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8.6.1.a - Repeated dose toxicity 
(28 days): oral

National Institute of Environmental Research (NIER), Korea (2005). Combined 
Repeat dose toxicity study with the reproduction/developmental toxicity screening 
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Trimetaphosphate.  Unpublished study. Department of Pharmacology, University of 
Rochester School of Medicine and Dentistry.
McMeniman NP (1973) The toxic effect of some phosphate supplements fed to 
sheep. Australian Veterinary Journal 49, 150–152. 
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Forsch 7, 172-175.

8.6.2.b Repeated dose toxicity (90-
day): inhalation

Aranyi C, Henry MC, Vana SC Gibbons RD and Iverson WO (1988) Effects of 
multiple intermittent inhalation exposures to red phosphorus/butyl rubber obscurant 
smokes in Sprague-Dawley rats. Inhalation Toxicology, Premier Issue. p. 65-78. 

8.6.2.c Repeated dose toxicity (90-
day): dermal
8.6.3.a - A long-term repeated 
toxicity study (≥ 12 months), oral

Bonting, S. L. and Jansen, B.C., 1956. VThe effect of a prolonged intake of 
phosphoric acid and citric acid in rats. oeding, 17():137–148.
Van Esch, G.J., et al, 1957.  The physiological effect of phosphates. Arzneimittel 
Forsch 7, 172-175. 

8.6.3.b A long-term repeated 
toxicity study (≥ 12 months), 
inhalation
8.6.3.c A long-term repeated 
toxicity study (≥ 12 months), 
dermal
8.6.4
8.6.4.1 - Neurotoxicity

8.6.4.4 - Additional toxicological 
information (e.g. human data)

Amato, D., 2001. Carbonated Beverage Consumption and Bone Fractures. Arch 
Pediatr Adolesc Med 155(2):200-201
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Amato, D., 1998. Acute effects on soft drink intake on calcium and phosphate 
metabolism in immature and adult rats. Rev Invest Clin 50: 185-189
Arenholt-bindslev D. et al., 1987. Toxic effects of two dental materials on human 
buccal epithelium in vitro and monkey buccal mucosa in vivo. scand j dent res 95: 
467-474.
Bonting, S.L. 1952. The effect of a prolonged intake of phosphoric acid and citric 
acid in rats. (dissertation)
Fabbri, L., et al., 1977.  Chronic broncopneumopathy and pneumoconiosis in 
workers employed in phosphoric acid production.  Lavoro Umano 27: 50-57.
Fernando, G.R., et al., 1999. Consumption of soft drinks with phosphoric acid as a 
risk factor for the development of hypocalcemia in postmenopausal women. J. Clin. 
Epidem. 52(10):1007-1010
Garcia-Contreras, F., et al., 2000.  Cola beverage consumption induces bone 
mineralisation reduction in Ovariectomized rats. Arch. Med. Res. 31: 360-365.
Heaney, R.P., etal., 2001. Carbonated beverages and urinary calcium excretion. 
Am J. Clin. Nutr. 74: 343-347.
Libuda, L., 2008.  Association between long-term consumption of soft drinks and 
variables of bone modeling and remodeling in a sample of healthy German children 
and adolescents. Am. J. Clin. Nutr. 88: 1670-1677.
MacKay, E.M and Oliver, J., 1935. Renal damage following the ingestion of a diet 
containing an excess of inorganic phosphate. J. Exp. Med. 61: 319.
Malm, O.J., 1952. Dietary balance calcium and phosphoric acid. Scand J Clin Lab 
Invest. 5: 75-84.
Martonen TB and Clark ML (1983) The deposition of hygroscopic acid aerosols in 
ciliated airways of man. Fund. Appl. Toxicol. 3: 0-15. Cited in: US EPA Integrated 
Risk Information System. Phosphoric acid.
Mazariegos-Ramos E, Guerrero-Romero F, Rodríguez-Morán M, Lazcano-
Burciaga G, Paniagua R, Amato D (1995) Consumption of soft drinks with 
phosphoric acid as a risk factor for the development of hypocalcaemia in children: 
A case-control study. J Pediatr; 126: 940-2.
Nazario, G., 1952. Rev. Inst. Adolpho. Lutz; cited in
Ellinger RH (1972) Phosphates in food processing. In: Furia, T.E. (Ed.), Handbook 
of Food Additives. Vol. I. The Chemical Rubber Company, Cleveland, OH. 
Tucker, K.L., 2006. Colas, but not other carbonated beverages, are associated with 
low bone mineral density in older women: the Framingham Osteoporosis study. Am 
J. Clin. Nutr. 84: 936-942.
Whiting S.J. et al., 2001.  Relationship between carbonated and other low nutrient 
beverages and bone mineral content of adolescents. Nutr. Res. 21: 1107-1115.
Wyshak, G., 2000.  Teenaged girls, carbonated beverage consumption, and bone 
fractures. Arch. Pediatr. Adolesc. Med. 154: 610-613.

8.7 Reproductive toxicity
8.7.1. - Screening for reproductive/ 
developmental toxicity

Bundesminister des lnnern (1990) Gemeinsames Ministerialblatt Nr. 124, Kenn-Nr. 
392 (23.03.1990). Cited in: US EPA High Production Volume Information System.
National Institute of Environmental Research (NIER), Korea (2005). Combined 
Repeat dose toxicity study with the reproduction/developmental toxicity screening 
test of Phosphoric acid in rats. Cited In: OECD HPV IUCLID dataset for phosphoric 
acid, National Institute of Environmental Research, Inchon, Republic of Korea.
Van Esch, G.J., et al, 1957.  The physiological effect of phosphates. Arzneimittel 
Forsch 7, 172-175. 

8.7.2. Pre-natal developmental 
toxicity study 

Teratologic Evaluation of FDA 73-2, Monosodium phosphate, anhydrous in Mice 
and Rats. - Final rept. Food and Drug Research Labs., Inc., Waverly, N.Y.  Study 
sponsor US FDA
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8.7.3. - Two-generation 
reproductive toxicity study

Fedorenko, V., et al., 1991. Experimental substantiation of maximum allowable 
concentration of phosphorousacid in the water of reservoirs. Gig Sanit. 1991 Apr; 
(4):24-26.
Hodge, H.C., 1959. Chronic Oral Toxicity Studies in Rats of Sodium 
Tripolyphosphate.  Unpublished study. Department of Pharmacology, University of 
Rochester School of Medicine and Dentistry.
Hodge, H.C., 1960.  Chronic Oral Toxicity Studies in Rats of Sodium 
Hexametaphosphate.  Unpublished study. Department of Pharmacology, University 
of Rochester School of Medicine and Dentistry.
Hodge, H.C., 1960.  Chronic Oral Toxicity Studies in Rats of Sodium 
Trimetaphosphate.  Unpublished study. Department of Pharmacology, University of 
Rochester School of Medicine and Dentistry.
Bonting, S. L. and Jansen, B.C., 1956. VThe effect of a prolonged intake of 
phosphoric acid and citric acid in rats. oeding, 17():137–148.

8.8.1. - Assessment of the 
toxicokinetic behaviour

Bonting, S. L. and Jansen, B.C., 1956. VThe effect of a prolonged intake of 
phosphoric acid and citric acid in rats. oeding, 17():137–148.
Caravati EM (1987) Metabolic abnormalities associated with phosphoric acid 
ingestion. Ann Emerg Med; 16: 904-6. Cited in: IPCS Intox Databank. UKPID 
Monograph.
Choi, JH et al., 1979. Blood phosphorus levels of laying hens at various time 
intervals after dosing with phosphoric acid. J. Nutr. 109: 1515-1518.
Van Esch, G.J., et al, 1957.  The physiological effect of phosphates. Arzneimittel 
Forsch 7, 172-175. 

8.9. Carcinogenicity 
8.9.1. Carcinogenicity study

9.1.1. - Short-term toxicity testing 
on invertebrates (preferred species 
Daphnia)

Brehm VJ and  Meijerling MPD (1982) On the sensitivity to low pH of some selected 
crustaceans (Daphnia and Gammarus, Crustacea). Arch Hydrobiol. 95 (1-4), 17-27. 
National Institute of Environmental Research, Korea Institute of Technology, Korea 
Research Institute of Chemical Technology Cited in: OECD HPV IUCLID dataset 
for phosphoric acid, National Institute of Environmental Research, Inchon, Republic 
of Korea.
Belanger, S. E, and Cherry, D. S. 1990, J. Crustacean Biol. 10,225
Bruns, A. D. and Wiersma, G. B.: 1988, Environ. Toxicol. Chem.7,807.
Bernhardt AM et al. 1985. The effects of phosphates on shell growth and calcium 
carbonate crystal formation. Aquatic Toxicol. 7:1-13.
Chandini.1987.Effects of Chronic Acid Stress on the Survivorship, Growth, and 
Reproduction of Daphia Carinata (Daphnidae) and Echinsca Triserialis 
(Macrothricidae)(Crustace: Cladocera).Ann Soc Roy Zool Belgique. 117(I):89-103
Davis P., and Ozburn, G. W.: 1969, Can. J. Zool. 41,1173.
Havas, M. 1985. Aluminum bioaccumulation and toxicity to Daphnia magna in soft 
water at low pH. Can. J. Fish Aquat. Sci. 42, 1741-1748.
Havas, M. and Likens, G.E. 1985. Toxicity of aluminum and hydrogen ions to 
Daphnia catawba, Holopedium gibberum, Chaoborus punctipennis and 
Chironomous anthrocinus from Mirror Lake, New Hampshire. Can. J. Zool., 63, 114-
119.
Havas, M. and Likens, G.E. 1985. Changes in 22Na influx and outflux in Daphnia 
magna (Straus) as a function of elevated Al concentrations in soft water at low pH. 
Proc. Natl. Acad. Sci. USA, 82, 7435-7439.

Ecotoxicity
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Klugh, A. B. and Miller, H. C; 1926, Trans. Roy. Soc. Can. 1926(V),225.
Kunigelis, SC and Wilbur KM. 1987. The effects of inorganic phosphates on 
trochophore larvae of the oyster, Crassostrea virginica. International Journal of 
Invertebrate Reproduction and Development 12:161-172
Lewis, P. A. and Weber, C. I.: 1985, in Cardwell, R. D., R. Purdy, and R. C' Bahner 
(eds,), Aquatic Toxicology and Hazard Assessment: Seventh Symposium, ASTM 
STP 854, American Society for Testing and Materials, Philadelphia, pp. 73-86.
Meinel, W., Matthias, U., and Zimmerman, S. 1985. Okophysiologische 
Untersuchungen zur Saeuretoleranz von Gammarus fossarum (Koch). 
Ecophysiological studies on acid tolerance of Gammarus fossarum. Arch. 
Hydriobiol., 104, 287-302.
MORGAN DO AND McMAHON BR. 1982. ACID TOLERANCE AND EFFECTS OF 
SUBLETHAL ACID
EXPOSURE ON IONO-REGULATION AND ACID-BASE STATUS IN TWO 
CRAYFISH PROCAMBARUS CLARKI AND ORCONECTES RUSTICUS. J EXP 
BIOL. 97:241-252
Parent, S. and Cheetham, R. D.: 1980, Bull. Environ. Contam. Toxicol.25,298.
Price, E. E. and Swift, M. C.: 1985, Can. J. Fish. Aquat. Sci. 42,1749.
Walton WE, Compton SM, Allan JD, and Daniels RE.1981. The Effect of Acid 
Stress on Survivorship and reproduction of Daphnia pulex. Can.J.Zool.60:573-579

9.1.2. - Growth inhibition study 
aquatic plants (algae preferred)

National Institute of Environmental Research, Korea Institute of Technology, Korea 
Research Institute of Chemical Technology. Cited in: OECD HPV IUCLID dataset 
for phosphoric acid, National Institute of Environmental Research, Inchon, Republic 
of Korea.
Chemicals Evaluation and Research Institute, Japan, on behalf of the Ministry of 
Land, Infrastructure and Transport, Japan.  1999. Name of study report not 
specified; data cited in SIDS Initial Assessment Report For SIAM 15  , October, 
2002. Available at: http://www.inchem.org/documents/sids/sids/7647010.pdf.
Toxicity of Diammonium Phosphate (DAP) to the Unicellular Green Alga, 
Selenastrum capricornutum.  Study 46207.  OECD Protocol 201.  Dec. 13, 2000.  
ABC Laboratories, Inc.  7200 E. ABC Lane Columbia, Missouri 65202.

9.1.3. - Short-term toxicity testing 
on fish

Alkahem HF (1989) Effects of different acids on the freshwater fish, Aphanius 
dispar. J. Biol. Sci.Res.: 20(3): 537-545.
DIively Jl, Mudge JE, Neff WH, and 
Anthony A. 1977. BLOOD Po2, Pco, AND pH CHANGES IN BROOK TROUT 
(SALVELINUS FONTINALIS) EXPOSED TO SUBLETHAL LEVELS OF ACIDITY. 
Comp Biochem Physiol. 57A: 347-351
Ellgaard & Gilmore (1984) Effects of different acids on the bluegill sunfish Lepomis 
macrochirus. J. Fish Biol. 25 (2) 133-137. 
Jagoe CH, Haines TA,  and Kircheis FW. 1984. Effects of Reduced pH on Three 
Life Stages of Sunapee Char Salvelinus alpines. Bull. Environ. Contam. Toxicol. 
33:430-438
National Institute of Environmental Research, Korea Institute of Technology, Korea 
Research Institute of Chemical Technology, 2005. Acute Toxicity Test of 
Phosphoric acid to Red Killifish, Oryzias latipes Cited in: OECD HPV IUCLID 
dataset for phosphoric acid, National Institute of Environmental Research, Inchon, 
Republic of Korea.
Swift MC and Morgan RP. 1983. ACUTE TOXICITY OF NITRIC ACID TO 
FINGERLING
RAINBOW TROUT (SALMO GAIRDNERI). Comp Biochem Physiol. 76(2): 227-229
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Von Burg, R (1992), Phosphoric Acid/ Phosphates, a Review. Journal of Applied 
Toxicology 12(4): 301-303;
Wallen I.E., et al., 1957. Stream pollution, toxicity to gambusia affinis of certain 
pure chemicals in turbid water.  Sewage and industrial wastes. 29(6): 695-711.
Acute Toxicity of Ammonium Phosphate Sulfate to the Rainbow Trout, 
Oncorhynchus mykiss, Determined Under Static Test Conditions.  Study 46203.  
Nov. 30, 2000.  OECD Protocol 203.  ABC Laboratories, Inc. 7200 E.  ABC Lane 
Columbia, MO 65202.
Acute Toxicity of Monoammonium Phosphate to the Rainbow Trout, Oncorhynchus 
mykiss, Determined Under Static Test Conditions.  Study 46201.  Nov. 30, 2000.  
OECD Protocol 203.  ABC Laboratories, Inc. 7200 E. ABC Lane Columbia, Missouri 
65202

9.1.4. - Activated sludge 
respiration inhibition testing

Iishi Kaji, Noguchi (1981) Suishitsu Odaku Kengyu 4 (4) 197-203; Hoechst AG 
(1992): Information der Abt. Analytisches Laboratorium (11.08.1992)  
Tchobanoglous, G. And Burton, F., 1991. Wastewater Engineering: Treatment, 
Disposal, and Reuse.  Third Edition.  Metcalf & Eddy, Inc. McGraw-Hill Publishing 
Company

9.1.5. - Long-term toxicity testing 
on invertebrates (preferred species 
Daphnia)

Chandini.1987.Effects of Chronic Acid Stress on the Survivorship, Growth, and 
Reproduction of Daphia Carinata (Daphnidae) and Echinsca Triserialis 
(Macrothricidae)(Crustace: Cladocera).Ann Soc Roy Zool Belgique. 117(I):89-103
Cipollaro M, Corsale G, Esposito A, Ragucci E, et al. 1986. Sublethal pH Decrease 
May Cause Genetic Damage to Eukaryotic Cell: A Study on Sea Urchins and 
Salmonella typhimurium. Teratogenesis, Carcinogenesis, and Mutagenesis 6:275-
287 
McMahon, B.R., and Stuart, S.A. 1985. Hemolymph and tissue ion and acid-base 
balance in crayfish during chronic exposure to nitric acid. Am. Zool. 25(4), 48A.
Rago  PJ and Dorazio RM .1984. Statistical inference in life-table experiments: the 
finite rate of increase. Can. J. Fish. Aquat. Sci. 41:                                                      
1361-1374.
Stuart, S.A., and McMahon, B.E.  1984. Acclimation to nitric acid exposure in the 
crayfish. In: Crayfish 6. Papers from the 6th International Symposium on 
Astacology, Lund, Sweden, 1984. AVI Press, Westport, Connecticut 1987.
Zimmer, D. J.: 1987, Ann. Soc. Roy. Zool. Belgique 117, Suppl. l, 139.
Walton WE, Compton SM, Allan JD, and Daniels RE.1981. The Effect of Acid 
Stress on Survivorship and reproduction of Daphnia pulex. Can.J.Zool.60:573-579
Weber, A. and Pirow, R. 2009.  Physiological response of Daphnia pulex to acid 
stress, BMC Physiology, 9:9.

9.1.6. - Long-term toxicity testing 
on fish

Satoh S, Porn-Ngam N, Takeuchi T, and Watanabe T (1993) Effect of Various 
Types of Phosphates on Zinc Availability to Rainbow Trout. 
Bull.Jpn.Soc.Sci.Fish.(Nippon Suisan Gakkaishi) 59(8):1395-1400.
Brown, D.J.A. 1982. The influence of calcium on the survival of eggs and fry of 
brown trout (Salmo trutta) at pH 4.5. Bull. Envir. Contam. Toxicol., 28, 664-8.
Brown, D.J.A., and Lyman, S. 1981. The effect of sodium and calcium 
concentrations on the survival of the yolk sac fry of brown trout. (Salmo trutta L.) at 
low pH. J. Fish Biol., 19, 205-211.
Daye PG and Garside EG. 1977. Lower leathal levels of pH for embryos and 
alevins of Atlantic salmon salmo salar L. Can J Zool. 55: 1504-1508
Diamond, J et al. 2005. Effects of pulsed contaminant exposures on early life 
stages of the fathead minnow. Arch Envrion Contam Toxicol. 49(4): 511-519.
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Edwards, D.J., and Hjeldnes, S. 1977. Growth and survival of salmonids in water of 
different pH. SNSF Research Report FR 10/77, 1432 As-NLH, Norway, 27 pp.
Jacobsen, O.J. 1977. Brown trout (Salmo trutta L.) growth at reduced pH. 
Aquaculture, 11, 81-4.
Menendez, R. 1976. Chronic effects of reduced pH on brook trout (Salvelinus 
fontinalis). J. Fish Res. Bd. Can., 33, 118-23.
Rogers, D.W. 1984. Ambient pH and calcium concentration as modifiers of growth 
and calcium dynamics of brook trout, Salvelinus fontinalis. Can. J. Fish Aquat. Sci., 
41, 1774-80.

9.1.6.1 Fish early-life stage toxicity 
(FELS)

Menendez, R. 1976. Chronic effects of reduced pH on brook trout (Salvelinus 
fontinalis). J. Fish Res. Bd. Can., 33, 118-23.

9.1.6.2 Fish short term toxicity test 
on embryo and fry-sac stages

Jagoe, C.H., Taines, T.A., and Kircheis, F.W. 1984. Effects of reduced pH on three 
life stages on sunpae char Salvelinus alpines. Bull. Envir. Contam. Toxicol., 33, 430-
8.

9.1.6.3 Fish, juvenile growth test
Menendez, R. 1976. Chronic effects of reduced pH on brook trout (Salvelinus 
fontinalis). J. Fish Res. Bd. Can., 33, 118-23.

9.3.2. - Bioaccumulation in aquatic 
species, preferably fish

National Industrial Chemicals Notification and Assessment Scheme (NICNAS), 
Commonwealth of Australia, Aklyl Phosphate Anti-Valve Seat Recession Additive, 
2003. Cited in: OECD HPV IUCLID dataset for phosphoric acid, National Institute of 
Environmental Research, Inchon, Republic of Korea.

9.4. Effects on terrestrial 
organisms
9.4.1. Short-term toxicity to 
invertebrates
9.4.2. Effects on soil micro-
organisms
9.4.3. Short-term toxicity to plants

Chaurasia, LC et al., 1980. Mitotic effects of superphosphate on somatic cells of 
Allium sativum. Sci Cult 46: 150-152.
Reynolds T (1975) pH Restraints on Lettuce Fruit Germination. Ann.Bot. 39:797-
805 

9.4.4. Long-term toxicity on 
invertebrates
9.4.5 
9.4.6. Long-term toxicity testing on 
plants
9.5.1. Long-term toxicity to 
sediment organisms
9.6.1 - Long-term or reproductive 
toxicity to birds

Sterner RT. 1993. Whole-body exposures to a phosphoric acids aerosol: I. 
Spontaneous Activity Effects in Wild Rodent and Avian Species. J Toxicol Environ 
Health. Aug;39: 287-307. Sterner RT. 1993. Whole-body exposures to a phosphoric 
acids aerosol: II. Food/water/weight effects in wild rodent and avian species. J 
Toxicol Environ Health. Aug ;39(4):497-515.

9.2 Degradation
9.2.1. Biotic
9.2.1.1. Ready biodegradability
9.2.1.2. Simulation testing on 
ultimate biodegradation
9.2.1.3. Soil simulation testing
9.2.1.4. Sediment simulation 
testing

Environmental Fate and Behaviour
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9.2.2. Abiotic
9.2.2.1. Hydrolysis as a function of 
pH
9.2.3. Identification of degradation 
products
9.3. Fate and Behaviour in the 
Environment
9.3.1. Adsorption/desorption 
screening

Bodek, I., W.J. Lyman, W.F. Reehl and D.H. Rosenblatt. 1988. Environmental 
Inorganic Chemistry. Pergamon Press, Elmsford, NY.  As cited by U.S. EPA at 
www.scribd.com/doc/1800633/Environmental-Protection-Agency-appc
RAVIKOVITCH, S., 1934.  Anion Exchange: I. Adsorption of the Phosphoric Acid 
Ions By Soils. Soil Science: September 1934 - Volume 38 - Issue 3 - ppg 219-240.

Fiskell, J.G.A, Mansell, R.S., Selim, H.M, and Martin, F.G., 1979. Kinetic Behaviour 
of Phosphate Sorption by Acid, Sandy Soil. J. Environ. Qual. , Vol. 8, no. 4, 

Imai, Tomizo and Tokunaga, Yoshiharu. Studies on Amelioration of Acid Soils: 
Changes of Phosphate Sorption by Different Fertilizer Treatments on Acid 
Reclaimed Soils. 
Higashi, Teruo and Shinagawa, Akio 1980. Phosphorus Sorption by Al(Fe)-Humus 
Complexes in Volcanic Ash Soils.Mem.Fac.Agr. Kagoshima Univ., 17, 253-258.
McCallister, Dennis L., Logan, Terry J., 1978. Phosphate Adsorption-Desorption 
Characteristics of Soils and Bottom Sediments in the Maumee River Basin of Ohio. 
J.Environ. Qual., Vol 7, no. 1.
TAKAYUKI, A, et al., 1998.  Research on time course of phosphoric acid adsorption 
in volcanic ash soil.  Nogyo Doboku Gakkai Taikai Koenkai Koen Yoshishu. 
PAGE.634-635
In Japanese

9.3.2  Bioaccumulation in aquatic 
species
9.3.3. - Further information on 
adsorption/desorption

EPIWin Modeling Program. Meylan W and Howard P (1999) Syracuse Research 
Corporation. Environmental Science Center, 6225 Running Ridge Road, North 
Syracuse, NY 13212-2510; EPI Suite(TM) v3.10 Copyright 2000.  Cited in: OECD 
HPV IUCLID dataset for phosphoric acid, National Institute of Environmental 
Research, Inchon, Republic of Korea.

9.3.4. Further information on the 
environmental fate and behaviour 
of the substance and/or 
degradation products
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