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THE ECETOC SCHEME FOR THE
"JOINT ASSESSMENT OF COMMODITY CHEMICALS" {JACC)

This report has been produced as part of a programme for making critical
reviews of the toxicology, including ecotoxicology, of selected industrial
chemicals.

A number of organisations, world-wide, have produced and are continuing to
produce such reviews with the aim of ensuring that, based on an up-to-date
knowledge of the toxicological, and other relevant, information regarding
existing chemicals they can continue to be produced and used safely. ECETOC
is contributing to this activity with its JACC reviews.

In general, commodity chemicals, ije. those produced in large tonnage by
several companies and having widespread and multiple uses, are reviewed
jointly by experts from a number of the companies concerned. Before it is
decided to review a chemical, every effort is made to discover whether an
adequate review exists already, in which case no work is necessary.

It should be noted that in a JACC review only the uses of the chemical as
such are considered, fe. its occurrence as an impurity in other products is
not normally taken into account.
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A critical assessment of the toxicology and ecotoxicology of melamine is
presented. Melamine was chosen as one of four, varied chemicals on which
trial exercises were carried out to aid in developing the JACC scheme.

A. CHEMICAL IDENTITY AND PHYSICAL-CHEMICAL PROPERTIES
NH

2

N C3N6H6
HZN %%¢L—-NH2
N CAS No0.108-78-1

1. Physical Properties

Molecular weight 126.13

Physical form Crystalline solid (monoclinic colourless prisms)
Boiling point sublimes

Melting point 354°C

Specific gravity (14°C) 1.573

Vapour pressure 50 mm Hg (315°C)

Vapour density 4.34 (ajr=1)

Refractive index (20°C) 1.872

Solubility STightly soluble in water; very soluble in

hot water; very slightly soluble in hot
alcohol.

2. Chemical Properties
Purity of technical product : typically 99.5%.
Impurities in technical melamine :

- Guanidine
- Urea
- Ammeline

Amme] ide
Ureidomelamine

‘Melamine cyanurate

3. Monitoring
Methods for analysing melamine depend on the purpose of the analysis,

which could be for the determination of :
- melamine content
- purity



- content of impurities in melamine
- content in waste water.

Melamine can be specifically and quantitatively determined by gravimetric
analysis in which it is precipitated by cyanuric acid (Seiffarth and
Ardelt, 1966).This method is used for the determination of melamine in
urine and blood (Kechek et al.,1975), but is laborious.

Melamine can also be determined by measuring the extinction at 235 nm of
a solution of melamine in ca. 1 N HC1, but the method is not specific for
melamine because ammeline and ammelide also absorb at about the same
wavelength (Farrow et al., 1972). Before the spectrometric determination,
melamine can be separated from impurities by ion-exchange chromatography
(Boitsov et al., 1969) for which both cationic and anionic exchangers can
be used. Anionic exchangers are preferred because the solvents used with
them are less corrosive to the equipment.

B. PRODUCTION AND USE

Melamine is produced by the catalysed decomposition of urea at elevated
temperature and pressure in the presence of excess ammonia.

World production is estimated at 305,000 T/y. The installed production
capacity in Europe 1is about 175,000 T/y. It is used mainly for the pro-
duction of resins and polymers. Less than 1% is used as flame retarder in
plastics or as an additive in concrete.

C. HUMAN EXPOSURE CONDITIONS

People may ‘be occupationally exposed to melamine in production plants by
direct inhalation of dust. The number of these production workers is esti-
mated to be between 400 and 500 in the EEC countries. Data about the
exposure of industrial users of melamine are not available.

Threshold 1imit values for melamine have not been established in Europe or
the United States, possibly because of its very Tow toxicity. Melamine
should be considered as a nuisance dust, for which the ACGIH threshold 1imit
value of 10 mg/m3 is applicable.



D. TOXICOLOGICAL DATA

Toxicological information about melamine has been reviewed by Patty (1981).

Information on recent toxicological research sponsored by American, European

and Japanese companies is also available.

1. Human Data

In the scientific Titerature almost no data about the toxicity of mela-
mine to man have been reported , and only information on irritation and

sensitization is available. Human subjects were exposed to melamine by

means of patch tests but it did not cause irritation or sensitization
(Shaffer, 1955).

2. Experimental Data

2.1,

2.2.

Acute toxicity

The acute oral LD50 for mice is 4500 mg/kgbw. Signs of toxicity
accompanying the administration of lethal doses to mice included
lachrymation, dyspnea, intermittent tremors and coma preceding death.
Vasodilatation in the tail and ears, and paralysis of the forequarters
were also observed (Schaffer, 1955). The acute oral L050 for male and
female rats is 3160 and 3850 mg/kgbw, respectively (NTP,1982).Melamine
produced neither local irritation nor systemic toxicity when applied
as a paste in water to the skin of rabbits at doses as high as 1
g/kgbw. A 1% solution in water, applied under a rubber cuff to guinea
pig skin, produced 1ittle or no irritation (Shaffer, 1955). Sensiti-
zation in guinea pigs could not be induced (Fassett and Roudabush,
1981).

Introduction of melamine powder into the rabbit eye caused mild
transient irritation, but a ten percent suspension in water

was without any effect (Shaffer, 1955).

Subacute toxicity

When rabbits and dogs were fed 126 mg/kgbw daily for 1 to 4 weeks, no
effects were found either macroscopically or microscopically
(Lipschitz and Stockey, 1945).

Crystalline deposits were found in the renal tubules of rats given
five successive intraperitoneal doses of 500 mg/kgbw. No symptoms were
observed except for moderate transient weight loss, and histological



2.3.

examinations revealed no differences from the controls. (Philips and
Thiersch,1951).

Pre-chronic studies (NTP,1982) showed the formation of bladder stones
in rats dosed with high concentrations of melamine in their feed. In a
l4-day study, most of the males were given 10,000 ppm melamine or
more, and most of the females 20,000 ppm or more. In two 13-week
studies there was a dose-related incidence from 750 to 18,000 ppm in
males, and at levels of 15,000 and 18,000 ppm in females. In the
13-week studies these findings were accompanied by epithelial
hyperplasia of the urinary bladder which increased in gravity and
frequency, in a dose-related fashion, in males dosed with 3,000 ppm to
18,000 ppm, and in 2 of 10 females dosed with 18,000 ppm. The addition
of 1% ammonium chloride to the drinking water had no apparent effect
on the incidence of urinary bladder stones related to the feeding of
melamine. Kidney changes in male rats were minimal. Dose-related
calcareous deposits were observed in the proximal tubules in female
rats. In these studies, males showed a decrease in weight-gain at
doses of 3,000 ppm above, and females at 12,000 ppm and above (NTP,
1982).

Chronic toxicity including carcinogenicity

Dogs were fed with melamine for 1 year at a dietary level of 30,000
ppm. After 60 to 90 days the dogs showed melamine crystalluria, which
continued until the end of the treatment. At these levels there were
no gross pathological and histopathological effects which could be
attributed to the feeding of melamine (Shaffer, 1955).

Rats were fed melamine for two years at a dietary level of 1,000

and 10,000 ppm. Bladder stones associated with benign papillomata were
found in about one-third of the animals at the higher dose level.
These papillomata are interpreted as a typical response of the bladder
mucosa to the presence of bladder stones. From later experiments it
appeared that the bladder stones consisted of melamine. No other gross
pathological and histopathological effects were found at either dose
level compared to the controls (Shaffer,1955). .

A two-year feeding study in Fischer 344 rats and B6C3F1 mice was
finished in 1980 (NTP, 1982). Male rats, and female and male mice,
were fed a diet containing 0, 0.225 and 0.45% , and female rats a diet



containing 0, 0.45 and 0.90% of melamine. In 8 of the 49 higher-dosed
male rats, transitional cell carcinomas in the urinary bladder were
observed, but none were found 1in any other treatment group. The
occurrence of bladder tumours was accompanied by the finding of
bladder stones consisting mainly of ﬁe]amine (Mast, 1982; Rao et
al.,1982). These tumours are assumed to be caused by irritation of the
bladder mucosa by the bladder stones. The final NCI report is expected
at the end of 1982.

A life-span rat feeding study was carried out at Raltech Scientific
Services in the USA, sponsored by a number of American, European and
and Japanese producers (Rao et al, 1982). Groups of 55 males were fed
a diet containing 0, 100, 500 and 1,000 ppm, and groups of 55 females
a diet containing 0, 100, 1,000 and 2,000 ppm of melamine. This
mortality and morbidity study was terminated in December 1981 after
exposure of the males for 123 weeks and of the females for 130 weeks.
No differences in survival body weight, feed consumption, gross and
clinical pathology and histopathology were observed between control
and treated groups up to the end of the exposure period. A final
report is still expected.

3. Metabolism and Pharmacokinetics

When a single oral dose of melamine was given to rats and dogs, 50 and
61.3% respectively of the quantity introduced was recovered in the urine
within 6 hours (Lipschitz and Stokey, 1945). From this, a biological
half-1ife of 6 hours for rats and of 4.4 hours for dogs can be estimated, .
if first-order kinetics are assumed. These data suggest that melamine
does not accumulate in the organism.

4. Mutagenicity

Jagannath and Brusick (1977) investigated the mutagenicity of melamine in
microbial systems, according to Ames and Slater, at a maximum applied
dose of 0.5 mg per plate. The test criteria were the number of revertants
of Salmonella typhimurium strains TA-1535, TA-1537, TA-1538, TA-98 and
. TA-100 and Escherichia coli strain WP 2 uvrA; the number of convertants
of Saccharomyces cerevisiae strain D4; and the size of the zone of
growth-inhibition of Escherichia coli strains W 3110/Pol AT and

p3478/Po1/A". A1l tests were carried out in the presence and absence of a

metabolic activation system. Melamine demonstrated no mutagenic activity



in any of these assays and was considered non-mutagenic under the test
conditions.

Mast et al.(1982-a) observed no mutagenic activity in the Ames test with
Salmonella typhimurium strains TA-1535, TA-1537, TA-1538, TA-98 and
TA-100 and in the CHO/HGPRT forward mutation assay, both with and without
metabolic activation.. Exposure of CHO-cells to melamine failed to produce

a dose-dependent increase of sister chromatid exchanges in the presence
or absence of metabolic activation. The maximum applied dose was 5 mg per
plate in the Ames test and 1 mg per ml in the CHO-tests. In addition, the
results for melamine were negative in the rat hepatocyte primary
cu1ture/DNA repair test up to 6 mg/ml, the highest concentration tested
(Pharmakon Res. Int., 1982). The authors interpret the results to mean
that melamine is not mutagenic.

Mast et al.(1982-b) carried out a mouse micro-nucleus assay involving

one single oral dose of 1000 mg/kgbw, or two oral doses of 1,000 mg/kgbw
separated by 24 hours. There was no increase in the number of micro-
nuclei/1,000 polychromatic erythrocytes compared to the negative
controls, i.e. under the test conditions melamine was not mutagenic.

. Reproductive Toxicity

Female rats were given an intraperitoneal injection of 70 mg/kgbw mela-
mine on two successive days between the 4th and 12th day of gestation. By
this route, and at this level of dosing, melamine appeared to be non-
teratogenic (Thiersch, 1957).

E. ECOTOXICOLOGICAL DATA

. Environmental Distribution

The use pattern of melamine is exclusively industrial and therefore
opportunities for it to reach the natural environment, except near
production sites, are limited. Data regarding its occurrence in water or
soil are lacking, but in view of the above there seems no urgent need for
them.



2. Biodegradability

Melamine has a very low biodegradability. Swope and Kenna (1950) measured
the standard BOD5 for melamine as 0.006 g 02/g melamine.- The theoretical
oxygen demand is 3.04 if complete nitrification occurs. Without nitrifi-
cation, oxygen consumption will not occur. Hauck and Stephenson (1964)

studied the nitrification of triazine-nitrogen, especially of cyanuric

acid and melamine in soil. From their results, a half-life of melamine in

soil of 2 to 3 years can be calculated.

3. Aquatic Toxicity

3.1.

3.2.

3.3.

Toxicity to Daphnia magna

Adema (1978) investigated the acute and chronic toxicity of melamine
to laboratory-cultured daphnids Tless than 24 hours.old . The LCSO-
48 hr was > 2,000 mg.]’l. In the chronic test, daphnids were exposed
to melamine solutions of 0, 5.6, 10, 18, 32 and 56 mg.]’1 during 21
days. At 56 mg.l'1 all daphnids died, -but at 32 mg.l'1 the survival
was hardly less than that of the controls. Reproduction was not

1

influenced at 32 mg.]‘l, and 18 mg.1 "~ was considered as a no-

observed-effect concentration.

Toxicity to algae

The toxicity to fresh-water green algae, Scenedesmus pannonicus, was
determined in a growth-inhibition test (Oldersma and Hanstveit, 1982).
Melamine was found to impair the growth of the algae at concentrations

higher than 320 mg.l'l. With respect to the number of active growing

cells in the inoculum, the EC50 was found to be 940 mg.]’l, with a 95%
confidence interval of 880 to 1000 mg.l'l. The no-observed-effect
1

concentration was found to be 320 mg.1 ~.

Toxicity to fish

Jansen (1978) carried out an acute toxicity test with guppies. After
96 hours exposure to a saturated melamine solution in water (4.4
g.]'l) the mortality was less than 10%, and it appeared to be impos-
sible to establish an LCSO' No dinformation is available on the
bioaccumulation, in fish, of melamine from water. However, from the
solubility of melamine in water it is possible to predict the
bioconcentration factor from a regression equation, derived by Chiou
et al1.(1977):
log BCF

BCF

3.41 - 0.508 log WS
bjoconcentration factor = ratio between concentration



in fish and in water, at equilibrium.
WS = water solubility in uMo].1'1.
This gives a BCF of about 15, a value which is small enough to indi-

cate that there is no need for further bijocaccumulation studies.

4. Adsorption on soil

Quantitative data about the adsorption of melamine on soil have not been
reported. The adsorption on soil of most organic compeunds is directly
dependent on the soil organic-carbon content and correlates strongly with
solubility in water or octanol-water partition coefficient. On the basis
of these relationships, as derived for 106 organic compounds by Kenaga
and -Goring (1980), an estimation of the adsorption of melamine on soil
organic-carbon can be made from the regression equation :

Tog Koc = 3.64 - 0.55 (log WS)
Koc = Soil sorption coefficient =
ug adsorbed/g soil organic-carbon
ug dissolved/g solution
WS = Water solubility in mg.l'1

At a concentration of melamine in water of 3000 mg.l'1 a soil sorption
coefficient (Koc) of 53 can be estimated. For comparison, the Koc values
of two known compounds are mentioned (Hamaker and Thompson, 1972) :

Koc (DDT) = 243,000

Koc (urea) = 14.3

This indicates that the adsorption of melamine onto soil 1is not
important. Thus, a soil with 2% organic carbon in contact with a 0.1 ppm
(100 ug.]‘l) solution will adsorb melamine to give approximately 0.1lug/g
soil.

F. SUMMARY AND CONCLUSIONS

Melamine has a very low acute toxicity and is not a mutagen, a skin or eye
irritant or a skin-sensitiser. It has shown no teratogenic effects in rats.
Exposure of laboratory animals to unrealistically high doses leads to the
formation of bladder stones which may in turn, by chronic irritation, cause
bladder tumours. On the basis of the available toxicological information,
almost wholly from animal studies, no harmful acute or chronic effects are
to be expected from the occupational exposure of humans to melamine.



Melamine has a very low acute toxicity towards species in the aqueous
environment. The high values of the no-observed effect level for growth-
inhibition in algae and for the reproduction of daphnids suggests that
although data on chronic effects on higher aquatic organisms are lacking,
there is no pressing need to assess such effects.
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