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Nitrilotriacetic Acid (NTA)

Guideline

The maximum acceptabl e concentration (MAC) for
nitrilotriacetic acid (NTA) in drinking water is 0.4 mg/L
(400 ng/L).

I dentity, Use and Sourcesin the

Environment

Nitrilotriacetic acid (NTA) is an aminotricarboxylic
acid with an empirical formulaof C;HNO,. In the
undissociated acid form, it is composed of needles or
prismatic crystals. NTA has a melting point of 241.5°C;
its solubility in water at 22.5°C is 1.28 mg/mL. The pH
of the saturated solution is2.3.

NTA can sequester metal ions to form water-soluble
complexes; it is an important chelating agent, with many
industrial applications. Because of its ability to chelate
calcium and magnesium ions, the trisodium salt is used
in laundry detergents as a“builder” to replace
phosphates, the use of which has been restricted by
legislation in some countries owing to their contribution
to the eutrophication of lakes and ponds. In 1977, the
amount of NTA used in detergents in Canadawas
27 299 tonnes; more recent data on consumption were
not identified.! NTA is also used extensively in the
treatment of boiler water to prevent accumulation
of mineral scale. It is used to alesser extent in
photography, textile manufacturing, paper and cellulose
production, metal plating and cleaning operations. NTA
has been proposed as a therapeutic chelating agent for
manganese poisoning? and for the treatment of iron
overloading, asit has a synergistic effect on the
mobilization of iron by desferrioxamine.3

NTA ispresent in the environment primarily as a
result of itsrelease in sewage. It biodegrades readily
and, under certain conditions, is broken down by
photochemical and chemical reactions.* NTA is
degraded principally by microorganisms, by carbon—
nitrogen cleavage with the formation of intermediates
such asiminodiacetate, glyoxylate, glycerate, glycine
and ammonia; > the metabolic end products are carbon
dioxide, water, ammonia and nitrate.* The rate of
biodegradation is largely influenced by acclimatization

of the microorganisms,?? temperature, 191! dissolved
oxygen concentration in water,’2 NTA concentration!?
and water hardness.’* Most NTA—metal complexes
degraderapidly.

The half-life for biodegradation of 1 to 100 ng/L
NTA in groundwater is approximately 31 hours.1®
Complete disappearance from acclimatized river water
at concentrations of 5 to 50 mg/L was reported to occur
in two to six days, whereas concentrations of NTA less
than 5 mg/L are expected to degrade within one day.1617
Acclimatization of microorganismsin two lake waters
resulted in the reduction of disappearance time of up to
10 mg/L NTA from six and 11 days to four and three
days, respectively.18

Exposure

NTA ispresent in drinking water primarily in the
form of metal complexes, rather than as the free acid.
The amount of NTA complexed with metal ionsis
dependent on the concentrations of the metal ion, NTA®
and H*, aswell as the formation constants of the various
complexes.* Based on one model of NTA metal ion
speciation, it is predicted that at a concentration of
25 ppb in river water, 50% of the NTA is complexed
with Cu?* ions, 34% with Ni%*, 9% with Ca®* and 5%
with Zn2+19

Because the analysis of NTA requires specific and
non-routine methods (see below), it is not regularly
monitored in Canadian drinking water supplies. In a
national survey of 70 Canadian municipalities
conducted from November 1976 to February 1977, the
mean concentration of NTA in drinking water was
2.82 ny/L (range <0.2 to 30.4 ng/L). The mean concen-
tration in raw water samples was 3.88 ng/L (range <0.2
to 33.5 ng/L). Concentrations of NTA in raw and
treated water samples exceeded 10 ng/L in only 14% of
the locations.2° NTA was not detected in approximately
75% of 102 wells in three communitiesin two Canadian
provinces (detection limit 10 ng/L); NTA concentrations
in the remainder of wells for which there was other
evidence of pollution by sewage were between 15
and 250 ng/L.2
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Based on the mean concentration of NTA reported
in the Canadian national survey (2.82 ug/L),%° and
assuming average daily water consumption of 1.5L,
average daily intake of NTA from drinking water is
4.23 ug.

Information on concentrations of NTA in food
or ambient air has not been identified. However, it is
unlikely that NTA bioconcentrates in edible animal
tissues, owing to its rapid biodegradation and structure.
For avery small proportion of the population in
households where dishes are washed with laundry
detergents containing NTA, residues present on unrinsed
dishes | eft to drip-dry may be a source of exposure.
Nixon et al .2 estimated the maximum intake from this
source to be 0.039 mg/kg bw per day (or 2.73 mg/d for a
70-kg adult), based on what the authors considered to
be exaggerated assumptions, and suggested that intake
from this source more realistically approximated
0.0025 mg/kg bw per day (0.175 mg for a 70-kg adult).

Assuming that drinking water is the primary source
of exposureto NTA, the mean daily intake of NTA is
likely to be less than 6 g, primarily in the form of
metal complexes.

Analytical Methods and Treatment

Technology

NTA concentrations in water may be determined by
gas chromatographi ¢ separation with a nitrogen-specific
detector. This method is suitable for detection of NTA
concentrations as low as 0.0002 mg/L .2° Other methods
for determination of NTA in water include polarography,
colorimetry and gas chromatography with flame
ionization detection.

Anderson et al.* summarized available data
concerning the removal of NTA from municipal water
supplies. Chlorination with 10 to 15 ppm chlorine
resultsin 10 to 90% removal of NTA, depending upon
pH, metal content, contact time, ammonialevel and
NTA concentration. Ozonation at 0zone concentrations
typically used in treatment plants can reduce concen-
trations of 35to 350 ng/L NTA by more than 80% in
five minutes. Activated carbon removes only a small
percentage of NTA in water, because most is complexed
with metals; for example, average removal of an initial
concentration of 200 ng/L NTA is 12%. Anderson et al.*
also reported that artificial groundwater rechargeis
effectivein removal of NTA from water supplies,
although supporting data were not presented.

In a Canadian national survey, the efficiency of
removal of concentrations of NTA greater than 10 ng/L
was investigated. Removal was essentially completein
one plant where chlorine disinfection was followed by
potassium permanganate oxidation, whereas
chlorination and chlorination combined with
ozonation were less efficient.?0

Health Effects

NTA may be beneficial in neonatal development by
increasing the bioavailability of essential elements. The
iron and copper content of the milk of lactating rats
administered supplements of iron and copper chelates
of NTA in drinking water was higher than in controls,
aswastheiron and copper content of tissues of the
suckling pups. There were no effects on the metal
content of milk or tissues following administration
of supplements of zinc-NTA chelate or NTA aone
to lactating rats.?

The kinetics and metabolism of NTA have been
investigated in several species, including humans.24-27
Absorption of NTA from the gastrointestinal tract is
rapid; however, there is considerable variation among
species in the proportion of NTA eliminated in the urine.
In the rat, mouse and dog, elimination is primarily via
the urine (70 to 95%, 96% and 69 to 80% of orally
administered dose, respectively);2425 in the rabhit,
monkey and man, most NTA is excreted in the faeces,
and elimination viathe urine is much less (23%, 14%
and 12%, respectively).?427 In eight human volunteers,
concentrations in blood peaked one to two hours after
ingestion of 10 mg *C-NTA in gelatin capsules.
Seventy-seven percent of the administered dose was
present in the faeces; approximately 12% of the dose
was eliminated in the urine as unchanged NTA; and less
than 0.1% was exhaled as carbon dioxide. Eighty-seven
percent of the absorbed quantity (i.e., 12 to 13% of the
total dose) was excreted in the urine within 24 hours.?”
NTA does not appear to be metabolized by mammals,
based on the studies in mice, rats, dogs and humansin
which NTA itself is excreted in the urine.2427

NTA accumulates in bone because it forms
complexes with divalent cations such as calcium; its
turnover timein boneis similar to that of calcium. NTA
also accumulates in the kidney; however, it has been
suggested that thisis an artifact associated with the
retention of urine in the kidney rather than actual uptake
by renal tissue.* In dogs administered a dose of
20 mg/kg bw by oral intubation, concentrations of NTA
72 hours after administration were highest in the bone
(2 to 3 ny/g), followed by the kidney (0.43 ng/g). The
concentration of NTA in the blood decreased from a
peak of 16 my/g 75 minutes after administration to
0.02 ny/g after 72 hours.?” Deposition of NTA in the
bone and kidney has been reported in other species of
experimental animals; however, concentrations
decreased rapidly.?>-27 Following a single oral dose of
10 mg, the concentration of NTA in thetibia of rats
declined from 29 ng/g bone after one hour to 5 ng/g
bone after 48 hours.?*




Thereis little information regarding the toxicity of
NTA in humans. Based on physical examination, blood
chemistry analysis and urinalysis, no adverse health
effects were reported in the metabolism study in which
volunteers ingested a single dose of 10 mg NTA.%7

NTA does not appear to be highly acutely toxic
to mammals. Oral LDysin rats and mice of 1470 and
3160 mg/kg bw, respectively, have been reported.?8 The
oral LD, of Na;NTA.H,0 is about 2000 mg/kg bw for
rodents. The oral LDgs for rats for the metal com-
plexes of NTA that are commonly found in drinking
water range from 810 mg/kg bw for CUNaNTA to
greater than 22 500 mg/kg bw for NiNaNTA.*

Results of subchronic studiesin which NTA has
been administered orally indicate that the kidney isthe
target organ and that damage is dose-dependent and
rapidly induced. In male Sprague-Dawley rats (nine per
group) exposed to drinking water containing 0.01, 0.1 or
1% Na;NTA (equivalent to 7, 70 and 700 mg NTA/kg
bw per day)* for 10 weeks, six of the nine animalsin the
high dose group died by the fourth week, and the rest
appeared moribund and were sacrificed. Animalsin this
group had marked vacuolization of renal tubules;
glycosuriawas also present in five of seven of these rats.
Blood glucose levels were significantly elevated at al
dose levels. This hyperglycaemic effect of Na;NTA was
confirmed in a study involving a second strain of rats
(Charles River CD rats), in which groups of 25 males
consumed drinking water containing 0.01, 0.05 or 0.1%
Na;NTA (7, 35 or 70 mg NTA/kg bw per day) for
10 weeks. Significantly elevated blood glucose levels
were observed in the two higher dose groups; the blood
glucose level in the 0.01% dose group was also elevated,
although not significantly. There was considerable
variation in the degree of hyperglycaemiaamong
animals. The authors speculated that the hyperglycaemia
may be related to a decrease in the availability of
essential metals as cofactors for insulin.?®

In alimited investigation in which two skeletally
mature dogs were administered 2.5 mg/kg bw Na;NTA
in their drinking water for seven months, radial closure
rates and the percentage of osteoid seamstaking a
fluorescent label were decreased, suggesting
interference with the mineralization process.%° It has

* Unlessincluded in the cited reference, dose conversions are based
on the assumption that ingestion of 1 mg/kg in food and 1 mg/L in
water by a0.25-kg rat is equivalent to 0.6 and 0.1 mg/kg bw per
day, respectively, and ingestion of 1 mg/kg in food and 1 mg/L
water by a0.025-kg mouseis equivalent to 0.12 and 0.2 mg/kg bw
per day, respectively.?® A dose of 1.0 mg/kg bw per day of
Na,NTA.H,O is considered to be equivalent to 0.7 mg NTA/kg bw
per day, based on molecular weights of 191 and 275 g for NTA and
Na,NTA.H,O, respectively.
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been concluded that 8 ng NTA/g bone would probably
have no demonstrable effect on bone development in
therat, based on cal culations from experimental data
showing that the amount of calcium combined with
NTA in the bone at thislevel isasmall fraction
(0.007%) of thetotal calcium turned over in 24 hours.2

In a subchronic bioassay in which groups of
weanling Sprague-Dawley rats (10 males and
10 females per group) were fed diets containing 0, 2000,
7500, 10 000 or 20 000 ppm Na;NTA (84, 315, 420 or
840 mg NTA/kg bw per day) for 90 days, hydro-
nephrosis was observed in 63% of the animalsin the
high dose group. Mild hydropic degeneration of the
kidney tubular cellswas reported in four of 10 male rats
in the 7500 ppm dose group; two other malesin this
group had tubular atrophy and dilation. Rats consuming
the diet containing 10 000 ppm Na;NTA had similar but
more extensive changes to the kidney. No adverse
effects were observed at 2000 ppm.3!

The chronic toxicity and tumorigenicity of NTA
administered orally have been investigated in seven
bioassays in rats and mice. In the earliest of these
studies, groups of weanling Charles River CD rats
(50 per sex per group) were fed diets containing 0.03,
0.15 or 0.5% NagNTA or 0.5% of the calcium chelate of
NTA for two years, with sacrifices at six, 12, 18 and
24 months. A significant increase in urinary zinc was
reported in the groups receiving 0.15 and 0.5% Na;NTA
and 0.5% of the calcium chelate. This dose-dependent
increase in urinary zinc was accompanied by a dose-
dependent increase in renal tubular cell toxicity. Mild
nephrosis consisting of hydropic degeneration of tubular
cells and the minor tubule was observed at six months at
0.15 and 0.5% Na;NTA, the incidence and severity of
which became more pronounced as the study continued.
Renal effects at 0.5% Na;NTA and 0.5% calcium-NTA
chelate were severe. The no-observed-adverse-effect
level (NOAEL) for nephrosis or nephritisin rats was
considered to be 0.03% Na;NTA, which the authors
stated was equivalent to 30 mg/kg bw per day in young
rats, and 15 mg/kg bw per day asthey grew older (or
20 and 10 mg NTA/kg bw per day, respectively). There
were no significant increases in the incidence of tumours
in any of the dose groups.?

Greenblatt and Lijinsky32 conducted a study in
which groups of about 80 Swiss mice were administered
drinking water containing 5g NTA/L or 5gNTA +1g
NaNO,/L for 26 weeks. The mice were killed after 37 or
38 weeks. There was an increase in the number of lung
adenomas in the group receiving NTA and NaNO, in
combination; this increase was not significant when the
sexes were considered separately. The authors concluded
that neither NTA nor the combination of compounds
was carcinogenic to mice. In asimilar study conducted
in groups of 15 male and 15 female MRC rats exposed
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for 84 weeks and killed after 104 weeks, there was no
evidence of carcinogenicity or other toxic effects of
NTA .33 However, the periods of administration and
observation in the mice bioassay were short, and only
small numbers of animals were exposed in the rat study.

The National Cancer Institute (NCI) evaluated the
results of NTA carcinogenicity studies conducted at two
laboratories.3* The statistical analysis of the results of
these bioassays was incomplete; where available,
however, the significance of the observed effectsis
specified. In the first experiment, groups of 24 male
and 24 female inbred Fischer 344 rats were fed diets
containing 200, 2000 or 20 000 ppm Na;NTA.H,0 (8.4,
84 or 840 mg NTA/kg bw per day) for two years. A 10
to 12% decrement in body weight was observed in the
high dose group; survival was also significantly
decreased in males consuming the highest dose.
Enlarged and hard kidneys were also observed between
60 and 64 weeks in 59% of the male rats and in 9% of
the female ratsin this group. A significant increase in
primary neoplasms of the urinary tract was reported in
both males and females in the high dose group
(incidence of 58 and 54%, respectively). The tumours
included transitional cell carcinomas, atubular cell
carcinomas and tubular cell adenomas of the kidney, and
transitional cell carcinomas of the ureter and urinary
bladder. Five males and five femalesin the high dose
group (21% for either sex) had metastatic transitional
cell carcinomas, which appeared most frequently in the
lung and often in the lymph node, pancreas, adrenal
gland and seminal vesicle. Most of the rats of both sexes
in the high dose group (exact numbers not specified) had
moderate to severe nephritis or hydronephrosis. The
NOAEL in this study is considered to be 2000 ppm
Na;NTA.H,O (84 mg NTA/kg bw per day).

The second study involved both Fischer 344 rats
and B6C3F, mice (50 of each sex for treated groups, 20
for the control groups). Rats were fed diets containing
7500 or 15 000 ppm of HZNTA (450 or 900 mg/kg bw
per day) or Na;NTA.H,0O (315 or 630 mg NTA/kg bw
per day) for 18 months, followed by the control diet for
six months. The mice were fed diets containing either
7500 or 15 000 ppm HZNTA (900 or 1800 mg/kg bw per
day) or 2500 or 5000 ppm Na;NTA.H,0 (210 or 420 mg
NTA/kg bw per day) for 18 months, followed by a
control diet for three months. Animals were sacrificed
at the end of the control diet period.

Body weight in rats was depressed in a dose-related
manner by both compounds. In rats exposed to the high
dose (15 000 ppm) of H;NTA, there was a significant
increase in the incidence of avariety of neoplastic
lesions of the urinary tract compared with the control
group (15 and 28% in males and females, respectively,
vs. 0% in either sex of controls). Therewas also a
non-significant increase in these lesions in the group

of rats exposed to the low dose (7500 ppm) of H;NTA
(2 and 4% in males and females, respectively, vs. 0%

in controls). A dlight increase in the incidence of
neoplasms of the urinary system was observed in the
rats exposed to 7500 ppm of the trisodium salt (8% in
both males and females) and in the animals receiving
the diet containing 15 000 ppm (4% in both males and
females) compared with the control group (0%). Most
of the tumours were primary epithelial in origin and
included tubular cell adenomas and adenocarcinomas of
the kidney and papillomas of the ureter in male rats, and
transitional cell carcinomas of the bladder in females.
These tumours were not present in any of the control
animals and only rarely develop spontaneously in the
strain tested. The authors also reported a positive
dose—response relationship for the incidence of tumours
of the endocrine system, although the incidence of these
tumours was 10, 32 and 16% (males) and 30, 26 and
50% (females) in the controls, low and high dose
groups, respectively. Hyperplasia and inflammation of
the urinary tract were present more frequently in treated
animalsthan in controls. A dose-related increasein the
incidence of neoplastic nodules of the liver was aso
reported in female rats consuming H;NTA. All animals
treated with the sodium salt had moderate to severe
nephritis; less severe nephritis was present in fewer of
the control animals.

In male mice receiving the high dose of H;NTA,
and in female mice of the high and low dose groups,
average body weights were depressed compared with
the controls (significance not reported). The average
body weights of male and female mice exposed to
Na;NTA.H,O were depressed in a dose-related manner.
There was a statistically significant increase in tumours
of the kidney, especially tubular cell adenocarcinomas,
in malesingesting 15 000 ppm HNTA (52% vs. 0% in
control animals). Eight percent of females in the high
dose group and 10% of males receiving 7500 ppm
H;NTA also developed kidney tumours. The only
significant increase in tumour incidence in mice
consuming Na;NTA.H,O was a dose-related increase in
the incidence of tumours of the haematopoietic system
inmales (0, 8 and 18% in the 0, 2500 and 5000 ppm
groups, respectively). Hydronephrosis was induced
in the high dose groups of mice exposed to either
compound (15 000 ppm H;NTA or 5000 ppm
Na;NTA.H,0) and the male mice ingesting 7500 ppm
H;NTA; hydronephrosis was not observed in control
mice.

It isnot possible to establish aNOAEL or
lowest-observed-adverse-effect level (LOAEL) based
on the data presented for the second study in the NCI
report, owing to the inadequacy of the statistical analysis
of the results.




Sprague-Dawley male albino rats of two different
ages (body weights 70 and 350 g at commencement
of the experiment) were exposed to drinking water
containing 1000 ppm Na;NTA (70 mg NTA/kg bw per
day) for two years. At the termination of the study, there
were 186 rats in the control group and 183 in the
experimental group. Mortality was significantly higher
in the exposed rats in the first 550 days of the study
period (19.7% vs. 11.2% in the controls). The incidence
of renal tumours, including renal adenomas and renal
adenocarcinomas, was significantly increased in the
exposed animals (15.8% vs. 2.7%). Eighty-five percent
of animals (both control and experimental) that survived
the study period had some degree of nephritis or renal
tubular hyperplasia. The incidence and severity of
nephritis did not appear to be related to NTA exposure,
whereas the more severe grades of hyperplasiawere
seen more frequently in treated animals.3®

Based on studies*36-38 of the histogenesis of renal
tubular cell neoplasms associated with the ingestion of
high doses of NTA in animal studies, Anderson et al.#
proposed the following mechanism for their induction.
The initial and persistent marker of NTA-induced renal
tubular cell toxicity isthe formation of cytoplasmic
vacuoles of the proximal convoluted tubular epithelium.
Upon continued exposure, these vacuoles proceed
through a series of time-and dose-dependent hyper-
plasias of increasing severity leading to neoplasia.38:3°
Vacuolization aloneis not sufficient to induce
hyperplasia, as extensive vacuolization caused by
repeated intraperitoneal doses of sucrose does not
progress to hyperplasia.* However, concomitant with
progression of vacuolization, NTA exacerbates the
spontaneous nephrosis and nephritis characteristic
in aging rats, and, with continued exposure, a small
proportion of the damaged kidneys may develop renal
tubular cell adenomas and adenocarcinomas. The
damage appears to be reversible prior to the stages
of adenomatous hyperplasia and neoplasia.®

Vacuoles result following exposure to single doses
by gavage in water of 0.11 mmol NTA/kg bw (21 mg/kg
bw) in male Sprague-Dawley rats but not 0.073 mmol
NTA/kg bw (14 mg/kg bw). Vacuoles devel op within
1.5to six hours following a single dose of 7.3 mmol
NTA/kg bw (1400 mg/kg bw) by gavage in water and
may persist for up to 72 hours.*!

The renal toxicity of NTA, which is considered
to be a necessary precursor for renal tubular cell
neoplasms, has been attributed to alterations in divalent
cation (notably zinc and calcium) distribution in the
urinary tract during urinary excretion. Urinary calcium
and zinc increased and urinary magnesium decreased in
weanling male Charles River rats fed 2% Na;NTA.H,O
(840 mg NTA/kg bw per day) or 1.5% HNTA
(630 mg/kg bw per day) in the diet for five weeks;
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conversely, in the faeces, adecreasein zinc and an
increase in magnesium were observed. The disposition
of ingested manganese, iron or copper is not measurably
altered by high doses of NTA.*2 Renal tubular cell
toxicity is believed to be dependent on an increase in
reabsorption of zinc from the plasma ultréfiltrate by
tubular cells.8

Transitional epithelial cell tumours occur only at
doses of NTA higher than those that induce renal tubular
cell tumours. Anderson et al. observed that only NTA
doses that increase urinary calcium are associated with
transitional epithelial cell tumours (i.e., 3 1.4 mmol/kg
bw per day, or 267.4 mg/kg bw per day).* It has been
hypothesized that at concentrations of NTA in urine
that exceed the total divalent metal concentration,
uncomplexed NTA extracts extracellular calcium from
thetransitional epithelial cells of the urinary tract faster
than it can be replenished.* Extraction of extracellular
calcium reduces cell-to-cell adhesion, causing surface
erosion, which provides an inordinate and sustained
mitotic stimulus, which in turn can result in neoplasia
in the presence of continued exposure.* Reductionsin
extracellular calcium are hypothesized to be a significant
factor in metastasis.*®

The effect of zinc on renal tubular cell toxicity
induced by NTA has been investigated. Rats (strain
unspecified) were fed diets containing a constant
nephrotoxic level of NTA (actual dose not specified)
with one of four dietary levels (8, 14, 21 or 52 ppm,
equivalent to 0.48, 0.84, 1.26 or 3.12 mg/kg bw per day)
of zinc for four weeks. There was a dose-dependent
increase in the incidence of severe lesions (vacuoles
with nodular hyperplasia) in rats ingesting the two
highest doses (21 and 52 ppm) of zinc along with NTA,
whereas the lower doses of zinc with NTA produced
only vacuoles without hyperplasia and two sites of
simple hyperplasiain the 14 kidneys that were
examined.® The extent of renal tubular cell
vacuolization in rats (strain unspecified) induced
by a dose of 7.3 mmol NTA/kg bw (1400 mg/kg bw)
administered by gavage (vehicle unspecified) was
increased when followed by infusion with 0.3 mmol/kg
bw ZnSO,, (57 mg/kg bw) compared with that induced
by the same dose of NTA followed by saline infusion.
However, there was no vacuolization at alower non-
toxic dose of NTA (0.073 mmol/kg bw, or 14 mg/kg bw)
when followed by ZnSO, infusion. Therefore, although
the availability of zinc in the plasma appears to
influence the degree of vacuolization, increased
availability of zinc does not appear to ater the
threshold dose at which NTA induces vacuolization.

High dietary doses of NTA (i.e., 10 000 ppm
Na;NTA.H,O, or 420 mg NTA/kg bw per day) induced
renal tubular cell tumoursin 100% of “W” rats
previously exposed to 1000 ppm N-ethyl-N-
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hydroxyethylnitrosamine (EHEN), compared with 39%
incidence at 500 ppm (21 mg NTA/kg bw per day) and
33% in control rats with EHEN-only diets. Hyperplasia
of transitional cellswas present in all rats administered
the high dose of Na;NTA.H,0; however, no transitional
cell tumours were found.* Doses of Na;NTA.H,O that
induced simple hyperplasia of the urinary bladder
epithelium increased urinary bladder carcinogenesis
initiated by N-butyl-N-(4-hydroxybutyl) nitrosamine
(BBN) in Wistar rats in a dose-dependent manner.*®
Similarly, Na;NTA.H,O enhanced urinary bladder
carcinogenesis initiated by BBN in Fischer 344 rats. %6
Na;NTA.H,O significantly increased the incidence of
urinary neoplastic and pre-neoplastic lesionsinitiated by
N-bis(2-hydroxypropyl)-nitrosamine (DHPN), whereas
H;NTA produced only a slight, insignificant increase.
Treatment with Na;NTA.H,0 also increased urinary pH
and sodium ion content. Simultaneous treatment with
NH,CI reduced the enhancing activity of both com-
pounds, as well as urinary pH and sodium ion content.4”

The mutagenic and clastogenic potential of NTA
has been investigated both in vivo and in vitro.48-58 With
the exception of several studies that involved high or
prolonged dosing (where the level of NTA exceeded
that of the divalent cationsin the medium), the results of
assays conducted to date have been largely negative, and
it has been concluded that NTA is not genotoxic.14 NTA
increases the solubilization of some poorly soluble
metal complexes and thus enhances the intracellular
availability of potentially mutagenic complexes. It
enhanced the induction of sister chromatid exchangesin
Chinese hamster cells by insoluble salts of some heavy
metals,5359 and some insoluble salts of chromium(V1)
are mutagenic in the Salmonella microsome assay only
in the presence of NTA or NaOH.%0

NTA isnot teratogenic when administered alone or
in combination with heavy metals such as cadmium or
mercury. Teratogenic effects were not observed in a
study in which 10 pregnant NMRI strain albino mice
consumed water containing 0.2% NTA (400 mg/kg bw
per day) on days 6 through 18 of gestation, although
NTA accumulated in foetal skeletons.5* Na;NTA was
neither teratogenic nor embryotoxic in atwo-generation
study in Charles River CD rats fed a continuous diet
containing 0.1 or 0.5% Na;NTA (70 or 350 mg NTA/kg
bw per day) or in pregnant rats fed the same diets during
organogenesis.®2 Similarly, no teratogenic or embryo-
toxic effects were observed in rabbits ingesting up to
250 mg/kg bw per day Na;NTA (175 mg NTA/kg bw
per day) during organogenesis.®2 NTA does not enhance
the teratogenic potential of cadmium or methyl mercury
when they are administered simultaneously to ratsin
drinking water.6364

Classification and Assessment

NTA is poorly absorbed in man compared with
experimental animals and does not appear to be
metabolized in mammalian systems. It has not been
found to be teratogenic or genotoxic in studies
conducted to date but has induced urinary tract tumours
in rats and mice at high doses. The induction of tumours
is considered to be due to cytotoxicity resulting from the
chelation of divalent cations such as zinc and calcium in
the urinary tract, which leads to the devel opment of
hyperplasia and neoplasia. In general, neoplasms
occur only following chronic ingestion of NTA at
concentrations greater than 0.5 mmol NTA/kg bw per
day (100 mg/kg bw per day), whereas nephrotoxicity
occurs at alower level, between 0.05 mmol/kg bw per
day (10 mg/kg bw per day) and 0.3 mmol/kg bw per day
(60 mg/kg bw per day).*

Because NTA induces tumours only at doses higher
than those that are nephrotoxic, it is classified in Group
[11B (possibly carcinogenic to man), and the acceptable
daily intake (ADI) is derived by division of the LOAEL
or NOAEL for nephrotoxic effects by alarge uncertainty
factor to account for the evidence of urinary tumour
induction at high doses.

The lowest NOAEL for nephrotoxic effects was
obtained in the two-year study in rats by Nixon et al.22
in which an increased incidence of nephritis and
nephrosis was observed in rats consuming diets
containing 0.15% Na;NTA but not 0.03% Na;NTA (or
10 mg NTA/kg bw per day). Similar levels of NTA have
induced hyperglycaemiain rats in a subchronic study.?
Based on this NOAEL of 10 mg/kg bw per day, the ADI
of NTA indrinking water is derived as follows:

10 mg/kg bw per day

ADI = =0.01 mg/kg bw per day

1000
where:
- 10 mg/kg bw per day is the lowest NOAEL for nephrotoxic effects
inrats??
- 1000 is the uncertainty factor (i10 for interspecies variation;
i10 for intraspecies variation; and i10 for the carcinogenic
potential at high doses).

In view of the higher absorption of NTA inrats
than in man, it should be noted that this ADI is probably
conservative.

Based on the above ADI, the maximum acceptable
concentration (MAC) for NTA in drinking water is
derived asfollows:

_ 0.01 mg/kg bw per day i 70 kg bw i 0.80

MAC » 0.4 mg/L

15L/d

where:
- 0.01 mg/kg bw per day isthe ADI, as determined above
- 70 kg bw is the average body weight of an adult




- 0.80isthe proportion of daily intake of NTA allocated to drinking
water (there are few data available on concentrations of NTA in
food; however, drinking water is expected to be the primary source
of intake)

- 1.5L/d isthe average daily consumption of drinking water for an

adult.

Based on the rapid degradation of NTA in the
environment and the non-routine nature of currently
available analytical methods for this compound, it is
not necessary to monitor for NTA on aregular basisin
drinking water supplies, unless there is sufficient reason
to suspect its presence in the source supply at levels
approaching the MAC.

References

1. International Joint Commission. A report to the Great Lakes
Research Advisory Board on the health implications of NTA (1977).

2. Kaur, G, Hasan, SK. and Srivastava, R.C. Effect of nitrilotriacetic
acid (NTA) on the distribution of manganese-54 inrats. Arch.
Toxical., 45: 203 (1980).

3. Pollack, S. and Ruocco, S. Synergistic effect of nitrilotriacetate
on iron mobilization by desferrioxamine in vivo. Blood, 57(6): 1117
(1981).

4. Anderson, R.L., Bishop, W.E. and Campbell, R.L. A review of
the environmental and mammalian toxicology of nitrilotriacetic acid.
CRC Crit. Rev. Toxical., 15(1): 1 (1985).

5. Cripps, R.E. and Noble, A.S. Metabolism of nitrilotriacetate
by a pseudomonad. Biochem. J., 136: 1059 (1973).

6. Tiedje, JM., Mason, B.B., Warren, C.B. and Malec, E.J.
Metabolism of nitrilotriacetate by cells of Pseudomonas species.
Appl. Microbiol., 25: 811 (1973).

7. Firestone, M K. and Tiedje, J.M. Pathway of degradation
of nitrilotriacetate by a Pseudomonas species. Appl. Environ.
Microbiol., 35: 955 (1978).

8. Larson, R.J. and Davidson, D.H. Acclimation to and
biodegradation of nitrilotriacetate (NTA) at trace concentrations
in natural waters. Water Res., 16: 1597 (1982).

9. Pfeil, B.H. and Lec, G.F. Biodegradation of NTA in aerobic
systems. Environ. Sci. Technol., 2: 543 (1968).

10. Eden, G.E., Culley, G.E. and Rootham, R.C. Effect of
temperature on the removal of NTA (nitrilotriacetic acid) during
sewage treatment. Water Res., 6: 877 (1972).

11. Rudd, W.M., Townsend, B.E. and Hamilton, R.D. Discharge
of nitrilotriacetate (NTA) from two sewage treatment facilitiesin a
mid-continental climate. J. Fish. Res. Board Can., 30: 1062 (1973).

12. Larson, R.J, Clinckemaillie, G.G. and Van Belle, L. Effect
of temperature and dissolved oxygen on biodegradation of
nitrilotriacetate. Water Res., 15(5): 615 (1981).

13. Shannon, E.E., Fowlie, P.J.A. and Rush, R.J. A study of
nitrilotriacetic acid (NTA) degradation in areceiving stream.
Technol. Dev. Rep. No. EPS-4-WP-74-7, Water Pollution Control
Directorate, Environmental Protection Service, Environment Canada,
Ottawa (1974).

14. Bjorndal, H., Bouveng, H.O., Solyom, P. and Werner, J.
NTA in sewage treatment—3. Vatten, 28: 5 (1972).

Nitrilotriacetic Acid (01/90)

15. Ventullo, R.M. and Larson, R.J. Metabolic diversity and activity
of heterotrophic bacteriain ground water. Environ. Toxicol. Chem.,
4: 759 (1985).

16. Warren, C.B. and Malec, E.J. Biodegradation of nitrilotriacetic
acid and related imino and amino acidsin river water. Science, 176:
277 (1972).

17. Thompson, J.E. and Duthie, J.R. The biodegradability and
treatment of NTA. J. Water Pollut. Control Fed., 40: 303 (1968).

18. Chau, Y.K. and Shiomi, M.T. Complexing properties of
nitrilotriacetic acid in the lake environment. Water Air Soil Pollut.,
1(2): 149 (1972).

19. McFuff, R.E. and Mord, F.M. Tech. Rep. EQ-73-02, W.M. Keck
Laboratory of Environmental Science, California Institute of
Technology, Pasadena, CA (1973), cited in reference 4.

20. Malayandi, M., Williams, D.T. and O’ Grady, R. A national
survey of nitrilotriacetic acid in Canadian drinking water. Environ.
Sci. Technol., 13: 59 (1979).

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

22. Nixon, G.A., Buehler, E.V. and Niewenhuis, R.J. Two-year rat
feeding study with trisodium nitrilotriacetate and its calcium chelate.
Toxicol. Appl. Pharmacol., 21: 244 (1972).

23. Keen, C.L., Lonnerdal, B., Sloan, M.V. and Hurley, L.S. Effect
of dietary iron, copper and zinc chelates of nitrilotriacetic acid
(NTA) on trace metal concentrationsin rat milk and materna and
pup tissues. J. Nutr., 110: 897 (1980).

24. Michael, W.R. and Wakim, J.M. Metabolism of nitrilotriacetic
acid (NTA). Toxicol. Appl. Pharmacol., 18: 407 (1971).

25. Chu, ., Becking, G.C., Villeneuve, D.C. and Viau, A.
Metabolism of nitrilotriacetic acid in the mouse. Bull. Environ.
Contam. Toxicol., 19: 417 (1978).

26. Budny, JA. Metabolism and blood pressure effects of disodium
nitrilotriacetate (Na,NTA) in dogs. Toxicol. Appl. Pharmacol., 22:
655 (1972).

27. Budny, JA. and Arnold, F.D. Nitrilotriacetate (NTA): Human
metabolism and itsimportance in the total safety program. Toxicol.
Appl. Pharmacol., 25: 48 (1973).

28. NIOSH. Registry of toxic effects of chemical substances,
1983-84. Cumulative supplement to the 198182 edition. U.S.
Department of Health and Human Services (1985).

29. Mahaffey, K.R. and Goyer, R.A. Trisodium nitrilotriacetate
in drinking water. Arch. Environ. Health, 25: 271 (1972).

30. Anderson, C. and Danylchuk, K.D. The effect of chronic
administration of trisodium nitrilotriacetate (Na;NTA) on the
Haversian remodelling system in dogs. J. Environ. Pathol. Toxicol.,
3: 413 (1980).

31. Nixon, G.A. Toxicity evaluation of trisodium nitrilotriacetate.
Toxicol. Appl. Pharmacol., 18: 398 (1971).

32. Greenblatt, M. and Lijinsky, W. Carcinogenesis and chronic
toxicity of nitrilotriacetic acid in Swiss mice. J. Natl. Cancer Inst.,
52: 1123 (1974).

33. Lijinsky, W., Greenblatt, M. and Kommineni, C. Feeding studies
of nitrilotriacetic acid and derivativesin rats. J. Natl. Cancer Ingt.,
50: 1061 (1973).




Nitrilotriacetic Acid (01/90)

34. Nationa Cancer Institute. Bioassays of nitrilotriacetic acid (NTA)
and nitrilotriacetic acid, trisodium salt, monohydrate (Na;NTA -H,0)
for possible carcinogenicity. NCI-CG-TR-6, DHEW Publication No.
(NIH) 77-806, Bethesda, MD (1977).

35. Goyer, RA., Fak, H.L., Hogan, D.D. and Richter, W. Renal
tumorsin rats given trisodium nitrilotriacetic acid in drinking water
for two years. J. Natl. Cancer Inst., 66: 869 (1981).

36. Alden, C.L. and Kanerva, R.L. The pathogenesis of renal cortical
tumoursin rats fed 2% trisodium nitrilotriacetate monohydrate. Food
Chem. Toxicol., 20: 441 (1982).

37. Anderson, R.L., Alden, C.L. and Merski, JA. The effects of
nitrilotriacetate on cation disposition and urinary tract toxicity. Food
Chem. Toxicol., 20: 105 (1982).

38. Anderson, C.L. Artifacts due to secondary pathology: Case study
examples. J. Am. Coll. Toxicol., 2/3: 127 (1983).

39. Merski, JA. Alterations of renal tissue structure during a 30-day
gavage study with nitrilotriacetate. Food Chem. Toxicol., 20: 433
(1982).

40. Alden, C.L. and Kanerva, R.L. Reversibility of renal cortical
lesions induced in rats by high doses of nitrilotriacetate in chronic
feeding studies. Food Chem. Toxicol., 20: 935 (1982).

41. Merski, JA. Acute structural changesin renal tubular epithelium
following administration of nitrilotriacetate. Food Cosmet. Toxicol.,
19: 463 (1981).

42. Anderson, R.L. and Kanerva, R.L. Effect of nitrilotriacetate
(NTA) on cation balance in the rat. Food Cosmet. Toxicol., 16: 562
(1978).

43. Coman, R.D. Mechanisms responsible for the origin and
distribution of blood-borne tumor metastases, areview. Cancer
Res., 13: 397 (1953).

44. Hiasa, Y., Kitahori, Y., Konishi, N., Enoki, N., Shimoyama, T.
and Miyashiro, A. Trisodium nitrilotriacetate monohydrate:
Promoting effects on the development of renal tubular cell tumours
in rats treated with N-ethyl-N-hydroxyethylnitrosamine. J. Natl.
Cancer Inst., 72: 483 (1984).

45. Kitahori, Y., Konishi, N., Shimoyama, T. and Hiasa, Y.
Dose-dependent promoting effect of trisodium nitrilotriacetate
monohydrate on urinary bladder carinogenesisin Wistar rats
pretreated with N-butyl-N-(4-hydroxybutyl)nitrosamine. Jpn.
J. Cancer Res. (GANN), 76: 818 (1985).

46. Fukushima, S., Kurata, Y., Tamano, S., Inoue, K. and Ito, N.
Promoting effect of trisodium nitrilotriacetate monohydrate on
urinary bladder carcinogenesisin rats. Jpn. J. Cancer Res. (GANN),
76: 823 (1985).

47. Kitahori, Y., Shimoyama, T., Ohshima, M., Matsuki, H.,
Hashimoto, H., Minami, S., Kunishi, N. and Hiasa, Y. Effects of
trisodium nitrilotriacetate monohydrate, nitrilotriacetic acid and
ammonium chloride on urinary bladder carcinogenesisin rats
pretreated with N-bis(2-hydroxypropyl)nitrosamine. Cancer Lett.,
43: 105 (1988).

48. Montaldi, A., Mariot, R., Zordan, M., Paleologo, M. and

Levis, A.G. Nitrilotriacetic acid (NTA) does not induce chromosomal
damage in mammalian cells either in vitro or in vivo. Mutat. Res.,
208: 95 (1988).

49. Celotti, L., Furlan, D., Ferraro, P. and Levis, A.G. DNA damage
and repair induced in vitro by nitrilotriacetic acid (NTA) in human
lymphocytes. Mutat. Res., 209: 149 (1988).

50. Bora, K.C. Effects of nitrilotriacetic acid (NTA) on chromosome
replication and structure in human cells. Mutat. Res., 31: 325 (1975).

51. VedBrat, S. and Williams, G.M. Nitrilotriacetic acid does not
induce sister-chromatid exchanges in hamster or human cells. Food
Chem. Toxicol., 22(3): 211 (1984).

52. Grilli, M.P. and Capucci, A. Mutagenic effect of nitrilotriacetic
acid on cultured human cells. Toxicol. Lett., 25: 137 (1985).

53. Montadi, A., Zentilin, L., Venier, P., Gola, ., Bianchi, V.,
Paglialunga, S. and Levis, A.G. Interaction of nitrilotriacetic acid
with heavy metalsin the induction of sister chromatid exchanges
in cultured mammalian cells. Environ. Mutagen., 7: 381 (1985).

54. Dunkel, V.C. and Simmon, V.F. Mutagenic activity of chemicals
previously tested for carcinogenicity in the National Cancer Institute
Bioassay Program. In: Molecular and cellular aspects of carcinogen
screening tests. R. Montesano, H. Bartsch and E. Tomatis (eds.).
IARC Scientific Publication, Lyon, France. 249 pp. (1980).

55. Costa, R., Russo, A., Zordan, M., Pacchierotti, F., Tavella, A.
and Levis, A.G. Nitrilotriacetic acid (NTA) induces aneuploidy in
Drosophila and mouse germ-line cells. Environ. Mol. Mutagen.,
12: 397 (1988).

56. Jorgenson, T.A., Newell, G.W., Gribling, P., O’Brien, M. and
Chu, D. Study of the mutagenic potential of the monocalcium salt
of nitrilotriacetic acid (NaCaNTA) by the dominant lethal test in
mice. Toxicol. Appl. Pharmacal., 33: 173 (1975).

57. Epstein, S.S., Arnold, E., Andrea, J., Bass, W. and Bishop, Y.
Detection of chemical mutagens by the dominant lethal assay in
the mouse. Toxicol. Appl. Pharmacol., 23: 288 (1972).

58. Kramers, P.G.N. Mutagenicity studies with nitrilotriacetic acid
(NTA) and Citrex S5 in Drosophila. Mutat. Res., 40: 277 (1976).

59. Nunziata, A., Monaco, M., Loprieno, N., Boncristiani, G.,
Venier, P. and Montaldi, A. Mutagenic activity of nitriloacetic acid.
Arch. Toxicol., Suppl. 7: 407 (1984).

60. Loprieno, N., Boncristiani, G., Venier, P., Montaldi, A.,
Majone, F., Bianchi, V., Paglialunga, S. and Levis, A.G. Increased
mutagenicity of chromium compounds by nitrilotriacetic acid.
Environ. Mutagen., 7: 185 (1985).

61. Tjave, H. A study of the distribution and teratogenicity of
nitrilotriacetic acid (NTA) in mice. Toxicol. Appl. Pharmacol., 23:
216 (1972).

62. Nolen, G.A., Klusman, L.W., Back, D.L. and Buehler, E.V.
Reproduction and teratology studies of trisodium nitrilotriacetate
in rats and rabbits. Food Cosmet. Toxicol., 9: 509 (1971).

63. Nolen, G.A., Bohne, R.L. and Buehler, E.V. Effects of trisodium
nitrilotriacetate, trisodium citrate and a trisodium nitrilotriacetate—
ferric chloride mixture on cadmium and methyl mercury toxicity and
teratogenesisin rats. Toxicol. Appl. Pharmacol., 23: 238 (1972).

64. Nolen, G.A., Buehler, E.V., Geil, R.G. and Goldenthd, E.I.
Effects of trisodium nitrilotriacetate on cadmium and methy!
mercury toxicity and teratogenicity in rats. Toxicol. Appl.
Pharmacol., 23: 222 (1972).




