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SIDS INITIAL ASSESSMENT PROFILE
	CAS No.
	7758-87-4

	Chemical Name
	Tricalcium phosphate

	Structural Formula
	2[PO43-] 3[Ca2+]

	SUMMARY CONCLUSIONS OF THE SIAR
Physical and chemical properties

Tricalcium phosphate is amorphous, odourless, tasteless powder substance with a melting point of 1670 oC and density of 3.14 g/cm3. It has a low water solubility of ≤20 mg/L at 20 oC and negligible vapour pressure. The boiling point and partition coefficient for tricalcium phosphate are not applicable to an inorganic salt.
Human Health

Calcium is required for the proper functioning of muscle contraction, nerve conduction, hormone release, and blood coagulation. In addition, proper calcium concentration is required for various other metabolic processes. Calcium stores depend on dietary intake, absorption of gastrointestinal (GI) tract and renal calcium excretion. Phosphorus is one of the most abundant elements in the human body. Most phosphorus in the body is complexed with oxygen as phosphate. Phosphate is absorbed from, and to a limited extend secreted into, the GI tract. Transport of phosphate from the gut lumen is an active, energy-dependent process that is modified by several factors. As an example, vitamin D stimulates phosphate absorption, an effect reported to precede its action on calcium ion transport. In adults, about two thirds of the ingested phosphate is absorbed, and then almost entirely excreted into the urine. In growing children, phosphate balance is positive. Concentrations of phosphate in plasma are higher in children than in adults. Collapse of phosphate balance as ‘hyperphosphatemia’ decreases the affinity of hemoglobin for oxygen and is hypothesized to explain the physiological ‘anemia’ of childhood.

In an acute oral toxicity study [OECD TG 423], tricalcium phosphate was administered via gavage to 2 groups of 3 female rats at dose level of 2,000 mg/kg bw. No death and abnormal clinical signs were observed. Body weights increased normally. There were no macroscopic abnormalities at necropsy in the oral study. The acute oral LD50 value was >2,000 mg/kg bw for rats. Depending on the relative absorption of calcium versus phosphate, a rise in serum phosphorus could stimulate parathyroid hormone (iPTH) secretion. The absorption and acute metabolic effects of oral tricalcium phosphate (TCP) and calcium carbonate (CC) were evaluated with 10 women, aged 22-40 years. The subjects were fasted overnight for 12 hours, 1,200 mg calcium (as CC or TCP) was ingested. Serum and urine calcium, phosphorus, and creatinine, urine cyclic adenosine monophosphate (cAMP) were determined. iPTH levels following TCP were also measured. Calcium absorption was determined by the postload rise in urine calcium above baseline. Urine calcium excretion increased significantly and was accompanied by significant rises in serum calcium after both preparations. Following tricalcium phosphate administration, serum and urine phosphorus increased. Urinary cAMP did not change after either preparation, and iPTH levels fell after oral tricalcium phosphate. Tricalcium phosphate administered orally is absorbed and does not stimulate parathyroid gland function. No acute inhalation and dermal toxicity studies were available.
No experimental data are available for skin and eye irritation in animals. Trisodium phosphate has however skin and eye irritation properties, therefore it can be anticipated that tricalcium phosphate may also have skin and eye irritant properties.
There were no experimental data available for skin sensitization in animals.
In a repeated dose oral toxicity study according to the OECD Guideline 422, tricalcium phosphate was administered via gavage at dose levels of 0, 250, 500 and 1,000 mg/kg bw/day to male rats from 2 weeks before mating to the end of the mating period, for at least 28 days, and to females from 2 weeks before mating to day 4 of lactation including the mating and gestation periods. Ten animals/sex/dose were assigned to the main group and 6 animals/sex/dose were used in the recovery group. No death was observed in either sex. There were no treatment-related changes in clinical signs, body weight, food consumption, urinalysis, hematology, serum biochemistry, necropsy finding and organ weights. At histopathological examination, slight tubular degeneration/regeneration was observed in kidney in males and mineralization in kidney in females at 1,000 mg/kg bw/day. However, these findings were not considered to be toxicologically significant, since no treatment-related changes were observed in serum biochemistry due to kidney dysfunction. Based on these results, the NOAEL for repeated dose oral toxicity was considered to be 1,000 mg/kg bw/day in both sexes (the highest dose tested).

In an in vitro bacterial reverse mutation test, tricalcium phosphate was not considered to be mutagenic both with and without metabolic activation in multiple strains of Salmonella typhimurium and Escherichia coli strain [OECD TG 471]. In a chromosomal aberration test, tricalcium phosphate did not exhibit clastogenic effects in with or without metabolic activation. There was no increase as compared with the negative control. Based on these results, tricalcium phosphate was considered to be non genotoxic in vitro [OECD TG 473]. No in vivo genotoxicity studies were available.

There were no reliable data for carcinogenic activity of tricalcium phosphate.
The reproductive toxicity of the tricalcium phosphate has been well investigated in a reproductive and developmental toxicity screening test in rats [OECD TG 422]. Tricalcium phosphate was administered via gavage at dose levels of 0, 250, 500 and 1,000 mg/kg bw/day to male rats from 2 weeks before mating to the end of the mating period, for at least 28 days, and to females from 2 weeks before mating to day 4 of lactation including the mating and gestation periods. Ten animals/sex/dose were assigned to the main group and 6 animals/sex/dose were used for the recovery group. No death was observed in either sex. There were no treatment-related changes in clinical signs, body weight, food consumption, necropsy finding and organ weights. There were no treatment-related adverse effects on reproductive parameters, including precoital time, mating index, fertility index and pregnancy index. No treatment-related effects on F1 pups were observed in the number of corpora lutea, gestation length, delivery index, number of live and dead pups at birth, litter size, percentage of live and dead pups to implantations, sex ratio, viability index and body weights of pups on post-natal day 0 and 4. There were no externally malformed neonates in any groups. Therefore, the NOAEL for reproductive toxicity and developmental toxicity are considered to be 1,000 mg/kg bw/day
Tricalcium phosphate does not present a hazard for human health due to its low hazard profile. Adequate screening-level data are available to characterize the human health hazard for the purposes of the OECD Cooperative Chemicals Assessment Programme.
Environment

Environmental fate analysis based on log Kow and log Koc is not applicable for inorganic substances such as tricalcium phosphate. Photodegradation and biodegradation are not applicable to metal-containing inorganic substances like tricalcium phosphate. The current state of the science does not allow for the unambiguous interpretation of the significance of various measures of bioaccumulation (e.g., BCF, BAF) for metal-containing inorganic substances.

The substance has a significant eutrophication potential, similar to that of inorganic phosphate.

The following acute toxicity test results have been determined for aquatic species:

Fish [Oryzias latipes]                               96 h LC50 > 2.14 mg/L (highest concentration measured in solution)

Invertebrate [Daphnia magna]                 48 h EC50 > 5.35 mg/L (highest concentration measured in solution)

Algae [Pseudokirchnerella subcapitata]  72 h ErC50 > 1.56 mg/L (growth rate) (highest concentration

measured in solution)

72 h EbC50 > 1.56 mg/L (area under growth curve method) 
(the highest concentration measured in solution)
This chemical does not possess properties indicating a hazard to the environment based on its low hazard profile (no aquatic toxicity at the limit of water solubility). Adequate screening-level data are available to characterize the environmental hazard for the purposes of the OECD Cooperative Chemicals Assessment Programme.
Exposure

In the Republic of Korea, the production, use and import volume of tricalcium phosphate was 21,600, 1,546 and 76 tonnes in 2006, respectively. Tricalcium phosphate is used as a raw material for formula feed, enrichment agent with P and Ca of livestock, food/foodstuff additives and dispersing agents for styrene acrylonitrile resin etc. in the sponsor country.

In the sponsor country, tricalcium phosphate is handled in a closed system. No monitoring data are available from the wastewater. The dust containing tricalcium phosphate in production and processing sites is controlled by ventilation systems and PPEs (personal protective equipments) in the Republic of Korea. The 8hr-TWA concentrations of dust for workplaces in tricalcium phosphate were 0.61∼1.82 mg/m3, which were less than occupational exposure limit of 10 mg/m3. Occupational exposure is considered to be negligible in the sponsor country.

Tricalcium phosphate can be absorbed into the body by ingestion. The consumer could be exposed to small quantities of tricalcium phosphate in the consumption of food and by using some food/foodstuff additives. Consumer exposure is considered to be minimal in the sponsor country.


SIDS Initial Assessment Report

1 identity

1.1 Identification of the Substance

	CAS Number:
	7758-87-4

	IUPAC Name:
	Tricalcium diphosphate

	Molecular Formula:
	Ca3O8P2

	Structural Formula:
	3[Ca2+]∙2[PO43-]

	Molecular Weight:
	310.18

	Synonyms:
	Calcium orthophosphate,

Calcium orthophosphate, tri-(tert),

Calcium phosphate,

Calcium phosphate (3:2),

Calcium phosphate (Ca3(PO4)2), 

Calcium phosphate, tribasic,

Calcium tertiary phosphate, 

Tricalcium phosphate


1.2 Purity/Impurities/Additives

Purity                                   95% (NIER, 2009a)
Impurities                             -

Additives                             Na2CO3, 5% (NIER, 2009a)
1.3 Physico-Chemical properties

 Table 1 Summary of physico-chemical properties

	Property
	Value
	References

	Physical state
	White amorphous, crystalline powder
	Budavari, 2005

	Melting point
	1670 °C
	Budavari, 2005

	Density
	3.14 g/ cm3
	Budavari, 2005

	Water solubility
	20 mg/L at 20 °C,
1.2 mg/L at 20 °C
Insoluble
	Merck safety data sheet, 2003,
Lide, 2004
Budavari, 2005 and Lewis, 2002


The boiling point, dissociation constants and partition coefficients for tricalcium phosphate are not applicable to an inorganic salt. It has a negligible vapour pressure.
2 general information on exposure

2.1 Production Volumes and Use Pattern
In the Republic of Korea, the production, use and import volume of tricalcium phosphate was 21,600, 1,546 and 76 tonnes in 2006, respectively (NIER, 2006a).
U.S production, export volume was estimated to be approximately 286,000 and 13,600 tonnes in 1976, respectively (HSDB).
Manufacturing Processes
Tricalcium phosphate is mainly used as a raw material of formula feed, enrichment agent with P and Ca of livestock, food/foodstuff additives, dispersing agents for styrene acrylonitrile resin, colouring agents, anti-set-off and anti-adhesive agents and pharmaceuticals in the sponsor country (NIER, 2006a). It is used in the manufacture of fertilizers, H3PO4 and P compounds; manufacture milk-glass, polishing and dental powders, porcelains, pottery; enamelling; clarifying sugar syrups; in animal feeds; as noncaking agent; in the textile industry (HSDB).
Tricalcium phosphate was produced according to manufacturing technology by calcinating process which was continuously operated at high temperature (1,500–1,600°C) after mixed and aged with a high quality of phosphate rock, sodium carbonate and phosphoric acid. In figure 1, the principal route for the production of tricalcium phosphate is described, and detail reaction process is not available (NIER, 2009a).
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Figure 1     The production process of tricalcium phosphate
2.2 Environmental Exposure and Fate

2.2.1 Sources of Environmental Exposure

Tricalcium phosphate has a significant eutrophication potential, similar to that of inorganic phosphate. Eutrophication is a process whereby water bodies, such as lakes, estuaries, or slow-moving streams receive excess nutrients that stimulate excessive plant growth (algae, periphyton attached algae, and nuisance plants weeds). This enhanced plant growth, often called an algal bloom, reduces dissolved oxygen in the water when dead plant material decomposes and can cause other organisms to die. Nutrients can come from many sources, such as fertilizers applied to agricultural fields, golf courses, and suburban lawns; deposition of nitrogen from the atmosphere; erosion of soil containing nutrients; and sewage treatment plant discharges. Water with a low concentration of dissolved oxygen is called hypoxic (USGS, 2008).
2.2.2 Photodegradation

The concept of degradability is not applicable to metal-containing inorganic substances like tricalcium phosphate. Generally, a metal ion such as the Ca2+ cation is considered infinitely persistent because it cannot degrade any further.
2.2.3 Stability in Water

The hydrolysis study not being applicable could be based on very low water solubility of tricalcium phosphate (HSDB).
2.2.4 Transport between Environmental Compartments

The fugacity model is of limited use to inorganic substances. Therefore environmental fate modelling was not performed. Given their nature, a fate analysis based on log Kow and Koc is not applicable to inorganic metal-containing substances like tricalcium phosphate. However, the fate of possible dissolved metals may be characterized by partition coefficients, such as the partition coefficient for sediment-water, the partition coefficient for suspended sediment-water as well as for soil-water (Diamond et al., 1992).
2.2.5 Biodegradation

Standard biodegradation tests (e.g., ready biodegradability studies conducted according to OECD guidelines) are not applicable to metal-containing inorganic substances like tricalcium phosphate because the methods are based on carbon oxidation.
2.2.6 Bioaccumulation

The current state of the science does not allow for the unambiguous interpretation of the significance of various measures of bioaccumulation (e.g., BCF, BAF) for metal-containing inorganic substances (Adams and Chapman, 2007). Also, computer models such as BCFWIN (from the US EPA EPI Suite) are not suitable for metal-containing inorganic substances like tricalcium phosphate.
2.3 Human Exposure

2.3.1 Occupational Exposure

In the Republic of Korea, tricalcium phosphate is handled in a closed system. No monitoring data are available from the workplaces. It was well regulated by the following controls, which were being applied in all facilities in the sponsor country. Engineering controls were washing dust collector and local ventilation systems. Administration controls were regulation of industrial safety and health and safe work practices within a company. Inhalation exposure is expected to be negligible as personal protective equipments (PPEs) such as dust masks, gloves and protective goggles. The 8hr-TWA concentrations of dust for workplaces in tricalcium phosphate were 0.61∼1.82 mg/m3, which were less than occupational exposure limit of 10 mg/m3. Occupational exposure is considered to be negligible in the sponsor country (NIER, 2009a).
2.3.2 Consumer Exposure

Tricalcium phosphate can be absorbed into the body by ingestion. The consumer could be exposed to small quantities of tricalcium phosphate by the consumption of food and food/foodstuff additives. Consumer exposure is considered to be minimal in the sponsor country (NIER, 2009a).
3 human health hazards

3.1 Effects on Human Health

3.1.1 Toxicokinetics, Metabolism and Distribution

Calcium is required for the proper functioning of muscle contraction, nerve conduction, hormone release and blood coagulation. In addition, proper calcium concentration is required for various other metabolic processes. Calcium stores depend on dietary intake, absorption of gastrointestinal (GI) tract and renal calcium excretion. Extracellular and intracellular calcium concentrations are tightly regulated by bidirectional transport across the plasma membrane of cells and intracellular organelles, such as the endoplasmic reticulum, the sarcoplasmic reticulum of muscle cells and the mitochondria. Phosphorus is one of the most abundant elements in the human body. Most phosphorus in the body is complex with oxygen as phosphate (PO4). About 85% of the roughly 500 to 700 g of phosphate in the body is contained in bone, where it is an important constituent of crystalline hydroxyapatite. In soft tissues, phosphate is mainly found in the intracellular compartment as an integral component of several organic compounds, including nucleic acids and cell membrane phospholipids. Phosphate is also involved in aerobic and anaerobic energy metabolism. RBC 2,3-diphosphoglycerate (2,3-DPG) plays a crucial role in oxygen delivery to tissue. Adenosine diphosphate (ADP) and adenosine triphosphate (ATP) contain phosphate and use chemical bonds between phosphate groups to store energy. Inorganic phosphate is a major intracellular anion but is also present in plasma (Beer et al., 2006). Transport of phosphate from the gut lumen is an active, energy-dependent process that is modified by several factors. Presence of large quantities of Ca2+ or Al3+ may lead to formation of large amounts of insoluble phosphate and diminish net phosphate absorption. However, vitamin D stimulates phosphate absorption, an effect reported to precede its action on calcium ion transport. In adults, about two thirds of the ingested phosphate is absorbed and what is absorbed is almost entirely excreted into the urine. In growing children, phosphate balance is positive. Concentrations of phosphate in plasma are higher in children than in adults. Collapse of phosphate balance as ‘hyperphosphatemia’ decreases the affinity of hemoglobin for oxygen and is hypothesized to explain the physiological ‘anemia’ of childhood (Hardman et al., 1996).
3.1.2 Acute Toxicity

Studies in Animals

Inhalation

No acute inhalation toxicity studies were available.
Dermal

There was no reliable acute dermal study.
Oral

The acute oral toxicity study was conducted under OECD TG 423, acute toxic class method, in compliance with Good Laboratory Practice (GLP). Tricalcium phosphate was administered orally by gavage to three female Sprague-Dawley rats (8 weeks old) in each step (Step 1 and 2). The dose was set at 2,000 mg. Mortality, clinical signs and body weights were recorded during a 2 weeks observation period and the animals were subjected to gross necropsy examination. During the observation period, there were no case of death and no abnormalities in all rats. Body weights were normally increased for all animals. Necropsy showed no macroscopic findings in all rats. Based on the results, all rats survived by a single oral administration of 2,000 mg/kg tricalcium phosphate, the acute oral LD50 was >2,000 mg/kg and Globally Harmonized Classification System (GHS) were classified as ‘Category 5 or Unclassified’ (NIER, 2006b).
Studies in Humans
The use of calcium (Ca) supplements by postmenopausal women is growing rapidly. A commercial preparation of tricalcium phosphate (TCP) is available. Depending on the relative absorption of calcium versus phosphate, a rise in serum phosphorus (P) could stimulate parathyroid hormone (iPTH) secretion. The absorption and acute metabolic effects of oral TCP and calcium carbonate (CC) were evaluated on separate occasions in each of 10 women, aged 22-40 years. The subjects were fasted overnight for 12 hours while good hydration was maintained. Following a 2-hours baseline-urine collection, 1,200 mg calcium (as CC or TCP) was ingested and two 2-hour postload urine collections were made. Blood was drawn at 1, 2, and 4 hours after the calcium load. Serum (S) and urine (U) calcium, phosphorus, and creatinine, and urine cyclic adenosine monophosphate (cAMP) were determined. Parathyroid hormone (iPTH) levels following TCP were also measured. Urinary Ca excretion increased significantly above  baseline values in the second (2-4hours) postload period but not in the first postload period, following both calcium carbonate (P<0.01) and TCP (P<0.001) ingestion. There were, however, no significant differences between the increments in urine calcium which followed the ingestion of the two preparations. These changes were accompanied by significant and progressive rises in total serum calcium at 2 and 4 hours following ingestion of either formulation. Although the increments following TCP were greater than following calcium carbonate, the differences were not statistically significant. Following oral tricalcium phosphate loading, there was a significant and progressive rise in serum phosphorus levels over the next 4 hours, which was accompanied by significant increases in urine phosphorus excretion in both postload urine collections. Urine phosphorus excretion did not alter significantly after the oral calcium carbonate dose. Urinary cAMP levels did not change following ingestion of either calcium preparation, and for the three collection periods were (mean±SEM) 4.42±0.30, 4.56±0.25, and 4.22±0.23 nmol/dl GFR, following calcium carbonate and 3.84±0.22, 3.88±0.27, and 3.81±0.26 nmol/dl GFR following tricalcium phosphate. Serum iPTH levels were determined before and 4 hours after the tricalcium phosphate load to correspond with the time of the peak rise in serum phosphorus. PTH levels were suppressed by the oral tricalcium phosphate load. Compared to baseline values (mean±SEM) of 3.50±0.22 μm/liter, iPTH fell to 3.0±0.21 μm/liter (P<0.02). Calcium taken as tricalcium phosphate is absorbed adequately and thus, despite a rise in the serum phosphorus level does not stimulate parathyroid activity (Shires and Kessler, 1990).
Conclusion
The oral LD50 was approximately >2,000 mg/kg in rats. Tricalcium phosphate had low acute oral toxicity. Oral tricalcium phosphate could rise in the serum phosphorus level, however, it does not stimulate parathyroid activity in human.
3.1.3 Irritation

Acute exposures to trisodium phosphate may cause irritation of the respiratory system with subsequent coughing and pain (HSDB). Also, it causes skin burns, pain and blisters to skin, redness, pain and severe deep burns to eyes and burning sensation, cough, shortness of breath and sore throat to inhalation tract (IPCS CEC). Therefore, it can be anticipated that tricalcium phosphate may also have skin and eye irritant properties.
3.1.4 Sensitisation

There were no experimental data available for skin sensitization in animals.
3.1.5 Repeated Dose Toxicity

Studies in Animals

Inhalation

No information was available.
Dermal

No information was available.
Oral

In a repeated dose oral toxicity study in Sprague-Dawley rats following OECD TG 422, the tricalcium phosphate was administered via gavage at the doses of 0, 250, 500 and 1,000 mg/kg bw/day to males from 2 weeks before mating to the end of the mating period, for at least 28 or more days, and to females from 2 weeks before mating to day 4 of lactation including the mating and gestation periods. Ten males and ten females were assigned for main group. Six males and six females at dose levels of 0 and 1,000 mg/kg bw/day were used for recovery period. Clinical signs were checked once a day during the non-treatment period and before and after dosing the animals during the treatment period. Individual body weights of both sexes were measured once a week during the premating, mating and recovery periods. Food consumption was recorded. Functional observations, urinalysis for males, hematology, serum biochemistry and organ weights and histopathology were examined. Neurobehavioral evaluation of each group was conducted. Loss of fur and scratch wound observed in the treatment groups were considered to be spontaneous, since the incidence was low. No treatment-related changes were observed in body weight and urinalysis. At neurobehavioral tests, a decrease in grip strength of hind limb and excretion of urine in an open, and an increase in ease of removal from cage observed in females of the treatment groups were considered to be spontaneous, since there was sex difference and no changes were observed in other parameters. At food consumption, haematology and serum biochemistry changes observed in both sexes of the 1,000 mg/kg bw/day recovery group were not considered to be treatment-related, since no treatment-related changes were observed in main groups. At necropsy, small testis and epididymis observed in males of the 1,000 mg/kg bw/day group and spot in stomach observed in females of the 500 mg/kg bw/day group were considered to be spontaneous, since the incidence was low. No treatment-related change was observed in organ weights. Changes observed in lung, liver and salivary gland of males and in salivary gland and uterus of females in recovery group were considered to be incident, since these were not observed in main groups. At histopathological examination, tubular degeneration/regeneration in kidney observed in males of the 1,000 mg/kg bw/day group was considered to be treatment-related, since the incidence and severity were increased, and the incidence was decreased in recovery group. In addition, mineralization in kidney observed in females of the 1,000 mg/kg bw/day group was considered to be treatment-related, since the incidence and severity were increased, it was thought to be calcium deposits as there was morphology of psammoma body, and in recovery group the incidence was decreased. However, abnormal findings observed in kidney were not considered to be toxicological significant, since treatment-related changes which related to kidney dysfunction were not observed in parameters examined in urinalysis, haematology and serum biochemistry. Based on these results, it was concluded that the oral administration of tricalcium phosphate to rats resulted in tubular degeneration/regeneration in kidney in males and mineralization in kidney in females at 1,000 mg/kg bw/day. However, these findings were not considered to be toxicological significant, since no treatment-related changes were observed in urinalysis, haematology and serum biochemistry due to kidney dysfunction. Therefore, under the present experimental conditions, the NOAEL for repeated dose oral toxicity was considered to be 1,000 mg/kg bw/day for male and female rats (NIER, 2007).
Studies in Humans

No information was available.
Conclusion

In a repeated dose oral toxicity study in rats, there were no treatment-related changes observed in body weight, food consumption, urinalysis, and hematological and serum biochemical examinations. At histopathological examination, tubular degeneration/regeneration in kidney was observed in males and mineralization in kidney was observed in females at 1,000 mg/kg bw/day. However, these findings were not considered to be toxicologically significant. Therefore, the NOAEL of tricalcium phosphate was determined 1,000 mg/kg bw/day for general toxicity in both sexes.
3.1.6 Mutagenicity
Studies in Animals

In vitro Studies

Bacterial Test

A bacterial reverse mutation assay (Ames test) [OECD TG 471] was tested with Salmonella typhimurium strains TA 1535, TA 1537, TA 98, TA 100 and Escherichia coli WP2uvrA in the presence and absence of a metabolic activation containing S9 mix using a plate incorporation method and 3 plates at each dose level were used. The decreases in the number of revertant colonies were observed at 1,250 μg/plate in TA 100 strain with S9 mix. Tricalcium phosphate was diluted to 39.1, 78.1, 156.3, 312.5, 625 and 1,250 μg/plate. The test substance at any concentrations of 39.1-1,250 μg/plate with or without S9 mix didn’t induce the increase in the frequency of revertant colonies in a dose-dependent manner, representing non-genotoxic. The frequency of revertant colonies for the negative control, glycerol formal, was considered to be acceptable and all of the positive controls induced marked increases in the frequency of revertant colonies confirming the activity of S9 mix and the sensitivity of the bacterial strains. Tricalcium phosphate was not considered to be genotoxic under the test conditions (NIER, 2009b).
Non Bacterial Test

This study was designed to examine a mutagenic potential of tricalcium phosphate in the chromosome aberration test system using Chinese hamster lung cell (CHL/IU) [OECD TG 473]. According to the result of the growth inhibition test (MTT assay), a cytotoxicity was shown regardless of application of metabolic activation system (S9 mix). The IC50 (Inhibition concentration 50%) was calculated as 200 μg/mL, in the short time treatment and continuous treatment system without and with metabolic activation system. According to the growth inhibition test, the chromosome aberration test was performed with the test group of 50, 100 and 200 μg/mL regardless of application of metabolic activation system and with positive and negative control. As a result, the structural and numerical chromosome aberrations were not observed in both the short time treatment without and with metabolic activation system and the continuous treatment as the negative control. In the positive control, the structural chromosome aberration was significantly increased. In conclusion, tricalcium phosphate did not show the chromosome aberrations regardless of application of metabolic activation system (S9 mix) in the chromosome aberration assay system using Chinese hamster lung cell (CHL/IU), under the conditions of this study (NIER, 2005c).
In vivo Studies

No in vivo studies were available.
Studies in Humans

No reliable studies were available.
Conclusion

Based on in vitro study results, tricalcium phosphate was not mutagenic in bacteria and did not cause chromosome aberration in hamster lung cells (CHL/IU).
3.1.7 Carcinogenicity

No reliable data are available for the carcinogenicity of tricalcium phosphate.
3.1.8 Toxicity for Reproduction

Studies in Animals

To examine the effect of tricalcium phosphate on reproduction/developmental toxicity, test substance was administered orally, by gavage, at dose levels of 0, 250, 500 and 1,000 mg/kg bw/day to Sprague-Dawley males from 2 weeks before mating to the end of the mating period and to females from 2 weeks before mating to day 4 of lactation including the mating and gestation periods [OECD TG 422]. Ten males and 10 females were assigned to main dose group. Six males and 6 females at dose levels of 0 and 1,000 mg/kg bw/day were used for recovery period. Clinical signs were checked once a day during the non-treatment period and before and after dosing the animals during the treatment period. Individual body weights of both sexes were measured once a week during the premating, mating and recovery periods. Individual body weights of both sexes were measured once a week during the premating, mating and recovery periods. Functional observations, urinalysis for males, hematology, serum biochemistry and organ weights and histopathology were examined. On gestation and parturition period, mating, abortion, premature delivery and dystocia or prolonged parturition were observed. On parturition date, Gestation length, delivery index, litter size, dead pups, sex ratio, external anomalies of live pups were observed. During the lactation period, nursing behaviours of dams and viability of pups were observed. Body weights of live pups on Day 0 and 4 of lactation were also measured. At scheduled termination, all live males and females were necropsied after repeated dosing for at least 28 or more days and at day 5 of lactation, respectively. In recovery groups, males and females were terminated after a 21-day recovery period from the next day of the first necropsy of selected males and a 22-day recovery period from first necropsy day of selected dams for examination of hematology and serum biochemistry, respectively. All live pups were sacrificed and all pups including dead offspring were necropsied with special attention to all vital organs. Loss of fur and scratch wound observed in the treatment groups was considered to be spontaneous, since the incidence was low. No treatment-related changes were observed in body weight. Food consumption change observed in both sexes of the 1,000 mg/kg bw/day recovery group was not considered to be treatment-related, since no treatment-related change was observed in main groups. At necropsy, small testis and epididymis observed in males of the 1,000 mg/kg bw/day group and spot in stomach observed in females of the 500 mg/kg bw/day group were considered to be spontaneous, since the incidence was low. No treatment-related change was observed in organ weights. Changes observed in lung, liver and salivary gland of males and in salivary gland and uterus of females in recovery group were considered to be incident, since these were not observed in main groups. There were no statistically significant differences in the mean time taken to mate at any dose level tested. There were no treatment-related changes in the copulation, fertility and pregnancy index in any of the treatment groups. In addition, no statistically significant differences were seen in gestation length, delivery index, the numbers of corpora lutea and implantations, the numbers of live and dead pups, the percentage of live and dead pups to implantations, pre-implantation loss, post-implantation loss, sex ratio, viability index and body weights of pups on post-natal day 0 and 4. At necropsy of pups, no gross finding was observed in any of the treatment group. At examination of external malformations, dwarfism was observed in 1 pup of the 250 mg/kg bw/day group, however, it was considered to be spontaneous. Therefore, the test substance may exhibit no adverse effects on reproduction and development in rats. Based on these results, NOAEL of the test article was considered to be 1,000 mg/kg bw/day for reproductive toxicity of parent animals and developmental toxicity of F1 pups under the present experimental conditions (NIER, 2007).
Studies in Humans
No information was available.
Conclusion

In a reproduction/developmental toxicity study in rats, there were no treatment-related changes observed in parent animals. Dwarfism considered to be spontaneous was observed in 1 pup of the 250 mg/kg/day group, indicating that the test article may exhibit no adverse effects on reproduction and development in rats. Therefore, the NOAEL of tricalcium phosphate was determined 1,000 mg/kg bw/day for reproductive toxicity of parent animals and developmental toxicity of F1 pups.
3.2 Initial Assessment for Human Health

In the acute oral toxicity of tricalcium phosphate, there were no death, clinical signs and decrease of body weight. In this result, acute oral LD50 was >2,000 mg/kg bw. Tricalcium phosphate was not mutagenic in the in vitro bacterial reverse mutation test in Salmonella typhimurium and Escherichia coli strain. In the chromosomal aberration test, test substance did not show any genotoxic effects regardless of application of metabolic activation using Chinese hamster lung cell (CHL/IU). Both repeated dose toxicity and reproduction/developmental toxicity by oral administration of tricalcium phosphate in rat, the NOAEL was considered to be 1,000 mg/kg bw/day for general toxicity in both sexes, reproductive toxicity of parent animals and developmental toxicity of F1 pups.
Tricalcium phosphate does not present a hazard for human health due to its low hazard profile. Adequate screening-level data are available to characterize the human health hazard for the purposes of the OECD Cooperative Chemicals Assessment Programme.
4 hazards to the environment

4.1 Aquatic Effects

Aquatic toxicity data under GLP are available for tricalcium phosphate.
Acute Toxicity Test Results

Although tricalcium phosphate water solubility was 20 mg/L (Merck safety data sheet, 2003), a preliminary solubility test indicated that test substance was very sparsely soluble in water and not dissolved in organic solvents such as acetone, DMSO and ethanol. Therefore, the test concentrations were prepared by directly adding the test substance into dilution water as a concept of loading rate. As the test substance was very poorly soluble in the test solution, the concentrations of the test substance were expressed as nominal concentrations. No mortalities or toxic signs of aquatic organisms were observed at 0.1, 1, 10 and 100 mg/L during the range-finding test. Based on this result, the concentration of the definitive test was determined as 100 mg/L (nominal).
Fish

In an OECD TG 203 "Fish, Acute Toxicity Test", groups of 7 fish (Oryzias latipes) were exposed under static conditions to 100 mg/L of tricalcium phosphate and control for 96 hours (NIER, 2005a). There were no mortalities and adverse effects were observed in any of the fish exposed during the test. Resulting from this study, the LC50 was greater than 100 mg/L.

 Invertebrate

Daphnia magna (groups of 10 organisms) were observed for immobilisation at 24 and 48 hours following static exposure to concentrations of tricalcium phosphate of 100 mg/L and control (NIER, 2005b). The study was conducted according to OECD TG 202 "Daphnia sp., Acute Immobilisation Test". No immobility was observed at the tested concentrations. Based on these results, the EC50 was > 100 mg/L after 48-hour exposure.

Algae

Growth inhibition test of tricalcium phosphate with algae was determined using the method of OECD TG 201. Pseudokirchneriella subcapitata was used as a test species and the algal biomass was adjusted to 1×104 cells/mL in each replicate flask. And the flasks were incubated at a temperature of 21-21.3oC under continuous illumination (intensity 9,314–9,670 Lux) and during the exposure period of 72 hours under static test conditions. As a result of the test for 72 hours the ErC50 (average specific growth rate) and the EbC50 (area under growth curve method) were > 100 mg/L (nominal concentration, 1.56 mg/L(the highest concentration measured in solution)) (NIER, 2005d).
 Table 2  Summary of acute aquatic toxicity
	Guideline/species
	Results
	References

	OECD TG 203/ Oryzias latipes
	96 h LC50 > 100 mg/L (nominal)
	NIER, 2005

	OECD TG 202/ Daphnia magna
	48 h EC50 > 100 mg/L (nominal)
	NIER, 2005

	OECD TG 201/
Pseudokirchnerella subcapitata
	72 h ErC50 > 100 mg/L (nominal, 1.56 mg/L (the highest concentration measured in solution))
72 h EbC50 > 100 mg/L (nominal, 1.56 mg/L (the highest concentration measured in solution)))
	NIER, 2005d


Chronic Toxicity Test Results

No data available.
Toxicity to Microorganisms

No data available.
4.2 Terrestrial Effects

No data available.
4.3 Other Environmental Effects

Tricalcium phosphate has an important eutrophication potential similar to that of inorganic phosphate. Eutrophication is a process in which elevated nutrient levels can lead to enhanced plant growth (of algae, periphyton attached algae, and nuisance plants such as weeds) in water bodies such as lakes, estuaries, or slow-moving streams. The increased plant growth (e.g. algal blooms) reduces the amount of dissolved oxygen in the water due to the decomposition of the excess plant material.  The decreased oxygen can cause other organisms to die (USGS, 2008).
4.4 Initial Assessment for the Environment

There were aquatic organism toxicity studies performed with OECD TG 201, 202 and 203 under GLP available. The acute toxicity data (LC50 and EC50) were greater than 100 mg/L (nominal concentration). Mortality, adverse effects and signs of toxicity were not observed. Therefore, tricalcium phosphate is not acutely toxic to aquatic organisms (fish, invertebrate and algae).
This chemical does not possess properties indicating a hazard to the environment based on its low hazard profile (no aquatic toxicity at the limit of water solubility). Adequate screening-level data are available to characterize the environmental hazard for the purposes of the OECD Cooperative Chemicals Assessment Programme.
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