
I. IDENTIFICATION

Chemical Name: Polyethylene glycol (mw >200)
Synonyms: a1pha-hydroxy-omega-h~droxy-poIv

(oxy-1, 2-ethyanediyl); PEG; polyoxyethylene;
PGE; Carbowax; Polyglycol E; Jeffox

CAS Number: 25322-68-3
Molecular Formula: 

H (OCH2CH2) nOH, where n = > 4
Chemical Structure: H (OCH2CH2) nOH

[A specific polyethylene glycol is usually identified
by the numeral in its name, which relates to its aver-
age molecular weight (mw).]

II. CHEMICAL AND PHYSICAL PROPERTIES(1–5)

Physical State and Appearance: Clear viscous liquids
or white solids. PEGs of average molecular weights
below 600 are liquid; those with average molecular
weights above 1000 are solid.

Odor Description and Threshold: No data available 
Molecular Weight: Average molecular weights range

from about 200 to greater than 6000. Chemical and
physical properties vary with molecular weight.

Conversion Factors: No data available
Melting Point: PEG 400: 4°–8°C (39°–46°F); PEG

600: 20°–25°C (68°–77°F); PEGJ500: 44°–48°C
(111°–118°F); PEG 4000: 54°–58°C (129°–136°F);
PEG 6000: 53°–63°C (127°–145°F)

Boiling Point: No data available
Specific Gravity: 1.110–1.128 at 20°–25°C
Vapor Pressure: <0.01 mmHg (at 20°C) (for solid);

8.35E-04 mm Hg (at 25°C) (PEG 200); Vapor pressure
decreases in relation to average molecular weight.

Saturated Vapor Concentration: No data available 
Flammability Limits: No data available
Flash Point: 199°–238°C (390°–460°F) (C.O.C). [The

flash point increases in relation to average molecu-
lar weight.] 

Autoignition Temperature: 581°C (1078°F) (for solid)
Solubility in Water: Soluble in water and many organic

solvents. Readily soluble in aromatic hydrocarbons;
only slightly soluble in aliphatic hydrocarbons.

Reactivity and Incompatibilities: PEG does not
hydrolyze or deteriorate on storage. Incompatible
with strong oxidizing agents.

III. USES(1,2)

Polyethylene glycols are used as water-soluble lubri-
cants for rubber molds, textile fibers, and metal-form-
ing operations. They also are used in food and food
packaging; in water paints, paper coatings, and polish-
es; in the ceramics industry; as a base in ointments and
suppositories; and as plasticizers, solvents, binders,
dispersing agents, and chemical intermediates.

IV. ANIMAL TOXICITY DATA

A. Acute Toxicity and Irritancy

1. Oral Toxicity

TABLE I

Species Results Reference

PEG (unspecified m.w.)
Rat LD50 = 32 g/kg (4)
Guinea pig LD50 = 22.5 g/kg (4)

PEG 200
Rat LD50 = 28.9 g/kg (4)

LD50 = 28.25 g/kg (female) (6)
LD50 = 34 g/kg (male) (6)

Mouse LD50 = 38.3 g/kg (4)
LD50 = 33.9 g/kg (6)

Rabbit LD50 = 19.9 g/kg (4)
LD50 = 14.1 g/kg (6)

Guinea pig LD50 = 14.1 g/kg = 
16.9 g/kg (female) (6)

PEG 300
Rat LD50 = 27.5 g/kg (4)

LD50 = 29.2 g/kg (female) (6)
LD50 = 29.9 g/kg (male) (6)

Rabbit LD50 = 17,300 mg/kg (4)
LD50 = 21.1 g/kg (female) (6)
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TABLE I (cont.)

Species Results Reference

Mouse LD50 = 31 g/kg (6) 
Guinea pig LD50 = 19,600 mg/kg (4)

LD50 = 21.1 g/kg (male) (5)

PEG 400
Mouse LD50 = 28.92 g/kg (4)

LD50 = 35.6 g/kg (6)
Rat LD50 = 32.5 g/kg (4)

LD50 = >10 mL/kg 
(male, no mortality) (7)

Rabbit LD50 = 26.8 g/kg (4)
LD50 = 223 g/kg (male) (6)

Guinea pig LD50 = 15.7 g/kg (4)
LD50 = 213 g/kg (female) (6)

PEG 600
Rat LD50 = 38.1 g/kg (4)

LD50 = 30.5 g/kg (female) (6)
LD50 = 32.6 g/kg (male) (6)

Mouse LD50 = 47 g/kg (4)
LD50 = 35.6 g/kg (6)

Guinea pig LD50 = 28.3 g/kg (female) (6)
Rabbit LD50 = 18.9 g/kg (male) (6)

PEG 1000
Rat LD50 = 32 g/kg (4)

LD50 = 44.7 g/kg (male) (6)
Guinea pig LD50 = 22.5 g/kg (4)

LD50 = 41 g/kg (female) (6)
Rabbit LD50 = >50 g/kg (female) (6)
Mouse LD50 = >50 g/kg (6)

PEG 1500
Rat LD50 = 44.2 g/kg (4)
Rabbit LD50 = 28.9 g/kg (4)
Guinea pig LD50 = 28.9 g/kg (4)

PEG 4000
Rat LD50 = 50 g/kg (4)

LD50 = >50 g/kg (6)
Rabbit LD50 = 76 g/kg (4)

LD50 = >50 g/kg (male) (6)
Guinea pig LD50 = 50.9 g/kg (4)

LD50 = 46.4 g/kg (female) (6)
Mouse LD50 = >50 g/kg (6)

PEG 6000
Rat LD50 = 50 g/kg (4)
Guinea pig LD50 = 50 g/kg (4)

PEG 8000
Rat LD50 = >50 g/kg (6)
Rabbit LD50 = >50 g/kg (male) (6)
Guinea pig LD50 = >50 g/kg (female) (6)
Mouse LD50 = >50 g/kg (6)

2. Eye Irritation

PEGs cause only mild and transient ocular
irritation.(8) Instillation of 0.5 mL of undiluted
PEG 200, 300, 400, or 600 into the eyes of
rabbit eyes resulted in no perceptible irrita-
tion or injury after 24 hours. PEG 400 has
been used on human eyes for decontamina-
tion after accidents with phenol. A 1:1 solu-
tion of PEG 400 in water caused only a slight
burning sensation and no injury.(9)

3. Skin Absorption

Results of reported skin toxicity studies have
been equivocal. Some reports have indicated
no toxicity from repeated topical application
to intact skin, while another report documents
acute mortality following topical expo-
sure.(10–13) 

In a study designed to assess the effect of
daily topical application of a PEG-based
cream to open wounds for 7 days, the dorsal
hair of rabbits was shaved and two paraverte-
bral skin excisions (2.5 cm x 15 cm) were
prepared on each animal.(10) Animals were
randomly selected to serve as controls or
receive topical treatment with PEG. Animals
receiving topical PEG had a specified amount
of test cream applied to their wounds at each
dressing change. Animals serving as controls
underwent the same procedures but did not
receive any topical cream. The dressings of
all animals were changed every 12 hours with
or without application of Furacin-soluble
dressing or PEG-based cream, using ketamine
to prevent any pain associated with the dress-
ing change. One group of four experimental
rabbits received 20g of PEG cream (consist-
ing of PEG 300 [63%], PEG 1000 [5%], and

PEG 4000 [32%]), while another group of six
control animals that was similarly prepared
received no topical treatment. Three of the
four PEG-treated animals died, but all six
controls survived.

Analysis by gas chromatography-mass spec-
trometry (GC-MS) of the urine and serum of
PEG-treated rabbits showed that PEGs and
their metabolites (hydroxyglycolic acids and
diglycolic acid homologs) were present,
demonstrating that PEG reached systemic cir-
culation and was metabolized. Since PEG
metabolites (reactive aldehydes and acids) are
toxic to kidney epithelial cells, the authors
postulated that skin absorption and systemic
metabolism of PEG led to kidney failure and
death. However, the study did not include
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gross or histopathology of the kidneys of the
treated or control rabbits. PEG exposure via
damaged or broken/cut skin can lead to seri-
ous systemic toxicity.

4. Skin Irritation

PEGs were not or very slightly irritating to
the skin of rabbits and humans.(8) When test-
ed in accordance with Organization for
Economic Cooperation & Development
(OECD) Test Guideline 404 (Acute Dermal
Irritation/Corrosion), PEG 400 was nonirri-
tating to rabbit skin exposed for 4 hours.(14)

No irritation was observed in a 4-hour patch
test with undiluted PEG 400, in which 0.2 mL
was applied to the skin of the upper outer
arms of 30 human volunteers.(15)

5. Skin Sensitization

One case of contact sensitization to PEG 300,
600, 1000, 4000, and 6000 was reported in a
study of 200 patients exposed to PEG in bar
soap.(16) In another study with lower molecu-
lar weight PEGs varying from 200 to 700,
four patients showed allergic reactions to liq-
uid PEGs in topically applied medications.
Two of the four had immediate urticarial reac-
tions to PEG 400, while two others had
delayed eczematous reactions to PEG 200
and PEG 300. Cross reactions occurred
between PEG 200, 300, and 400, but not
between these PEGs and higher mw solid
PEGs from 1000 to 6000.(17) PEGs 200–400
may cause allergic contact urticaria and
eczema, but the higher mw PEGs are not 
sensitizers.(18)

CTFA reported that PEG 400 did not induce
allergic contact dermatitis in a number of
repeat insult patch tests (HRIPT) in
humans.(19) HRIPT with PEGs ranging in
molecular weight from 200 to 8000 had a
very low incidence of responses (0–0.5%)
observed, suggesting that PEGs are not
human skin sensitizers.(8) In animal tests, pure
PEGs were also practically without sensitiz-
ing properties(20), indicating that impurities
or oxidation products may have been the cul-
prit for the observed effects in earlier studies
on humans with certain PEGs.(8)

6. Inhalation Toxicity

No data available.

7. Other Toxicity

TABLE II

Species Results Reference

PEG (unspecified m.w.)
Rat LD50 = 15.6 (i.p.) (4)
Mouse LD50 = 2 g/kg (i.p.) (4)

PEG 200
Mouse LD50 = 7.5 g/kg (i.p.) (4)
Mouse LD50 = 11.8 g/kg (i.p.) (6)

PEG 300
Rat LD50 = 17 g/kg (i.p.) (4)
Mouse LD50 = 10.4 g/kg (i.p.) (6)

PEG 400
Mouse LD50 = 9.95 g/kg (i.p.) (4)

LD50 = 12.9 g/kg (i.p.) (6)
LD50 = 5 g/kg (iv.) (4)

Rat LD50 =  9.7 g/kg (i.p.) (4)
LD50 =  7.3 g/kg (iv.) (4)

PEG 600
Mouse LD50 = 10.2 g/kg (i.p.) (6)

PEG 1000
Rat LD50 = 15.57 g/kg (i.p.) (4)
Mouse LD50 = 2 g/kg (i.p.) (4)

LD50 = 3.1 g/kg (i.p.) (6) 

PEG 1500
Rat LD50 = 17.7 g/kg (i.p.) (4) 
Rabbit LD50 = 8 g/kg (iv.) (4)

PEG 4000
Rat LD50 = 11.5 g/kg (i.p.) (4)
Mouse LD50 = 18 g/kg (s.c.) (4)

LD50 = 16 g/kg (iv.) (4)
LD50 = 107 g/kg (i.p.) (6)

PEG 6000
Rat LD50 = 6.8 g/kg (i.p.) (4)

B. Subacute Toxicity

In a 2-week inhalation study, groups of were
exposed (whole body) to PEG 3350 mean aerosol
concentrations of 0 (control), 109, 567, or 1008
mg/m3 6 hr/day 5 days/week for a total of 9 expo-
sures during an 11-day period.(21) An extra 10
rats/sex were included in the control and high
exposure groups; these were used to evaluate
recovery during a 2-week period following the
final exposure. The mass median particle diame-
ters for the 109, 567, and 1008 mg/m3 groups were
6.1, 5, and 3.8 microns, respectively.

All rats were housed individually. Toxicological-
ly-significant changes in the absolute and relative
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weights of the lungs of both sexes were noted at
the 567 mg/m3 and 1008 mg/m3 exposure concen-
trations. The absolute lung weights for the high
exposure group males and females were 16% and
20% higher than the controls, respectively.
Absolute and relative lung weights remained ele-
vated compared with controls following a 2-week
recovery period. Histologically, exposure-related
lesions were observed in the lung only at the end
of the exposure period. These lesions were mild,
and consisted of alveoli containing macrophages
(alveolar histiocytosis) with foamy vacuolated
cytoplasm. There were no exposure-related clini-
cal signs, ophthalmologic changes, or mortalities
noted during the study. The authors of the study
set the no observable effect level (NOEL) at
between 109 mg/m3 and 567 mg/m3.

The effects of oral, intravenous or intraperitoneal
administration of PEG 400 on gastrointestinal,
renal, and liver function in Hannover Wistar rats
was studied.(22) Ten rats per sex per dose group
were dosed with PEG 400 either orally (10
mL/kg), intravenously (2 mL/kg), or intraperi-
toneally (10 mL/kg). Urine was collected from
half of the animals in each group (5/sex) and
blood samples were taken from the other half.
Starting at an oral dose of 2000 mg/kg, PEG 400
reduced gastric emptying severely. While no effect
on intestinal transit was detected, the contents
changed to a watery consistency with liquid accu-
mulation, which occurred at oral doses ≥1000
mg/kg (≥10%). In serum, PEG 400 slightly and
transiently changed metabolic parameters includ-
ing glucose, lactate, triglycerides, free fatty acids,
or creatinine as well as electrolytes (Na+, Cl−,
Mg2+) and osmolality. 

C. Subchronic Toxicity

In a 90-day oral (dietary) toxicity study, groups of
five Sherman rats/sex/dose were fed diets contain-
ing 2%, 4%, 8%, 16%, or 24% PEG 200, 300, 400,
600, 1000, 1500, 1540, 4000, or 6000.(23) A control
group received a regular diet without PEG. The
lowest level at which a statistically significant
effect was observed was 8%; rats exposed to this
dietary concentration of PEG 300, 1500, 1540, and
4000 had a significant decrease in weight gain as
compared with the control group. Effects observed
at the 16% and 24% dietary levels included
decreased weight gain, increased kidney and liver
weights, and decreased food consumption, as com-
pared with the control group. The authors indicat-
ed that the subchronic oral toxicity of PEGs with
mean molecular weights of 200–4000 was essen-
tially the same for all. The NOEL was a 4% dietary
concentration (approx. 2 g/kg/day).

In a subchronic (13-week) toxicity study with Fis-
cher 344 rats, diets containing 0, 0.1, 0.5, 1.5, or
3% Polyox N-10 (PEG with an average molecular
weight of 100,000 daltons) were fed to groups of
20 rats/sex/dose.(24) Slight increases in food con-
sumption, body weight, and body weight gain and
a dose-related increase in liver weight were
observed, but these were not associated with any
histopathology, and morphometric analysis
showed no alteration in the number or size of the
hepatocytes. Because of the lack of correlative
pathology findings, the liver weight increase was
not considered to be deleterious, but rather a sec-
ondary response to increased food consumption.

Groups of Fischer-344 rats (10/sexldose) were
administered PEG 400 by gavage at doses of 1.1,
2.8, or 5.6 g/kg for 5 days/week for 13 weeks.(25)

Control animals received 5 mL/kg water by gav-
age. An additional 10 rats/sex/dose were added to
the control and 5.6 g/kg groups and were kept for
6 weeks after the 13-week dosing period. The pri-
mary objective of the study was to examine the
potential renal toxicity of PEG 400. Six rats died
during the study; however, all of the deaths were
attributed to errors in dosing procedure. Mean
body weights of the high-dose rats of both sexes
were slightly decreased throughout the dosing and
recovery phases of the study. There were no treat-
ment-related effects on hematology or clinical
chemistry measurements. Urine osmolality and
specific gravity were increased in a dose-related
manner in male and female rats. Urine NAG activ-
ity was significantly elevated in male rats only.
Urine pH was significantly decreased at all doses
in males, and at the mid- and high-dose levels in
female rats. Urinary protein and bilirubin were
increased in male rats at all treatments levels, and
the incidence of red and white blood cells in the
urine were also elevated in the high-dose males. 

Following a 6-week recovery period, no biologi-
cally significant changes in urinalysis, clinical
chemistry or hematology were seen in high-dose
rats of either sex. Relative kidney weights of male
rats were increased at all PEG 400 dose levels at
termination of dosing; however, following a 6-
week recovery period, no differences were noted
in this parameter. No microscopic changes were
observed in the kidneys or urinary bladder. The
authors considered the urinalysis data indicative
of reversible renal toxicity at 2.8 g/kg (male) and
5.6 g/kg (both sexes). The overall NOEL for the
study was 1.1 g/kg.

The colorectal cancer-preventive properties of
PEG 8000 were studied in 30 female F344 rats
administered one i.p. injection of azoxymethane
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(20 mg/kg), and 7 days later randomly allocated to
one of two groups: one group (20 rats) fed stan-
dard diet and the other (10 rats) fed a diet supple-
mented with 5% PEG 8000 (3000 mg/kg/day) for
15 weeks.(26) Dietary exposure to PEG 8000
markedly decreased the total number of aberrant
crypt foci (ACF) per rat (average of six/rat in the
PEG 8000 group and 107/rat in the control group),
and the size of ACF in rats fed PEG 8000 diets
were 100-fold smaller than in controls. The
authors concluded that PEG 8000 has chemopre-
ventive activity and should be should be tested
clinically.

In a subchronic inhalation study, groups of Fisch-
er-344 rats(36/sex/level) and B6C3F1 mice
(15/sex/level) were exposed (whole body) to
aerosol concentrations of 0, 100, or 1000 mg/m3

PEG 200 for 6 hours/day, 5 days/week, for 13
weeks.(23) There were no lesions or biologically-
significant alterations in blood chemistry, hema-
tology, or pulmonary resistance at either exposure
concentration in mice or rats.

D. Chronic Toxicity/Carcinogenicity

In a 1-year oral (dietary) toxicity study, groups of
four dogs were fed diets wetted with PEG 400,
PEG 1540, or PEG 4000 — equivalent to 2% PEG
in each diet (approx.600 mg/kg/day).(23) Control
groups were fed the same diets wetted with water.
After 1 year, no adverse effects were observed in
any of the PEG-exposed groups.

In a 2-year oral (dietary) toxicity study, groups of
rats were fed diets containing PEG 400, PEG
1540, or PEG 4000.(23) Groups of 35 Sherman
rats/sex/dose were fed diets containing 0%,
0.02%, 0.08%, 0.4%, 2%, 4%, or 8% PEG 1540;
groups of 20 Wistar rats/sex/dose were fed diets
containing 0%, 1%, 2%, 4%, or 8% PEG 400; and
groups of 20 Wistar rats/sex/dose were fed diets
containing 0%, 0.5%, 1%, 2%, 4%, or 8% PEG
4000. Only minor toxicity was observed, consist-
ing of cloudy swelling of the liver at 8% PEG
1540, decreased weight gain in males at 4% and
8% PEG 400, and decreased weight gain at 8%
PEG 4000. The lowest NOEL was for PEG 400, a
dietary concentration of 2% (approximately 
1 g/kg/day).

In a 2-year oral (drinking water) toxicity study,
nine groups of eight Wistar rats/sex/dose were
exposed to PEG 1500 at concentrations of 2%,
0.4%, 0.08%, or 0.02% ,and to PEG 4000 at con-
centrations of 0.08%, 0.02%, 0.005%, or
0.00l25%.(28) A control group was given plain
water. The mean dosage levels calculated from
water consumption were 1690, 270, 59, and 

15 mg/kg/day of PEG 1500, and 62, 17, 3.6, and
0.85 mg/kg/day of PEG 4000. The only significant
effects noted in the study were retarded growth at
the two highest doses of PEG 1500 and at the
highest dose of PEG 4000. Although 40% of the
rats older than 1 year had neoplastic processes in
the lungs (lymphosarcoma), the incidence was not
correlated with dosage and was not considered by
the authors to be related to test material adminis-
tration. The NOELs for PEG 1500 and PEG 4000
in this study were 59 mg/kg/day and 17
mg/kg/day, respectively. 

In a chronic (104-week) toxicity study with Fisch-
er 344 rats, diets containing 0, 0.1, 0.5, or 2%
Polyox N-10 (PEG with an average molecular
weight of 100,000 daltons) were fed to groups of
100 rats/sex/dose.(24) Interim sacrifices were per-
formed on 10 rats/sex/group after 12 and 18
months of dietary exposure. No treatment-related
effects on clinical signs, body weights, organ
weights, clinical pathology, urinalysis, gross
pathology or histology were observed. In conclu-
sion, Polyox N-10 given orally is not absorbed
from the gastrointestinal tract, and does not pro-
duce chronic toxicity or oncogenic effects.

E. Reproductive/Developmental Toxicity

In a teratology study with PEG 400(29), timed preg-
nant Sprague-Dawley rats and New Zealand
White rabbits were randomly assigned to dose
groups (10/group). The animals were dosed
between Gestational Days 6–17 (rats) and 6–18
(rabbits) by oral gavage at dose volumes of 1
mL/kg (rats) and 2 mL/kg (rabbits) with PEG 400
or 0.5% methylcellulose (vehicle control). Body
weights and food consumption were recorded
daily. Cesarean sections were performed on Ges-
tational Days 21 and 28 for the rats and rabbits,
respectively. Reproductive parameters, numbers
of corpora lutea, implantation sites, and resorp-
tions were recorded and the fetuses were exam-
ined for external, visceral and skeletal malforma-
tions. In the rabbits, loose stool was noted in the
PEG 400 group. There were no treatment-related
mortalities. Body weights, food consumption, and
reproductive parameters were comparable
between the groups. Some differences were noted
in the incidences of minor anomalies between
groups but none were biologically significant.

Pregnant CD-1 mice were gavaged on Gestation
Days 6–17 with 0.5 or 0.7 mL/animal/day (equal
to 564 or 789 mg/animal/day, or 22.5 or 31.6
g/kg/day) of undiluted PEG 200.(30) No signs of
maternal toxicity were noted, but one dam at the
highest dose died on the day of sacrifice (it was
unclear if this death was related to treatment). 
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All dams were sacrificed on Gestation Day 18 and
all fetuses were examined. Teratogenic effects,
consisting of malformations of the skull, paws,
and thoracic skeleton were observed at the high
dose and, to a lesser extent, at the low dose. Fetal
loss was increased and means fetal bodyweight
was decreased in the treated groups as compared
with the control group. In this study, PEG 200 was
teratogenic and fetotoxic at doses that were non-
toxic to the dams. 

In the same study, Sprague-Dawley rats were gav-
aged on Gestation Days 6–14 or 11–16 with 1.5–5
mL/animal/day (equal to 1.69–5.64 g/animal/day)
of undiluted PEG 200.(30) Some maternal deaths
occurred at all doses tested. No embryo-fetal or
developmental toxicity was reported. 

In another rat teratology study, rats were dosed
orally with 1 or 10 g/kg/day PEG 200 from Gesta-
tion Day 6–15.(31) No teratogenic effects were
observed. However, fetotoxicity and maternal tox-
icity were not described. 

PEG 200 was tested on cultured 10-day-old rat
embryos at concentrations ranging from
O.25%–2% (v/v), with or without S-9 mix from
the mouse, rat, hamster, rabbit, or man as a meta-
bolic activation system.(32) PEG 200 exposure at
0.25% and 0.5% with mouse S-9 mix produced
abnormalities in brain development (hypoplasia of
the prosencephalon, fore- and mid-brain opened).
At 0.5% or 0.75% with S-9 mix from the rat, ham-
ster, rabbit, or human, PEG 200 was embryo-
lethal. At 1% with any S-9 mix, PEG 200 also was
embryo-lethal.

3-generation fertility study was conducted with a
group of 16 female rats fed diets containing 4%
PEG 1540.(33) The criteria measured in each of
three generations continuously exposed to PEG
1540 were mean numbers of pups/litter; live
pups/litter; dead pups/litter; pups weaned/litter;
and pup weight at weaning. None of these parame-
ters differed significantly from the control group. 

F. Genotoxicity

When tested in the Ames Salmonella assay, PEG
200 and PEG 400 were negative.(34,35) PEG (m.w.
un-specified) was also negative in an in vitro assay
in Escherichia coli, with or without metabolic
activation.(36) PEG 6000 was positive in the mouse
lymphoma L5178Y assay without metabolic acti-
vation at a concentration of 150 g/L. A small
increase in the mutation frequency (2.3-fold) was
observed at a cytotoxic concentration (about 20
mM), exceeding current recommended practices.
This test was only performed in the absence of a
metabolic activation system.(37)

The clastogenicity of PEG 200 and PEG 400 was
evaluated in cultured Chinese hamster epithelial
cells (CHEL) and Chinese hamster ovary (CHO)
cells, with or without metabolic activation.(38) PEG
200 induced statistically-significant and dose-
related increases in chromosomal aberrations in
CHEL cells. In contrast, PEG 400 did not show
any clastogenic activity in CHEL cells up to the
highest test concentration (7 mM). PEG 400 was
also assayed with CHO cells in the presence or
absence of S9 and significant increases in aberra-
tion frequency were only observed with metabolic
activation and at concentrations exceeding the
upper limit for cytotoxic effects (10 mM). 

PEG 400 was tested for mutagenic activity with
the CHO mutation test.(19) CHO cells were incu-
bated with PEG 400 at concentrations ranging
from 0.01%–0.0625% (by volume) for 5 hours
both with and without S9 metabolic activation.
Cell survival was determined after 24 hours, and
the mutant fraction was determined after 7 days.
Dimethylnitrosamine (DMN) and ethylmethane
sulfonate (EMS) were used as positive controls
both with and without metabolic activation. These
agents had highly statistically significant mutation
frequencies that were within the normally expect-
ed range of values observed in historical controls.
The mutation frequencies for the solvent,
dimethylsulfoxide (DMSO) and negative controls
both with and without metabolic activation were
in an acceptable and low range based upon histor-
ical control values. PEG 400 was relatively non-
toxic at all concentrations tested, and there was no
dose-related increase in the frequency of mutants,
either with or without metabolic activation.

A sister-chromatid exchange (SCE) test was also
conducted with PEG 400.(19) CHO cells were incu-
bated with PEG 400 at concentrations ranging
from 1.0% to 0.0625% (by volume) for 5 hours
without metabolic activation, or for 2 hours using
S9 metabolic activation. EMS was used as a posi-
tive control in this study. In the absence of meta-
bolic activation, no statistically significant
increases occurred in the SCE frequency at any of
the tested PEG 400 concentrations. In the pres-
ence of a metabolic activation system, the only
SCE value that was statistically significant from
the solvent control group occurred at the 0.5%
dose level. However, there was no indication of a
correlation between PEG 400 concentration and
SCE induction.

PEG 400 was also tested in the unscheduled DNA
synthesis (UDS) assay.(19) Rat hepatocytes were
treated with PEG 400 prepared in DMSO at con-
centrations ranging from 100×10−3% to
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0.1×10−3%(by volume) for 2 hours in a culture
medium containing [3H]thymidine and hydroxy-
urea. UDS activity was determined by analyzing
radioactive incorporation into isolated hepatocyte
nuclei or in precipitated DNA. The positive con-
trols used were DMN and 4-nitroquinoline oxide.
At concentrations of 3 × 10−3% and 100 × 10−3%,
PEG 400 induced elevated levels of UDS measured
in the nuclei and DNA of the hepatocytes. The only
statistically significant increase in radioactive
thymidine incorporation was measured in the DNA
of the cells treated with the high dose. However,
for concentrations between 3×10−3%and
100×10−3%, there was no significant elevation of
UDS levels measured in either the nuclei or DNA
and the authors concluded that these results did not
indicate a dose-response relationship

PEG 200 was evaluated in an in vivo bone marrow
chromosome aberration assay used to evaluate its
clastogenic potential.(19) Sprague-Dawley rats
were given a single 10 mL/kg oral dose of 0, 1250,
2500, or 5000 mg/kg PEG 200 (n = 5/sex/group)
diluted in water. The dose levels were selected
based on a preliminary test in which PEG 200 was
nontoxic up to 5000 mg/kg. A positive-control
group received an intraperitoneal (i.p.) injection of
30 mg/kg cyclophosphamide to demonstrate the
responsiveness of the animals to a recognized
clastogenic agent. Animals were killed at 12, 24,
or 48 hours after dosing. Bone marrow tissue from
the femur of each rat was isolated and prepared for
staining of the chromosomes of mitotic cells on
slides. Cells were evaluated for chromosome num-
ber, specific type of chromosome- or chromatid-
type aberrations, and further classified for dele-
tions and exchanges. None of the three dose levels
of PEG 200 tested produced statistically signifi-
cant or dose-related increases in relative numbers
of chromosome aberrations compared to negative-
control values. Simple chromatid breaks and frag-
ments were observed, but the frequencies were
within the range of spontaneous incidence for the
test system. The positive control (cyclophos-
phamide) group exhibited significant increases in
the numbers and types of chromosomal damage in
both male and female rats. 

An ambiguous result was obtained in a micronu-
cleus test with Swiss–Webster mice after single
intraperitoneal injection of PEG 200. 30 hours
after administration (but not at 24 or 72 hours), a
slight increase of micronuclei was observed in
high dose males (5000 mg/kg bw). However,
when the number of scored erythrocytes was dou-
bled, an increase in micronuclei was also observed
in the low-dose group. According to the authors
the effect may have been due to testing artifacts.(8) 

A dominant lethal assay was also performed with
PEG 200.(19) Male Fischer 344 rats (20 per group)
were exposed to 0, 5000, 25,000, or 50,000 ppm
PEG-4 in drinking water for 5 consecutive days.
The respective daily consumption levels of the
three doses of PEG 200 were 425 ± 45, 2441 ±
328, and 5699 ± 1341 mg/kg. At the end of the 5-
day dosing period, the PEG 200 drinking water
was replaced with regular water. Beginning 24
hours after the last PEG 200 exposure, the males
were mated with two naive (nontreated) virgin
females. When those females showed evidence of
copulation, they were replaced with two more
females, until each male had mated with 10
females or until 10 weeks had passed. At the end
of the 10th week after PEG 200 exposure, males
were killed for necropsy. The females were
observed and killed on Gestation Day 15, at which
time corpora lutea and implantation sites (resorp-
tions and live embryos) were counted. Reproduc-
tive parameters, including number of fertile males
and number of gravid females with viable
implants, were not affected by PEG 200 treatment.
There were no significant preimplantation losses
or dominant lethal effects observed. A concurrent
positive control group of males receiving an i.p.
injection of 0.5 mg/kg triethylenemelamine
(TEM) were bred with naïve females in a similar
manner. The TEM group showed increased pre-
and postimplantation loss, increased early resorp-
tions and significant dominant lethal effects. In
summary, almost all of the in vitro and all of the in
vivo genotoxicity assays with PEG 200 or 400
were negative. The weight of evidence suggests
that PEG 200 and 400 are not genotoxic.

G. Metabolism /Pharmacokinetics

PEGs seem to be slow-acting parasympath-
omimetic-like compounds. When given intra-
venously, they tend to produce an increase in
blood clotting, and if given rapidly they may cause
clumping of cells, leading to death from
embolism.(39) A recent study in rabbits demon-
strated that following application of PEG to bro-
ken skin the parent material and metabolites
(hydroxyglycolic acids and diglycolic acid
homologs) were present in both the urine and
serum of the exposed animals. The authors attrib-
uted kidney failure in the exposed rabbits to the
presence of the PEG metabolites.(10)

Pharmacokinetic and mass balance evaluations
were conducted in parallel with a chronic oral
(dietary) toxicity study with Polyox N-10 (PEG
with average mw of 100,000) in F344 rats.(24) This
study showed essentially complete recoveries
(99% in males, 104% in females) from the excreta,
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with nearly all the radiolabel being eliminated in
the feces (98% in males, 101% in females) in rats
given an oral dose of 14C-labelled Polyox N-10.
Recoveries from the urine, expired air, blood, and
other tissues were negligible (<1%).

Higher molecular weight PEGs (4000–6000) were
not absorbed from the rat gut during a 5-hour peri-
od, while lower mw PEGs (1000–1540) were
absorbed to a slight extent. Approximately 24% of
PEG 400, 3.2% of PEG 900 and 1.7% of PEG
4000 was bioavailable in the rat(.40) Rats and
humans appear to absorb similar percentages of
the administered dose of PEGs, while PEGs are
more bioavailable in the dog than in either rats or
humans. When intravenous doses of 1 g PEG 6000
or PEG 1000 were injected in human subjects,
96% and 85% of the administered dose (respec-
tively) was excreted in the urine within 12 hours.
When 10 g oral doses of PEG 6000 and PEG 1000
were administered to five human subjects, no PEG
6000 and only 8% of the PEG 1000 was detected
in the urine within 24 hours. Following i.v. admin-
istration of a 1 g dose of PEG 400 to human sub-
jects, 77% was recovered in the urine in 12 hours.
Oral administration of 5–10 g doses of PEG 400
resulted in 40%–50% recovery of the adminis-
tered dose in the urine.(39)

V. HUMAN USE AND EXPERIENCE 

Most industrial exposures to PEGs occur via topical
contact. Inhalation exposures would be expected only
when mists are formed by spraying, violent agitation,
or when the material is heated. 

Anaphylaxis related to PEG has been reported in three
case reports: the first related to ingestion of a multiple
vitamin tablet containing PEG 8000 and PEG 20000;
the second involving ingestion of a throat lozenge con-
taining PEG 8000; the third involving ingestion of a
polyethylene glycol electrolyte lavage solution.(41–43) In
the first case, PEG solutions at concentrations of 1
mg/L elicited positive results in skin prick tests in a
patient who had suffered 5 previous unexplained
episodes of anaphylaxis for a period of 5 years, the
most recent culminating in hypotension, unconscious-
ness, and a grand mal seizure.(41) In the second case, the
patient was prick-tested against all of the ingredients in
the throat lozenge and responded only with PEG 8000
(massive local reaction with wheal formation over
entire body). However, no specific antibodies against
PEG 8000 were demonstrated against either PEG 8000
or other PEGs. The pathologic mechanism of the ana-
phylaxis in this patient was unresolved. In the third
case, a 70-year old male patient developed an anaphy-
lactic reaction following oral ingestion of a polyethyl-
ene glycol electrolyte lavage solution (Golyte1y).(43)

In an in vivo human study, the influence of skin damage
by sodium lauryl sulphate (SLS) on percutaneous pene-
tration of polyethylene glycols (PEGs) of different mol-
ecular weights was studied.(44) Percutaneous penetration
of PEGs was determined using tape stripping of the stra-
tum corneum. The forearm skin of volunteers was pre-
treated with 5% w/w SLS for 4 hours, and 24 hours later
patches with PEGs were applied for 6 hours. The pene-
tration parameters were deduced by data regression to
Fick’s law for unsteady-state diffusion. The trans-epi-
dermal water loss increased after SLS treatment from
6.3 ± 2.1 to 17.9 ± 8.7 g/m2/hour. The diffusion coeffi-
cient for all PEGs was increased in the SLS-damaged
skin. The increase was smaller for higher molecular
weight PEGs. In addition, the partition coefficient of
PEGs between stratum corneum and water was larger in
the SLS-compromised skin, and showed a tendency to
increase with molecular weight. The permeability coef-
ficient decreased gradually with increasing PEG molec-
ular weight in both control and SLS-compromised skin.
SLS caused a threefold increase in the permeability
coefficient for all molecular weights. The results of this
study show the deleterious effect of SLS on the skin bar-
rier for hydrophilic PEGs. 

There are no reports of human injuries or adverse
effects from industrial use of PEGs.(6,39,45,46)

VI. RATIONALE

Toxicity is unlikely following oral exposures to small
amounts of PEG, or as a result of contact with undam-
aged skin; however, repeated topical contact with cut,
broken, or damaged skin has been shown to produce
systemic toxicity and death in laboratory animals. 

Human repeat insult patch tests with PEGs ranging in
molecular weight from 200 to 8000 had a very low
incidence of responses (0–0.5%) observed, suggesting
that PEGs are not human skin sensitizers. In animal
tests, pure PEGs were also practically without sensitiz-
ing properties, indicating that impurities or oxidation
products may have been the culprit for the observed
effects in earlier studies. The available data do not sup-
port a DSENS notation. Two cases of anaphylaxis have
been reported for PEG 8000.

In teratology studies in the rat and rabbit, PEG 400 pro-
duced no adverse effects on reproductive performance
or fetal development. PEG 200 produced no adverse
developmental or reproductive effects in the rat, how-
ever developmental and fetotoxic effects at non-mater-
nally toxic doses were observed in the mouse in one
study. No adverse effects on reproduction or fetal/pup
development was reported in a three-generation repro-
duction study in which rats were fed diets containing
4% PEG 1540. The overall weight of evidence suggests
that occupational exposure to PEGs is unlikely to pre-
sent a developmental or reproductive hazard.
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Almost all of the in vitro and all of the in vivo geno-
toxicity assays with PEG 200 or 400 were negative. 
The weight of evidence suggests that low molecular 
weight PEGs are not genotoxic.

PEGs have been studied in subchronic and chronic tox-
icity studies via the oral, dermal, and inhalation routes. 
The lowest oral dose at which an effect attributable to 
treatment (retarded growth) was observed was 62 
mg/kg/day (0.08%) PEG 4000 in a 2-year chronic oral 
(drinking water) study in the rat. The lowest aerosol 
concentration producing toxicologically significant 
effects was 567 mg/m3 PEG 3350 in a 2-week inhala-
tion study in the rat. Exposure of rats and mice to 
aerosol concentrations of up to 1000 mg/m3 PEG 200 
for 13 weeks resulted in no lesions or biologically sig-
nificant alterations in blood chemistry, hematology, or 
pulmonary resistance.(27) The available data on the sub-
acute/subchronic inhalation toxicity of PEGs suggest 
that lower m.w. PEGs are less toxic via the inhalation 
route than the higher mw PEGs.

The subacute inhalation study with PEG 3350(21) is 
considered pivotal for the assessment of the WEEL 
guide for high mw PEGs (>400) because exposure was 
via the inhalation route and it was conducted and 
reported in accordance with current testing standards. 
The NOEL established in this study was 109–567 
mg/rn3. An OEL of 10 mg/m3 is considered 
appropriate for high mw PEGs because the study was 
of short duration, involved daily exposures of 6 hours, 
and produced effects on absolute and relative lung 
weights that remained significant following a 2-week 
recovery period.

The subchronic (13-week) inhalation study with PEG 
200(27) is considered pivotal for the assessment of the 
OEL for low mw PEGs (<400). The absence of any 
significant adverse effect at exposure concentra-tions 
up to 1000 mg/m3 for 13 weeks suggests that an 
OEL of 10 mg/m3 is appropriate for low mw PEGs.

VII. RECOMMENDED OEL

8-hr time-weighted average: 10 mg/m3, as a particulate
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