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SIDS INITIAL ASSESSMENT PROFILE
	CAS Nos.
	7722-76-1, 7783-28-0, 68333-79-9, 8011-76-5, 65996-95-4

	Chemical Names 
	Phosphate category: Monoammonium phosphate (MAP), Diammonium phosphate (DAP), Ammonium polyphosphate (APP), Single superphosphate (SSP), Triple superphosphate (TSP)

	Structural Formula
	MAP:      NH4H2PO4

DAP:       (NH4)2HPO4

APP:        [image: image1.png]-
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SSP:        main components:Ca(H2PO4)2. H2O /CaSO4.H2O

TSP:        CaHPO4.2H2O



	SUMMARY CONCLUSIONS OF THE SIAR

Category/Analogue Rationale

The category consists of monoammonium phosphate (MAP; CAS No. 7722-76-1), diammonium phosphate (DAP; CAS No. 7783-28-0), ammonium polyphosphate (APP; CAS No. 68333-79-9), single superphosphate (SSP; CAS No. 8011-76-5), and triple superphosphate (TSP; CAS No. 65996-95-4).  All members of the category are mainly or exclusively used as fertilizer and have one common functional group (phosphate) that equilibrates between several different ionic species [H3PO4, H2PO4-, HPO4=, HPO4 =, or PO4-3] depending on the pH of the environment. Thus, chemical reactions for all compounds in this category are similar with the exception of the actual dissociation product, which forms calcium or ammonia along with common phosphate moieties. However, the presence of the ammonium ion will influence the observed toxicity and its data are used to conservatively represent the toxicity of the category members.

Under typical environmental conditions, the phosphate would be present as monohydrogen phosphate (HPO4=) or dihydrogen phosphate (H2PO4-) with the equilibrium favoring H2PO4- as the acidity of the environment increases. Under these conditions, the proportions of phosphoric acid (H3PO4) and the phosphate anion (PO4-3) would be extremely low.

For the three ammonium phosphates, with increasing pH, a greater portion of the ionized ammonium will be converted to nonionized ammonia. However, an increase of pH may be limited due to the buffering capacity of hydrogenphosphate and dihydrogenphosphate.

In the case of SSP and TSP data from the major compounds calcium superphosphate (CAS No. 7758-23-8) and calcium sulphate have been presented to assist with addressing the physical chemical properties.

Human Health

Phosphates are absorbed from the gastrointestinal tract as orthophosphate. In adults about two thirds of ingested phosphate is absorbed from the gastrointestinal tract and almost entirely excreted into the urine.

The acute oral LD50 in rats was >2000 mg/kg bw for MAP, DAP, and APP. No signs of toxicity were observed. Clinical signs in an additional oral study with MAP (LD50 = 3,250 mg/kg bw) included sedation, convulsions, tremors, ataxia, prostration.  The acute dermal LD50 in rats was >5000 mg/kg bw (for MAP, DAP, and APP).  These dermal studies also showed no clinical signs of toxicity.

The phosphates are slightly irritating to skin and slightly to moderately irritating to eyes in animal studies and a respiratory tract irritant in humans. No animal data are available on skin sensitization.
In a gavage study performed according to OECD TG 422, male and female rats were administered 0, 250, 750 and 1,500 mg/kg bw of DAP for 35 days (7 days/week). In males activated partial thromboplastin time was reduced at 750 and 1,500 mg/kg bw/day. Blood chemistry deviations found in males included alkaline phosphatase levels (increased at 750 and 1,500 mg/kg bw/day), glucose and phosphorous levels (reduced at 1,500 mg/kg bw/day) and total protein (reduced at 750 and 1,500 mg/kg bw/day with a slightly increased albumin/globulin ratio at the high dose). Changes in females were limited to decreased phosphorous levels and non-significantly increased alkaline phosphatase levels at 1,500 mg/kg bw/day. Histological examination of the stomach revealed some submucosal inflammation at all doses, but was not dose-dependent. The NOAEL was set at 250 mg/kg bw/day.

In a similar gavage study (according to OECD TG 422), granular TSP was administered at 0, 250, 750 and 1,500 mg/kg bw for 35 days (7 days/week) to male and female rats. Platelet counts were increased and activated partial thromboplastin time was decreased at 1,500 mg/kg bw in both sexes. White blood cells were increased in females at 750 and 1,500 mg/kg bw. Neutrophil and basophil counts were increased at 1,500 mg/kg bw in females. Total plasma protein level was reduced at 750 and 1,500 mg/kg bw in both sexes. Phosphorus levels were decreased at 750 and 1,500 mg/kg bw in both sexes. Calcium levels were decreased at 750 and 1,500 mg/kg bw in males, and bilirubin levels were decreased at 1,500 mg/kg bw in females. Males at 1,500 mg/kg bw displayed decreased motor activity. Histopathological examination of the stomach revealed degenerative/inflammatory changes at all dose levels in both sexes, probably due to irritant effects of the administered test substance formulation; a dose-response wasn’t seen.  Minimal cortical tubular basophilia were observed in the kidney among most males in all dose groups and one female per dose group. Horizontal banding of the enamel of the incisors was observed at 750 and 1,500 mg/kg bw in both sexes and one male at 250 mg/kg bw, which may be related to phosphorus or calcium ion imbalances. The NOAEL is considered to be <250 mg/kg bw, because of degenerative changes in the stomach and kidney at all dose levels.

From a spirometer test performed with DAP plant workers, it was concluded that the pulmonary alveoli can be affected after longer exposure resulting in restrictive types of lung disorders.

DAP and TSP were negative in the Ames test with and without metabolic activation and chromosomal aberration test.
In the combined general toxicity and developmental/reproduction studies with DAP and TSP in rats described above, no effects on reproduction were reported up to 1,500 mg/kg bw/d. No developmental effects were observed for DAP up to 1,500 mg/kg bw/d although TSP showed a decrease in body weight of female offspring at 1,500 mg/kg bw/d. The NOAEL for reproductive toxicity was 1500 mg/kg bw/d for DAP and TSP.  The NOAEL for developmental toxicity is 750 mg/kg bw/d based TSP.

Environment

The phosphates in this category are soluble in water (18g/L to completely miscible) and their vapour pressures are minimal (although ammonium phosphates may release some ammonia gas). These phosphates decompose at ≥150 ºC, and their physical state is solid, except APP, which is liquid (at 20ºC and 1.013hPa).  Any phosphate salt released into the environment will be distributed between water and soil. Land-applied phosphate and ammonium are adsorbed to soil particles. Ammonia may be released from the soil more easily than phosphate by cation exchange. In natural waters with high pH, ammonia containing category members may elicit ammonia toxicity. Soil bacteria may convert ammonium to nitrate, which can be taken up by plants or denitrified by micro-organisms to nitrogen and nitrous oxide gas.

In water the phosphate salts may result in eutrophication (caused by ammonium and phosphate ions), which may lead to increased algal growth. Decomposition of the algae may in turn result in lower dissolved oxygen concentrations. If dissolved oxygen concentrations are lowered significantly, suffocation of other aquatic organisms may occur.

In acute fish studies, 96-hr LC50 values were >85.9 and >101 mg/L for MAP and APP, respectively in Oncorhynchus mykiss.  Exposure to DAP of Cirrhinus mrigala juveniles resulted in 96-hr LC50 values of 1,700 mg/L for fry and 1,875 mg/L for fingerlings at 21ºC.
In an acute study with Daphnia carinata using commercial grade superphosphate the 72-hr EC50 value was 1,790 mg/L.

Acute algal tests with Pseudokirchneriella subcapitata resulted in NOEC values of 97.1 mg/L for DAP and 87.6 mg/L for TSP.

Exposure

The global market for phosphates is estimated to be ca. 50 million metric tonnes annually.  The substances are mainly used as fertilizer and APP is exclusively used as a fertilizer.

Occupational exposure occurs during manufacturing and during use as fertilizer. The dermal and inhalation routes will be the most important routes of exposure.

Environmental exposure is mainly dependent on the amount of fertilizer used on fields, the climatic conditions, and the hydrological conditions of the area of application.

Consumer exposure may occur from food additives (MAP and DAP are generally recognised as safe; 21 CFR 582.1141), fertiliser use, drinking water and use in dental cements and flame retardants.

	RECOMMENDATIONS AND RATIONALE FOR THE RECOMMENDATION AND NATURE OF FURTHER WORK RECOMMENDED

Human Health: The chemicals are of low priority for further work. The chemicals possess properties indicating a hazard for human health (slight skin and eye irritation, and respiratory tract irritation, repeated-dose toxicity, and body weight changes in offspring). These hazards do not warrant further work as they only become evident at extreme exposure levels. They should nevertheless be noted by chemical safety professionals and users. Countries may desire to investigate any exposure scenarios that were not presented by the Sponsor country. 

It is recommended that the use of the chemicals as fertilizers be taken into account when assessing the exposure of nitrite and nitrate to humans through drinking water.

Environment:  The chemicals in this category are currently a low priority for further work based on their low hazard profiles.  However, the possibility of eutrophication should be considered as well as the potential toxicity of ammonium/unionized ammonia at higher pH for the ammonium phosphate compounds.
Note:  Additional ammonium salts are being considered at SIAM 24 in the ammonia compounds category.


SIDS Initial Assessment Report

1 identity

1.1 Identification of the Substances
Table 1a     Identity of the substances in the phosphate category

	
	Monoammonium phosphate 
(MAP)
	Diammonium phosphate

(DAP)
	Ammonium polyphosphate
(APP)
	Single Superphosphate (SSP) 
	Triple Superphosphate (TSP)

	CAS Number
	7722-76-1
	7783-28-0
	68333-79-9
	8011-76-5 
	65996-95-4

	IUPAC Name
	Ammonium dihydrogenortho-phosphate
	Diammonium hydrogenortho-phosphate 
	Ammonium polyphosphate
	Single super-phosphate 
	Triple super-phosphate

	Molecular Formula
	H6NO4P
	H9N2O4P
	[NH4PO3]n


	Ca(H2PO4)2.H2O + CaSO4 (molar ratio 1:2)
	Ca(H2PO4)2.H2O

	Structural Formula
	NH4H2PO4
	(NH4)2HPO4
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	Not specified 
	Not specified

	Molecular Weight
	115.03
	132.06
	[97]n 
	Ca(H2PO4)2.H2O
 = 252

CaSO4 = 136
	252

	Synonyms
	Ammonium biphosphate;

Ammonium dihydrogen phosphate;

Phosphoric acid, monoammonium salt;

Monoammonium phosphate;

Ammonium diacid phosphate;

Ammonium monobasic phosphate;

Primary ammonium phosphate;

Ammonium dihydrogen tetraoxophosphate
	Ammonium phosphate, dibasic;

Diammonium hydrogen phosphate;

Diammonium phosphate;

Phosphoric acid, diammonium salt;

Ammonium hydrogen phosphate;

Diammonium hydrogen orthophosphate;

Diammonium hydrogen tetraoxophosphate
	Liquid polyphosphate;

Liquid poly-ammonium phosphate
N: P2O5:K2O 
(amount of N, P and K in the product) = 10:34:0

	Superphosphate;

Normal superphosphate;

Ordinary superphosphate.

Super
	Granular triple superphosphate;

Concentrated superphosphate


For fertilizers, composition is normally given as percentage of N, P and K, where N represents the amount of N, P represents the amount of P2O5, and K represents the amount of K2O present. Sulphur containing components are calculated as SO3 and Ca often as CaO.
1.2 Purity/Impurities/Additives

Table 1b     Identity of the substances in the phosphate category (w/w %)
	Substance
	MAP
	DAP
	APP
	SSP
	TSP

	Purity of major components
	≥84% MAP 
(pure MAP is 12.2% N, and  61.7% P2O5)
	≥87% DAP 
(pure DAP is 21.2% N, and  53.8% P2O5)
	~70% ammonium polyphosphate 
~30% MAP; ammonium polyphosphate: 
10% N, 34% P, 0% K
	~28-36% CaH2(PO4)2. H2O, 
~ 50 % calcium sulfate hydrate 


	~67-91%Ca(H2PO4)2.H2O; 
:  


	Minor components/impurities
	Fe and Al phosphate compounds
	Fe and Al phosphate compounds
	Fe and Al phosphate compounds
	≤3% CaHPO4.2H2O;

≤2% aluminium fluorophosphates, ≤2% iron fluorophosphates, ≤3% orhtophosphoric acid, 

≤3% fluoroapatite 

water, miscellaneous metal and other compounds (<1%)
	≤7% CaHPO4.2H2O, 

≤4% aluminum fluorophosphates,

 ≤4% iron fluorophosphates, 

≤3% orthophosphoric acid and 

≤4% fluoroapatite)

 (46% P may come from the above components)

water, calcium sulfate hydrate, miscellaneous metal and other compounds (<1%)

	Additive
	none identified
	none identified
	none identified
	none identified
	none identified


The percentage of N, P2O5 and K2O is a method used by the fertilization companies to define their products as indicated in 1.1.   SSP and TSP are less well-defined substances as these are made from phosphate rock.
1.3 Physico-Chemical properties

Table 2    Summary of Physico-chemical Properties 
	Property
	MAP
	DAP
	APP
	SSP
	TSP

	Physical state
	solid
	solid
	liquid
	solid
	solid

	Melting point
	190 °C
 Decomposition at ca. 200 °C
	Decomposition at ca.

155 °C 
	NA
	decomposition at ca. 200 °Cb
1460 °Cc
	decomposition at ca. 200 °Cb

	Boiling point


	NA
	NA
	Decomposition at 150°Ca (short chain) 

300°Ca 
(long chain)
	NA
	NA

	Density
	1.80 g/cm3 at 19 °C
	1.62 g/cm3 at 20 °C
	1.43 at 15.5 °C (relative density)
	2.22 g/cm3 at 18 °Cb
2.96 g/cm3 c -
	2.22 g/cm3 at 18 °Cb
2.96 g/cm3 c

	Vapour pressure
	<1 hPa at 20 °Ca
	loses 8% NH3 gradually to air
	
	
	

	Water solubility
	264 g/L at 20 °C
	588 g/L at 20 °C
	100% at 25 °C
	18 g/l at 30 °Cb
2.0 g/Lc
	18 g/L at 30 °Cb
2.0 g/Lc

	pKa
	ammonium: 9.25

phosphoric acid: 2.16, 7.21, 12.32
	ammonium: 9.25

phosphoric acid: 2.16, 7.21, 12.32
	ammonium: 9.25

phosphoric acid: 2.16, 7.21, 12.32
	phosphoric acid: 
2.16, 7.21, 12.32
sulfuric acid:  -3; 1.92
	phosphoric acid: 2.16, 7.21, 12.32

	pH
	4.2 

(0.2 M aq solution at 25°C)
	ca. 8
(1% at 20 °C)
	6.5-7 (RL=. 4)
	2.8-2.9 

(10% aq suspension; RL= 4))
	2.3-3
(10% aq; RL= 4)

	Partition coefficient n-octanol/water (log value)
	NA
	NA
	NA
	NA
	NA



NA = not applicable
a Values from the Ammonium Polyphosphate Center:   (http://www.specialchem4polymers.com/tc/ammonium-polyphosphate/index) 
b Value for calcium superphosphate (Ca(H2PO4)2)(CAS No. 7758-23-8)
c Value for calcium sulfate. 
In the absence of physicochemical data for SSP and TSP, data from the major components: calcium superphosphate and calcium sulfate for SSP and calcium superphosphate for TSP have been used.
The log Kow is not applicable to inorganic salts as they are ionised substances in solution that do not have a non-ionisable form and therefore, they are not anticipated to partition between organic and aqueous phases.
Because the substances are inorganic salts, vapour pressures are expected to be low for some category members.  However, there should be some vapor pressure associated with the ammonium phosphates as they all may give off ammonia gas to a certain extent. 

All phosphate substances are soluble in water with solubility ranging from 18-1000 g/L.  The pH of aqueous solutions of the phosphates ranges from 2.3-ca. 8 dependent on whether the anion is dihydrogenphosphate or hydrogenphosphate.  The acidic counterion, ammonium also has some influence (pKa (NH4+) = 9.25)
. Dihydrogenphosphate and hydrogenphosphate are in equilibrium with each other and with orthophosphate in aqueous solution:
H3PO4  +  H2O
↔
H2PO4-  +  H3O+  pKa = 2.161
H2PO4-  +  H2O
↔
HPO42-  +  H3O+  pKa = 7.211
HPO42-  +  H2O
↔
PO43-  +  H3O+    pKa = 12.321
1.4 Category Definition and Justification and Supporting Chemical Justification
Category Definition
The phosphate category includes monoammonium phosphate (MAP, CAS No. 7722-76-1; diammonium phosphate (DAP, CAS No. 7783-28-0); ammonium polyphosphate (AAP, CAS No.  68333-79-9); single superphosphate (SSP, CAS No. 8011-76-5), and triple superphosphate (TSP, CAS No. 6599695-4).  Each of the compounds contains the phosphate functional group which is the anion of a tribasic acid (H3PO4).  In an aqueous environment the phosphate function will exist as an equilibrium among forms (H3PO4, H2PO4-, HPO4=, or PO4-3) depending on the pH.  However, for environmental conditions, the predominant forms should be the dihydrogen phosphate (H2PO4-) and monohydrogen phosphate (HPO4=) anions.  All of the compounds in the phosphate category are inorganic salts that tend to ionize in an aqueous environment.  These compounds can be considered structurally similar for purposes of evaluation of the category.

Category Justification
All members are mainly or exclusively used as fertilizer. The phosphate compounds [MAP, DAP, AAP, SSP and TSP] have properties that demonstrate that the group may be considered a chemical category.  The compounds are either liquids or solids under ambient conditions.  Boiling points are much higher than water; however, these compounds would generally decompose before boiling under normal atmospheric conditions.  All compounds in the phosphate category should remain liquids or solids under typical environmental conditions and at practical storage temperatures.

All members of the category have one common functional group (phosphate) that equilibrates between several different ionic species [H3PO4, H2PO4-, HPO4=, or PO4-3] depending on the pH of the environment.  Thus, chemical reactions for all compounds in this category should be similar.  These compounds are water soluble, dissociate into ammonia or calcium and phosphate moieties in water, and have low vapor pressure.  The water solubility for all compounds in this category is soluble to completely miscible.   The partition coefficient for octanol/water is expected to be very low and not a relevant parameter in the evaluation of this category.    
The compounds are stable substances that show normal acid/base chemical activity under ambient environmental conditions with the following equilibrium expected for the phosphate ion:

H3PO4  +  H2O  ↔   H3O+  +  H2PO4-

H2PO4-  +  H2O  ↔   H3O+  +  HPO4=

HPO4=  +  H2O  ↔   H3O+  +  PO4-3

Under any realistic environmental conditions the proportions of phosphoric acid (H3PO4) and the phosphate anion (PO4-3) would be extremely low.  Thus, under typical environmental conditions the phosphate would be present as monohydrogen phosphate (HPO4=) or dihydrogen phosphate (H2PO4-) with the equilibrium favoring H2PO4- as the acidity of the environment increased. 

For the ammonium phosphates (see also the Ammonia category discussed and agreed upon at SIAM 24), with increasing pH, a greater portion of the ionized ammonium will be converted to nonionized ammonia:

NH4+  +  OH-     --->   NH3  +  H2O

In a pure water solution the ratio of ammonia to ammonium ion is a function of pH:

pH              Molar ratio of ammonia/ammonium

7                                 0.006

8                                 0.06

9                                 0.55
Due to the presence of the hydrogen phosphate and dihydrogen phosphate which have a buffering capacity, the amount of unionised ammonia may be less than in pure water.
All of the compounds in the phosphate category are inorganic salts that tend to ionize in an aqueous environment. These compounds can be considered structurally similar for purposes of evaluation of the category.
Supporting Chemical Justification
In the absence of physicochemical data for SSP and TSP, data from the major components have been used.  Calcium superphosphate and calcium sulfate are used for SSP and calcium superphosphate data are provided for TSP.  Although most values are not for SSP and TSP, data for the major components may give an indication of the values to be expected for SSP and TSP, respectively.
2 general information on exposure

2.1 Production Volumes and Use Pattern

Globally approximately 14.6 million tonnes MAP is produced per annum, of which 5 million in the United States, 2 million in Eastern Europe and Central Asia and 5 million in East Asia (www.fertilizer.org).  DAP is produced mainly in the USA and Asia (total tonnage 27 million tonnes; www.fertilizer.org).  Ammonium polyphosphate is produced in the USA (400,000 tonnes; The Fertilizer Institute, 2002/2003).  Single and triple superphosphates are produced at tonnages of 1.1 million (IFA CD-ROM Nitrogen, phosphate and potash statistics, 2002/2003) and 6 million tonnes (www.fertilizer.org), respectively.  SSP is predominantly produced in Asia and Australia, and TSP mainly in the Asia and Africa.

The substances are mainly (MAP, DAP) or exclusively (ammonium polyphosphate,) used as fertilizer.  MAP is also used in chemical synthesis, in fireproofing of paper, as corrosive inhibitor, as flame retardant, as food additive, in dental cements, in baking powder. DAP is also used in textile processing, in flame retardants, as laboratory chemical, as intermediate, as food additive and corrosive inhibitor. Calcium superphosphate (part of SSP and TSP) is also used as food and feed additive and plastic stabilizer. 
In Sweden superphosphate is exclusively used as a fertilizer.  MAP and DAP are predominantly used as fertilizers in the Nordic countries (Denmark, Norway, Sweden) and additionally as flame retardants and fire extinguishing/prevention agents (SPIN database 21-feb-2005 on www. spin2000.net).
2.2 Environmental Exposure and Fate

2.2.1 Sources of Environmental Exposure

Closed apparatuses are used when manufacturing these compounds.  Liquid effluent is recovered as much as possible.  In the EU the following techniques should be applied to ensure a minimal effluent to waste water:
applying plate bank product cooling

recycling of warm air

selecting proper size of screens and mills, e.g. roller or chain mills

applying surge hoppers for granulation recycle control

applying online product size distribution measurement for granulation recycle control.
Scrubbers are used to limit gaseous emissions. For example for emission of hydrogen fluoride from the production of NPK fertilizers using scrubbers for gaseous emissions, values of 1-5 mg/Nm3 were reported (European Commission, 2006). 
Phosphate materials are common in the environment and are essential nutrients for both plants and animals.  However, certain conditions may result in exceeding phosphate loads in the environment.  Such exposure to the environment from fertilizers depends mainly on climatic conditions, hydrological conditions of the area of application, and the amount used as fertilizer on fields.  Land-applied phosphorus is less mobile than nitrogen because inorganic phosphate is easily adsorbed to soil particles.  However, inadequate soil erosion control and long-term over-application that may lead to an exceedance of the soil adsorptive capacity may result in inorganic phosphates entering waterways (http://www.epa.gov/agriculture/ ag101/ impactphosphorus.html).  
Therefore, it is essential that farmers use nutrients wisely to minimize the impact on the environment and that waste be recovered or reclaimed.  Research is currently underway to decrease the amount of phosphorous in livestock manure, primarily through enzymes, and animal ration modifications that make phosphorous in the feed more available (and usable) by the animals. MAP, DAP and calcium superphosphate (part of SSP and TSP) is used in animal feed.  This results in less phosphorus fed to the animals, and therefore, less phosphorous excreted in manure (http://www.epa.gov/agriculture/ag101/ impactphosphorus.html).  If phosphorus does enter surface waters, it can lead to eutrophication.  This eutrophication may lead to increased algal growth.  When the algae die, their decomposition consumes dissolved oxygen and the lack of oxygen may suffocate fish and other animal life (http://www.epa.gov/agriculture/ag101/cropnutrientmgt.html).
The ammonium present in APP, MAP and DAP introduces nitrogen into the environment and may also lead to eutrophication (www.physicalgeography.net/ fundamentals/9s.html).
2.2.2   Photodegradation

There are no data available.  Simple inorganic salts such as phosphates are not susceptible to photodegradation.
2.2.3 Stability in Water

These compounds are water soluble and dissociate into ammonia or calcium, and phosphate moieties in water. As stated in Section 1.4, the phosphates are present in water as phosphate, hydrogen phosphate or dihydrogen phosphate depending on the pH. 
Also, the NH3/NH4+ equilibrium of the ammonium phosphates in water is dependent on the pH.  In general, the fraction of unionized ammonia increases with pH (0.5-1.0% for pH 7-8).  Ammonia levels in water are influenced by nitrification and denitrification, among other processes (see Section 2.2.4). Calcium has no such dependency on pH and is always present as Ca2+.
2.2.4 Transport between Environmental Compartments

Based on the physicochemical properties of the phosphates, the substances, when released to the environment would be expected to partition mainly to water and soil.  However, no quantitative values can be assigned.
Inorganic phosphates are retained by most soils in ‘fixed’ form and very little phosphorus is lost by leaching from soil.  The largest losses would occur in sandy soils, which have a low capacity to retain water and a low buffer capacity for phosphate.  The major way in which phosphorous originating in fertilizers may reach natural waters is through runoff and erosion of soil (Sharpley, 1987).
The transport of ammonium salts in the environment is closely associated with the nitrogen cycle. When ammonium containing fertilizers are applied, ammonium can be taken up by plants or can be adsorbed onto clay particles in the soil (www.physicalgeography.net/ fundamentals/9s.html). Cation exchange can release ammonium depending on soil texture, clay type and content, pH and ionic strength of the irrigation water. Part of the ammonium in soil will reach the surface water through run-off and leaching. Soil bacteria may convert ammonium to nitrate.  Nitrate can be taken up by plants or denitrified by micro-organisms to nitrogen and nitrous oxide gas, which diffuse then into the atmosphere (www.physicalgeography.net/ fundamentals/9s.html).
2.2.5 Biodegradation

Standard biodegradation tests (e.g., ready biodegradability studies conducted according to OECD guidelines) are not applicable to the phosphates because the methods are based on carbon oxidation.  However, phosphates are essential nutrients to algae, animals and humans. The ammonium present in MAP, DAP and APP may be nitrified (see 2.2.4).

2.2.6 Bioaccumulation

The phosphate salts are not expected to bioaccumulate in soil organisms or aquatic organisms; they are simple inorganic salts with high aqueous solubility and will exist in a dissociated form in solution.
2.2.7 Other Information on Environmental Fate

Ammonium polyphosphate fertilizers degrade in soil to orthophosphates.  Half-lives in soil were 1-2 weeks.  Anaerobic conditions (by flooding) accelerated hydrolysis (Lohry, 2001). 
In general, natural levels in soil are low (< 1 mg/kg) because of the rapid conversion of ammonia to nitrite and nitrate by Nitrosomonas and Nitrobacter, respectively.  Natural waters typically contain ammonia and ammonia compounds in concentrations below 0.1 mg/L (as nitrogen).  Total ammonia in Canadian surface waters range from < 0.001 to 2.00 mg/L (Constable, 1999).  
2.3 Human Exposure

2.3.1 Occupational Exposure

The phosphates are produced in closed systems.  Engineering controls such as mechanical ventilation, process or personnel enclosure, control of process conditions, and process modifications significantly reduce exposure. Personal protective equipment includes neoprene or nitrile gloves, dust masks or fume hoods as appropriate, chemical safety goggles, and impervious apron, sleeves and boots. Field exposure to workers is possible when handling and using the phosphates on farms as a fertilizer.  However, fertilizers are applied by mechanical spreaders that reduce contact exposure.  
2.3.2 Consumer Exposure

MAP and DAP are generally-regarded-as-safe (GRAS) substances for use as an additive for both human food and ruminant feed (21 CFR 582.1141).  Consumer exposure may also be expected to occur when the phosphates are used in dental cements and in flame retardants (no further details available). 
Also, phosphate levels greater than 1.0 mg/l in water may interfere with coagulation in drinking water treatment plants (Bartenhagen et al., 1994 as cited at http://www.epa.gov/agriculture/ag101/ impactphosphorus.html).

3 human health hazards

3.1 Effects on Human Health

3.1.1 Toxicokinetics, Metabolism and Distribution

Phosphates are absorbed from the gastrointestinal tract as orthophosphate. The transport of phosphate from the lumen is an active, energy-dependent process, and there are factors that appear to modify the degree of its intestinal absorption.  Vitamin D stimulates phosphate absorption, and this effect has been reported to precede the action of the vitamin on transport of calcium ion (Goodman and Gilman, 1996).  In general, about two thirds of the ingested phosphate is absorbed from the gastrointestinal tract in adults.  Absorbed phosphate is almost entirely excreted into the urine (Goodman and Gilman, 1996). 
3.1.2 Acute Toxicity
Studies in animals

The acute toxicity of the phosphates is summarised in Table 4.  For SSP and TSP no standard acute toxicity studies are available, but considering the chemical composition of these substances ( containing phosphate, calcium and sulfate, which are also endogenous substances), they are not expected to show different toxicity from the other phosphates.
Inhalation

The 4-hour LC50 for APP in an acute inhalation study was >5.09 mg/L Weiner et al. (2001); limited information on methods was available for this study. 
Dermal

Acute dermal studies with MAP, DAP, and APP in rats following OECD TG 402 show that LD50 values are >5,000 mg/kg bw.  No signs of toxicity were observed (Merkel, 2000d-f).  

A study with MAP in rabbits gave an LD50 value >5000 mg/kg bw (Branch, 1981b).  
Oral
Acute oral studies for MAP, DAP, and APP with male and female rats following OECD TG 425 show that LD50 values are >2,000 mg/kg bw.  At 2,000 mg/kg bw no signs of toxicity were observed (Merkel, 2000a-c).  An additional LD50 value in rats of 3,250 mg/kg bw was reported for MAP (Branch, 1981e).  In this study, clinical signs included sedation, convulsions, tremors, ataxia, prostration, ptosis, exophthalmus, chromodacryorrhea, unilateral ocular opacity, salivation and diarrhea on day 0 and 1. Necropsy revealed gastrointestinal inflammation, salivation, blood/red discharge from around nose and mouth, ocular opacity, red ocular discharge, clear fluid in the thoracic cavity and test material in the stomach, urine stained fur, test material around the mouth, unilateral hydronephrosis and autolysis of internal tissues (Branch, 1981e).
Table 3  Acute toxicity studies in animals
	Acute test
	MAP
	DAP
	APP

	Oral LD50 (rat) (mg/kg bw)
	>2,000

3,252


	Merkel, 2000a

Branch, 1981e
	>2,000
	Merkel, 2000b
	>2,000
	Merkel, 2000c

	Dermal LD50 (mg/kg bw)
	>5,000 (rat)
>5,000 (rabbit)
	Merkel, 2000d

Branch, 1981b
	>5,000
	Merkel, 2000e
	>5,000
	Merkel, 2000f

	Inhalation 

 LC50 (rat) (mg/L)*
	-
	
	-
	
	>5.09
	Weiner, 2001


       *Limited information on methods
Studies in Humans

There are no adequate data available for the phosphates.
Conclusion

The results of the acute oral and dermal toxicity animal tests on MAP, DAP and APP in multiple animal studies are indicative of similar toxicity among these salts  The acute oral LD50 values range from >2,000 to 3,252 mg/kg bw.  
3.1.3 Irritation

Skin Irritation

Studies in Animals

MAP was slightly irritating to the skin in a Draize test with rabbits after exposure for 24 hours under occlusion (Branch, 1981c).  In a review MAP and DAP were found to be slightly irritating in a Draize test with 4 hours exposure to rabbits under occlusion (Weiner, 2001).  The limited data available for superphosphate are indicative of mild irritation (MSDS, 2000).  APP was slightly irritating to rabbit skin in a Draize test (Weiner, 2001).  Weiner (2001) and the MSDS are secondary sources with a reliability of 4, and therefore, the data are limited.
Studies in Humans

No data available.
Eye Irritation

Studies in Animals

MAP was found to be slightly irritating to eyes in a Draize test in rabbits. Vocalisation was observed in one animal (Branch, 1981d). A similar Draize test with DAP showed the substance to be slightly to moderately irritating (Weiner, 2001). APP was found to be slightly irritating to eyes in a Draize test (Weiner, 2001). The data available for superphosphate are indicative of mild irritation (MSDS, 2000).  Weiner (2001) and the MSDS are secondary sources with a reliability of 4, and therefore, the data are limited.
Studies in Humans

No data available.
Respiratory Tract Irritation

Studies in Animals

No data available.
Studies in Humans

A spirometer test was performed with DAP plant workers and significant decreases in Peak Expiratory Flow Rate per minute, Forced Vital Capacity and Forced Expiratory Volume was observed.  DAP can cause respiratory tract irritation (Bhat, 1993).
Conclusion

The phosphates are slightly irritating to skin and slightly to moderately irritating to eyes in animal studies.  There is limited evidence in humans that phosphates may cause irritation of the respiratory tract.  Irritation of the stomach was observed in an acute oral study described in Section 3.1.2.
3.1.4 Sensitisation

Studies in Animals

No data available.
Studies in Humans

Skin

No data available.
Respiratory Tract

No data available.
Conclusion

As no data are available no conclusion on sensitisation can be drawn.
3.1.5 Repeated Dose Toxicity

Studies in Animals

In a gavage study (Huntingdon, 2002a) performed according to OECD 422, 5 male and 5 female rats per dose group were administered 0, 250, 750 and 1,500 mg/kg bw of DAP for 35 days (7 days/week).  In males activated partial thromboplastin time was reduced at 750 and 1,500 mg/kg bw. Blood chemistry deviations found in males included alkaline phosphatase levels (increased at 750 and 1,500 mg/kg bw (not dose-dependent)), glucose and phosphorous levels (reduced at 1,500 mg/kg bw), total protein (reduced at 750 and 1,500 mg/kg bw (not dose-dependent)) with a slightly increased albumin/globulin ration at the high dose.  Changes in females were limited to decreased phosphorous levels and non-significantly increased alkaline phosphatase levels at 1,500 mg/kg bw. Histological examination of the stomach revealed some submucosal inflammation at all doses, but this change (including severity of inflammation) was not dose-dependent and was not statistically significant at the low dose.  The NOAEL was set at 250 mg/kg bw based on degenerative changes in the stomach and kidney. 

In a similar gavage study (Huntingdon, 2002b) performed according to OECD 422, with granular TSP administered at 0, 250, 750 and 1,500 mg/kg bw for 35 days (7 days/week) to 5 males and 5 females per dose group, several haematological and clinical chemistry parameters were affected. Platelet counts were increased and activated partial thromboplastin time was decreased at 1,500 mg/kg bw in both sexes.  White blood cells were increased in females at 750 and 1,500 mg/kg bw.  Neutrophil and basophil count was increased at 1,500 mg/kg bw in females.  Total plasma protein level was reduced at 750 and 1,500 mg/kg bw in both sexes.  Phosphorus levels were decreased at 750 and 1,500 mg/kg bw in both sexes. Calcium levels were decreased at 750 and 1,500 mg/kg bw in males, and bilirubin levels were decreased at 1,500 mg/kg bw in females. Males at 1,500 mg/kg bw displayed decreased motor activity.  Histopathological examination of the stomach revealed degenerative/inflammatory changes (submucosal inflammation, epithelial hyperplasia, acantholysis, increased numbers of mucous secreting cells) at all dose levels in both sexes, probably due to irritant effects of the administered test substance formulation.  No dose-dependence was seen in males.  Minimal cortical tubular basophilia was observed in the kidney among most males in all dose groups and one female per dose group. Horizontal banding of the enamel of the incisors was observed at 750 and 1,500 mg/kg bw in both sexes and one male at 250 mg/kg bw.  This may be related to phosphorus or calcium ion imbalances.  The NOAEL is considered to be <250 mg/kg bw, because of degenerative changes in the kidney at all dose levels.
Studies in Humans

From a spirometer test performed with DAP plant workers, it was concluded that the pulmonary alveoli can be affected after longer exposure resulting in restrictive types of lung disorders (Bhat, 1993).
Conclusion

High doses of phosphates can imbalance the calcium and/or phosphorus levels.  The NOAEL for the phosphate group is < 250 mg/kg bw based on degenerative changes in the stomach and kidney. 
3.1.6 Mutagenicity

Studies in Animals

In vitro Studies

Both DAP and granular TSP were negative with and without metabolic activation in an Ames test performed according to OECD 471 using the following strains: Salmonella typhimurium TA 98, TA100, TA1535, TA1537 and E. coli WP2 uvrA (Wagner, 2001a/b).  DAP and granular TSP were negative in an in vitro chromosomal aberration test using Chinese hamster ovary cells performed according to OECD 473 (Gudi, 2001a/b).
In vivo Studies

No adequate data available.

Conclusion

DAP and TSP were negative in the Ames test with and without metabolic activation and in the chromosomal aberration test; the members of the Phosphate Category are not likely to be genotoxic.  
3.1.7 Carcinogenicity

No studies are available.
3.1.8 Toxicity for Reproduction

Studies in Animals

Groups of rats (5 males and 10 females/group) were administered DAP by gavage at doses of 0, 250, 750 and 1,500 mg/kg body weight/day (Huntingdon, 2002a).  The study was performed according to OECD 422.  Animals were exposed two weeks prior to mating, during mating (both sexes) and for an additional three and a half weeks through gestation until lactation day 4 (females).  No treatment-related deaths and clinical toxicity were observed in parents.  Mating performance and fertility were unaffected by treatment.  No treatment-related effects on offspring were observed.  It was concluded that the NOAEL for reproductive and developmental toxicity is 1,500 mg/kg bw.

A similar test was performed with granular TSP (Huntingdon, 2002b) at doses of 0, 250, 750 and 1,500 mg/kg bw.  The study was performed according to OECD 422.  No treatment-related deaths and clinical toxicity were observed in parents. No treatment-related effects on mating performance and fertility were observed.  Bodyweight and food consumption were reduced in all treated females during the first 2 weeks of treatment (not dose-dependent). Bodyweight of female offspring was statistically significant decreased at 1,500 mg/kg bw (91% of control).  The NOAEL was set at 750 mg/kg bw for developmental toxicity and at 1,500 mg/kg bw for reproductive toxicity.
Conclusion

The phosphates investigated did not cause effects on reproduction at 1,500 mg/kg bw.  The NOAEL for developmental effects is 750 mg/kg bw for the phosphate group.
4 hazards to the environment

4.1 Aquatic Effects

Table 5 summarizes the reliable acute aquatic toxicity studies available on the phosphate salts. Studies on all three trophic levels were available. Because all substances of this category are expected to have an unspecific toxic mode of action, similar toxicity is expected for every trophic level e.g. alga, fish and daphnids.  The TSP and SSP data on toxicity to daphnids  are used to  represent APP, MAP and DAP and MAP, DAP and APP toxicity to fish data are used  to represent SSP and TSP for this endpoint. LC50 values for fish were established to be >85.9 and >101 mg/L for MAP and APP, respectively. No mortality or other effects were observed in acute fish tests conducted with MAP or APP.  Exposure of juveniles from Cirrhinus mrigala for 96 hours to DAP resulted in LC50 values of 1,700 mg/L at 21 °C to 115 mg/L at 36 °C for fry and 1,875 mg/L at 21 °C to 655 mg/L at 36 °C for fingerlings. 

In an acute study with Daphnia carinata for commercial grade superphosphate the 72-hour EC50 value was 1,790 mg/L at 23 °C. 

Acute algal tests with Pseudokirchneriella subcapitata resulted in NOEC values of 97.1 mg/L for DAP and 87.6 mg/L for TSP.  No adverse inhibitory effects were observed.  In the contrary, the known stimulatory effect of phosphate compounds was observed at 6.25 mg/L and above.  The reported NOEC (stimulation) reflects this stimulatory response and is not considered to be an adverse effect.    

For the ammonium phosphates (MAP, DAP, APP), toxicity is likely to be related to the formation of unionized ammonia upon dissolution in water.  Unionized ammonia is formed as the pH increases becoming more significant above pH 7.0.  For pH levels of 7 to 8, the amounts of unionized ammonia present are relatively small (0.5- 1.0%), however, the toxicity of the unionized form is much greater than that of the ammonium ion and therefore, may affect the overall toxicity at these pH levels.  Furthermore, some natural waters can reach a pH of 9.0 where the unionized ammonia may account for more than 10% of the total ammonia present.  If the dissolved oxygen levels are low in the environment (which can result from an increased concentration of phosphorous from the phosphate compounds), then pH increases locally around the gills of aquatic animals, increasing the amount of unionized ammonia by a factor of 1.5 to 2, and thus resulting in an increase in toxicity.  

In a fish study conducted with MAP, actual concentrations of ammonia were reported (at pH 7.1-7.8). Total ammonia concentration at the highest concentration tested were 18 mg/L at both initiation and completion of the study.  Measured un-ionized concentrations at the highest concentration tested were 0.065 and 0.16 mg/L at the beginning and end of the study, respectively. In addition, aquatic toxicity studies on aqueous and anhydrous ammonia and other ammonium salts are presented in the Ammonia Category that was discussed and agreed upon at SIAM 24.  

In addition, since nitrogen and phosphorus are critical nutrients for algal growth. if the phosphates are released into the aquatic environment, algal blooms and a consequent drop in dissolved oxygen can occur, which can lead to death of other aquatic species, and can compound the environmental problem (http://www.epa.gov/agriculture/ag101/cropnutrientmgt.html ).

No data on chronic toxicity to aquatic organisms are available.

Toxicity to Microorganisms
No data on toxicity to micro-organisms are available. 

Table 4  Toxicity of Phosphates to Aquatic Organisms

	Organism
	Salt
	Exposure
	LC/EC50 (mg/L)
	Reference

	Fish

	Rainbow trout (Oncorhynchus mykiss)
	MAP
	96-hr
	LC50 > 85.9 

(mc; OECD 203) 
	Madsen (2000a)

	Cirrhinus mrigala
	DAP
	96-hr
	fry: LC50=115-1,700 (21-36°C)

fingerlings: LC50 = 655-1,875 (21-36°C)
	Sarkar (1997)

APHA (1985)

	Rainbow trout (Oncorhynchus mykiss)
	APP
	96-hr
	LC50>101

(mc; OECD 203)
	Madsen (2000b)

	Invertebrates

	Water flea (Daphnia carinata)
	SSP
	72-hr
	EC50=1,790 (nc)
	Sarkar (1990)

	Algae

	Green alga (Pseudokirchneriella subcapitata)
	DAP
	72-hr
	NOEC=97.1 

(mc; OECD 201)
	Aufderheide (2000a)

	Green alga (Pseudokirchneriella subcapitata)
	TSP
	72-hr
	NOEC= 87.6 

(mc; OECD 201)
	Aufderheide (2000b)


(mc) – measured (analytically verified) concentrations  (nc) – nominal concentrations

4.2 Terrestrial Effects

Bobwhite quail were exposed to 0 or 37.5 g/kg bw of MAP in their diet for 4.5 and 4 weeks.  No effects of MAP on mortality were observed.  Body weight was comparable to the control group in the first experiment and decreased in the second experiment.  Food consumption was decreased due to low palatability in both experiments (Wilson, 1978).  This result should be considered with care since the study was given a reliability of 4.

4.3 Other Environmental Effects

No other relevant studies were available.
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