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Introduction

The present document contains the assessment of the health hazard of
4-ethylmorpholine by the Committee on Updating of Occupationa Exposure
Limits, acommittee of the Health Council of the Netherlands. The first draft of
this document was prepared by AAE Wibowo, Ph.D. (Coronel Institute of the
Academic Medical Center, Amsterdam, the Netherlands).

Literature was retrieved from the data bases Medline, Toxline, Embase, and
Chemical Abstracts starting from 1966, 1967, 1988, and 1970, respectively, and
using the following key words: ethylmorpholine and 100-74-3. HSEline, Cisdoc,
Mhidas, and NIOSHtic (covering the period 1985/87 until 1997), data bases
available from CD-ROM, were consulted aswell. Data considered to be critical
were evaluated by reviewing the original publications. Thefinal literature search
was carried out in October 1997, followed by an additional search in June 2001.

In July 2001, the President of the Health Council released a draft of the
document for public review. The committee received ho comments.

Identity

name . 4-ethylmorpholine
synonyms : N-ethylmorpholine
molecular formula . CHiNO

structural formula

N-CH,CH,
AN

CASno . 100-74-3
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3 Physical and chemical properties

molecular weight : 115.2

boiling point : 139°C

melting point : -62.8°C

flash point : 32.2°C (closed cup)
vapour pressure : at 20°C: 0.81 kPa
solubility in water : soluble

Log Pyganorwater : 0.14 (estimated)
conversion factors : 1 mg/m?=0.21 ppm
(20°C; 101.3 kPa) 1 ppm = 4.79 mg/m?

Data from ACG99, http://esc.syres.com.

4-Ethylmorpholineisacolourless liquid with an ammonia-like odour. It is
flammabl e and a dangerous fire hazard (ACG99). An odour threshold of 6.7
mg/nT (1.4 ppm) has been reported (AmMo83).

4 Uses

4-Ethylmorpholineis used as a catalyst in the manufacture of urethane foam, as
an intermediate for dyestuffs, pharmaceuticals, rubber accelerators and
emulsifying agents, as a solvent for dyes, resins, and oils, and as a substrate for
enzymereactions (NLMO1).

5 Biotransformation and kinetics

Thereis no primary data available on the kinetics of this compound. Secondary
information reported that the substance can be absorbed by inhalation and
through skin contact (Hat91).

6 Effects and mechanism of action
Human data

In an unpublished study cited by ACGIH, irritation to the eyes, nose, and throat,
and olfactory fatigue was reported in 10 volunteers when exposed to 479 mg/n?
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(100 ppm) for 2.5 minutes. There were slight and no irritation at 2.5-minute
exposures to 240 and 120 mg/n? (50 and 25 ppm), respectively (ACG99).

In polyurethane foam workers occupational ly exposed to avariety of
aliphatic amine catalysts among which 4-ethylmorpholine, (transient) corneal
oedema and vision abnormalities have been reported (Der66, Mas65). However,
the committeeis of the opinion that no conclusions concerning dosis-effect
relationships can be drawn. Exposure was to several amines and it was not clear
at which levels these effects occurred. In one report (Der66), it was stated that
incompl ete studies showed that |esions occurrred at "substituted morpholine”
levels of 40 ppm or higher, whilein another paper (Mas65) it was said that vision
distortion was experienced at (not specified) conentrations below those
producing eye or respiratory irritation. Furthermore, in unpublished information
cited by ACGIH workers exposed to 4-ethylmorpholine levels of generally 3-4
ppm, but never higher than 11 ppm, were reported to complain of drowsiness and
visual abnormalities (optical halos, foggy vision) may occur at (ACG99).

Animal data

Smyth et al. reported an injury grade of 7 on ascalefrom 1 to 10 following
ingtillation of 4-ethylmorpholineinto the eyes of rabbits (Smy54). Following
instillation of one drop of pure 4-ethylmorpholine into the eye of an
anaesthetised rabbit, Mellerio and Weal e reported blinking reactions, and, after 5
minutes, reddening of the inner surfaces of the lids and the nictating membrane,
and further "haziness" of the cornea, irregularities and sloughing of the surface,
and general appearance associated with violent desiccation (Mel66).

When tested for its potential skin irritating properties, Smythet al. reported
aninjury grade of 1 (i.e., giving rise to 'the least visible capillary injection’) on a
scale from 1 to 10 when 0.01 mL of undiluted 4-ethylmorpholine was applied to
the clipped skin of 5 albino rabbits for 24 hours (Smy54).

The committee did not find data on the sensitising potential of
4-ethylmorpholine.

Following exposure of rats to 9580 mg/nt (2000 ppm) 4-ethylmorpholine for 4
hours, 1 out of 6 animals died. When exposed to saturated vapour*, 2 hours was
the maximum exposure duration which did not induce mortality (Smy54).

* The (theoretic) concentration in saturated air can be calculated using the formula: (vapour pressure in Pa
x 10° ppm)/10° Pa. Using a vapour pressure of 810 Pa, the committee estimates that these animals could
have been exposed to, at most, 8,100 ppm or (roughly) 39,000 mg/m?.
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Anord LD, of 1780 mg/kg bw (range: 1490 - 2120 mg/kg bw) has been
reported in rats (observation period: 14 days) (Smy54).

4-Ethylmorpholine was positive when tested in the presence of metabolic
activation systems from induced rat or hamster liversin a preincubation assay
using S. typhimuriumstrain TA1535 at concentrations of 100-10,000 pg/plate. A
negative result was obtained when tested without adding such metabolic
activation systems. When tested with and without metabolic activation in strains
TA98, TA100, and TA1537, results were negative aswell (Zei87). Hedenstedt
found 4-ethylmorpholine to be mutagenic upon testing in S. typhimuriumstrains
TA100 and TA1535 both in the absence and the presence of a microsomal
system obtained from induced rat livers. No other strains were tested. Since the
compound itself was not an alkylating agent, an alkylating impurity might have
been responsible for the mutagenic effect. This possibility was investigated by
testing 4-ethylmorpholine for alkylating properties by means of the reaction with
4-(p-nitrobenzyl)pyridine. Since a positive response was obtained with
4-ethylmorpholinein thislatter test, an alkylating impurity, possibly
ethyleneimine or some derivative of this highly potent mutagenic agent, might
have been responsible for the positive response in the former test (no more
details presented; only abstract available) (Hed76). Presented in an abstract
without further details, 4-ethylmorpholine was stated to be negative when tested
at 5 dose levels with and without metabolic activation in the L5178Y mouse
lymphomaassay (Con82).

In the same abstract, it was stated that 4-ethylmorpholine was negative as
well in the BALB/3T3 transformation assay (Con82).

The committee did not find data on the toxicity, including carcinogenicity and
reproduction toxicity, of 4-ethylmorpholine following repeated exposure.

7 Existing guidelines

The current administrative occupational exposure limit (MAC) for
4-ethylmorpholine in the Netherlandsis 25 mg/nT (5 ppm), 8-hour TWA, with a
skin notation.

Existing occupational exposure limits for 4-ethylmorpholine in some
European countries and in the USA are summarised in the annex.
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Assessment of health hazard

The committee did not find adequate human data.

From experimental animal data that are old and not from tests performed
according to current guidelines, the committee concludes that 4-ethylmorpholine
isseverely irritating to the eyes, but not irritating to the skin.

In acute inhalation studies, 4-ethylmorpholine caused lethality in 1 out of 6
rats at a4-hour exposure to 9580 mg/n? (2000 ppm). Theoral LD, was 1780
mg/kg bwin rats.

4-Ethylmorpholine induced mutationsin vitro in S. typhimuriumbut not in
mouse lymphoma cells. 4-Ethylmorpholine was negative in the BALB/3T3
transformation assay.

The committee did not find data on the toxicity, including carcinogenicity
and reproduction toxicity, of 4-ethylmorpholine following repeated exposure.

The committee considers the toxicological data base on 4-ethylmorpholine too
poor to justify recommendation of a health-based occupational exposure limit.

The committee concludes that there is insufficient information to comment on the
level of the present MAC value.

ACG99

ACGO00

ACGO01

Amo83

Arb00a
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Occupational exposure limits for 4-ethylmorpholine in various countries.

Annex

country occupational time-weighted type of note it ref®
-organisation exposure limit average exposure limit
ppm mg/m?
the Netherlands
-Ministry of Social Affairsand 5 23 8h administrative S SZwW01
Employment
Germany
-AGS - 23 S TRGOO
-DFG MAK-Kommission € -¢ DFGO01
Great-Britain
-HSE 5 24 8h OES S HSEO1
20 96 15 min
Sweden 5 25 8 h S Arb00b
10 50 15 min
Denmark 5 235 8h S Arb00a
USA
-ACGIH 5 24 8h TLV S ACG01
-OSHA 20 94 8h PEL S ACG00
-NIOSH 5 23 10h REL S ACGO00
European Union
-SCOEL - - CECO00

2 S = skin notation; this means that skin absorption may contribute considerably to body burden; sens =
substance can cause sensitisation
b Reference to the most recent official publication of occupational exposure limits
¢ Listed among substances for which studies of the effects in man or in experimental animals have yielded
insufficient information for the establishment of MAK values
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