered in this appendix, the AEGL-2 values for phosphine will
be used to obtain AEGL-2 values for the metal phosphides. The use of
phosphine as a surrogate for the metal phosphides is deemed appropriate be-
cause qualitative (clinical signs) and quantitative (phosphine blood level) data
suggest that the phosphine hydrolysis product is responsible for acute toxicity
from metal phosphides. The phosphine AEGL-2 values will be used as target
values for calculating the concentrations of metal phosphide needed to generate
the phosphine AEGL values. Calculations were done using the methodology in
NRC (2001) and are for 25 degrees C and 760 mm Hg. The metal phosphide
values for AEGL-2 are given in Table D-12.

D.V. RATIONALE AND AEGL-3
Summary of Human Data Relevant to AEGL-3

No human data are available for the derivation of AEGL-3 for the metal
phosphides considered in this appendix.

Summary of Animal Data Relevant to AEGL-3

No animal data are available for the derivation of AEGL-3 for the metal
phosphides considered in this appendix.

10



302 Acute Exposure Guideline Levels

TABLE D-12 AEGL-2 Values For Metal Phosphides”

Compound 10-min 30-min 1-hr 4-hr 8-hr
Aluminum 9.5 mg/m’ 9.5 mg/m’ 4.7 mg/m’ 1.2 mg/m’ 0.59 mg/m’
Phosphide

Potassium 24 mg/m’ 24 mg/m’ 12 mg/m’ 3.0 mg/m’ 1.5 mg/m’
Phosphide

Sodium 16 mg/m’ 16 mg/m’ 8.2 mg/m’ 2.0 mg/m’ 1.0 mg/m’
Phosphide

Zinc 21 mg/m’ 21 mg/m’ 11 mg/m’ 2.6 mg/m’ 1.3 mg/m’
Phosphide

Calcium 15 mg/m’ 15 mg/m’ 7.4 mg/m’ 1.9 mg/m’ 0.93 mg/m’
Phosphide

Magnesium 11 mg/m’ 11 mg/m’ 5.5 mg/m’ 1.4 mg/m’ 0.69 mg/m’
Phosphide

Strontium 27 mg/m’ 27 mg/m’ 13 mg/m’ 3.3 mg/m’ 1.7 mg/m’
Phosphide

Magnesium 11 mg/m’ 11 mg/m’ 5.3 mg/m’ 1.3 mg/m’ 0.66 mg/m’
Aluminum

Phosphide

“These airborne concentrations will produce the equivalent AEGL values for phosphine.

Derivation of AEGL-3

In the absence of appropriate chemical-specific data for the metal
phosphides considered in this appendix, the AEGL-3 values for phosphine will
be used to obtain AEGL-3 values for the metal phosphides. The use of
phosphine as a surrogate for the metal phosphides is deemed appropriate be-
cause qualitative (clinical signs) and quantitative (phosphine blood level) data
suggest that the phosphine hydrolysis product is responsible for acute toxicity
from metal phosphides. The phosphine AEGL-3 values will be used as target
values for calculating the concentrations of metal phosphide needed to generate
the phosphine AEGL values. Calculations were done using the methodology in
NRC (2001) and are for 25 degrees C and 760 mm Hg. The metal phosphide
values for AEGL-3 are given in Table D-13.

D.VI. Comparison with Other Standards and Criteria

No other exposure criteria or guidelines were located for the metal phos-
phides.

11
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TABLE D-13 AEGL-3 Values for Metal Phosphides”

Compound 10-min 30-min 1-hr 4-hr 8-hr
Aluminum 17 mg/m 17 mg/m 8.5 mg/m’ 2.1 mg/m’ 1.1 mg/m’
Phosphide

Potassium 44 mg/m’ 44 mg/m’ 22 mg/m’ 5.5 mg/m’ 2.7 mg/m’
Phosphide

Sodium 29 mg/m’ 29 mg/m’ 15 mg/m’ 3.7 mg/m’ 1.8 mg/m’
Phosphide

Zinc 38 mg/m’ 38 mg/m’ 19 mg/m’ 4.8 mg/m’ 2.4 mg/m’
Phosphide

Calcium 27 mg/m’ 27 mg/m’ 13 mg/m’ 3.4 mg/m’ 1.7 mg/m’
Phosphide

Magnesium 20 mg/m’ 20 mg/m’ 9.9 mg/m’ 2.5 mg/m’ 1.2 mg/m’
Phosphide

Strontium 48 mg/m’ 48 mg/m’ 24 mg/m’ 6.0 mg/m’ 3.0 mg/m’
Phosphide

Magnesium 19 mg/m’ 19 mg/m’ 9.5 mg/m’ 2.4 mg/m’ 1.2 mg/m’
Aluminum

Phosphide

“These airborne concentrations will produce the equivalent AEGL values for phosphine.

AR E ORFIEBR DT . 25 LU CEHBMLFWE 2 —R (ICSC) B OVEAVEREE A
RIA R (AEGL)D R SLOURLAZHT 5,

H AGEICSC
https://www.ilo.org/dyn/icsc/showcard.display?p_lang=ja&p_card_id=0694&p_version=2

AEGL (J530)

https://www.epa.gov/sites/default/files/2014-11/documents/phosphine_metal_phosphides_final_volume6_2007_1.pdf
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