CHRONIC TOXICITY SUMMARY

PHOSPHORIC ACID
(Orthophosphoric acid)
CAS Registry Number: 7664-38-2

I.

Chronic Toxicity Summary
Inhalation reference exposure level

7 µg/m3

Critical effect(s)

Bronchiolar fibrosis of the respiratory tract in
rats
Respiratory system

Hazard index target(s)

II.

Chemical Property Summary (HSDB, 1995; 1999)
Description
Molecular formula
Molecular weight
Boiling point
Melting point
Vapor pressure
Solubility
Conversion factor

III.

Clear syrupy liquid or unstable crystals; odorless
H3PO4
98
213°C
42.35°C
0.03 torr @ 20°C
Very soluble in hot water; 548 g/100 ml cold
water; soluble in alcohol
4.0 µg/m3 per ppb at 25ºC

Major Uses and Sources

Phosphoric acid has varied uses (HSDB, 1995). In manufacturing, it is a chemical intermediate
or reagent in the production of numerous phosphate fertilizers, agricultural feeds, waxes,
polishes, soaps, and detergents. It is added to foods as a preservative, acidifying agent, flavor
enhancer, and clarifying agent. Phosphoric acid is also used in processes such as the coagulation
of rubber latex, electropolishing, soil stabilization, and as a catalyst in the production of
propylene and butene polymers, ethylbenzene, and cumene. By far, largest use of phosphoric
acid comes in the production of fertilizers (>75%). The annual statewide industrial emissions
from facilities reporting under the Air Toxics Hot Spots Act in California, based on the most
recent inventory, were estimated to be 81,103 pounds of phosphoric acid (CARB, 1999).
Airborne phosphoric acid can be produced by the hydrolysis of phosphorus oxides generated
from either the spontaneous ignition of white phosphorus in air or the combustion of red
phosphorus (Burton et al., 1982; US Department of Defense (US DOD), 1981).
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IV.

Effects of Human Exposures

The toxic effects to 48 workers exposed (28 unexposed control workers) to oxidation products of
phosphorus during the course of phosphorus production were reported (Hughes et al., 1962).
Exposure duration ranged from 1 to 17 years. No differences were observed between exposed
and control workers with respect to leukocyte count, an effect observed in acute intoxications, or
hand bone density, an effect observed in experimentally exposed animals (Inuzuka, 1956).
A prospective study of 131 workers exposed to several compounds including phosphoric acid,
phosphorus pentoxide, fluorides and coal tar pitch in the air was conducted at an industrial
refinery (Dutton et al., 1993). Mean duration of exposure (employment) was 11.4 years and the
maximum exposure level measured was 2.23 mg/m3 (phosphorus pentoxide). Pulmonary
function tests were performed annually over a 3 to 7 year period. No significant residual effect
was found after adjusting for age and smoking status.

V.

Effects of Animal Exposures

Two 13-week inhalation studies of the effects of exposure to the combustion products of 95%
red phosphorus and 5% butyl rubber were conducted in male Sprague-Dawley rats, with the first
group exposed to 0, 300, 750, or 1200 mg/m3 combustion products, and the second exposed to 0,
50, 180, or 300 mg/m3 combustion products (Aranyi et al., 1988a; Aranyi et al., 1988b). Group
numbers in the first study were 176, 84, 176, and 176, respectively. The second study used 40
animals/group. Animals were exposed for 2¼ hours/day on 4 consecutive days/week. Control
animals were exposed to filtered air only. Daily particle measurements showed MMADs of
0.49-0.65 µm and σgs of 1.56-1.83. Fractional content of phosphoric acid in the aerosol was 7179%. Nineteen of the 176 animals in the 1200 mg/m3 dose group died of treatment related
effects. Post-mortem examination of animals that died during the course of the study showed
damage to the laryngeal mucosa, which was probably contributory to mortality. The two highest
dose groups in the first study also showed decreased weight gain. Twelve animals from each
dose group in the first study were examined histologically and neurobehavioral studies were
conducted on other animals. Half the animals in the second study were examined strictly for
toxic effects on the respiratory tract, with examination of the trachea, 2 sections of the nasal
turbinates, and 5 lobes of the lung. Surviving animals in the high-dose study were observed to
have moderate to severe fibrosis of the terminal bronchioles, with minimal severity of this effect
in the animals in the low-dose study. The reported incidence of this lesion was 9/20 at 300
mg/m3, 4/20 at 180 mg/m3, and 0/20 at 50 mg/m3. Little to no involvement of pulmonary tissue
was observed.
The effects of acid aerosols (particularly sulfuric and phosphoric acid) were studied by U.S. EPA
(1989). The respiratory tract was the primary target of toxicity resulting from the irritational
effect of the acid on the tissues of the larynx and trachea. The nature of the effect was dependent
upon the aerosol particle size, duration of exposure, and the hygroscopic character of the acid.
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Sprague-Dawley rats were exposed to the smoke and combustion products of white phosphorus
in felt pellets at 192.5 (18 animals/sex), 589 (24 animals/sex), or 1161 mg/m3 (34 males, 43
females) phosphoric acid equivalents for 15 minutes/day, 5 days/week, for 13 weeks (US
Department of Defense (US DOD), 1981). Control animals numbering half the size of the
treated groups were exposed to air only. Groups of animals were sacrificed at 6 and 13 weeks,
and 4 weeks post-exposure. Endpoints examined included: hematology, clinical chemistry,
gross- and histo-pathology, ECG, pulmonary function, and behavior. Of the animals in the
highest dose group, 56% died as a result of exposure, with the only other death occurring in the
control group. Findings were restricted to effects on the respiratory system, with tracheitis and
laryngitis incidences of 2/35, 32/47, and 28/31among surviving animals in the three dose groups.
In the post-exposure examination, bronchiolitis occurred with a frequency of 0/12, 5/24, and
6/16in the three dose groups.
The toxicity of the combustion products of 95% amorphous red phosphorus and 5% polyvinyl
butyral BL18 to female Wistar rats, Porton-strain mice, and guinea pigs was reported (Marrs et
al., 1989). Rats (50/group), mice (100/group), and guinea pigs (42-48/group) were exposed to
concentrations of 0, 16, or 128 mg/m3 for 1 hour/day, 5 days/week for 36 weeks (mice) or 40
weeks (rats and guinea pigs), with an examination conducted at 19 months or when animals
appeared unhealthy. All groups, including controls, showed high mortality. Mice showed
accumulation of alveolar macrophages with incidences of 2/41, 9/37, and 9/22 in the control,
low-, and high-dose groups, respectively. Guinea pigs appeared to be particularly intolerant to
the effects of the smoke.
Female rabbits and rats (10/group) were examined for acute toxic effects of smoke generated by
the combustion of either 95% red phosphorus / 5% butyl rubber (Smoke I) or 97% red
phosphorus / 3% butadiene styrene (Smoke II) (Marrs, 1984). Animals were exposed for 30
minutes and examined one and 14 days later. Smoke I produced inflammation of the larynx and
trachea in rats at 1 day with some inflammation still observed at 14 days. Tracheal inflammation
was also reported in rabbits exposed to Smoke I. Four of the rats exposed to Smoke II died
within the first day, with severe pulmonary congestion observed in the animals.
One hour exposure to the combustion products of 95% red phosphorus / 5% butyl rubber (plus
1% mineral oil) produced epiglottal deformation, laryngeal edema, and laryngeal and tracheal
lesions in rats (Burton et al., 1982). A four-hour exposure produced more severe effects of a
similar nature plus some hemorrhaging.
Rats (number unspecified) exposed to 150-160 mg/m3 elemental phosphorus for 30 minutes/day
for 60 days were examined for toxic effects (Inuzuka, 1956). Limb bone abnormalities were
noted and effects included delayed ossification, widening of the epiphysis, and abnormal axial
development.
Two studies have addressed the reproductive and developmental toxicity from exposure to the
combustion products of white phosphorus and felt for 15 minutes/day during gestational days 615 in rats (24/group) (US Department of Defense (US DOD), 1981; US Department of Defense
(US DOD), 1982). Fetal effects included increased incidence of some visceral variations and
hypoplasia of the xiphoid process although data were incompletely reported. Another study,
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which exposed dams 3 weeks prior to mating, throughout gestation, and through lactation and
males for 10 weeks prior to and during mating, showed decreased pup body weight, 24-hour and
21-day survival, and lactation. An oral study in which elemental phosphorus was administered
to male and female rats by gavage in corn oil showed no statistically significant effects
(Condray, 1985).

VI.

Derivation of the Chronic Reference Exposure Level
Study
Study population
Exposure method
Critical effects
LOAEL
NOAEL
BMC05
Exposure continuity
Exposure duration
Average experimental exposure
Human equivalent concentration
LOAEL uncertainty factor
Subchronic uncertainty factor
Interspecies uncertainty factor
Intraspecies uncertainty factor
Cumulative uncertainty factor
Reference exposure level

Aranyi et al., 1988a
Male Sprague-Dawley rats (40-176/group)
Discontinuous whole body inhalation
Bronchiolar fibrosis of the respiratory tract
180 mg/m3
50 mg/m3
64 mg/m3
2¼ hours/day, 4 days/week
13 weeks
2.7 mg/m3 for NOAEL group (estimated as 3.5
mg/m3 at BMC05)
2.2 mg/m3 at BMC05 (particle with respiratory
effects, RDDR = 0.63) (3.5 x 0.63)
1 (BMC05 assumed to be similar to NOAEL)
10
3
10
300
0.007 mg/m3 (7 µg/m3)

OEHHA has used the same study, which U.S. EPA used in the development of its Reference
Concentration (RfC) of 10 µg/m3. The U.S. EPA has used a benchmark dose methodology for
the derivation of the RfC for phosphoric acid from the toxicity data in the Aranyi et al. (1988)
study (U.S. EPA, 1995). The RfC is restricted to “aerosols of phosphoric acid and phosphorus
oxidation products and does not apply to elemental phosphorus or other forms of phosphorus,
such as phosphorus salts”.
The U.S. EPA, using the Weibull model, estimated the lower 95% confidence level bound on the
maximum likelihood estimate (MLE = 150 mg/m3) resulting in 10% incidence of lesions in the
tracheo-bronchiolar region to be 100 mg/m3 (the BMC10). The U.S. EPA considered 10%
incidence level to be a correlate to the NOAEL, based on a precedent in the analysis of data with
developmental toxicity endpoints (Allen et al., 1994; Faustman et al., 1994). After correction for
exposure continuity, a regional deposited dose ratio (RDDR) for the tracheobronchial region of
0.64 was applied due to the availability of data concerning the growth and deposition of
phosphoric acid aerosol particles in humans and the similarities in the effects of phosphoric and
better-characterized sulfuric acid aerosols. Key assumptions in the generation of this factor
include: (1) the lowest σg of 1.56 µm cited in the study was used in the calculation; (2) geometric
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rather than aerodynamic diameter approximations were used; (3) particles of this size reach the
deposition / lesion site (bronchioles); 4) these hygroscopic particles become more uniform with
growth; and (5) particle growth is similar in humans and rodents. An uncertainty factor of 10
was applied because of the subchronic duration of the study. A factor of 3 was applied for
interspecies extrapolation in light of the fact that some correction for human equivalency was
made with the RDDR. Finally, a factor of 10 was applied for protection of potentially sensitive
human subpopulations. The resulting RfC for phosphoric acid is 0.01 mg/m3.
OEHHA uses a BMC05 for development of acute Reference Exposure Levels (OEHHA, 1999;
Fowles et al., 1999). OEHHA staff believe that the BMC05 is more likely to approximate a
NOAEL than a BMC10 since 5% is closer than 10% to the lower end of average risk levels
associated with a NOAEL (Leisenring and Ryan, 1992). A BMC05 is more likely to represent a
value close to the limit of most studies to detect an effect, and is therefore more like a NOAEL.
In contrast, a BMC10 is more likely to represent a LOAEL since it is usually in the detectable
range of responses. In the specific case of phosphoric acid the BMC10 of 100 mg/m3 was twice
the NOAEL of 50 mg/m3. The BMC05 was calculated to be 64 mg/m3, much closer to the
NOAEL. Use of the BMC05 results in a chronic REL of 7 µg/m3.
VII.

Data Strengths and Limitations for Development of the REL

The strengths of the inhalation REL for phosphoric acid include the availability of subchronic
inhalation exposure data from a well-conducted study with histopathological analysis and the
observation of a NOAEL. Major areas of uncertainty are the lack of adequate human exposure
data, the lack of chronic inhalation exposure studies, and the discontinuous nature of exposures
(only 2 1/4 hours per day).
The Aranyi et al. (1988a) study represents the most adequate study for the quantitative
evaluation of the toxicity of phosphoric acid. It was conducted with a large number of animals
with multiple doses, produced good dose-response data, and examined likely targets of toxicity
(respiratory system) of smoke generated from the combustion of phosphorus and butyl rubber.
Uncertainties associated with these data, however, include that (1) the study used combustion
products of phosphorus rather than phosphoric acid itself, (2) the total exposure time was
relatively short and discontinuous over the duration of the experiment, and (3) only one
species/strain/sex was studied.

VIII. References
Allen BC, Kavlock RJ, Kimmel CA, and Faustman EM. 1994. Dose-response assessment for
developmental toxicity. II. Comparison of generic benchmark dose estimates with no observed
adverse effect levels. Fundam. Appl. Toxicol. 23:487-495.
Aranyi C, Henry MC, Vana SC, and Iverson WO. 1988a. Effects of multiple intermittent
inhalation exposures to red phosphorus/butyl rubber obscurant smokes in Sprague-Dawley rats.
Inhal. Toxicol. 1:65-78.

A - 149
Phosphoric acid

Aranyi C, Vana S, Bradof J, and Sherwood R. 1988b. Effects of inhalation of red phosphorusbutyl rubber combustion products on alveolar macrophage responses in rats. J. Appl. Toxicol.
8:393-398.
Burton F, Clark M, Miller R, and Schirmer R. 1982. Generation and characterization of red
phosphorus smoke aerosols for inhalation exposure of laboratory animals. Am. Ind. Hyg. Assoc.
J. 43:767-72.
CARB. 1999. Air toxics emissions data collected in the Air Toxics Hot Spots Program
CEIDARS Database as of January 29, 1999.
Condray J. 1985. Elemental yellow phosphorus one-generation reproduction study in rats. IR-82215. IRD No. 401-189. St. Louis, MO: Monsanto Company.
Dutton CB, Pigeon MJ, Renzi PM, Feustel PJ, Dutton RE, and Renzi GD. 1993. Lung function
in workers refining phosphorus rock to obtain elementary phosphorus. J. Occup. Med. 35:102833.
Faustman EM, Allen BC, Kavlock RJ, and Kimmel CA. 1994. Dose-response assessment for
developmental toxicity. I. Characterization of database and determination of no observed effect
levels. Fundam. Appl. Toxicol. 23:478-86.
Fowles JR, Alexeeff GV, Dodge D. 1999. The use of benchmark dose methodology with acute
inhalation lethality data. Regul. Toxicol. Pharmacol. 29(3):262-278.
HSDB. 1995. Hazardous Substances Data Bank. National Library of Medicine, Bethesda,
Maryland (TOMES CD-ROM Version). Denver, CO: Micromedex, Inc. (Edition expires
7/31/96).
HSDB. 1999. Hazardous Substances Data Bank. Available online at http://sis.nlm.nih.gov
Hughes JPW, Baron R, Buckland DH, et al. 1962. Phosphorus necrosis of the jaw: a present-day
study. Br. J. Ind. Med. 19:83-99.
Inuzuka H. 1956. A study on the experimentally-created chronic poisoning of yellow phosphorus
to bones. Igaku Kenkyu, 26:2848-61.
Leisenring W, Ryan L. 1992. Statistical properties of the NOAEL. Regul. Toxicol. Pharmacol.
15(2 Pt 1):161-171.
Marrs T. 1984. Histological changes produced by exposure of rabbits and rats to smokes
produced from red phosphorus. Toxicol. Lett. 21:141-6.
Marrs T, Colgrave H, Edginton J, Rice P, and Cross N. 1989. The toxicity of a red phosphorus
smoke after repeated inhalation. J. Haz. Mat. 22:269-82.

A - 150
Phosphoric acid

OEHHA. 1999. Air Toxics Hot Spots Program Risk Assessment Guidelines. Part I. Technical
Support Document for Determination of Acute Reference Exposure Levels for Airborne
Toxicants. Oakland, CA: Office of Environmental Health Hazard Assessment, Air Toxicology &
Epidemiology Section. Available online at http://www.oehha.ca.gov
U.S. DOD. 1981. US Department of Defense. AD-B058-048. Available from Defense Technical
Information Center, Alexandria, VA 22314 (703) 274-7633.
U.S. DOD. 1982. US Department of Defense. AD-A118-682. Available from Defense Technical
Information Center, Alexandria, VA 22314 (703) 274-7633.
U.S. EPA. April 1989. An acid aerosols issue paper: health effects and aerometrics. Prepared by
the Office of Health and Environmental Assessment, Environmental Criteria and Assessment
Office. EPA/600/8-88/005F. Research Triangle Park, NC: U.S. EPA.
U.S. EPA. 1995. United States Environmental Protection Agency. Documentation of the
reference concentration for chronic inhalation exposure (RfC) for phosphoric acid. Integrated
Risk Information System (IRIS on-line). Washington, DC: U.S. EPA.

A - 151
Phosphoric acid

