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CURRENT INTELLIGENCE BULLETIN #39

THE GLYCOL ETHERS, WITH PARTICULAR REFERENCE TO
2-METHOXYETHANOL AND 2-ETHOXYETHANOL:
Evidence of Adverse Reproductive Effects

May 2, 1983

The National Institute for Occupational Safety and Health (NIOSH)
recommends that 2-methoxyethanof (2ME) and 2-ethoxyethanof (2EE) be
regarded in  the workplace as having the potential o cause adverse
reproductive effects in male and female workers. These recommendations
are based on the results of several necent studies that have demonstrated
dose-related embryotoxicity and other nreproductive effects in several
species of animals exposed by difgerent routes of administration. 0f
particular concern are those studies in which exposure of pregnant animals
to concentrations of ZME on 2EE at or below theirn respective Occupational
Sagety and Health Administration (0SHA) Peamissible Exposure Limits
(PEL's) fed to increased incidences of embayonic death, teratogenesis, ox
growth nretardation. Exposure of male animals resulted in testicuwlar
atrophy and stenility. In each case the animals had been exposed to 2ZME
on 2EE at concentrations at or below their respective Occupational Safety
and Health Administration (O0SHA) Permissible Exposure Limits (PEL'a).
Therefore, appropriate controls should be instituted to minimize worken
exposure to both compounds. NIOSH suggests that producers, distributors,
and wsens of ZME and 2EE, and of substances and materials containing 2ME
and 2EE, gdve this information to their workers and customers, and that
professional and trade associations and unions inform their members.

BACKGROUND

Physical and Chemical Properties

The glycol ethers 2-methoxyethanol (2ME) and 2-ethoxyethanol (2EE) are
part of a family of ethylene glycol ethers. At room temperature and
atmospheric pressure, 2ME and 2EE are colorless liquids. Both compounds
are completely miscible with water and with many organic solvents. Both
are highly reactive in the presence of strong oxidizers; 2ME 1is also
highly reactive in the presence of strong bases [1,2]. Identifiers and
synonyms for 2ME and 2EE are listed in Appendix II.



Production, Use, and Exposure

The Toxic Substances Control Act (TSCA) Inventory for 1977 reports a wide
range of production volumes for 2ME (as many as 161 million pounds) and
2EE (as many as 171 million pounds) [3].

Both 2ME and 2EE are used as solvents in the manufacture of protective
coatings such as lacquers, metal coatings, baking enamels, phenolic
varnishes, epoxy resin coatings, and alkyd resins [l1]. They are also used
as solvents for nitrocellulose, printing inks, textile dyes and pigments,
and leather finishes. Both are used as anti-icing additives in brake
fluids, in aviation fuels, and as antistall agents in gasoline. Both
compounds are used in organic synthesis. In particular, a large amount of
2EE is used to manufacture 2-ethoxyethyl acetate (2EEA). 2EE is also used
in the formulation of varnish removers, thinners, cleaning products,
soaps, detergents, cosmetics, pesticides, pharmaceuticals, and adhesives.
In addition to manufacturing operations, exposure to 2ME and 2EE may occur
during the use of the many formulated products that contain them.

Based on the National Occupational Hazard Survey (NOHS) conducted by NIOSH
between 1972 and 1974, it is estimated that as many as 100,000 workers are
potentially exposed to 2ME and that 400,000 workers are potentially
exposed to 2EE [4].

EXPOSURE STANDARDS AND GUIDES

OSHA's Permissible Exposure Limit (PEL) for occupational exposure to 2ME
is 25 ppm (80 mg/m3) and its PEL for 2EE is 200 ppm (740 mg/m3), both
as a time-weighted average (TWA) for an 8-hour workshift (29 CFR
1910.1000) [5]. The OSHA standards bear a "Skin" notation, indicating the
potential for skin absorption of toxic amounts of 2ME and 2EE. These
standards are based primarily on reports of blood, kidney, liver, and
central nervous system toxicity caused by 2ME and 2EE in animals and on
case reports of human exposure to 2ME. No studies on reproductive effects
of 2ME and 2EE were considered when these standards were adopted.

The American Conference of Governmental Industrial Hygienists (ACGIH) has
recommended Threshold Limit Values (TLV's) for 2ME and 2EE [6]. The TLV
for 2ME as a TWA for an 8-hour workshift is 25 ppm, and the Short Term
Exposure Limit (STEL) for up to 15 minutes is 35 ppm. For 2EE, the ACGIH
lowered its TLV in 1981 from 100 ppm to 50 ppm, and its STEL from 150 ppm
to 100 ppm [7]. The TLV for 2EE was lowered to prevent workers from being
exposed to concentrations that had produced significant blood changes in
laboratory animals [8]. The ACGIH TLV's also bear a "Skin" notation. 1In
the Notice of Intended Changes (for 1982), TWA's of 5 ppm are proposed for
2ME, 2EE, and their respective acetates; these intended changes are based
primarily on testicular effects observed in recent animal studies [9].



In 1982, most manufacturers of 2ME and 2EE adopted company industrial
hygiene exposure guides below current OSHA PEL's [10]. For 2ME, the
8-hour TWA exposure limits range from 2-10 ppm. For 2EE, some
manufacturers have adopted an 8-hour TWA of 5 ppm.

EFFECTS OF 2-METHOXYETHANOL (2ME)

Human Reproductive Effects

In one study of a small population involved in manufacturing and packaging
of 2ME, no clinically significant differences were found between the
exposed and comparison groups that could be attributed to the work
environment for the fertility parameters studied. Exposures to 2ME were
reported to be well below 25 ppm. 2EE and other glycol ethers were also
manufactured in these facilities [1l1].

Animal Studies

Exposure to 2ME caused dose-related adverse reproductive effects in female
and male experimental animals. Pregnant mice exposed by gavage and
pregnant rats and rabbits exposed by inhalation had increased incidences
of embryonic deaths and abnormalities that were statistically significant
(henceforth referred to as '"significant"). Significantly increased
incidences of testicular atrophy (decreased testicular weight) and
microscopic testicular changes were observed among male mice given oral
doses and male mice, rats, and rabbits exposed by inhalation. Infertility
in male rats and abnormal spermhead morphology in mice have also been
reported after inhalation of 2ME. Reproductive effects observed from
exposure to 2ME are summarized in Table I. Most of the information
contained in this Table as well as in Tables II and III is statistically
significant. However, mnonstatistically significant effects are also
included in the tables when they were of the same or similar nature as
those observed at higher doses in the same or a similar study. Tables I,
II, and III also provide many of the details of the exposure conditions
employed in the various studies; such detail is not provided in the text.

Female Animal Studies

Adverse effects in pregnant animals and their offspring after 2ME exposure
that have been reported include: significant increases in embryonic
deaths, major and minor fetal abnormalities, and maternal deaths and blood
effects. Dose dependent embryomortality and gross fetal defects were
observed in fetuses of mice exposed by gavage to 2ME at 250 mg/kg on days
7-14 of gestation [12]. Embryonic deaths were significantly increased
among pregnant rabbits that inhaled 10 or 50 ppm of 2ME on days 6-18 of
gestation. Similar results were reported after exposure at 3 ppm of 2ME,
but they were not statistically significant [13]. The authors of that



study noted that the embryonic death rate in the rabbit control group was
less than the rate observed in their historical rabbit control groups.
The authors also noted that the rate of embryonic death among rabbits
exposed at 10 ppm was comparable to the rate in historical controls.
Nevertheless, embryonic mortality observed in this study did increase with
the exposure concentration. No evidence of teratogenicity and only
minimal fetotoxicity was observed in fetuses of rats exposed to 2ME at
50 ppm [13]. However, another study did report fetal defects in rats
after exposure at 50 ppm on days 7-15 of gestation [l4]. Fetal skeletal
variations, which are among the most sensitive indicators of
teratogenicity, were obtained at 2ME doses as low as 31 mg/kg/day given to
pregnant mice [12]. Male fetuses of pregnant mice exposed on days 6-15 of
gestation at 50 ppm of 2ME had a significant increase in the incidence of
unilateral testicular hypoplasia (underdevelopment of the testes) [15].

Unilateral testicular hypoplasia is considered a slight fetotoxic effect.
Female rats and rabbits exposed to 2ME at 30, 100, or 300 ppm for 3 months
had no evidence of gross reproductive or microscopic changes 1in the
ovaries [16]. No reduction of fertility was observed in the rats exposed
at 300 ppm [17]. 1In mice, embryonic deaths and fetal abnormalities
occurred at lower 2ME doses than required to significantly lower maternal
white blood cell (WBC) counts [12]. A reduced WBC count was one basis for
the current OSHA PEL for 2ME.

Male Animal Studies

Significant increases 1in testicular atrophy, microscopic testicular
changes, and blood effects were reported in mature male animals exposed to
2ME. Mice given oral doses of 2ME at 250 wmwg/kg/day, 5 days/week for 5
weeks had severe testicular atrophy [18]. Testicular atrophy and death
occurred among rabbits after 13 weeks inhalation exposure to 2ME at
300 ppm; slight to severe microscopic testicular changes were observed at
30-100 ppm [16]. 1In the same laboratory, no treatment related microscopic
testicular changes were observed in rabbits exposed to 2ME at 3 ppm, 10
ppm or 30 ppm after a similar 13 week inhalation study [19]. Testicular
atrophy was observed in rats and mice exposed at 1,000 ppm of 2ME for 9
days [20]. After 13 weeks of exposure at 300 ppm of 2ME, testicular
atrophy [16] and infertility were observed in rats [17]. However,
fertility was regained in 557 of the rats between weeks 26~32 of the
study. Rats exposed for 5 days to 2ME at 500 ppm were temporarily
infertile but fertility returned to control levels by week 10 after
exposure [21]. Mice similarly exposed to 2ME at 500 ppm developed
abnormal spermhead morphology; the fertility of these mice was not tested
[21]. The testicular effects found in mice [18] and rabbits [16] occurred
at lower doses of 2ME than those that caused significantly lower WBC
counts.



TABLE I

REPRODUCTIVE EFFECTS OF 2-METHOXYETHANOL

Route of Admini-

Sex Species stration & Dose Effects Reference
F, pregnant Mouse Gavage, 31-1,000 mg/kg, Embryonic death (100% at 1,000 mg/kg, 99.7% at 12
days 7-14 of gestatiom 500 mg/kg, 53% at 250 mg/kg); fetal gross defects
(250 mg/kg); skeletal malformations (62~250 mg/kg);
lower fetal weight (125 & 250 mg/kg); fetal skeletal
variations & delayed skeletal ossification (31-250 mg/kg)
F, pregnant Rabbit  Inhalation, 3-50 ppm, Embryonic death, rabbit (24% at 50 ppm & 11% at 10 ppm); 13
& Rat 6 hrs/day, gestation major fetal external, skeletal & visceral abnormalities,
days 6~-18 (rabbit) & lower fetal weight, rabbit (50 ppm); delayed skeletal
days 6-15 (rat) ossification, rat and rabbit (50 ppm)
F, pregnant Rat Inhalation, 50-200 ppm, Embryonic death (200 ppm); fetal CV & skeletal defects 14
7 hrs/day, days 7-15 of (5¢ & 100 ppm)
gestation
F, pregnant Mouse Inhalation, 3, 10 or Reduced litter size and fetal unilateral testicular 15
50 ppm, 6 hrs/day, days hypoplasia (50 ppm)
6-15 of gestation
F Rabbit  Inhalatiom, 30-300 ppm, No gross or microscopic changes in reproductive orgams; 16
& Rat 6 hrs/day, 5 days/wk, death, rabbit (100 & 300 ppm)
13 wks
F Rat Inhalation, 30-300 ppm, No reduction of fertility 17
6 hrs/day, 5 days/wk,
13 wks
u Mouse Oral, 63-2,000 mg/kg, Testicular atrophy (250-2,000 mg/kg); death (2,000 mg/kg) 18
5 days/wk, 5 wks
M Rabbit  Inhalation, 30-300 ppm, Testicular atrophy (300 ppm); microscopic testicular 16
& Rat 6 hrs/day, 5 days/wk, changes, rabbit (30-300 ppm), rat (300 ppm); death,
13 wks rabbit (300 ppm)
M Rabbit  Inhalation, 30-300 ppm, No increase in gross or microscopic testicular changes 19
6 hrs/day, 5 days/wk
13 wks
M Rat Inhalation, 30-300 ppm, Infertility (300 ppm) 17
6 hrs/day, 5 days/wk,
13 wks
M Rat & Inhalation, 100-1,000 Testicular atrophy, rats and mice (1,000 ppm); 20
Mouse ppm, 6 hrs/day, 9 of microscopic testicular changes, rats (300 & 1,000 ppm)
11 days (No histopathology performed on mouse tissues.)
M Rat Inhalation, 25 or 500 Temporary infertility (500 ppm) 21
ppm, 7 hrs/day, 5 days
" Mouse Inhalation, 25 or 500 Abnormal spermhead morphology (500 ppm) 21

ppm, 7 hrs/day, 5 days

CV = Cardiovascular



Mutagenicity Testing

The mutagenicity of 2ME was tested in Salmonella typhimurium strains TA
1535, TA 1537, TA 98, and TA 100 with and without Aroclor-induced rat
liver S-9 supernatant [22]. At the concentrations tested (up to 200
mg/plate), 2ME was not mutagenic.

EFFECTS OF 2-ETHOXYETHANOL (2EE)

Human Reproductive Effects

The only known published investigation of reproductive performance in a
human population exposed to 2EE 1is difficult to interpret and is of
questionable value because of mixed solvent exposures. Syrovadko and
Malsheva evaluated the incidence of gynecological disorders and birth
defects in female enameling workers [23]. The two solvent mixtures used
were chlorobenzene and 2EE (1l:1), and tricresol and "solvent naptha"
(1:4). The concentrations of 2EE were reported to have been "low." There
was no difference in the incidence of gynecological disorders between the
enamelers and administrative workers (a comparison group including some
former enamelers), but both groups were said to have 2.6-9.4 times more
gynecological disorders than three other comparison groups. Among the
disorders detected were inflammations, benign neoplasms, cervical
erosions, and menstrual disorders. The rate of birth defects was
significantly increased among the offspring of enamelers (10.0% vs 3.9% in
plant controls), with heart and foot defects being predominant.

Animal Studies

Exposure of female and male animals to 2EE has caused significant
dose-related adverse reproductive effects similar to the effects caused by
2ME. Oral, inhalation, subcutaneous, and dermal treatment of pregnant
rats with 2EE caused increased incidences of embryonic death and
abnormalities. 2EE inhalation exposure of pregnant rabbits and oral
exposure of pregnant rats caused the same effects. The offspring of
pregnant rats exposed by inhalation had altered behavior and neurochemical
concentrations in the brain. In male mice, rats, and dogs treated orally
and in rats treated subcutaneously, testicular atrophy and microscopic
testicular changes have been reported. Table II summarizes the
reproductive effects observed in animals exposed to 2EE.

Female Animal Studies

Significant increases in embryonic deaths, fetal abnormalities, altered
behavioral test results, and changes in brain neurochemical concentrations
have been reported after exposure of pregnant animals to 2EE. Embryonic
deaths occurred in: rats after 2EE was given orally at 47 mg/kg/day [24];
rabbits that inhaled 2EE at 160 ppm [25]; rats that inhaled 2EE at 765 ppm
[25]; and rats that received 1.0 ml/day of 2EE dermally [26,27]. The



resorption rate was 100% in rats receiving 2.0 ml/day [26]. Fetal
cardiovascular and skeletal effects were found after inhalation exposure
of pregnant rabbits at 160 ppm and pregnant rats at 200 ppm [25]. Rabbit
fetuses also had kidney and ventral body wall defects. Skeletal defects
were detected in fetuses of rats that received 2EE at 93 mg/kg/day orally
or subcutaneously, [24] and 1.0 ml/day dermally [26]. Fetal growth
retardation indicated by lower weights and shorter lengths was observed in
rats exposed by inhalation [25]. Subtle teratogenic effects were reported
in the offspring of pregnant rats exposed during gestation to 2EE at 100
ppm [28]. The changes included altered behavioral test results at
different stages of development after birth and differences in brain
neurochemical concentrations in newborn and 2l1-day-old rats; these
differences were more pronounced in the offspring exposed earlier 1in
gestation. Maternal toxicity was greater in rabbits that inhaled 615 ppm
of 2EE than in rats that inhaled 765 ppm [25]. Rats receiving 2.0 ml/day
dermally of 2EE exhibited a temporary lack of muscular coordination
immediately after application [26]. Exposure of female rats to 2EE at 650
ppm for three weeks prior to mating had no effect on fertility [25].

Male Animal Studies

Significant increases 1in testicular atrophy, microscopic testicular
changes, and deaths were reported in animals exposed to 2EE. Severe
testicular atrophy occurred in mice given 1,000 mg/kg/day orally [18].
Testicular changes were found in rats and dogs given 2EE at 186 mg/kg/day
orally and in rats given 372 mg/kg/day subcutaneously [24]. Testicular
atrophy and blood effects in 2EE-treated mice were less severe than those
in mice given 2ME at the same dosage levels; testicular effects 1in
2EE~treated mice occurred at a lower dose than the dose causing WBC
effects [18].

Mutagenicity Testing

The mutagenicity of 2EE was tested in Salmonella typhimurium strains TA
1535, TA 1537, TA 98, and TA 100 with and without Aroclor-induced rat
liver S-9 supernatant [22]. At the concentrations tested (up to 23
mg/plate), 2EE was not mutagenic. The National Toxicology Program
reported that 2EE was not mutagenic in Salmonella typhimurium at 10
mg/plate [29]. The same four Salmonella strains were used with and
without microsomal fractions prepared from Aroclor-induced rat and hamster
liver.

Carcinogenicity Testing

The Department of Health and Human Services' National Toxicology Program
is currently testing 2EE for carcinogenicity in male and female rats and
mice at 0.5, 1.0, and 2.0 g/kg/day by gavage [29]. Because mortality was
high in the 2.0 g/kg groups, survivors were killed after 16 weeks; males
had testicular lesions. The final report of this study should be
available in 1983.



TABLE II

REPRODUCTIVE EFFECTS OF 2-ETHOXYETHANOL

Sex

Species

Route of Admini-
stration & Dose

Effects

Reference

pregnant

pregnant

pregnant

pregnant

pregnant

F, pregnant

pregnant

Rat

Rat

Mouse

Rabbit

Rabbit

Rat

Rat

Rat

Rat

Rat

Dog

Mouse

Oral, 12-372 mg/kg/day,
days 1-21 of gestation

sc, 23-93 mg/kg/day,
days 1-21 of gestation

s¢, 47 or 93 wg/kg/day,
days 1-18 of gestation

sc, 23 mg/kg/day, days 7-16
of gestation

Inhalation, 160 or 615 ppm,
7 hrs/day, days 1-18 of
gestation

Inhalation before pregnancy,

150 or 650 ppm, 7 hrs/day,
5 days/wk, 3 wks; then

inhalation during gestation,

200 or 765 ppm, 7 hrs/day,
days 1-19 of gestation

Inhalation, 100 ppm,
7 hrs/day, days 7-13
or 14-20 of gestation

Dermal, 1.0 or 2.0 ml/day,
days 7-16 of gestation
Oral, 46-744 mg/kg, daily,
13 wks

sc, 93~744 mg/kg, daily,
4 wks

Oral, 46-186 mg/kg, daily
13 wks

Oral, 500-4,000 mg/kg,
5 days/wk, 5 wks

Embryonic death increased (47-372 mg/kg); fetal
skeletal defects & lower weight (93-186 mg/kg)
Fetal skeletal defects & lower weight (93 mg/kg)
No embryotoxic or teratogenic effects

No embryotoxic or teratogenic effects

Embryonic death (100% at 615 ppm & 22% at
160 ppm); fetal CV, renal, and ventral body wall

defects and skeletal variations (160 ppm); reduced

maternal food consumption (160 & 615 ppm);
maternal death (615 ppm)

No effect on fertility

Embryonic death (1002 at 765 ppm); fetal CV &
skeletal defects & growth retardation (200 ppm);
mild maternal toxicity (765 ppm)

Altered behavioral test results; altered brain

neurochemical concentrations

Embryonic death (100% at 2.0 ml/day & 76% at
1.0 ml/day); fetal CV defects & skeletal
variations (1.0 ml/day)

Microscopic testicular changes (186 & 744 mg/kg)
Microscopic testicular changes (372 & 744 mg/kg)

Microscopic testicular changes (186 mg/kg)

Testicular atrophy (1,000 & 2,000 mg/kg); death
(4,000 mg/kg)

24

24

24

24

25

25

28

26

24

24

24

18

CV = cardiovascular

= subcutaneous



OTHER ACUTE AND CHRONIC TOXIC EFFECTS OF 2ME AND 2EE

The acute toxic effects of 2ME in humans are irritation of the eyes, nose,
and throat; drowsiness; weakness; and shaking [l]. Swallowing of 2ME may
be fatal. Prolonged or repeated exposure may cause headache, drowsiness,
weakness, fatigue, staggering, personality change, and decreased mental
ability. 1In a 1978 case study report of two workers exposed to 2ME, Ohi
and Wegman described clinical evidence of encephalopathy in both, bone
marrow depression in one and pancytopenia in the other. Although airborne
concentrations (8 ppm) were well below the PEL, both workers had
significant skin contact with 2ME. The health status of both workers
returned to normal after removal from exposure and treatment [30].

In animals, 2EE has caused liver, kidney and lung damage, and anemia as
well as eye irritation.

EFFECTS OF OTHER STRUCTURALLY RELATED GLYCOL ETHERS

Although there is limited experimental information on the reproductive
effects of individual compounds structurally related to 2ME and 2EE, much
of the information that is available is consistent with the reproductive
effects caused by 2ME and 2EE. Table III summarizes the information on
the eight structurally related glycol ethers discussed here:
2-methoxyethyl acetate (2MEA), 2-ethoxyethyl acetate (2EEA),
2-butoxyethanol(2BE), 2-phenoxyethanol (2PE), ethylene glycol dimethyl
ether (EGdiME), bis(2-methoxyethyl) ether or diethylene glycol dimethyl
ether (bis2ME), 2-(2-ethoxyethoxy)ethanol (2EEE), and l-methoxy-2-propanol
or propylene glycol moncmethyl ether (1IMP). The chemical structure of
each compound is given in Appendix III. Seven of these compounds are
ethylene glycol ethers, and one is a propylene glycol ether. These
compounds share a similar stereochemical configuration. Some were tested
only in male animals or only in female animals.

The acetate esters of 2ME and 2EE (2MEA and 2EEA, respectively) have
caused male reproductive toxicity made equivalent to that of 2ME and 2EE
in male mice. 2EEA appears to have fetoxicity and teratogenicity
equivalent to that of 2EE in rats [14,27].

Although additional studies are being conducted by NIOSH and others, the
present information is insufficient to fully assess the potential for
adverse reproductive effects on humans due to exposure to 2BE, 2PE,
EGdiME, bis2ME, 2EEE, or 1MP. Nevertheless, some of this information is
provided here so that the reader is alerted to their potential for causing
adverse effects.



REPRODUCTIVE EFFECTS OF GLYCOL ETHERS STRUCTURALLY RELATED TO 2-METHOXYETHANOL and 2-ETHOXYETHANOL

TABLE III

Compound Sex Species Route and Dbsage Effects Reference
2MEA M Mouse Oral, 63-2,000 mg/kg, Testicular atrophy (500 - 2,000 mg/kg); 18
5 days/wk, 5 wks death (2,000 mg/kg)
2EEA F, pregnant Rat Inhalation, 129-600 ppm, Embryonic death (100%Z at 600 ppm); 14%
days 7-14 of gestation embryonic death (17% vs 4% controls) fetal
CV & skeletal defects (387 ppm)
F, pregnant Rat Dermal, 1.4 ml/day, Embryonic death 27%
days 7-16 of gestation
M Mouse Oral, 500-4,000 mg/kg, Testicular atrophy (1,000-4,000 mg/kg); 18
5 days/wk, 5 wks death (4,000 mg/kg)
2BE F, pregnant Rat Inhalation, 200 ppm, Slight maternal toxicity; no embryonic or 14%
days 7-14 of gestation teratogenic effects
F, pregnant Rat Dermal, 0.48 or l.4 ml/day, Maternal death (1.4 ml/day); no spparent 27*
days 7-16 of gestation excess embryonic death (0.48 ml/day)
M Mouse Oral, 500-2,000 mg/kg, Microscopic testicular changes in 1 of 5 18
5 days/wk, 5 wks mice (1,000 mg/kg); death (2,000 mg/kg)
2PE M Mouse Oral, 500-2,000 mg/kg, Microscopic testicular changes in 1 of § 18
5 days/wk, 5 wks mice (1,000 mg/kg); death (2,000 mg/kg)
EGdiME F, pregnant Mouse Gavage, 250-490 mg/kg, Embryonic death(480 mg/kg); major fetal 32
) days 7-10 of gestation external and skeletal effects (350 &
490 mg/kg); fetal skeletal variations
and growth retardation.
bis2ME M Rat Inhalation, 250 or 1,000 Temporary infertility (1,000 ppm) 32
ppm, 7 hrs/day, 5 days
M Mouse Inhalation, 250 or 1,000 Abnormal spermhead morphology (1,000 ppm) 32
ppm, 7 hrs/day, 5 days
2EEE F, pregnant Rat Inhalation, 100 ppm, No embryotoxic or teratogenic effects 14%
days 7-15 of gestation
F, pregnant Rat Dermal, 1.4 ml/day, No excess embryonic death 27%
days 7-16 of gestation
1MP M Rat & Inhalation, 300-3,000 ppm, No microscopic testicular changes 20
Mouse 6 hrs/day, 9 of 1l days

CV = Cardiovascular .
*Interim results; final results

10

await skeletal and visceral evaluation
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APPENDIX I

GUIDELINES FOR MINIMIZING WORKER EXPOSURE TO
2-METHOXYETHANOL AND 2-ETHOXYETHANOL

NIOSH recommends that 2-methoxyethanol (2ME) and 2-ethoxyethanol (2EE) be
regarded in the workplace as having the potential to cause adverse
reproductive effects, including teratogemesis. Exposure should be limited
to only those workers essential to the process or operation, and workplace
exposure levels should be minimized. Less hazardous solvents should be
substituted where practicable. Because there have been several studies
that reported reproductive effects as a result of skin absorption, every
effort should be made to eliminate skin exposure.

The guidelines listed below are general and have greatest application in

industry; however, they should be given consideration for all settings and
be adapted to specific situations.

EXPOSURE MONITORING

Initial and routine worker exposure surveys should be made by competent
industrial hygiene and engineering personnel. These surveys are necessary
to determine the extent of worker exposure and to ensure that controls
already in place are operational and effective. NIOSH's Occupational
Exposure Sampling Strategy Manual may be helpful in develcping efficient
programs to monitor worker exposure to 2ME and 2EE [33]. The manual
discusses how to determine the need for exposure measurements and select
sampling times.

Worker exposures should be estimated by 8-hour TWA and short-term
(15-minute) exposures calculated from personal or breathing zone samples.
Short-term samples should be taken during periods of maximum expected
exposure by using all available knowledge of the work areas, procedures,
and processes. Area and source measurements may be useful to identify
problem areas, processes, and operations.

Detailed analytical methods for both 2ME and 2EE are in the NIOSH Manual
of Analytical Methods, Second Edition. The method for 2ME, #579, 1is in
Volume 2, [34] and the method for 2EE, #8361, is in Volume 5 [35].

CONTROLLING WORKER EXPOSURE

There are four basic methods of limiting worker exposure to 2ME and 2EE,
none of which 1is a simple industrial hygiene or management decision.
Careful planning and thought should be used prior to implementationm.
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Product Substitution

The substitution of an alternative material with a lower potential health
risk is an important method for reducing exposure. Extreme care must be
used when selecting substitutes. Although the test results for some
structurally related glycol ethers reported in this bulletin seem to
suggest less hazardous compounds, the testing is not yet sufficient to
identify a substitute for 2ME and 2EE. ©Possible health effects and
potential exposures of alternatives to 2ME and 2EE should be fully
evaluated prior to selection.

Contaminant Controls

Airborne concentrations of 2ME and 2EE can be most effectively controlled
at the source of contamination by enclosure of the operation and use of
local exhaust ventilation. Guidelines for selected processes and
operations can be found in NIOSH's Recommended Industrial Ventilation
Guidelines [36]. When enclosing a process or operation, a slight vacuum
should be used to create negative pressure so that leakage will cause
external air to flow into the enclosure and minimize contamination of the
workplace. This can be accomplished with a well-designed local exhaust
ventilation system that physically encloses the process as much as
possible, with sufficient capture velocity to keep the contaminant from
entering the workplace atmosphere. The design of ventilation systems
should take into account the reactive characteristics of 2ME and 2EE.

Ventilation equipment should be checked at least every three months to
ensure adequate performance. System effectiveness should also be checked
soon after any change in production, process, or control that might result
in significant increases in airborne exposure to 2ME and 2EE.

Worker Isolation

If feasible, workers may be isolated from direct contact with the work
environment by the use of automated equipment operated from a closed
control booth or room. The control room should be maintained at a greater
air pressure than that surrounding the process equipment so that air flows
out of, rather than into, the room. This type of control will not protect
workers who must perform process checks, adjustments, maintenance, and
related operations. Therefore, special precautions are often necessary to
prevent or limit worker exposure in these situations and frequently
involve the use of personal protective equipment.

Personal Protective Equipment

Personal protective equipment, which may include goggles, gloves,
coveralls, footwear, and respirators, should not be the only means of
preventing or minimizing exposure during routine operations. Since 2ME
and 2EE can penetrate the skin, personal protective clothing and equipment
should be selected that is impermeable to 2ME and 2EE.
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APPENDIX II

IDENTIFIERS AND SYNONYMS FOR 2-METHOXYETHANOL AND 2-ETHOXYETHANOL

2-Methoxyethanol

Chemical Abstracts Service Registry Number:

NIOSH RTECS Number:
Structural Formula:
Empirical Formula:

KL57750
C3HgOy

Dowanol EM

Ethylene glycol methyl ether
Ethylene glycol monomethyl ether
Glycolmethyl ether

Glycol monomethyl ether

MECS

Methoxyhydroxyethane

2-Ethoxyethanol

Chemical Abstracts Service Registry Number:

NIOSH RTECS Number: KK80500
Structural Formula:
Empirical Formula: CgzH1009
Cellosolve

Cellosolve solvent

Dowanol EE

Ethyl cellosolve

Ethylene glycol ethyl ether

Ethylene glycol monoethyl ether

This information was obtained from the NIOSH's computerized Registery
of Toxic Effects of Chemical Substances '
trademark information is not included in this file.
of the above synonyms and identifiers have trademarks but are not so

indicated.
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109-86-4

CH3-0-CHy—CH,~-OH

Methyl Cellosolve

Methyl glycol

Methyl oxitol

Monomethyl ether of ethylene
glycol

Poly-solv EM

110-80-5

CH3~CHp~0-CHy-CH—OH

Glycol ethyl ether
Glycol monoethyl ether

Hydroxy ether

NCI-C54853
Oxitol
Poly-solv EE

(RTECS) [37].

Registered
Therefore, some



2MEA

2EEA
2BE
2PE

EGdiME

bis2ME
2EEE

IMP

APPENDIX ITI

STRUCTURALLY RELATED GLYCOL ETHERS

2-Methoxyethyl acetate

2-Ethoxyethyl acetate
2-Butoxyethanol
2-Phenoxyethanol

Ethylene glycol
dimethyl ether

bis(2-methoxyethyl)ether
2-(2-Ethoxyethoxy)ethanol
1-Methoxy—-2-propanol

or propylene glycol
monomethyl ether
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(CH3-0-CH)—-CHp~0~C~CH3)

0

Il
(CH3-CH-0~CHp—CH»~0-C~-CH3)
(CH3-CHy-CHy-CH,—-0~CH,—CH»~0H)

(CgHg—0-CHy~CHo~0H)

(CH3-0-CHy—-CH,—0-CH3)
(CH3-0-CHy-CHp—-0~CHy-CH~0-CH1)
(CH3-CH)~0-CHy~CHy~0-CHy-CHy—OH)
(CH3-0-CH)—-CH—-OH)

CH3
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23,

24,

25,
26.
27,
28,
29.
30.
31.

32,

33.

34,
35.

CUMULATIVE LIST OF NIOSH CURRENT INTELLIGENCE BULLETINS

Chloroprene
Trichloroethylene (TCE)
Ethylene Dibromide (EDB)
Chrome Pigment

Asbestos - Asbestos Exposure during Servicing
of Motor Vehicle Brake and Clutch Assemblies
Hexame thy lphosphoric Triamide (HMPA)
Polychlorinated Biphenyls (PCB's)

4,4'-Diaminodiphenylme thane (DDM)
Chloroform

Radon Daughters

Dime thylcarbamoyl Chloride (DMCC)
Revised

Diethylcarbamoyl Chloride (DECC)
Explosive Azide Hazard

Inorganic Arsenic - Respiratory
Protection

Nitrosamines in Cutting Fluids

Metabolic Precursors of a Known Human
Carcinogen, Beta-Naphthylamine
2-Nitropropane

Acrylonitrile

2,4-Diaminocanisole in Hair and Fur Dyes
Tetrachloroethylene (Perchloroethylene)
Trimellitic Anhydride (TMA)

Ethylene Thiourea (ETU)

Ethylene Dibromide and Disulfiram

Toxic Interaction

Direct Black 38, Direct Blue 6, and
Direct Brown 95 Benzidine Derived Dyes
Ethylene Dichloride (1,2-Dichloroethane)
NIAX® Catalyst ESN

Chloroethanes - Review of Toxicity

Vinyl Halides - Carcinogenicity

Glycidyl Ethers

Epichlorohydrin

Adverse Health Effects of Smoking and
the Occupational Environment

Arsine (Arsenic Hydride) Poisoning in
the Workplace '
Radiofrequency (RF) Sealers and Heaters:
Potential Health Hazards and Their Prevention
Formaldehyde: Evidence of Carcinogenicity
Ethylene Oxide (EtO): Evidence of
Carcinogenicity
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January 20, 1975
June 6, 1975
July 7, 1975
June 24, 1975

Oc tober 7, 1975
Oc tober 8, 1976

August 8, 1975
October 24, 1975
November 3, 1975
August 20, 1976
January 30, 1976
March 15, 1976
May 11, 1976

July 7, 1976
July 7, 1976
August 16, 1976

September 27, 1976
October 6, 1976

December 17, 1976
April 25, 1977
July 1, 1977
January 13, 1978
January 20, 1978
February 3, 1978
April 11, 1978

April 11, 1978

April 17, 1978
April 19, 1978
May 22, 1978
August 21, 1978
September 21, 1978
October 12, 1978
October 12, 1978

February 5, 1979
August 3, 1979

December 4, 1979
April 15, 1981

May 22, 1981



- CUMULATIVE LIST OF NIOSH CURRENT INTELLIGENCE BULLETINS (CONTINUED)

36. Silica Flour: Silicosis

37. Ethylene Dibromide (EDB)
Revised

38. Vibration Syndrome

39. The Glycol Ethers, with Particular
Reference to 2-Methoxyethanol and
2-Ethoxyethanol: Evidence of Adverse
Reproductive Effects

June 30, 1981

October 26, 1981
March 29, 1983

May 2, 1983

NOTE: Bulletins #1 through #18 and #19 through #30 have been reprinted as
NIOSH publications, #78-127 and #79-146 respectively, for the
convenience of those that desire a complete series of Current
Intelligence Bulletins. Distribution of these publications and
single copies of Bulletins #31 and later are available from NIOSH
Publications Dissemination, Division of Standards Development and
Technology Transfer, 4676 Columbia Parkway, Cincinnati, Ohio 45226,
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