
NITRILOTRICETIC ACID AND ITS SALTS

1. Chemical and Physical Data

1.1 Synonyms

Nitrilotriacetic acid (NTA)
Chem. Abstr. Services Reg. No.: 139-13-9

(Replaced CAS Reg. Nos 2627-44-1, 2627-45-2 and 80751-51-5)
Chem. Abstr. Name: Glycine, N,N-bis( carbxymethyl)-
¡UP AC Systematic Name: Nitriotriacetic acid

Synonym: Nitrio-2,2' ,2" -triacetic acid; triglycine; triglycollamic acid; a,a' , a" -trIe-
thylaminetricarboxylic acid

Nitrilotriacetic acid, sodium salt (unspecified)
Chem. Abstr. Services Reg. No.: 1002-84-9
Chem. Abstr. Name: Glycine, N,N-bis(carbxymethyl)-, sodium salt

¡UPAC Systematic Name: Nitriotriacetic acid, sodium salt
Synonym: Sodium aminotriacetate; sodium nitrioacetate; sodium nitrilotriacetate;
sodium NTA

Nitrilotriacetic acid, monosodium salt (NTA, monosodium salt)
Chem. Abstr. Services Reg. No: 18994-66-6
Chem. Abstr. Name: Glycine, N,N-bis( carbxymethyl)-, monosodium salt
¡UP AC Systematic Name: Sodium dihydrogen nitriotriacetate

Synonym: Monosodium nitrioacetate; monosodium nitriotriacetate; NaNT A

Nitrilotriacetic acid, disodium salt (NTA, disodium salt)
Chem. Abstr. Services Reg. No.: 15467-20-6
Chem. Abstr. Name: Glycine, N,N-bis( carbxyethyl)-, disodium salt

¡UP AC Systematic Name: Disoium hydrogen nitriotriacetate

Synonym: Disodium nitriotriacetate; Na2NTA

Nitrilotriacetic acid, disodium salt, monohydrate (NT A disodium salt, monohydrate)
Chem. Abstr. Services Reg. No.: 23255-03-0
Chem. Abstr. Name: Glycine, N,N-bis(carbxymethyl)-, disodium salt, monohydrate
IUP AC Systematic Name: Disodium hydrogen nitriotriacetate, monohydrate

Synonym: Acetic acid, nitriotri-, disoium salt, monohydrate; disodium nitriotria-
cetic acid monohydrate; Na2NTA.H20
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Nitrilotriacetic acid, trisodium salt (NTA, trisodium salt)

Chem. Abstr. Services Reg. No.: 50-31-3
(Replaced CAS Reg. No. 37291-81-9)
Chem. Abstr. Name: Glycine, N,N-bis( carbxyethyl)-, trisodium salt

¡UPAC Systematic Name: Trisoium nitriotriacetate
Synonym: Na3NTA

Nitrilotriacetic acid, trisodium salt, monohydrate (NTA, trisodium salt, monohydrate)

Chem. Abstr. Services Reg. No.: 1862-53-8
Chem. Abstr. Name: Glycine, N,N-bis(carbxyethyl)-, trisodium salt, monohydrate
¡UPAC Systematic Name: Trisodium nitrilotriacetate, monohydrate
Synonym: Na3NTA.H20; trisoium salt of nitriotriacetic acid, monohydrate

Many other salts of NTA have been reported, and selected examples are listed in Table
1. Chemical and physical properties have not been reported for most of these.

1.2 Structural and molecular formulae and molecular weights

NTA

HOOC - CH2.. /' CH2 - COOH

N

1

CH2 - COOH
CsHgNOs MoL. wt: 191.14

NTA, monosodium salt

CsHaNOs'Na MoL. wt: 213.14

NTA, disodium salt

CsH7NOs'2Na MoL. wt: 235.13

NTA, disodium salt, monohydrate

CsH7NOs'2Na'H20 MoL. wt: 253.11

NTA, trisodium salt

CsHsNOs'3Na MoL. wt: 257.13

NTA, trisodium salt, monohydrate

CsHsNOs'3Na'H20 MoL. wt: 275.11

kajo
Rectangle
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Table 1. Examples of nitrilotriacetic acid salts and complexes

CAS No. Corn mon name

1188-47-2
1188-4-3
2399-81-7
2399-83-9
2399-85-1
2399-86-2
2399-88-4
2399-89-5
2399-94-2
2455-08-5
3130-95-8
5798-43-6

10413-71-5
14695-88-6
14981-08-9
15414-25-2
1584452-7
15934-02-8
164-54-7
18105-03-8
18432-54-7
18946-94-
18983-72-7
19010-73-2

19456-58-7
22965-60-2
23319-51-9
23555-96-6
23555-98-8
25817-24-7

284453-3
28927-38-0
29027-905
29507-58-2
3265-17-9
34831-02-2
34831-03-3
36711-58-7
46242-48
506-02-7

NTA, copper(2+) salt (1:1)
NTA, magnesium salt (1: 1)
NTA, beryllium salt (1:1)
NTA, barium salt (1:1)
NTA, tripotasium salt
NTA, dipotassium salt
NTA, potassium magnesium salt (1: 1: 1)
NTA, potassium strontium salt (1:1:1)
NTA, calcium salt (1:1)
NTA, calcium potassium salt (1:1:1)
NTA, scandium (3+) salt (1:1)
NTA, disodium salt, compound with oxo(dihydrogen nitriloacetato)bismuth

sodium salt (3: 1)
NTA, erbium(3 + ) saIt (3: 1)
NTA, compound with iron chloride (FeC13)
NTA, calcium saIt
NTA, yttrium (3+) salt (1:1)
NTA, copper(2+) complex

NTA, monoammonium salt
NTA, iron(3 +) complex (replaced: 5905-54-4; 107288-49-3)
NTA, mercury(2+) salt (2:3)
NTA, cadmium(2+) complex

NTA, neodymium(3+) salt (1:1) (alternative: 3438-06-0)
NTA, beryllium potassium salt (1:1) (alternative: 2399-87-3)
NTA, aluminium(3 + ) complex
NTA, indium(3 + ) complex
NTA, nickel(3 + ) complex
NTA, cobalt(3 + ) complex
NTA, potassium strontium saIt (2:4:1)
NTA, calcium potasium saIt (2: 1:4)
NTA, potassium salt
NTA, monopotassium salt
NTA, holmium saIt
NTA, cerium salt
NTA, zinc(3 +) complex sodium salt (replaced: 2656-43-9)
NTA, triammonium salt
NTA, copper(2+) hydrogen complex

NTA, nickel(2 + ) hydrogen complex
NTA, manganese salt
NTA, antimony(3 + ) complex
NTA, tricadmium(2+) complex
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CAS No. Corn mon name

53108-47-7
53108-50-2
53818-84-1
6034-5-9
61017-62-7
62979-89-6
712632-9
71484-805
72629-49-3
73772-91-5
79849-02-8
79915-0-5
79915-0-6
8692-89-9
92474-39-0
92988-11-9

NTA, copper(2 + ) complex soium salt
NTA, cobalt(3 + ) hydrogen complex
NTA, tin(2+) salt
NTA, calcium sodium salt (1:1:1)
NTA, iron(2+) complex sodium salt (1:1:1)
NTA, calcium salt (2:3)
NTA, diammonium salt
NTA, copper(2+) complex ammonium salt
NTA, dilithium salt
NTA, magnesium salt
NTA, lead(2+) salt (1:1)
NTA, lead(2+) potasium salt (1:1:1)
NTA, lead(2+) salt (2:3)
NTA, disodium ammonium salt
NTA, trisilver salt
NTA, strontium sodium salt

1.3 Chemical and physical properties of the pure substance

NTA

(a) Description: White ciystallne powder (Anderson et al., 1985; W.R. Grace & Co.,
1985)

(b) Melting-point: Decomposes at 246°C (Sadtler Research Laboratories, 1980; Al-
drich Chemical Co., 1988)

(c) Spectroscopy data: lnfrared (prism (5940, 13213); grating (18901)) and nuclear
magnetic resonance spectral data have been reported (Sadtler Research Labora-
tories, 1980; Pouchert, 1981, 1983, 1985).

(d) Solubility: 1.5 g/l water at 25°C (Anderson et aL., 1985; W.R. Grace & Co., 1985)
(e) pH of saturated aqueous solution: 2-3 (W.R. Grace & Co., 1985)

if Reactivity: Forms water-soluble complexes with many metal ions (chelates); reacts

with strong oxidizing agents such as hyphlorite, chlorine and ozone (Anderson
et al., 1985)

NTA, disodium salt

(a) Melting-point: ~ 300°C (Aldrich Chemical Co., 1988)

(b) Spectroscopy data: lnfrared (prism-FT (56B)) spectral data have been reported

(Pouchert, 1985).
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(c) Reactivity: Forms water-soluble complexes with many metal ions (chelates); reacts
with strong oxidizing agents such as hyphlorite, chlorie and ozone (Anderson
et al., 1985)

NTA, trisodium salt, monohydrate

(a) Description: White ciystalline powder (Anderson et al., 1985; Monsanto Co.,
1985)

(b) Melting-point: Decomposes at 340°C (Monsanto Co., 1985)

(c) Spectroscopy data: Infrared and nuclear magnetic resonance spectral data have

been reported (Pouchert, 1981, 1983, 1985).

(d) Density: 1.782 g/cm3 (Monsanto Co., 1985)

(e) Solubility: 50 g/l00 g water at 25°C (Anderson et al., 1985; Monsanto Co., 1985)

(f pH of 1% solution at 25°C: 10.6-11.0 (Monsanto Co., 1985)

(g) Reactivity: Forms water~soluble complexes with many metal ions (chelates); reacts
with strong oxidizing agents such as hypochlorite, chlorie and ozone (Anderson
et aL., 1985)

Salt and complex formation

As a carboxylic acid, NTA forms simple salts with sorne metal ions (e.g., sodium, potas-
sium), but the association between NTA and other metals ions that have available additional
cordination sites for binding may involve more than one of the NTA functional groups.
NTA in its fully ionized form (N(CH2C02-b; NTA3-1 has four functional groups-the three
carboxylates and one amine group-that are available forcomplexing with a metal ion. This
phenomenon, in which more than one of the NTA functional groups is involved in binding
with a metal ion, is known as chelation. For example, the structure of the Fe3 + /NTA3- com-
plex involves simultaneous binding of the three carboxylate groups and the amine group to
the Fe3 + ion. Other metal ions show intermediate degrees of complexation with NTA in its
ionized (salt) form in solution.

Complexes are formed between metal ions and NTA when metal salts and NTA salts
are combined in aqueous solutions. The proportion of metal ions complexed in a given solu-
tion depends on a number of factors, and the complex is always in equilibrium with uncom-
plexed metal ion and NTA. ln aqueous solution, the extent of protonation of the NTA car-
boxylate groups varies with pH (pKA1 = 1.89, pKA = 2.49, pKA3 = 9.73); protonation com-
petes with metal ion complexation. The extent of metal complex formation in solution de-
pends on the concentrations of the ionized forms of NTA and the metal ion, and on the for-
mation constant (inverse of dissoiation constant) of the complex. Thble 2 gives the forma-

tion constants for several common metal ions. As can be seen, the weakest NTAlmetal ion
complexes are formed with the alkaline earth ions, Mg2 + and Ca2 + , and the strongest com-
plexes are formed with Hg2+ and Fe3+ (Martell & Smith, 1974; Anderson et aL., 1985).
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Table 2. Metal ion/NTA3- formation

constants at 2soCa

Metal log K

Mg2+ 5.47

Ca2+ 6.39

Mn2+ 7.46

Fe2+ 8.33b

Cd2+ 9.78

Cü2+ 10.38

Zn2+ 10.66

Pb2+ 11.34

NiH 11.50

CuH 12.94

Hg2+ 14.6

Fe3+ 15.9

tXrom Martell & Smith (1974)
bAt 20°C

1.4 Technical products and impurities

Trade Names:

NTA: Che13OO; Complexon 1; Hampshire~ NTA acid; IDRAAL~ l; Titriplex l; Versene
NTA acid
NTA, sodium salt: Chelest NTA
NTA, di sodium salt: Chelest NT
NTA, trisodium salt: Chemcolox 365 Powder; Hampshire~ NTA 150; Masquol NP 140; Syn-
tron A; Trion A; Trion A 50; Versene NTA 150; Versene NTA 335
NTA, trisodium salt, monohydrate: Hampshire(l NTA Na3 Ciystals; NTA Powder; Trion~
A92

NTA and its sodium salts are commercially available in several products with the fol-
lowig specifications: (i) ciystals (white granular powder) of NTA, trisoium salt, monohy-
drate; purity, 98.5% min (WR. Grace & Co., 1985) and 99% (AIdrich Chemical Co., 1988);
(ü) aqueous solution (clear, pale straw-coloured liquid) of NTA, triium salt, 40% min);
specific gravity, 1.30-1.33 at 25°C; and (il) ciystalline form (free-flowig, white, ciystalline
powder) of NTA; purity, 99% (W.R. Grace & Co., 1985). Another manufacturer markets
NTA, trisodium salt, monohydrate with a reported purity of 100%; density, 1.782 g/cm3

(Mon santo Co., 1985). Reagent-grade NTA, disoium salt is commercially available with a
purity of ;: 99% (AIdrich Chemical Co., 1988). Reagent-grade NTA is also available with the
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followig specifications: purity, 99.5% min; calcium, 0.002% max; iron, 0.005% max; potas-
sium, 0.001% max; magnesium, 0.001 % max; soium, 0.02% max; chloride, 0.02% max; and

sulfate, 0.01% max (Riedel-de Haen, 1984).

Analysis of commercial NTA, triodium salt, monohydrate has shown the following im-
purities: sodium cyanide, 4 ppm (mg/kg); soium hydroxide, 0.3%; sodium carbnate, 0.4%;
priaiy and secondaiy amines, approxiately 0.2%; iminodiacetic acid, 0.2%; potassium, 6

ppm; zinc, 2 ppm; copper, 1 ppm; iron, .. 10 ppm; and lead (see IARC, 1987a), 1-2 ppm (An-
derson et al., 1985). The tyical composition of another commercial product (also NTA tri-
dium salt, monohydrate) was given as: NTA, trisoium salt, monohydrate, 99%; iminodiacet-
ie acid, disodium salt, .: 0.2%; soium hydroxide, .. 0.5%; soium carbnate, .: 0.5%; am-
monia, .: 70 ppm; formaldehyde (see lARC, 1987b), .: 5 ppm; and sodium cyanide, .: 5 ppm
(Gesellschaft Deutscher Chemiker, 1987).

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

NTA was first sythesized by Heintz in 1862, and its properties and chemistI) were de-
scribed in 1865 (Anderson et al., 1985).

First commercial production of NTA ocurred in Europe in the 1930s. Subsequently, it
was found that ethylenediaminetetraacetate (EDTA) could be sythesized at a lower cost,
and, in a relatively short period of time, EDTA replaced NTA in most commercial applica-
tions. With the later development of an efficient, low-cost process for manufacturig highly
pure NTA products, NTA has again become competitive for many applications (W.R. Grace
& Co., 1985).

NTA, triium salt, monohydrate is sythesized commercially by the reaction of form- .
aldehyde, hydrocanic acid and soium hydroxide in water (Anderson et al., 1985). The triso-
dium salt, islated from aqueous solution as the monohydrate, can be converted to other
forms by dehydration or acidification.

Combined European production capacity for NTA in the early 1980s was estimated at
50 00 tonnes, and overall annual consumption ofNTAand its salts estimated at about 20 00
tonnes. Abut 80 tonnes of NTA and its salts were produced in the Federal Republic of
Germany in 1984 (Gesellschaft Deutscher Chemiker, 1987). They have also been manufac-
tured in France, the Netherlands, Spain, Sweden and the UK. US production in the early
1980s was about 30 00 tonnes per year, most of which was exprted. ln that period, Japan

produced less than 100 tonnes per year and imported 100-20 tonnes. Canada imported
740 tonnes in 1984 but only 420 tonnes in 1987 due to increased use of zeolite in detergent
formulations; NTA is also produced in Canada, but production figures were not available
(Universities Associated for Research and Education in Pathology, 1985).
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(b) Use

NTA has numerous commercial applications as a metal ion chelator, including prici-
pally its use in cleaning products, industril water treatment, textile preparation and metal
finishing. It has also been used to a lesser extent in the pulp and paper industiy, in rubber
processing, in photographic products, in the electrochemical industiy, in the tanning of

leather, and in cosmeties (Anderson et al., 1985; Universities Assoiated for Research and
Education in Pathology, 1985).

The major use of NTA, as the triium salt, has been in detergent systems as a chelat-
ing agent and as a laundiy detergent builder. NTA was originally proposed as a substitute for
phosphates in detergents, when the eutrophic effect of phosphates on the aquatic envion-
ment was recognized. It has been accepted for use as an ingredient in domestic detergent
products in at least 16 countries and has actually been used in detergents in Canada and sev-
eral European countries since the early 1970s. NTA is also used to reduce fabric yellowig by
hyphlorite bleach and to increase the effectiveness in hard water of liquid detergent-sani-
tizer formulations based on quaternaiy ammonium germicides (Universities Associated for
Research and Education in Pathology, 1985; W.R. Grace & Co., 1985; Wendt et aL., 1988).

NTA can chelate metal ions that commonly cause water 'hardness' (Ca2 + and Mg2 +)
and is widely used to control precipitation and scling of salts of these ions, for example, in
boiler feedwater. Various salts of NTA have been used to remove scle. Since the so-
dium-calcium NTA complex is relatively insoluble, it can form a coating on the scle and
retard further scle formation. lron oxide deposits such as mil scle are removed with NTA,
ammonium salts in the alkaline pH range, resulting in a degreased and cleaned surface (An-
derson et al., 1985; WR. Grace & Co., 1985).

Trace metals in dye processing are often respnsible for uneven dyeing of stock, piece

and continuous goos by forming interferig metal lakes, whieh result in streakig and dull-
ing of shades. Hardness can be controlled and heavy metals eliminated by incorprating
NTA in the processing. NTA is also used in scurig and fulling operations, in peroxide
bleaching and in desizing operations (Anderson et al., 1985; W.R. Grace & Co., 1985).

The addition of NTA to conventional alkaline metal cleaners assists in dissolvig wa-
ter-insoluble metal oxides and hydroxides which are formed when metals corrode (Anderson
et al., 1985; W.R. Grace & Co., 1985).

(c) Regulatory status and guideline

The US Foo and Drug Administration (1987) has approved the use of NTA, triium
salt as an additive to boiler water used in the preparation of steam that wil come into contact
with foo. It may not exceed 5 ppm (mg/l) in boiler feedwater and may not be used when

steam wil be in contact with milk and milk products.

One US manufacturer has adopted for their operations a workplace expsure limit to
NTA powder (as total dust) of 1 mg/m3 as an 8-h time-weighted average and 2 mg/m3 as a
short-term expsure level (Monsanto Co., 1985).
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2.2 Occurrence

(a) Naturaloccurrence

NTA, its salts and its complexes are not known to ocur as natural products.

(b) Occupational exsure

Abut 26 workers in the USA may be potentially expsed to NTA salts durig their
production or durig the formulation of detergents. ln the production of NTA, people load-
ing hopper cars have the highest potential expsure. ln one study, mean airbome levels of
NTA in the workplace durig the production of NTA were 0.033 mg/m3 in the normal line
area (US Envionmental Protection Agency, 1979; Universities Associated for Research and
Education in Pathology, 1985), but 0.82 mg/m3 in the hopper-car loader area (US Envion-
mental Protection Agency, 1979).

lncreases recorded in the concentrations of NTA in inuent sewage in several coun-
tries imply that the potential expsure of sewage treatment workers to this compound has
risen steadily since the early 1970s (Anderson et aL., 1985).

(c) Water and sediments

(i) Sewage treatment systems

ln an envionmental monitorig programme carred out in 1971-75, concentrations of
NTA and certain metals were measured in Canadian wastewaters and streams. Durig 1971
and 1972, the average level of NTA in detergents in Canada was 6%; between 1973 and 1975,
it had increased to 15%. The levels ofNTA that were found in sewage inuents and effluents
durig the two periods are shown in Thble 3. ln 13 cities, the levels of NTA that were found iD
receivig streams above the sewage outfall ranged from 0 to 190 ).g/l durig 1971-72 and 0 ta
283 ).g/l durig 1973-75; the levels below the sewage outfall ranged from 0 to 340 and from 0
to 3364 ).g/l in the two periods, respectively (Wooiwiss et al., 1979).

Table 3. Mean concentrations (mg!l) of NTA in 13 Canadian sewage
influents and effuents"

Treatment 1971-72 1973-75

Influent Effuent Influent Effuent

Activated sludge 2.14 0.40 3.80 0.60

Trickling filter 1.76 1.27 5.16 3.22

Prmary 1.14 0.75 3.19 2.98

No treatment 1.09 NA 1.75 NA

Total geometric me an 1.73 3.62

tlrom Wooiwiss et aL. (1979)

NA, not applicable
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Concentrations of NTA in 1980 at four sewage treatment plants in the Netherlands
ranged from 37 to 113 J.g/I in inuent samples and from 6 to 21 J.g/I in effluent samples
(Garn es et al., 1981). ln a later envionmental monitorig programme conducted at the same
four treatment plants, NTA concentrations ranged from 80 to 254 J.g/l in inuent samples
and from 4 to 48 J.g/I in effluent samples (Anderson et al., 1985).

ln an envionmental monitorig programme conducted in lndiana, USA, in 1979-83,
the concentrations ofNTA were measured before and after NTA was incorprated into laun-

dry detergents at five tyes of site: in wastewaters before and after treatment, in river water
above and below wastewater outfalls, and in finished drikig-water drawn from rivers re-
ceivig large amounts of NTA (Ible 4). Concentrations of metals were also measured, in
order to determine whether NTA used in laundiy detergents affected metal concentrations
in wastewater, river water or drikig-water; no effect was observed (Wendt et al., 1988).

Table 4. Concentrations (mg/I) of NTA in wastewaters, river waters and drinking.
water in Indiana, USA a

Water ty No. of Before NTA use During NTA use
sam pIes 

Mean Range Mean Range

Wastewaters

Influent 4 0.025 0.010-.069 0.789 0.385-2.314

Effuent 4 0.013 0.003-0.036 0.137 0.021-0.639

River waters 9 0.002 0( 0.001-0.00 0.00 0.003-0.031

Below watewater 0.012
ou tfall

Drinking-water 4 0.001 0( 0.00 1 -0.003 0.00 0.002-0.00

llrom Wendt et al. (1988)

-, not measured

(ii) Drinking-wate,
Concentrations of NTA in domestic drikig-water supplies have been monitored in

several studies; the results are summaried in Thble 5.

2.3 Analysis

Methods for the analysis of NTA in the envionment have been reviewed (Kk & Les-
ter, 1981; Kik et al., 1982). Selected methods are presented in Thble 6.
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Table 6. Methods for the aDalysis of NTA iD water

Sample matri Sample preparation Asay Limit of Reference
procdurea detection

Water and Add ion-exchange resin; stir; filter; Colori- 0.2 mg/l Thompson &
sewage effuents add zinc-Zincon reagent metric (as tria Duthie (1968)

salt)

Sewage effuents Adjust pH to 2.0-2.5 with hydro- Colori- S mg/l Swisher et al.
chloric acid; add ferrc nitrate solu- metric (1967)
tion; heat; add ammonium hydrox-
ide/ammonium nitrate to raise pH
to 3.9-4.1; col; fil ter; add phenan-
throline reagent

Water Deaerate with nitrogen gas; add in- DPP 0.3 ppm Habennan
dium (III) nitrate (1971)

Stream, sea- and Add hydroxylamine sulfate solution; DPP 0.01 mg/l Hoover
sewage water heat; col; add acetate (chloride for (1973)

saline solutions) electrolyte and bis-
muth nitrate solution; deaerate

Water Acidify with ascorbic and nitric acid; DPP 0.05 mg/l Harng &
deaerate with nitrogen gas; add bis- van Delft
muth nitrate; determine before and (1977)
after addition of bismuth

Water Convert to corresponding tri-n-butyl Ge/FID Not Warren &
ester reported Malec (1972)

Tap water and Isolate by anion-exchange chroma- GC/FID 1 ppb Aue et al.
sewage effuents tography; convert to tri-n-butyl ester (Jig/l) (1972)
Tap water and Convert to tri-n-butyl ester GC/ND, 1 iig/l Games et al.
sewage effuents GC/MS/ (1981)

SIM

aoPp, differential pulse polarography; GC/FID, gas chromatography/flame ioniztion detection; GC/NPD, gas
chromatography /nitrogen phosphorus detection; GC/MS/SIM, gas chromatography /mass spectrometry/selective
ion monitoring
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3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animais

NTA and iis salts

(a) Dietary administration

NTA

Mouse: Groups of 50 male and 50 female B6C3F 1 mice, six weeks of age, were fed 750
or 1500 (maxum tolerated dose) ppm (mg/kg) commercial-grade NTA (purity, 99.5%) in
the diet for 18 months and were kiled at 21 months. Groups of 20 male and 20 female mice
served as controls. More weight loss was observed in high- and low-dose females and in
high-dose males than in controls; survval was comparable in treated and control animaIs of
each sex. Hydronephrosis was detected in 8/44 high-dose males and 12/50 high-dose fe-
males, and animaIs of each sex had increased incidences of renal tumours, mostlyadenocr-
cinomas: males-control, 0/20; low-dose, 5/49; high-dose, 24/44 (p ~ 0.001; X2 for 2 X 3 con-
tingency table); females-control, 0/20; low-dose, 0/39; high-dose, 4/50 (p = 0.041, test for

linear trend) (National Cancer lnstitute, 1977).
Rat: Groups of 50 male and 50 female Fischer 344 rats, six weeks of age, were fed 7500

or 15 00 (maxum tolerated dose) ppm (mg/kg) commercial-grade NTA (99.5% pure) in
the diet for 18 months and were kiled at 24 months. Groups of 20 males and 20 females
served as controls. A modest, dose-related decrease in boy weight gain was observed; sur-
vival was comparable in treated and control animaIs of each sex. Renal interstitial fibrosis
and tubular dilatation were found frequently. lncreases were observed in the incidences of
uriaiy-tract tumours, mainly tubular-cell adenomas and carcinomas, in males: control,

0/20; low-dose, 1/49; high-dose, 7/48 (p = 0.00, test for linear trend); and of transitional-

and squamous-cell carcinomas of the uriary bladder in females: control, 0/18; low-dose,
2/45; high-dose, 12/48 (p ~ 0.001, test for linear trend). lncreases were also seen in the inci-

dences of phaeochromocomas of the adrenal gland in females: control, 1/20; low-dose,
0/50; high-dose, 14/48 (p ~ 0.001; X2 for 2 x 3 contingency table). The incidences of liver tu-

mours, all considered to be neoplastie nodules (adenomas (Maronpot et al., 1986)), were also
increased in females: control, 2/15; low-dose, 8/49; high-dose, 22/49 (p = 0.001, test for lin-
ear trend) (National Cancer lnstitute, 1977).

NTA, tri sodium salt, monohydrate
Mouse: Groups of 50 male and 50 female B6C3F 1 miee, six weeks of age, were fed 2500

or 50 (maxum tolerated dose) ppm (mg/kg) commercial-grade NTA, trisodium salt,
monohydrate (purity, 99.5%) in the diet for 18 months and were kiled at 21 months. Groups
of 20 male and 20 female mice served as controls. A dose-related decrease in boy weight
gain was observed in mice of each sex; survval was comparable in treated and control ani-
maIs. No uriary-tract tumour was observed, but there was a dose-related increase in the
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incidence of haematopoietic tumours in male mice: control, 0/20; low-dose, 4/47; high-dose,
9/50 (p = 0.015, test for linear trend) (National Cancer lnstitute, 1977).

Rat: Groups of 50 male and 50 female Fischer 344 rats, six weeks of age, were fed diets
containing 750 or 1500 (maxum tolerated dose) ppm (mg/kg) commercial-grade NTA,
trisodium salt, monohydrate (purity, 99.5%) for 18 months and were kiled at 24 months.
Groups of 20 male and 20 female rats served as controls. A dose-related decrease in body
weight was observed in rats of each sex; survival was comparable in treated and control ani-
maIs. Evidence of renal inammation was observed in low- and high-dose male and female
rats, but no increase in the incidence of neoplasms was observed (National Cancer Institute,
1977).

ln another feeding study, groups of 24 male and 24 female Fischer 344 rats, 51-55 days
of age, were fed 0, 200, 200 or 20 00 (maxum tolerated dose) ppm (mg/kg) commer-
cial-grade NTA trisodium salt, monohydrate (no impurity detected) in the diet for 104
weeks. Decreases in body weight and survval and hydronephrosis were observed in

high-dose males. One papilloma of the uriaiy bladder was seen in a female given 200 ppm;
aIl other kidney and urinaiy-tract tumours were observed in males and females given the
highest dose. Thbular-cell adenomas and adenocrcinomas of the kidney were observed in
4/24 males fp = 0.00, Cochran-Aritage test); transitional-ceIl carcinomas developed in
the renal pelvis in 4/24 males (p = 0.003, Cochran-Aritage test) and in the ureter in 8/24
males (p .: 0.001, Cochran-Aritage test); and metastases were observed in 5/24 males.
Thbular-ceIl adenomas and adenocrcinomas of the kidney developed in 4/24 females (p =
0.003, test for linear trend); transitional-cell carcinomas developed in the ureter in 6/24 fe-
males (p .: 0.001, test for linear trend) and in the uriaiy bladder in 5/24 females (p = 0.001,
test for linear trend); metastases were observed in 5/24 females (National Cancer Institute,
1977).

(b) Administration in drinking-water

NTA, trisodium sait
Rat: A total of 1% male, non-inbred Sprague-Dawley rats, weighing approximately

350 g, were given 0.1 % NTA trisodium salt rpurity unspecified) in the driking-water ad libi-
tum for 704 days. A group of 192 untreated males served as controls. No difference in weight

gain was observed between control and treated animaIs, but a higher proportion of treated
rats died durig the first 550 days of the study. An increase in the incidence of renal adeno-
mas and adenocrcinomas was observed, with adenomas in 5/186 controls and 25 adenomas
and fourcarcinomas in 29/183 treated animais (p .: 0.01, Mantel-Haenszel test). Inaddition,
renal tubular hyperplasia (grades LII and IV) was observed 44/186 controls and 67/183
treated animaIs. There was no apparent difference in the frequency of severe nephritis be-
tween control and treated animais (Goyer et aL., 1981).

NTA, disodium sait

Mouse: Groups of 40 male and 40 female random-bred Swiss mice, eight weeks of age,
were given 5 g/l NTA disodium salt, monohydrate rpurity unspecified) in the drinkig-water
for 26 weeks and killed at 35-36 weeks. No increase in the incidence of tumours at any site
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was observed (Greenblatt & Lijinsky, 1974). (The Workig Group noted the short duration
of the experient and the relatively low dose used.)

Rat: Groups of 15 male and 15 female MRC rats, eight to ten weeks of age, were given
approxiately 20 ml of drikig-water containing 0.5% NTA, disoium salt (purity unspeci-
fied) on five days a week for 84 weeks. AIl survvig animaIs were kiled 104 weeks after the
beginning of treatment. No significant difference in tumour incidence and no toxicity were
observed (Lijinsky et al., 1973). (The Workig Group noted the small number of animaIs and
the relatively low dose used.)

(c) Administration with known carcinogens1

Rat: ln a two-stage carcinogenicity study of NTA, trisodium salt, monohydrate, four
groups of 21 male Wistar rats, seven weeks old, received 0.05% N-nitroso( 4-hydroxybu-

ty1)butylamine (NHBBA) (purity unspecified) in the drikig-water for four weeks, after
whieh they were fed 0 (NHBBA alone), 0.3%, 0.5% or 1.0% NTA, trisoium salt, monohy-
drate (purity, ? 95% ) in the diet for 28 weeks, when aIl survvors were kiled. An increased
incidence of papilaiy or nodular (transitional-cell) hyperplasia of the uriaiy bladder was
observed with aIl three doses of NTA, trisodium salt, monohydrate: NHBBA alone, 3/20;
low-dose, 13/21; mid-dose, 18/18; high-dose, 17/17 fp .: 0.001, Cochran-Aritage test). An
increase was also detected in the incidence of (transitional-cell) papilomas of the uriaiy
bladder: NHBBA alone, 0/20; low-dose, 1/21; mid-dose, 8/18; high-dose, 12/17 (p .: 0.001,
Cochran-Aritage test J. There was also an increased incidence of transitional-cell carcino-
mas of the urinaiy bladder: NHBBA aIone, 0/20; low-dose, 1/21; mid-dose, 2/18; high-dose,
7/17 (p .: 0.001, Cochran-Aritage test J. ln three additional groups that received 0.3, 0.5 or
1.0% NTA, trisodium salt, monohydrate without NHBBA, simple (transitional-ceIl) hyper-
plasia of the uriaiy bladder was observed frequently (Kitahori et al., 1985).

ln a similar study, five groups of 25-26 male Fischer 344 rats were given 0, 0.01 % or
0.05% NHBBA (purity unspecified) in the driking-water for four weeks and were then fed
diets containing 0 or 2% NTA, trisodium salt, monohydrate (95.0% pure) for 32 weeks, at
which time survvors were kiIed. ln animaIs treated with 0.05% NHBBA plus NTA, triso-
dium salt, monohydrate, an increased incidence of papilaiy or nodular (transitional-ceIl) hy-
perplasia of the uriaiy bladder was observed: NHBBA, 13/26; NHBBA plus NTA, triso-
dium salt, monohydrate, 23/26 (p .: 0.01). (Transitional-cell) papilomas ofthe uriaiyblad-
der were also observed in 8/26 rats gien NHBBA alone and in 18/26 also given the NTA com-

pound (p .: 0.01). ln animaIs treated with the NTA compound alone, no hyperplastie or neo-
plastic lesion was observed (Fukushima et al., 1985). (The Workig Group noted the short
duration of the experient and the lack of specification of the statistical test used.)

lThe Working Group noted that the four studies described were designed as two-stage carcinogenicity studies and

could therefore not be evaluated as complete carcinogenicity studies.
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ln a further two-stage carcinogenieity study, eight groups of 24 male inbred Wistar rats,
seven weeks of age, were fed a diet containing 0 or 100 ppm (mg/kg) N-nitrosoethylhydroxy-
ethylamine (NEHEA) (purity, 99.8%) for two weeks after which they were given 0, 3000,
10 00 or 30 00 ppm NTA, trisodium salt, monohydrate (95.0% pure) in the diet for 30
weeks, at which time survvors were kiled. A significant increase in the incidence of renal
tubular-cell tumours was observed in animaIs treated with NEHEA plus the mid and high
doses of the NTA compound over that in animaIs treated with NEHEA alone: NEHEA
alone, 4/24; low-dose, 5/22; mid-dose, 23/23 (p .: 0.01); and high-dose, 23/23 (p .: 0.01). ln

animais treated with the NTAcompound alone, no renal tubular-cell tumour was observed
(Hiasa et al., 1985). (The Workig Group noted the short duration of the experient.)

ln a two-stage carcinogenicity study, groups of 15-20 male Wistar rats, weighing 130-
150 g, were given drikig-water containing 0.2% N-nitrosobis(2-hydroxyropyl)amine

(NDHPA; purity, 98%) for two weeks and were then fed 1% NTA (purity, 99%) or its triso-
dium salt, monohydrate (purity, 95%) in the diet for 30 weeks. The tumour incidences in the
groups treated with NDHPA, with NDHPA plus NTAand with NDHPA plus NTA, trisodium
salt, monohydrate were: uriaiy-bladder tumours (mainly papillomas)-1I20, 1/20 and 7/20
(p = 0.00, Cochran-Aritage test); renal cell tumours-3/20, 15/20 and 10/20 (p = 0.014,
Cochran-Aritage test); and nephroblastomas-3/20, 4/20 and 11/20 (p = 0.003, Coch-
ran-Aritage test) (Shimoyama, 1986).

Solutions of NTA, disodium salt with metal salts

Intraperitoneal injection

Mouse: A group of 53 male and 21 fernale A/J mice, four weeks old, received daily in-
traperitoneal injections of solutions prepared from ferrc nitrate and NTA, disodium salt
(molar ratio of iron to NTA, 1:4; Fe-NTA), adjusted to pH 7.0 with Na2HC03 at a level of
1.8-2.7 mg/kg bw iron, on six days per week for 12 weeks. The surviving animaIs were killed at
420 days. A further group of ten males and ten females was injected with equivalent amounts
of NTA (reagent grade (purity unspecifiedD, and 20 males and 20 females were untreated.
Fe-NTA was highly toxic to males: 28/53 died within 14 days, mainly from renal failure as a
consequence of proximal tubular necrosis; no lethality was observed in females. Of the ani-
maIs that survived to 420 days, 15/25 Fe-NTA-treated males (p .: 0.005, X2 test) and 1/21
Fe-NTA-treated females developed renal tubular-cell adenocrcinomas. The first tumours
appeared at 50 days. Renal neoplasms did not ocur in untreated con troIs or in mice treated
only with NTA (Li et al., 1987). (The Workig Group noted the short duration of the experi-
ment. )

Rat: A group of 32 male Wistar rats (age unspecified) received six intraperitoneal injec-
tions per week of solutions of ferrc nitrate and NTA, disodium salt, as described above, for
two weeks (total dose, 100-150 mg iron per animal) and were kept for 240-26 days. Eight

male rats served as untreated controls and eight as saline-treated controls. Eight animaIs in
the treated group died during the study; seriaI sacriices were made throughout the experi-
ment. At termination of the study, 22/24 Fe-NTA-treated rats but no saline-treated or un-
treated control had developed renal adenocrcinomas (Okada & Midorikawa, 1982). (The
Working Group noted the small number of animaIs used and the short duration of the study.)
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Groups of 24 male Wistar rats, four weeks of age, received daily intraperitoneal injec-
tions of solutions prepared from ferrc nitrate and NTA, disium salt, as described above
(5-7 mg iron/kg bw per day) or solutions prepared from aluminium chloride and NTA, di-
sodium salt (AI-NTA; molarratioofaluminium to NTA, 1:4; 1.5-2.0 mg aluminium/kg bw per
day) on six days a week for up to three months and were kiled at 52 weeks. Groups of ten
males received injections of equivalent amounts of saline, solutions of NTA or solutions of
aluminium chloride. Rats treated with AI-NTA or Fe-NTA had depressed weight gain and
developed severe injuiy of the proxial convoluted tubules, polyuria and glucosuria.

Fe-NTA-treated rats developed renal-cell carcinomas (14/18;p -c 0.05); no such tumour was
observed in the other groups (Ebina et al., 1986). (Te Workig Group noted the small num-
ber of animaIs used and the short duration of the study.)

3.2 Other relevant biological data

(a) Exprimental systems

(i) Absorption, distribution, excretion and metabolism

NTA and its salts
The absorption, distribution and excretion of NTA, trisoium salt have been reviewed

(Anderson et al., 1985). Absorption of NTA, disodium salt in rats and dogs ranged from 77%
to 99% after single oral doses (Michael & Waki, 1971). ln a whole-boy autoradiographie
study, 0.93 mg (l_14C-acetate )-NTA, trisodium salt was administered intravenously to NMRl
albino mice and the same amount orally to C57BI miee; heavy accumulation of radioactivity
ocurred in the skeleton, whieh persisted for 48 h, the longest interval studied (Tjälve, 1972).

The kidney attains concentrations of NTA greater than that in the plasma in rats with
steady-state plasma NTA levels. The relatively high kidney concentrations of NTA can be
attributed to high concentrations of NTA in small volumes of urie (Anderson, 1980).

ln rats and dogs, the only route of excretion of absorbed NTA, disoium salt was via the
urie, as shown by the absence of ingested NTA in the bile; in monkeys and rabbits, it was
excreted in the faeces (Michael & Waki, 1971).

NTA is not metabolized in mammals and is excreted rapidly by filtration in the kidney
(Miehael & Wakim, 1971; Budny, 1972; Chu et aL., 1978; Anderson et al., 1985).

Solutions of NTA, disodium salt with metal salts

Repeated intraperitoneal injections of a solution of ferrc nitrate and NTA, disodium
salt (molar ratio, 2: 1) resulted in deposition of iron in the parenchymal cells of the lIver and in
the pancreas and adrenal glands of rats and rabbits (Awai et aL., 1979). lron uptake by rat lIver
was examined after a single intraperitoneal injection of 59Fe-NTA (Fe:NTA, 1:5 molar ratio)
and of Fe-(14C)-NTA (Fe:NTA, 1:1; prepared as above) to give 7.5 mg Fe/kg bw. Of the in-
jected 59Fe, 30% was incorprated in the liver non-haem iron fraction by 3 h and was retained
for 240 h; only 1 % of the 14C injected as Fe-(14C)-NTA was taken up by the liver by 3 h (Mat-
suura, 1983).
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(ü) Toxic effects

NTA and its salts
The toxicology of NTA has been reviewed (Anderson et al., 1985).
The oral LDso in rodents of NTA, triium salt, monohydrate was reported to be

about 2 g/kg bw (Anderson et al., 1985).
NTA is nephrotoxic. NTA and its trisoium salt have been shown to induce cyoplasmie

vacuolation of renal proxial tubule cells, hydronephrosis, erosion and ulceration of the re-
nal pelvic transitional epithelium and kidney hyperplasia in rats at dietaiy levels of 0.15% or
more, in studies of 28 days or longer (Nixon, 1971; Mahaffey & Goyer, 1972; Nixon et al.,
1972; National Cancer lnstitute, 1977; AIden et al., 1981; Merski, 1981; AIden & Kanerva,
1982a; Anderson et al., 1982; Merski, 1982) and in mice at 0.5% or more (National Cancer
Institute, 1977). ln a comparin study in treated and untreated animaIs, aIl forms of renal
toxicity, except hydronephrosis, basophile hyperplasia of tubular cells and neoplasia, were
reversed when treatment was disntinued (AIden & Kanerva, 1982b; Myers et al., 1982).
Ureters were swollen and showed alterations in epithelial morphology similar to those ob-
served in the renal pelvi (Kanerva et al., 1984).

The responses of Charles River and Fisher 344 rats to 1.5% NTA and 2% NTA trio-
dium salt in the diet were evaluated in a four-week feeding study. ln spite of different rates
of ingestion, the two strains of animaIs had similar qualitative responses to NTA. Ingestion
of NTA or its triium salt was assoiated with reduced growth, increased kidney:boy

weight ratio, increased uriary calcium, haematuri and the presence of crystalline NTA,
calcium soium salt in the urie (Anderson & Kanerva, 1979). Feeding a dose of 1.5% NTA
(which induced bladder neoplasms) to rats was assoiated with a 50% decrease in the calcium
concentration of bladder tissue, but with little change in magnesium, zinc, soium or potas-
sium levels (Anderson et al., 1982).

No change in fat-free bone weight, total ash or percentage of ash was found in the tibias
of rats fed NTA, trisoium salt for 91 days. Wh en given for 30 days, the compound had no
effecton serum alkaline phosphatase or on liver and kidney carbnic anhydrase (Michael &
Waki, 1973), but hepatic metallothionein levels were increased two fold followig intraper-
itoneal administration of NTA (100 mg/kg bw) to male Swis Webster miee (Goerig et al.,
1985).

After NTA trisodium salt was fed to male and female beagle dogs for 90 days at 0.03,
0.15 and 0.5% in the diet, uriaiy zinc excretion was significantly greater in dogs in the mid-

and high-dose groups. NTA was deposited in bone (123-142 ppm at the 0.5% dose level), but
this had no adverse effect (Budny et aL., 1973).

Solutions of NTA with Metal salts
ln the studies described below, animaIs were given solutions prepared from a ferrc salt

(usually ferrc nitrate) and an NTA salt (usually NTA, disium salt) in varions molar ratios,
as specified. ln all cases, the solution contained an excess of either NTA or iron, which would
be present in addition to the Fe-NTA complex in solution. The precise composition of the
solutions was not further characteried by the authors.
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Twenty-four hours after a single intraperitoneal injection of Fe- NTA (Fe:NTA, 1:4 mo-
lar ratio) to Wistar rats (Hamazaki et al., 1985; Ebina et al., 1986) or AlJ mice (Li et al., 1987),
rats developed extensive necrosis of the renal proxial tubules, whieh progressed with mul-
tiple doses to partial renal degeneration, strictly confined to the proxial tubules. Sequalae
were polyuri, glucosuri and aminoaciduri. ln mice, the predominant autopsy finding

among those (aIl males) that died within 14 days was renal tubular necrosis. Vitamin E pro-
tected Wistar rats against the nephrotoxic effects of Fe-NTA (Fe:NTA, 1:4-0kada et al.,
1987; Fe:NTA, unspecied-Hamazki et al., 1988). Mild diabetes has been reported after
daily injection of Fe-NTA in rats and rabbits (Fe:NTA, 2:1-Awai et al., 1979; Fe:NTA,
1:2-2.5-Mayet al., 1980). Fe-NTA is a potent initiator of lipid peroxidation in the livers of
rats (Fe:NTA, 1:1.5; Goddard et al., 1986) and mice (Fe:NTA, 1:1.5; Goddard & Sweeney,
1983) injected intraperitoneally, in rat liver homogenates and hepatoce suspensions
(Fe:NTA, 1: 1.5; Goddard et al., 1986) and in Ehrlieh asctes tumour celIs (Fe:NTA, 1:5; Naka-
moto et al., 1986). It was reported in an abstract that oral administration of Fe-NTA (molar
ratio unspecified) to male Fisher 34 rats increased the formation of 8-hydroxydeoxyguano-
sine in the kidney (Sai et al., 1988).

Male Wistar rats given solutions prepared from aluminium chloride and NTA disium
salt (AI:NTA, 1:4; 1.5-2.0 mg AI/kg bw per day) by intraperitoneal injection for 14 days
showed morphological damage in the liver and kidney, including diffuse mid-zonaI coagula-
tion necrosis of hepatoces and acute proxial tubular necrosis of the kidney at day 4.
Seven of ten rats given Al-NTA died within five days. When AI-NTA was given in a dose of
1.5-2.0 mg AI/kg bw per day for 54 days, metabolic acidosis was demonstrated and renal injuiy
was severe, involvig proxial tubular necrosis and granular casts in the distal tubules. From
day 38 onwards, atrophy of the nerve celIs of the cerebrum and demyelination of the brain
stem were also observed (Ebina et al., 1984, 1986).

(ii) Effects on reproduction and prenaal toxicity

Ten NMRl mice received 0.2% NTA in the drikig-water on days 6-18 of gestation; ten
control miee received no treatment. A smalI difference in mean fetal weight was seen be-

tween the two groups on day 18, and the number of resorptions was slightly higher in the
treated group. Skeletal and vieral examiation did not reveal any teratogenie effect
(fjälve, 1972).

Groups of 20 mated female Charles River rats were given 0, 0.1 or 20 mg/kg bw NTA,
triium salt, monohydrate (two groups for each dose) in the drikig-water on days 6-14 of

gestation. Treatment did not affect the numbers of resorptions or fetuses, fetal boweight
or development of the fetal skeleton. A significant increase in the incidence of hydroneph-
rosis and bladder defects was observed in fetuses in some treated groups (Nolen et al., 1972a).

NTA, triium salt did not induce reproductive toxicity in male orfemale Charles Riv-
er CD rats in a two-generation study (0.1 or 0.5% in the diet) or in pregnant Charles River
CD rats (0.1 or 0.5% in the diet on days 6-15 of pregnancy) or in rabbits (up to 250 mg/kg bw by
gavage on days 7-16 of gestation; Nolen et al., 1971).
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The available studies provide no evidence that NTA or its salts enhance the reproduc-
tive toxicity of heavy metals in experiental animaIs (Nol en et al., 1972a,b; Scharpf et al.,
1972, 1973; McClain & Siekierka, 1975).

(iv) Genetic and related effects (see Appendix 1)

NTA and its salts
NTA at concentrations up to 42.5 mM did not induce forward mutation or aneuploidy in

Aspergillus nidulans (Crebelli et al., 1986). It did not induce respirtion-defective mutants in
Saccharomyces cerevisiae at a concentration of 4 g/l (Zetterberg, 1970), not did it induce

sex-linked recessive lethal mutations in Drosophila in feeding and injection studies (Kram-
ers, 1976-50 mM and 10 mM, respectively; Wooruf et al., 1985-400 and 100 ppm, re-

spectively); however, it did induce aneuploidy (at 5 X 10-2M; Costa et al., 1988a) and
sex-chromosome loss (at 40 ppm, Ramel & Magnusson, 1979) in Drosophila. NTA (0.5-5
Jlg/ml) did not induce sister chromatid exchange or chromosomal aberrations in the Chinese
hamster CHO cellline in culture in the presence or absence of an exogenous metabolic sys-
tem from Aroclor 1254-induced rat liver (Loveday et al., 1989). It was reported in an abstract
to induce ploidy changes and endoreduplication in human lymphoces in vitro (Bora, 1975).
NTA did not cause dominant lethal mutation in miee in vivo at 125 mg/kg bw given intraperi-
toneally or 100 mg/kg bw given orally (Epstein et al., 1972).

NTA trisodium salt was not mutagenic to several strains of Salmonella typhimurium
(Dunkel et al., 1985; Loprieno et aL., 1985; Venier et al., 1987) or to Escherichia coli (Dunkel et
al., 1985; Venier et al., 1987) in the presence or absence of an exogenous metabolie system
from Aroclor 1254-induced rat liver (Dunkel et aL., 1985; Loprieno et al., 1985; Venier et al.,
1987), mouse liver or Syrian hamster liver or uninduced rat, mouse or Syrian hamster liver
(Dunkel et al., 1985). It was not active in the SOS chromotest but gave positive results at a
dose of 1 mg in differential toxicity tests in E. coli in the presence and absence of an exoge-
nous metabolic system (Venier et al., 1987).

NTA trisodium salt induced chromosomal aberrations at 2 X 1O-2M in Vicia faba (Kil-
man & Sturelid, 1970); it induced micronuclei in v: faba at 2 X 10-3M and in Ælium cepa at
4 X 1O-3M (De Marco et al., 1986). NTA trisodium salt was not mutagenic to Saccharomyces

pombe or Saccharomyces cerevisiae (40 Jlg/ml) in the presence or absence of an exogenous
metabolic system (Loprieno et al., 1985). The trisodium salt did not cause unscheduled DNA
sythesis in priary cultures of rat hepatoces at 0.5 or 1 mg/ml (Wiliams et al., 1982). It did
not cause mutation at the hprt locus in Chinese hamster V79 cells in vitro at 10-2M (Celotti et
al., 1987) and did not induce mutation at the TI locus in mouse lymphoma L5178Y cells in
vitro in the presence or absence of an exogenous metabolic system (630-2350 Jlg/ml or
524-190 Jlg/ml, respectively; Mitchell et al., 1988). It did not induce sister chromatid ex-
change in the Chinese hamster CHO cell line (1Q-3M, Ved Brat & Wiliams, 1984; 1.9 Jlg/ml,
Loprieno et aL., 1985; 2 X 1O-3M, Montaldi et al., 1985; 1 Jlg/ml, Venier et al., 1985) or in cul-
tured peripheral lymphoces from Balb/c and Balb/Mo miee (1Q-3M; Montaldi et aL., 1985).
It induced chromosomal aberrations in rat kangaroo cells in vitro at 2 X 10-2M (Kilman &
Sturelid, 1970), and it induced resistance to diphtheria toxi in a human epithelial-like cell
line in vitro (1.1 X 10-5M; Grili & Capucci, 1985). It did not induce sister chromatid ex-
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change (l0-3M; Ved Brat & Wiliams, 1984) or chromosomal aberrations (l0-2M, Ved Brat &
Wiliams, 1984; 7.5 X lo-3M, Montaldi et al., 1988) in cultured human peripheral lympho-
cyes. It did not induce mieronuclei in miee in vivo (20-40 mg/kg bw; Montaldi et al., 1988).

As reported in an abstract, NTA, soium calcium salt did not induce heritable translo-
cations in rnce in vivo after administration of 0.1 % in drikig-water for seven weeks (Jor-
genson et al., 1975).

Solutions of NTA with metal salts
Lead chromate (pbCr04) was mutagenie to S. typmmurium (Lprieno et al., 1985; Veni-

er et al., 1987) and to E. coli (Venier et al., 1987) in the presence of NTA, trisodium salt, but
not when tested alone. Similarly, lead chromate in a NTA, triium salt solution induced
mutation in Drosophila (Costa et al., 1988) and mutations at thehprt locus in Chinese hamster
V79 cells (Celotti et al., 1987). NTA, triium salt (2 X lo-3M-6 X 10-3M) enhanced the fre-
quency of sister chromatid exchange in the Chinese hamster CHO cell line induced by the
insoluble salts CdC03, HgCI, PbS04, PbCr04 and NiC03 (Lprieno et al., 1985; Montaldi et
al., 1987), as weIl as that induced by insoluble chromates of Ba, Zn, Sr and Ca (Venier et al.,
1985); no such enhancement was se en for soluble salts (CdCI2, K2Cr207, HgCl2 and NiCI2;
Montaldi et aL., 1987). Solutions of NTA:iron (2:1 molar ratio), with the iron as FeS04 and
FeCI3, caused chromosomal aberrations in the Chinese hamster CHO ceIlline only atmilli-
molar concentrations (Whiting et aL., 1981). NTA, trisodium salt (2 X 1O-3M) enhanced the
frequency of micronuclei and chromosomal aberrations induced in human lymphoces by
the insoluble salts CdC03, HgCI and PbS04, and, to a lesser extent, that induced by PbCr04
and NiC03 (Montaldi et al., 1987). Transformation of Syrn hamster fibroblast BHK celIs
induced by Cr(VI) compounds was enhanced by the presence of NTA (Lnfranchi et al.,
1988).

(The Workig Group noted that when NTA or its salts and NTA in combination with
metal salts caused a positive response, priariy in assays for chromosomal anomalies, the
effects were se en only with veiy high concentrations of NTA.)

(b) Human

(i) Absorption, distribution, exretion and metabolism
A capsule containing 10 mg (l-14C)NTA in gelatin was given orally in fruit juiee to each

of eight male volunteers who had received no drugs for two weeks before enterig the study.

Twelve percent of the administered radioactivity was excreted in the urie and 77% in the
faeces as unchanged NTA within 120 h of administration. A peak in the bloo concentration

(6.5 ng/g serum) ocurred 1-2 h after dosing (Budny & Arold, 1973).
(ii) Toxic effects

No data were available to the Workig Group.

(ii) Effects on reproduction and prenatal toxicity

No data were available to the Workig Group.

(iv) Genetic and related effects
No data were available to the Workig Group.
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3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Workig Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Nitriotriacetic acid and its soium salts have been produced since the 1930s for use as
metal chelating agents in household and industrial detergents, industrial water treatment,
textile preparation and metal finishing. Occupational expsure to nitriotriacetie acid and its
salts may ocur durig its production and use, but data on levels are limited. Exposure to
nitriotriacetic acid, and presumably to its water-soluble metal complexes, ocurs as a result
of its presence in household detergents and in drikig-water.

4.2 Experimental carcinogenicity data

Nitriotriacetie acid was tested for carcinogenicity by oral administration in the diet in
miee and rats. It induced renal-cell adenocrcinomas in miee of each sex, renal-cell tumours
in male rats and transitional- and squamous-cell carcinomas of the uriary bladder, hepato-
cellular adenomas and adrenal phaeochromocomas in female rats.

Nitriotriacetic acid, trisodium salt was tested for carcinogenicity in miee and rats by
oral administration. When administered in the diet as the monohydrate, it induced haema-
topoietic tumours in male mice and benign and malignant tumours of the uriaiy system
(kidney, ureter and bladder) in rats of each sex. When administered in drinking-water to
male rats, it induced renal adenomas and adenocrcinomas.

ln two-stage carcinogenicity studies in male rats by oral administration, nitriotriacetie

acid and its trisodium salt increased the incidence of uriaiy-tract tumours after pretreat-

ment with different nitrosamines.
Solutions of nitriotricetie acid, disodium salt with ferrc salts were tested in mIce of

each sex and in male rats by intraperitoneal administration. They induced renal adenocrci-
nomas in males of each species.

4.3 "uman carcinogenicity data

No data were available to the Workig Group.

4.4 Other relevant data

Nitriotriacetie acid and its trisodium salt were nephrotoxic to rodents.
ln a single study, nitriotriacetie acid did not induce dominant lethal mutation in miee

treated in vivo. AIso in single studies, it did not induce chromosomal aberrations or sister



20 IAC MONOGRAHS VOLUME 48

chromatid exchange in Chinese hamster cells in vitro. ln single studies, it induced aneuploidy
and sex chromosome loss in Drosophila at high doses. ln other studies, it did not induce
sex-linked recessive lethal mutation in Drosophila. It was not mutagenie to fungi, and, in a
single study, it did not cause aneuploidy in fungi.

ln a single study, nitriotriacetic acid, trisodium salt did not induce micronuclei in mice
in vivo. It did not cause chromosomal aberrations or, in a single study, sister chromatid ex-
change in human peripheral lymphoces in vitro, but, at a high dose in one study, it was mu-
tagenie to a human epithelial-like cell line in vitro. lt also caused chromosomal aberrations in
rat kangaroo cells at a high dose in a single study, but it did not cause sister chromatid ex-
change or gene mutation or, in another study, unscheduled DNA sythesis in rodent cells in
vitro. At high doses, it caused chromosomal aberrations in plants. It was not mutagenic to
yeast or bacteria in the presence or absence of an exogenous metabolic system. It gave equiv-
ocl results for DNA damage in prokaiyotes.

4.5 Evaluation 1

There is suffcient evidence for the carcinogenicity of nitrilotriacetic acid and its sodium
salts in experiental animaIs.

No data were available from studies in humans on the carcinogenicity of nitriotriacetie
acid and its salts.

ln formulating the overall evaluation, the Workig Group took note of the fact that
nitriotriacetic acid is liberated to sorne extent from nitriotriacetate salts in solution.

Overall evaluation

Nitriotriacetie acid and its salts are possibly carcinogenic ta human (Group 2E).
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Summary table of genetic and related effects of nitrilotriacetic acid

Nonmammalian systems Mammalian systems

Proka- Lower Plants Insects ln vitro ln vivo
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Summary table of genetic and related effects of nitrilotriacetic acid, trisodium salt

Nonmammalian systems Mammalian systems

Proka- Lower Plants Insets ln vitro ln vivo

ryotes eukarotes

Animal cells Human cells AnimaIs Humans

D G D R G A D G C R G C A D G S M C A T L D G S M C A T L D G S M C DL A D S M C A

? - - + - 1 -1 - +1 + -1 - - 1

A aneuploidy; C, ehromosmal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, mieronuclei; R, mitotie recmbination and
gene conversion; S, sister ehromatid exehange; 1; cell transformation

ln completing the tables, the following symbols indu:aJe the consensus of the Worling Group with reard to the reults for eih end point:
? considere to be equivol or inconclusive (e.g., there were contradietory results from different laboratories; there were confounding expures; the results were equivocl)
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+ considere to be poitive for the spefie endpoint and level of biological complexity

considere to be negative, but only one vaUd study wa avalable to the Working Group
+ 1 considered to be poitive, but only one vaUd study wa avalable to the Working Group

~

~
s:ozo
ci

~
::
CI

~o
E
s:
tr
~



NIRILOTRIACETIC ACID AN ITS SALTS W7

Anderson, RL (1980) The relationship of insoluble nitrilotriacetate (NA) in the urine of female rats to
the dietar level ofNTA Food Cosmet. Toxicol., 18, 59-6

Anderson, RL & Kanerva, RL (1979) Comparsons of response of Fischer-344 and Charles River rats
to 1.5% nitrilotriacetic acid and 2% trisodium nitrilotriacetate, monohydrate. Food Cosmet. Toxi-
col., 17, 137-140

Anderson, RL, Alden, C.L & Merski, J.A (1982) The effects of nitrilotriacetate on cation disposition
and urinary tract toxicity. Food chem. Toxicol., 20, 105-122

Anderson, RL, Bishop, WE & Campbell, RL (1985) A review of the environmental and mammalian
toxicology of nitrilotriacetic acid. Crit. Re Toxicol., 15, 1-102

Aue, WA, Hastings, C.R, Gerhardt, K.O., Pierce, J.O., II, Hil, H.H. & Moseman, RF. (1972) The
detennination of part-per-bilion levels of citric and nitrilotriacetic acids in tap water and sewage
effuents. 1 Chromatogr., 72, 259-267

Awai, M., Narasaki, M., Yamanoi, Y. & Se no, S. (1979) Induction of diabetes in animaIs by parenteral
administration of ferrc nitrilotriacetate. A model of exprimental hemochromatosis. Am. 1
Pathol., 95, 663-673

Bora, K.c. (1975) Effects of nitrolotriacetic acid (NA) on chromosome replication and structure in
human cells (Abstract No. 34). Mutat. Re., 31, 325

Budny, J.A (1972) Metabolism and bloo pressure effects of disodium nitrilotriacetate (Na2NTA) in
dogs. Toxicol. appl. Phanacol., 22, 655-6

Budny, J.A & Arold, J.D. (1973) Nitrilotriacetate (NA): human metabolism and its importance in the
total safety evaluation program. Toxicol. appl. Phanacol., 25,4853

Budny, J.A, Niewenhuis, RJ., Buehler, EV. & Goldenthal, EL. (1973) Subacute oral toxicity of triso-
dium nitrilotriacetate (Na~A) in dogs. Toxicol. appl. Phanacol., 26, 148-153

Celott, L, Furlan, D., Seccti, L & Levis, AG. (1987) Interactions of nitroloacetic acid (NA) with
Cr(I) compounds in the induction of gene mutations in cultured mammalian cens. Mutat. Re.,
190,35-39

Chu, 1., Becking, G.c., Vileneuve, D.C. & Viau, A (1978) Metabolism of nitrilotriacetic acid (NA) in
the mouse. Bull. environ. Contam. Toxicol., 19, 417-422

Costa, R, Russo, A, Zordan, M., Pacchierotti, A, Tavella, A. & Levis, A.G. (1988a) Nitrilotriacetic acid

(NA) induces aneuploidy in Drosophila and mouse genn-line cens. Environ. mol. Mutagenesis,
12, 397-47

Costa, R, StroIego, F. & Levis, AG. (1988b) Mutagenicity of lead chromate in Drosophila melanogaster
in the presence of nitrilotriacetic acid (NA). Mutat. Re., 204, 257-261

Crebell, R, Bellncampi, D., Conti, G., Conti, L, Morpurgo, G. & Carere, A (1986) A comparative
study on selected chemical carcinogens for chromosome malsegregation, mitotic crossing-over
and forwrd mutation induction in Aspergllus nidulan. Mutat. Re., 172, 139-149

De Marco, A, RomaneII, M., Staz, M.A & Vitagliano, E. (1986) Induction of micronucleated cells in
Vìcia faba and Allium cepa root tips treated with nitrilotriacetic acid (NA). Mutat. Re., 171,
145-148

Dunkel, v.c., Zeiger, E., Brusick; D., McCoy, E., McGregor, D., Mortelmans, K., Rosenkranz, H.S. &
Sim mon, v.F. (1985) Reproducibility of microbial mutagenicity assays: Il. Testing of carcinogens
and noncacinogens in Salmonella typhimurium and Escherichia coli. Environ. Mutagenesis, 7

(Suppl.5), 1-24

kajo
Rectangle



20 !AC MONOGRAHS VOLUME 48

Ebina, Y., Okada, S., Hamazaki, S. & Midorikawa, O. (1984) Liver, kidney, and central nervous system
toxicity of aluminum given intraperitoneally to rats: a multiple-dos subchronic study using alumi-
num nitrilotriacetate. Toxicol. appl. Phanacol., 75,211-218

Ebina, Y., Okada, S., Hamazak, S., Ogino, E, Li, J.-L & Midorikawa, O. (1986) Nephrotoxicity and
renal cell carcinoma afer use of iron- and aluminum-nitrilotriacetate complexes in rats. 1 natl
Cancer Inst., 76, 107-113

Epstein, S.S., Arold, E., Andrea, S., Bas, W & 13ishop, y. (1972) Detection of chemical mutagens by
the dominant lethal asay in the mouse. Toxicol. appl. Phanol., 23, 28-325

Fukushima, S., Kurata, Y., Tamano, S., Inoue, K. & Ho, N. (1985) Promoting effect of trisodium nitrilo-
triacetate monohydrate on urinary bladder carcinogenesis in rats. Jpn. 1 Cancer Re., 76,823-827

Games, L.M., Staubach, J.A & Kappeler, 'Iu. (1981) Analysis ofnitrilotriacetic acid in environmental
waters. Tenside Deterg., 18, 262-265

GeseIlschaf Deu tscher Chemiker (Society of German Chemistry) (1987) Nitrilotriessigraure (Nitrilotria-
cetie Acid) (Beratergemium fur umweltrelevante Ætstoffe, Stoffricht 5) (Advisory Panel for Rele-

vant Materials in the Environment, Substance Report 5), Weinheim, VCH VerlagsgeselIschaft
mbH, pp. 1-6

Goddard, J.G. & Sweeney, G.D. (1983) Ferrc nitrilotriacetate: a potent stimulant of in vivo lipid peroxi-
dation in mice. Biochem. Phanacol., 32, 3879-3882

Goddard, J.G., Basford, D. & Sweeney, G.D. (1986) Lipid peroxidation stimulated by iron nitrilotriace-
tate in rat liver. Biochem. Phanacol., 35,2381-2387

Goering, P.L, Tandon, S.K. & Klaassen, C.D. (1985) Induction ofhepatic metallothionein in mouse liver

following administration of chelating agents. Toxicol. appl. Pharacol., 80, 467-472

Goyer, R.A, Falk, H.L., Hogan, M., Feldman, D.D. & Richter, W (1981) Renal tumors in rats given
trisodium nitrilotriacetic acid in drinking water for two year. 1 natl Cancer Inst., 66, 869-880

Greenblatt, M. & Lijinsky, W (1974) Carcinogenesis and chronie toxicity of nitrilotriacetic acid in Swiss
mice. 1 natl Cancer Inst., 52, 1123-1126

Grill, M.P. & Capucci, A. (1985) Mutagenic effect of nitrilotriacetic acid on cultured human celIs. Toxi-
col. LeU., 25, 137-141

Haberman, J.P. (1971) Polarographic determination of traces of nitrilotriacetate in water sam pIes. Anal.
Chem., 43, 63-67

Hamazaki, S., Okada, S., Ebina, Y. & Midorikawa, O. (1985) Acute renal failure and glucouria induced
by ferrc nitrilotriacetate in rats. Toxicol. appl. Pharacol., 77,267-274

Hamazaki, S., Okada, S., Ebina, Y., Fujioka, M. & Midorikawa, 0. (1986) Nephrotoxicity of ferrc nitri-
lotriacetate. An electron-microscopie and metabolic study. Am. 1 Pathol., 123, 343-350

Hamazaki, S., Okada, S., Ebina, Y., Li, J.-L & Midorikawa, O. (1988) Effect of dietar vitamin E on
ferrc nitrilotriacetate-induce nephrotoxicity in rats. Toxicol. appl. Pharacol., 92, 500506

Haring, llJ.A & van Delft, W (1977) Determination of nitrilotriacetic acid in water by derivative pulse

polarographyat a hanging mercury drop electrode. Anal. chem. Acta, 94,201-203
Hiasa, Y., Kitahori, Y., Konishi, N. & Shimoyama, 'I (1985) Dose-related effect oftrisodium nitrilotria-

cetate monohydrate on renal tumorigenesis initiated with N-ethyl-N-hydroxyethylnitrosamine in
rats. Carinogenesis, 6, 907-910

Hoover, 'Ill (1973)Polargraphic Detennination ofNTA (EPA-R2-73-254; US NTIS PB 222-940), Cor-
valls, OR, US Environmental Protection Agency, Office of Research and Monitoring



NITRILOTRIACETIC ACID AN ITS SALTS 20

IAC (1987a) IARC Monograph on the Evaluation ofCarinogenic Risks to Human, Suppl. 7, Overall
Evaluations of Carcinogenicity: An Udating of IAC Monographs Volumes 1 to 42, Lyon, pp.
230-232

IAC (1987b)IARC Monographson the Evaluation ofCarinogenic Risks to Human, Suppl. 7, Overall
Evaluations of Carcinogenicity: An Udating of IAC Monographs Volumes 1 to 42, Lyon, pp.
211-216

Jorgenson, TA, Newell, G. W, Scharpf, LG., Gribling, P., O'Brien, M. & Chu, D. (1975) Study of the
mutagenic potential of nitrilotriacetic acid (NaCaNA) in mice by the translocation test (Abstract
No. 56). Muta!. Re., 31,337-338

Kanerva, RL, Francis, WR, Lefever, ER, Dorr, T, Alden, C.L & Anderson, RL (1984) Renal pelvic
and ureteral dilatation in male rats ingesting trisodium nitrilotriacetate. Food chem. Toxicol., 22,

749-753

Kihlman, RA & Sturelid, S. (1970) Nitrilotriacetic acid (NA) and chromosome breakage. Environ.
Muta!. Soc. Newsl., 3, 32-33

Kirk, P.WW & Lester, J.N. (1981) The determination of nitrilotriacetic acid in waters and waste waters.
Re. anal. Chem., 5, 207-224

Kirk, P.WW, Perr, R & Lester, J.N. (1982) Determination ofnitrilotriacetic acid in waters and waste
waters by gas-liquid chromatography, differential pulse polarography and a colorimetrie method.
lnt. 1 environ. anal. Chem., 12, 293-309

Kitahori, Y., Konishi, N., Shimoyama, T & Hiasa, Y. (1985) Dose-dependent promoting effect of triso-
dium nitrilotriacetate monohydrate on urinary bladder carcinogenesis in Wistar rats pretreated
with N-butyl-N-(4-hydroxybutyl)nitrosamine. Ipn. 1 Cancer Re. (Cann), 76, 818-822

Kramers, P.G.N. (1976) Mutagenicity studies with nitrilotriacetic acid (NA) and Citrex S-5 in Drosophi-
la. Muta!. Re., 40, 277-280

Lanfranchi, G., Paglialunga, S. & Levis, AG. (1988) Mammalian cell transformation induced by chro-
mium(VI) compounds in the presence of nitrilotriacetic acid. 1 Toxicol. environ. Health, 24,
251-26

Li, J.-L, Okada, S., Hamazaki, S., Ebina, Y. & Midorikawa, O. (1987) Subacute nephrotoxicity and in-
duction of renal cell carcinoma in mice treated with ferrc nitrilotriacetate. Cancer Re., 47,
1867-1869

Lijinsky, W, Greenblatt, M. & Kommineni, C. (1973) Feeding studies of nitrilotriacetic acid and deriva-
tives in rats. 1 natl Cancer lnst., 50, 1061-1063

Loprieno, N., Boncritiani, G., Venier, P., Montaldi, A, Majone, E, Bianchi, V, Paglialunga, S. & Levis,
AG. (1985) Increased mutagenicity of chromium compounds by nitrilotriacetic acid. Environ.
Mutagenesis,7, 185-20

Loveday, K.S., Lugo, M.H., Resnick, MA., Anderson, RE. & Zeiger, E. (1989) Chromosome aberra-
tion and sis ter chromatid exchange tests in Chinese hamster ovary cells in vitro. II. Resuìts with 20
chemicals. Environ. mol. Mutagenesis, 13,6094

Mahaffey, K.R & Goyer, RA (1972) Trisodium nitrilotriacetate in drinking water. Metabolic and renal
effects in rats. Arh environ. Health, 25, 271-275

Malaiyandi, M., Wiliams, D.T & O'Grady, R (1979) A national survey of nitrilotriacetic acid in Cana-
dian drinking water. Environ. Sei Techno/., 13, 59-62

Maronpot, RR, Montgomery, C.A., J r, Borman, G.A & McConnell, E.E. (1986) National Toxicology
Program nomenclature for hepatoproliferative lesions of rats. Toxicol. Pathol., 14,263-273



210 lAC MONOGRAHS VOLUME 48

MartelI, AE. & Smith, RM. (1974) Critical Stability Constants, Vol. 1, Amino Acids, New York, Plenum,
pp. 139- 143

Matheson, D.H. (1977) Nitrilotriacetic Acid (NTA) in the Canadian Environment (Scientific Series No. 74),
Ottawa, Inland Waters Directorate, Water Quality Branch

Matsuura, R (1983) Uptake of iron and nitrilotriacetate (NA) in rat liver and the toxic effect of
Fe-NT A Acta med. Okayama, 37, 393-4

May, M.E., Panley, RI, Spicer, S.S., Ravenel, D.P., May, E.E. & Bus, M.G. (1980) Iron nitrilotriace-
tate-induced exprimental diabetes in rats. 1 Lab. clin. Med., 95, 525-535

McClain, RM. & Siekierka, J.J. (1975) The effects of vaous chelating agents on the teratogenicity of
lead nitrate in rats. Toxicol. appl. Phanacol., 31, 434-2

Merski, J.A (1981) Acute structural changes in renal tubular epithelium following administration of
nitrilotriacetate. Food Cosmet. Toxicol., 19, 463-470

Merski, J.A (1982) Alterations of renal tissue structure during a 3O-ay gavage study with nitrilotriace-
tate. Food chem. Toxicol., 20,433-4

Michael, WR & Wakm, J.M. (1971) Metabolism of nitrilotriacetic acid (NA). Toxicol. appl. Phar-
col., 18, 407-416

Michael, WR & Wakm, J.M. (1973) Effeet oftrisodium nitrilotriacetate (Na~A)on the metabolism
of selected metal ions. Toxicol. appl. Phanacol., 24,519-529

Mitchell, AD., Rudd, CJ. & Caspar, WJ. (1988) Evaluation of the L5178Y mouse lymphoma cell mu-
tagenesis assay: intralaboratory results for six-three coed chemicals tested at SRI Internation-
aL. Environ. mol. Mutagenes, 12 (Suppl. 13),37-101

Monsanto Co. (1985) Material Safety Data Sheet: NTA Powder and NTA 40% Solution, St Louis, MO

Montaldi, A, Zentiln, L, Venier, P., Gola, 1., Bianchi, V, Paglialunga, S. & Levis, AG. (1985) Interac-

tion of nitrolotriacetic acid with heavy metals in the induction of sister chromatid exchanges in
cultured mammalian cells. Environ. Mutagenesis, 7, 381-390

Montaldi, A, Zentilin, L, Zordan, M., Bianchi, V, Levis, A.G., Clongero, E. & Paglialunga, S. (1987)

Chromosmal effects ofheavy metals (Cd, Cr, Hg, Ni and Pb) on cultured mammalian cells in the
presence of nitrilotriacetic acid (NA). Toxicol. environ. Chem., 14, 183-20

Montaldi, A, Marot, R"Zordan, M., Paleologo, M. & Levis, AG. (1988) Nitrilotriacetic acid (NA)
does not induce chromosmal damage in mammalian cells either in vitro or in vivo. Mutat. Re.,
208,95-100

Myers, M.C., Kanerva, RL, Alden, CL & Andersn, RL (1982) Reversibilty of nephrotoxicity in-
duce in rats by nitrilotriacetate in subchronic feeing studies. Food chem. Toxicol., 20, 925-934

Nakamoto, S., Yamanoi, Y., Kawabata, I, Sadahira, Y., Mori, M. & Awa, M. (198) Lipid peroxidation
and cyotoxicity of Ehrlich asites tumor cells by ferrc nitrilotriacetate. Biochim. biophys. Acta,
889, 15-22

National Cancer Institute (1977 Bioassays ofNitrilotrietic Acid (NTA) and Nitrilotrietic Acid, Trio-

dium Salt, Monohydrate (Na-;A.H20) for Possible Carinogenicity (CAS No.139-13-9 (NTA);
CAS No. 18662-53-8 (Na-;A.H20)) (NCI-CG-TR-6; DHEW Publ. No. (NIH) 77-806), Bethesda,
MD, US Deparment of Health, Education, and Welfare

Nixon, G.A. (1971) Toxicity evaluation of trisodium nitrilotriacetate. Toxicol. appl. Phanacol., 18,
398-

Nixon, G.A, Buehler, E.V. & Niewenhuis,R.J: (1972) Two-year rat feeingstud, with trisoium nitrilo-

triacetate and its calcium chelate. Toxicol. appl. Phaacol., 21, 24252



NITRILOTRIACETIC ACID AN ITS SALTS 211

Nolen, G.A., Klusman, LW, Back, D.L & Buehler, E.V (1971) Reproduction and teratology studies of
triodium nitrilotriacetate in rats and rabbits. Food Cosmet. Toxicol., 9, 509-418

Nolen, G.A., Buehler, E. v., Geil, R.G. & Goldenthal, E.I. (1972a) Effects of trisoium nitrilotriacetate

on cadmium and methyl mercury toxicity and teratogenicity in rats. Toxieol. appl. Phanacol., 23,
222-237

Nolen, G.A., Bohne, R.L & Buehler, E.V. (1972b) Effects of trisoium nitrilotriacetate, trisoium ci-
trate and a triium nitrilotriacetate-ferrc chloride mixre on cadmium and methyl mercury
toxicity and teratogenesis in rats. Toxicol. appl. Phanacol., 23,238-250

Okada, S. & Midorikawa, O. (1982) Induction of the rat renal adenoccinoma by Fe-nitrilotriacetate

(Fe-NT A) (Jpn). Nai Hoka, 29, 485-491
Okada, S., Hamazak, S., Ebina, Y., Ii, l.-L & Midorikawa, O. (1987) Nephrotoxicity and its prevention

by vitamin E in ferrc nitrilotriacetate-promotOO lipid peroxidation. Biochim. biophys. Acta, 922,

28-33

Pouchert, CL., ed. (1981) The Aldrieh Libraoflnfrd Spectra, 3rd 00., Milwaukee, WI, Aldrich Chem-

ical Co., p. 339

Pouchert, CL., ed. (1983) The Aldrich Libra of NMR Speetra, 2nd 00., Vol. 1, Milwaukee, WI, Aldrich
Chemical Co., pp. 483-44

Pouchert, CL., 00. (1985) The Aldrieh LibraofFTIR Spectra, Vol. 1, Milwaukee, WI, Aldrich Chemical
Co., p. 566

Procter & GambIe Co. (1981) Submision to US EnvironmentaJ Protection Ageney, Summar of Indiana
Monitoring Program for NFA, Cincinnati, OH

Procter & GambIe Co. (1982) Submision to US EnvironmentaJ Protection Ageney, Summar of Indiana
Monitoring Progr for NFA, Cincinnati, OH

Procter & GambIe Co. (1983a)New Thrk Tap WaterMonitoringfor NFA, Oetober 1981-June 1983, Sub-
mision to the New Thrk State Depament of EnvironmentaJ Conseivation, Cincinnati, OH

Procter & GambIe Co. (1983b) Summarof NF A EnvironmentaJ Monitoring Progr in Indiana, Submis-

sion to the New Thrk State Depament of EnvironmentaJ Conseivation, Cincinnati, OH
Procter & GambIe Co. (1983c) Canadia Tap Water Monitoringfor NT A, Phase 1- Ottawa- Careton and

Fineh Ontaro, and Phae II-Port Kels, British Columbia Submision to the New Thrk State Depa-
ment of EnvironmentaJ Conservation, Cincinnati, OH

Ramel, C & Magnussn, l. (1979) Chemical induction of non-disjunction in Drosphila. Environ.
Heath Perspet., 31, 59-6

Riedel-de Haen (1984) Labratory ChemieaJs, Hanover

Sadtler Research Laboratories (1980) Standard Spetra Collection, 1980 Cumulative Index, Philadelphia,

PA

Sai, K., Takagi, A., Umermura, L, Kurokawa, Y. & Kasai, H. (1988) Studies on the formation of 8-hy-
droxydeoxyguanosine (8-0HdG) in the rat kidney by kidney cacinogens (Abstract No. P-36)
(Jpn.). Environ. Mutagenesis Re. Commun., 10, 74

Scharf, LG., lr, Hil, I.D., Wright, P.L, Plank, J.B., Keplinger, M.L & Calandra, J.c. (1972) Effect of

soium nitrilotriacetate on toxicity, teratogenicity, and tisue distribution of cadmium. Nature,
239,231-233

Scharf, LG., Jr, Hil, I.D., Wright, P.L & Keplinger, M.L (1973) Teratology studies on methylmercury
hydroxide and nitrilotriacetate soium in rats. Nature, 241,461-43



212 IAC MONOGRAHS VOLUME 48

Shimoyama, 1: (1986) Effects of trisoium nitrilotriacetate monohydrate, nitrilotriacetic acid and am-
monium chloride on urinar bladder and renal tumorigenesis in rats treated with N-bis2-hydr-
oxyropyl)nitrosamine (Jpn.).l Nar med. Mmc., 37,610-32

Swisher, RC, Crutchfield, M.M. & Caldwell, D.W (1967) Biodegrdation of nitrilotriacetate in acti-
vated sludge. Environ. Sei. Technol., 1, 82027

Thompson, J.B. & Duthie, J.R (196) The biodegradability and treatability of NTA.l Water Pollut.
Control Fed., 40,306319

Tjälve, H. (1972) A study of the distribution and teratogenicity of nitrilotriacetic acid (NA) in mice.
Toxicol. appl. Phaol., 23,216-221

Universities Asiated for Resarch and Education in Pathology (1985)ksessment of the Pratical Risk
to Human Heath frm the Use of Nitrilotrietic Acid (NT A) in Household Laundry Products, Beth-
esda, MD

US Environmental Protection Agency (1979) Chemical Technology and Economies in Enironmental Per-

spective. Task W- Potentia Workr and Consumer Exsure to Nitriotrietic Aeid (NT A) in Deter-
gents (EPA-560/11-79-O8; NTIS PB-297-753), Washington De

US Foo and Drug Administration (1987) Boiler water additives. US Code fed. Regu., Title 21, Par
173.310, pp. 117-120

Ved Brat, S. & Wiliams, G.M. (1984) Nitrilotriacetic acid doe not induce sister-chromatid exchanges in
hamster or human cells. Food chem. Toxiol., 22,211-215

Venier, P., Montaldi, A., Gava c., Zentilin, L, Techio, G., Bianchi, V, Paglialunga, S. & Levi, AG.
(1985) Effects of nitrilotriacetic acid on the induction of gene mutations and sister chromatid ex-
changes by insluble chromium compounds. Mutat. Re., 156, 219-228

Venier, P., Gava, c., Zordan, M., Bianchi, V, Levi, A.G., De Flora, S., Bennicell, C. & Camoinano, A.
(1987) Interactions of chromium with nitrilotriacetic acid (NA) in the induction of genetic effects
in bacteria. Toxiol. environ. Chem., 14, 201-218

Waren, CB. & Malec, E.J. (1972) Quantitative detennination of nitrilotriacetic acid and related amino-
polycaboxylic acids in inland waters. Analysis by gas chromatography.l Chromatogr., 64, 219-237

Wendt, RH., Payne, A.G. & Hopping, WD. (1988) Nitrilotriacetic acid (NA) environmental monitor-
ing progrm in Indiana: 1979 to 1983. Environ. Toxicol. Chem., 7, 275-290

Whiting, RE, Wei, L & Stich, H.E (1981) Chromosme-damagng activity of ferrtin and its relation to
chelation and reduction of iron. Cancer Re., 41, 16281636

Wiliams, G.M., Lapia, M.E & Dunkel, Vc. (1982) Reliabilty of the hepatoce primar culturelDNA
repair test in testing of coed cacinogens and noncacinogens. Mutat. Re., 97, 359-370

Wooiwi, CR, Walker, RD. & Brownridge, EA. (1979) Concentrations of nitrilotriactate and cer-
tain metals in Canadian watewaters and streams: 1971-1975. Water Re., 13, 599-6U

Wooruff, R.C, Masn, J.M., Valencia, R & Zimmering, S. (1985) Chemical mutagenesis testing in
Drosophüa. V Results of 53 coed comixlUnds tested for the National Toxicology Program. Envi-
ron. Mutagenesis, 7, 677-702

WR Grace & Co. (1985) Product Brohure: Hampshire Nitriotrietate (NT A), Lengton, MA Organic
Chemicals Division

Zetterberg, G. (1970) Negative results with nitrilotriacetic acid (NA) as an inducer of gene mutation in
sorne microorganisms. Environ. Mutat. Soc. Newsl., 3, 31-32


