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Abstract

The German Commission for the Investigation of Health Hazards of Chemical Compounds in the Work Area 
has re-evaluated benzyl alcohol [100-51-6] to derive a maximum concentration at the workplace (MAK value), 
considering all toxicological endpoints. Available publications and study reports are described in detail.
Benzyl alcohol is irritating to the eyes and the airways. In a 4-week inhalation study in rats, microscopic lesions 
in the airways, especially in the lung, occurred at 1072 mg/m3. The NAEC is estimated to be 300 mg/m3, a 
concentration at which benzyl alcohol can occur as vapour, corresponding to 67  ml/m3. A MAK value of 
5 ml/m3 has been derived. As local effects are critical, benzyl alcohol is classified in Peak Limitation Category 
I with an excursion factor of 2.
In developmental toxicity studies with benzyl alcohol in mice, foetotoxic effects occurred at 750 mg/kg body 
weight and day in the presence of marked maternal toxicity. The NOAEL was 550 mg/kg body weight and day; 
however, teratogenicity was not examined. Benzoic acid is the main metabolite of benzyl alcohol. Considering 
the developmental toxicity studies with sodium benzoate, the differences between the NOAEL for rats, mice, 
rabbits and hamsters scaled to an inhalation concentration at the workplace and the MAK value are considered 
so large that damage to the embryo or foetus is unlikely when the MAK value is observed. Therefore, benzyl 
alcohol is classified in Pregnancy Risk Group C.
Benzyl alcohol is not regarded to be genotoxic or carcinogenic. Sensitization is not expected as benzyl alcohol 
was not a contact sensitizer in a local lymph node assay and there were no conclusive positive clinical findings 
of sensitizing effects on the skin. Skin contact is expected to contribute significantly to the systemic toxicity. 
Therefore, benzyl alcohol is designated with an “H”.
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Benzyl alcohol1)

[100-51-6]
Supplement 2017

MAK value (2016) 5 ml/m3 (ppm) ≙ 22 mg/m3

Peak limitation (2016) Category I, excursion factor 2

Absorption through the skin (2016) H

Sensitization –

Carcinogenicity –

Prenatal toxicity (2016) Pregnancy Risk Group C

Germ cell mutagenicity –

BAT value –

Molar mass 108.14 g/mol

Vapour pressure at 25 °C
Vapour pressure at 20 °C

0.13 hPa (NLM 2015 a; ECHA 2014)
0.07 hPa (ECHA 2014); 0.027 hPa (IFA 
2015)

1 ml/m3 (ppm) ≙ 4.487 mg/m3 1 mg/m3 ≙ 0.223 ml/m3 (ppm)

Stability Benzyl alcohol is sensitive to light and 
air (Merck KGaA 2014)

Production Hydrolysis of benzyl chloride with 
aqueous sodium or potassium 
carbonate (NLM 2015 b)

Purity 99.5% (Merck KGaA 2013)

Impurities Benzaldehyde (≤ 0.1%; Merck KGaA 
2013)

1)	The substance may be present simultaneously as vapour and aerosol.
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Uses For curing epoxy resins, as a solvent in 
waterborne coatings, in paint strippers, 
in cosmetics and as a preservative and 
flavour in food (OECD 2004). Approved 
since 2009 as an active ingredient in a 
lotion for treating head lice in the USA 
(FDA 2009).

Documentation for benzyl alcohol is available from 2006 (documentation “Benzyl-
alkohol” 2006, available in German only). This supplement takes into account the 
new data.

1    Toxic Effects and Mode of Action

The toxic effects and mode of action of benzyl alcohol are described in the 2006 
documentation (documentation “Benzylalkohol” 2006, available in German only). 
In a recently published 4-week inhalation study with rats, histopathological chang-
es in the lungs occurred at a concentration of 1072 mg/m3.

In vitro and in vivo studies with benzyl alcohol did not reveal gene mutations. 
Clastogenic effects were found only in vitro at high concentrations. In micronu-
cleus tests in vivo, neither benzyl alcohol nor its main metabolite benzoic acid was 
found to have clastogenic effects.

When administered by gavage using doses of 750 mg benzyl alcohol/kg body 
weight and day, reduced foetal body weights with simultaneous maternal toxicity 
were found in mice. In recent studies of the developmental toxicity of benzyl alco-
hol in rats and rabbits, foetotoxic effects, but not teratogenic effects, were observed 
with simultaneous maternal toxicity after subcutaneous administration of 500 and 
400 mg/kg body weight and day, respectively.

In humans, only few cases of sensitization to benzyl alcohol after application to 
healthy skin have been reported. Also in animals its sensitization potential is, at 
most, very low. No data are available for sensitization of the airways.

2    Mechanism of Action

The toxicity of benzyl alcohol in premature neonates is attributed to their reduced 
metabolic capacity (see Section 4). This is assumed to be the result of lower glycine 
acyltransferase activity and a depletion in glycine (LeBel et al. 1988). Extrapolation 
of the effects in premature neonates to those in adults is difficult due to the different 
metabolic capacity. In an intraperitoneal study with adult and neonatal mice, no 
difference in the toxicity of benzyl alcohol could be found, however. In both age 
groups there were toxic effects such as sedation, dyspnoea or the loss of the righting 
reflex. The LD50 value for adult and newborn mice was 1000 mg/kg body weight. 
The authors assume that the increased susceptibility to benzyl alcohol (with effects 
such as gasping) in the premature neonates compared with in the adults may be 
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related to an excessive body burden relative to weight, rather than to metabolic 
differences between neonates and adults. (McCloskey et al. 1986).

3    Toxicokinetics and Metabolism

3.1    Absorption, distribution, elimination

There is no information available for the toxicokinetics of benzyl alcohol after inha-
lation. Data from the documentation of 2006 (documentation “Benzylalkohol” 
2006, available in German only) show that orally administered benzyl alcohol is 
rapidly and presumably almost completely absorbed via the gastrointestinal tract 
and 75% to 85% is eliminated with the urine after metabolism

Since the documentation from 2006 (documentation “Benzylalkohol” 2006, avail-
able in German only), three new studies of its dermal penetration have been pub-
lished. A summary of all the available studies of dermal penetration is shown in 
Table 1.

In a study with repeated dermal treatment of rats and dogs for 6 hours a day over 
14 days, benzyl alcohol was investigated as the active ingredient (5%) in a lotion to 
treat head lice. The benzyl alcohol doses used were 5, 10 and 15 mg/kg body weight 
and day. The concentrations of benzyl alcohol in the plasma were investigated after 
1 day and after 14 days. The highest level of benzyl alcohol (3.59 µg/ml) was found 
in the high dose group in rats after 14 days. The concentrations in the plasma of 
dogs were similarly low after 14 days; 10.2 µg/ml was determined in the high dose 
group (FDA 2009).

In an in vitro study of dermal penetration, benzyl alcohol in ethanol was applied 
to human split skin (300 µm) in concentrations of 0.9 µg/cm2 to 10.6 mg/cm2. A 
maximum flux of 100 µg/cm2 and hour at a concentration of 990 µg/cm2 was deter-
mined. This would correspond to the total absorption of 200 mg by both hands and 
forearms (about 2000 cm2) after exposure for one hour. In the study it was also 
found that at low concentrations (< 300 µg/cm2) the maximum absorption occurs 
within the first hour after application of the substance, and at higher concentrations 
(≥ 990 µg/cm2) the time taken to reach maximum absorption increases. The cumu-
lative amount absorbed after 24 hours was between 20% (0.9 µg/cm2) and 29% 
(−10.6 mg/cm2 (Miller et al. 2006).

In another in vitro study, no significant difference in dermal penetration was 
found between undiluted benzyl alcohol and saturated aqueous solutions 
(540 ± 240 µg/cm2 and hour and 610 ± 530 µg/cm2 and hour, respectively) (Barry 
et al. 1985 b).

In an inadequately documented investigation, 7 mg benzyl alcohol/cm2 was ap-
plied to human split skin for 24 hours. The cumulative amount absorbed per area, 
divided by the concentration in the solvent (mg/cm2 / mg/cm3), was given as 
40.1 ± 4.3 × 103 cm and 41.0 ± 10 × 103 cm for benzyl alcohol (Grégoire et al. 2009).

No new data for the half-life of benzyl alcohol were found. After intravenous ad-
ministration of 52 or 150 mg/kg body weight (2.5% in saline solution), the half-life 
in the plasma of dogs was 1.5 hours (Rowe and McCollister 1982).



Benzyl alcohol 1079

Ta
bl

e 
1	

Su
m

m
ar

y 
of

 th
e 

st
ud

ie
s 

of
 th

e 
de

rm
al

 p
en

et
ra

tio
n 

of
 b

en
zy

l a
lc

oh
ol

Te
st

 sy
st

em
,

sp
ec

ie
s

Re
ce

pt
or

 
ph

as
e

So
lv

en
t

O
cc

lu
sio

n
Sk

in
 

th
ic

kn
es

s 
[µ

m
]

Fl
ux

  
[µ

g/
cm

2 /h
]

To
ta

l u
pt

ak
e 

[m
g]

a)
Re

fe
re

nc
es

in
 v

iv
o,

rh
es

us
 m

on
ke

y 
(M

ac
ac

a 
m

ul
at

ta
)

–
ac

et
on

e
w

ith
 a

nd
 w

ith
ou

t 
co

ve
rin

g
–

0.
1b)

0.
2

Br
on

au
gh

 e
t a

l. 
19

90

in
 v

iv
o,

ra
t, 

do
g

–
5%

 in
 lo

tio
n 

fo
r 

he
ad

 li
ce

no
 d

at
a;

5,
 1

0,
 1

5 
m

g/
kg

 b
od

y 
w

ei
gh

t a
nd

 d
ay

, 
6 

ho
ur

s/
da

y, 
14

 d
ay

s

–
n.

c.
n.

c.
;

15
 m

g/
kg

 b
od

y 
w

ei
gh

t a
nd

 d
ay

: 
3.

59
 (r

at
) o

r 1
0.

2 
µg

/m
l (

do
g)

 in
 

th
e 

pl
as

m
a 

af
te

r 1
4 

da
ys

FD
A

 2
00

9

in
 v

itr
o,

hu
m

an
s

sa
lin

e 
so

lu
tio

n
un

di
lu

te
d

te
st

 c
ha

m
be

r c
ov

er
ed

 
w

ith
 p

ar
afi

lm
no

 d
at

a
27

5
55

0
Jim

bo
 1

98
3;

 Ji
m

bo
 

et
 a

l. 
19

83

in
 v

itr
o,

hu
m

an
s

bu
ffe

r 
so

lu
tio

n
et

ha
no

l
no

c)
30

0
29

57
.9

Sa
iy

as
om

ba
ti 

an
d 

K
as

tin
g 

20
03

in
 v

itr
o,

hu
m

an
s

sa
lin

e 
so

lu
tio

n
be

nz
en

e
no

 d
at

a
50

00
n.

c.
n.

c.
M

en
ze

l a
nd

 
M

ai
ba

ch
 1

97
0

in
 v

itr
o,

hu
m

an
s

no
 d

at
a

no
 d

at
a

no
 d

at
a

no
 d

at
a

73
14

6
FD

A
 2

00
9

in
 v

itr
o,

hu
m

an
s

bu
ffe

r 
so

lu
tio

n
et

ha
no

l
te

st
 c

ha
m

be
r c

ov
er

ed
 

so
m

e 
of

 th
e 

tim
e

30
0

10
0

20
0

M
ill

er
 e

t a
l. 

20
06

in
 v

itr
o,

hu
m

an
s

et
ha

no
l 

(5
0%

)d)
un

di
lu

te
d

no
 d

at
a

40
0

50
V

F
10

0
Ba

rr
y 

et
 a

l. 
19

85
 a

in
 v

itr
o,

hu
m

an
s

et
ha

no
l 

(5
0%

)d)
un

di
lu

te
d

w
at

er
 (s

at
ur

at
ed

)
no

 d
at

a
40

0
52

V
F

54
0LF

 
61

0SF

10
4

10
80

 
12

20

Ba
rr

y 
et

 a
l. 

19
85

 b



MAK Value Documentations 1080

IssueYear: 2016
Volume	 Number: 1
Issue	 No: 4
produktionstitel: BAT Value Documentations 2017
<kurztitel>: Addendum to Methyl bromide 
DOI_Umbruchversand: xxxx

The MAK Collection for Occupational Health and Safety 2018, Vol 3, No 3

Te
st

 sy
st

em
,

sp
ec

ie
s

Re
ce

pt
or

 
ph

as
e

So
lv

en
t

O
cc

lu
sio

n
Sk

in
 

th
ic

kn
es

s 
[µ

m
]

Fl
ux

  
[µ

g/
cm

2 /h
]

To
ta

l u
pt

ak
e 

[m
g]

a)
Re

fe
re

nc
es

in
 v

itr
o,

hu
m

an
s

ph
ys

io
lo

gi
ca

l 
re

ce
pt

or
 

so
lu

tio
n

no
 d

at
a

no
39

0 
± 

80
n.

c.
n.

c.
G

ré
go

ire
 e

t a
l. 

20
09

a)
 o

ne
-h

ou
r e

xp
os

ur
e 

of
 b

ot
h 

ha
nd

s a
nd

 fo
re

ar
m

s (
ab

ou
t 2

00
0 

cm
2 ), 

ca
lc

ul
at

ed
;

b)
 m

ea
n 

va
lu

e 
fr

om
 o

pe
n 

an
d 

oc
cl

us
iv

e 
ap

pl
ic

at
io

n;
c)
 a

pp
ar

at
us

 w
ith

 c
on

tin
uo

us
 a

ir 
re

m
ov

al
;

d)
 st

ud
y 

no
t v

al
id

 a
s r

ec
ep

to
r p

ha
se

 n
ot

 p
hy

sio
lo

gi
ca

l;
V

F : v
ap

ou
r fl

ux
;

LF
: l

iq
ui

d 
flu

x;
SF

: fl
ux

 o
f s

at
ur

at
ed

 a
qu

eo
us

 so
lu

tio
n;

 
n.

c.
: n

ot
 c

al
cu

la
bl

e,
 a

s d
at

a 
ar

e 
la

ck
in

g

Ta
bl

e 
1	

(c
on

tin
ue

d)



Benzyl alcohol 1081

3.2    Metabolism

After absorption, in humans as well as in rats and rabbits, benzyl alcohol is rapidly 
oxidized via benzaldehyde to benzoic acid. After conjugation with glycine, 80% is 
eliminated as hippuric acid and up to 20% as glucuronide (see documentation “Ben-
zylalkohol” 2006, available in German only). In adult mice, alcohol dehydrogenase 
and aldehyde dehydrogenase could be identified as the metabolizing enzymes (Mc-
Closkey et al. 1986). In human liver microsomes, on the other hand, cytochrome 
P450 and not alcohol dehydrogenase has been described as the metabolizing en-
zyme of benzyl alcohol (Chapman et al. 1990).

4    Effects in Humans

There are no new data available for repeated exposure and there are still no data for 
reproductive toxicity, genotoxicity and carcinogenicity.

4.1    Single exposures

Benzyl alcohol was added to isotonic saline solution as a preserving agent. There-
fore, toxic effects such as gasping, depression of the central nervous system or kid-
ney and liver failure were observed in premature neonates (documentation “Ben-
zylalkohol” 2006, available in German only). From the significantly increased levels 
of benzoic acid in the plasma and the significantly reduced urinary hippuric acid 
values in the premature neonates compared with term newborns, a reduced meta-
bolic capacity in the premature neonates can be concluded. Lower glycine acyl-
transferase activity and a depletion in glycine are assumed (LeBel et al. 1988).

4.2    Local effects on skin and mucous membranes

In earlier studies, benzyl alcohol was described as irritating to human skin (docu-
mentation “Benzylalkohol” 2006, available in German only). In a review it is report-
ed that 9 female subjects were exposed to subcutaneous injections of benzyl alcohol 
on their backs (3%, no other data) on 4 consecutive days. After visual evaluation 
according to the Frosch-Kligman assessment system the effects were described as 
irritative (Nair 2001).

4.3    Allergenic effects

In the documentation from 2006 (documentation “Benzylalkohol” 2006, available 
in German only), in addition to some case reports, most of which were not occupa-
tion-related, numerous clinical epidemiological studies are described in which 
patch tests were carried out with benzyl alcohol concentrations of between 1% and 
10%. In the tests with concentrations of 5% or 10% in collectives of up to 4246 and 
2028 patients, reactions were obtained in up to about 2.5% and 1.6% of the persons, 
respectively. A higher percentage of about 5% was found only in a collective of 652 
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patients with eczema on the lower leg or ulcus cruris (documentation “Benzylalko-
hol” 2006, available in German only).

In a more recent review of the toxicological properties of benzyl alcohol, other 
studies, in particular Japanese, are cited, in which a similarly high percentage of 
reactions was obtained with 5% or 10% test concentrations (Scognamiglio et  al. 
2012). However, in the tests using a 1% preparation (mostly in petrolatum), either a 
markedly lower percentage of reactions of below 1%, for example in about 0.4% of 
11373 tested persons, were observed, or no reactions at all (documentation “Ben-
zylalkohol” 2006, available in German only).

As a result of the more frequent occurrence of irritative reactions at higher con-
centrations, in the meantime a 1% preparation in petrolatum has been recommend-
ed for testing by the DKG (German Contact Dermatitis Research Group). The reac-
tion index (RI)2) of –0.15 and the positivity ratio (PR)3) of 74.9% (Schnuch et  al. 
2008) indicate that this preparation is sufficiently suitable for this purpose.

In a comparative evaluation, no increased incidence of positive or questionable 
erythematous reactions was found in 441 patients who reacted to sodium lauryl 
sulfate (SLS) tested as an irritant control in the clinics of the IVDK (Information 
Network of Departments of Dermatology) compared with in 641 patients who did 
not react to SLS (Geier et al. 2003 b).

Only a low percentage of reactions was found also in more recent clinical epide-
miological studies. For example, a reaction to benzyl alcohol was found in 0.1% of 
4922 patients in Finland between 1995 and 1996, whereas there were no reactions 
at all in any of 6125 patients in the period between 2000 and 2002 (Hasan et al. 
2005).

In a Danish and a Dutch study of sensitization to fragrance components, a reac-
tion to benzyl alcohol was found in 2 of 1508 patients between January 2008 and 
July 2010 and in 1 of 320 patients between April 2005 and June 2007, that is in about 
0.1% of the tested persons in each case (Heisterberg et al. 2011; van Oosten et al. 
2009).

In a Spanish study, 2 of 86 patients with diagnostic or anamnestic evidence of 
fragrance intolerance reacted to 1% benzyl alcohol (no other details) in the period 
between October 2004 and June 2008 (Cuesta et al. 2010).

Between 2011 and 2012, in two British dermatological centres, 1951 patients were 
tested with the standard series and with a fragrance series. Here, 4 persons reacted 
to a 10% benzyl alcohol preparation (Mann et al. 2014).

A similarly low percentage of reactions was recorded also in the clinics of the 
IVDK in corresponding studies, with reactions in 1 of 1059 persons (tested in 2003 
and 2004) and 7 of 2166 persons (tested between 2005 and 2008) (Schnuch et al. 
2007; Uter et al. 2010).

When benzyl alcohol was tested in the clinics of the IVDK in persons with sus-
pected sensitization to preservatives, only a low percentage of reactions occurred, 
with 0.24% of 23 257 and 0.18% of 17 740 tested persons between 2005 and 2008, 

2) The reaction index is defined as the quotient: (a – d – i) / (a + d + i); with: a = number of allergic 
reactions, d = number of questionable reactions, i = number of irritative reactions (Brasch and 
Henseler 1992).

3) The positivity ratio is defined as the percentage of 1+ test reactions among the total positive test 
reactions (Geier et al. 2003 a).
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and between 2006 and 2009, respectively. In the larger collective, the reactions were 
classified as irritative or questionable in 0.53% of the patients (Schnuch et al. 2011; 
Uter et al. 2010).

An evaluation of the patch test results from 5183 patients with and 14 722 patients 
without atopic eczema documented between 1995 and 1999 in the clinics of the 
IVDK showed that in these collectives there is practically no difference in the inci-
dence of reactions at 0.28% and 0.30%, respectively. A positive result was, however, 
strongly associated with a more advanced age (> 40 years). Patients with ulcus cru-
ris or chronic eczema on the leg were not included in this study (Jappe et al. 2003).

In total, more than 120 000 patients were patch tested in the clinics of the IVDK 
during the twelve years between 1996 and 2007, more than 60 000 of whom were 
also tested with a preservative series in addition to the standard series. A reaction 
to 1% benzyl alcohol in petrolatum was observed in 223 of 65 398 patients (0.3%). 
(Schnuch et al. 2008).

A similarly low frequency (0.4%) of reactions to 1% benzyl alcohol in petrolatum 
was described in an Australian study with 4552 tested patients. Less than a third of 
the reactions were considered by the authors to be relevant (Chow et al. 2013).

Patch tests with 1% benzyl alcohol in petrolatum produced a reaction only in 1 of 
290 patients with suspected perioral symptoms of allergic origin. However, the au-
thors did not regard this as relevant (Torgerson et al. 2007).

No reactions to 1% benzyl alcohol in petrolatum were observed in the testing of 
232 patients with dermatitis of various origin on the eyelids and in an Indian study 
with 436 patients with suspected intolerance to cosmetics (Cooper and Shaw 2000; 
Penchalaiah et al. 2000).

In five photo-contact allergy studies, benzyl alcohol concentrations of 5% were 
investigated in photopatch tests and produced only one reaction in a total of 2365 
tested persons (Scognamiglio et al. 2012).

In addition, also a number of case reports have been published which, however, 
were always in connection with (possibly) non-occupational exposure, as with one 
patient (female) who produced a 2+ reaction to benzyl alcohol contained in a 
semi-permanent hair-dye preparation (Carrascosa et al. 2006). One female patient, 
who had had dermatitis of the arms and legs for ten years and had undergone re-
peated topical antibiotic and corticoid treatment for her chronic leg eczema, react-
ed in the patch test to benzyl alcohol, several external agents and cosmetics con-
taining benzyl alcohol as a preservative, and a number of other substances, including 
wool alcohol and neomycin (Curry and Warshaw 2005).

In another female patient with intolerance to a topical pimecrolismus preparation 
(balsam of Peru), the authors suspected the benzyl alcohol used as a preservative to 
be the cause, and described sudden exacerbation of the dermatitis in the eye area 
after provocation with a product containing benzyl alcohol (Jacob and Stechschulte 
2008). In view of the multiple 1+ reactions of this patient to 13 test substances, in-
cluding benzoic acid and dodecyl gallate, the relevance of the reaction to benzyl 
alcohol is, however, questionable.

A female patient who suffered from peri-genital pruritus and recurrent erythem-
atous oedema after the application of different topical antimycotics and antibiotics, 
reacted in the patch test to numerous substances, including p-phenylenediamine, 
benzocaine, parabene mix, several fragrances and balsam of Peru, and also to sever-
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al external agents preserved with benzyl alcohol and to 5% benzyl alcohol in petro-
latum (Sestini et al. 2004).

Reactions to benzyl alcohol were reported without giving details in 2 patients who 
reacted following an injection of botulinum toxin A preparations containing benzyl 
alcohol with dermatitis of the eyelids (Amado and Jacob 2007).

Repeated insult patch tests with benzyl alcohol preparations in a mixture of diethyl 
phthalate/ethanol (3:1) were carried out in groups of 46 to 110 volunteers. For in-
duction, 0.3 ml of the respective preparation was applied occlusively to the upper 
arm or back in a 25 mm test chamber for 24 hours on 9 alternate days over a period 
of 3 weeks. After a 10 to 14-day treatment-free interval, a corresponding challenge 
test was performed on a previously untreated area of skin with readings after 24 and 
48 hours and once more after 72 or 96 hours. The substance concentrations used 
and the amount applied per cm2 were 20%/23 622 µg (group  1); 15%/17 717 µg 
(group 2); 7.5%/8858 µg (group 3); 5%/5906 µg (group 4) and 3%/3543 µg (group 5). 
In group 1, oedematous reactions were found in 7 volunteers during the induction 
phase. In 4 of them, the induction treatment was discontinued, as they also reacted 
in a repeated test. At the challenge, 2 and 3 of the 56 volunteers had 2+ or 1+ reac-
tions; these were also reproducible in one of the volunteers in each case in a chal-
lenge repeated both on an occlusive and a semi-occlusive basis. Neither of the two 
volunteers, however, reacted to a repeated open application test (ROAT) applied to 
the forearm 3 times daily for 5 days. Five of the 46 volunteers in group 2 had oedem-
atous reactions during the induction phase. In 2 of these volunteers, a reaction oc-
curred also on testing a previously untreated area, which led to the discontinuation 
of the induction treatment. In this test, one of the volunteers had a questionable 
(+/–) transient reaction, so that induction was continued. The challenge treatment 
produced 2+ reactions in 4 volunteers and a 1+ or questionable reaction in 1 volun-
teer in each case. The 2+ and 1+ reactions were regarded by the investigators as an 
expression of sensitization. In group  3, 1 of the 110 volunteers developed pro-
nounced irritation, which made the removal of the test material necessary. This 
volunteer also had a 2+ reaction after challenge treatment in the 96-hour reading. 
Two other volunteers reacted to the challenge treatment in the same way. Repeated 
occlusive and semi-occlusive challenge treatment produced a reaction in 1 of these 
3 volunteers on all test areas, which was regarded as sensitization, whereas the two 
others developed a very minor erythematous reaction only to the occlusive chal-
lenge. Two of the 101 volunteers in group  4 produced an oedematous reaction 
during induction. As repeated testing on an untreated area also produced a reac-
tion, further treatment was discontinued. The challenge treatment produced a 3+ 
oedematous reaction in 1 of the 2 volunteers and a 1+ oedematous reaction in the 
other, which the investigators considered to be the expression of previously existing 
sensitization. In group  5, no reaction occurred in any of the 107 volunteers 
(Scognamiglio et al. 2012). It is not specified whether the volunteers were tested 
prior to the investigation for already existing sensitization to benzyl alcohol.

A maximization test carried out with one-day intervals between each of a total of 
5 48-hour applications of a 10% benzyl alcohol preparation in petrolatum did not 
lead to sensitization in any of the 25 volunteers (documentation “Benzylalkohol” 
2006, available in German only; Nair 2001; Scognamiglio et al. 2012).
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5    Animal Experiments and in vitro Studies

5.1    Acute toxicity

5.1.1    Inhalation

Based on a saturation vapour pressure of 0.13 hPa at 25 °C, a saturation concentra-
tion of 567 mg/m3 (126 ml/m3) is obtained for benzyl alcohol. It can therefore be 
assumed that, independent of the generation of an exposure atmosphere above 500 
to 600 mg benzyl alcohol/m3 (111–133 ml/m3), equilibrium exists between the 
aerosol and vapour phase. At concentrations markedly below these levels, benzyl 
alcohol is presumably present mainly in vapour form.

In the documentation from 2006 (documentation “Benzylalkohol” 2006, available 
in German only), an 8-hour LC50 of 1000 ml/m3 (4492 mg/m3) is reported for rats. 
Another study gives an LC50 of 1059 mg/m3, after 4 rats inhaled a benzyl alcohol 
aerosol for 6 hours. The animals that died were found to have asthenia, hyperther-
mia, tremor and disturbed locomotion and paresis in the hind limbs. Discoloration 
in the nasal region occurred in all animals of the high concentration group. Neither 
substance-related effects nor gross-pathological changes could be found in the ani-
mals that had inhaled 182, 357 or 781 mg benzyl alcohol/m3 (no further details; 
Katz and Fennikoh 1983). In all other short-term inhalation studies with exposure 
times between 4 and 6 hours, no mortality was observed; the investigated concen-
trations were between 61 ml/m3 (274 mg/m3) and 4178 mg/m3. In a valid study car-
ried out according to OECD Test Guideline 403, in which rats were exposed 
nose-only to benzyl alcohol concentrations of 4178 mg/m3 for 4 hours, unkempt fur 
and slower breathing was described; this was interpreted as mild sensory irritation 
in the upper respiratory tract (Bayer AG 1990 a).

No deaths occurred in rats in a 4-week inhalation study (see Section 5.2.1) at con-
centrations of up to 1072 mg/m3.

5.1.2    Oral administration

There are no new data available.

5.1.3    Dermal application

There are no new data available.

5.2    Subacute, subchronic and chronic toxicity

5.2.1    Inhalation

In a study, groups of 4 rats were exposed by inhalation to benzyl alcohol concentra-
tions of 0, 190, 334, 643 or 1119 mg/m3 for 6 hours a day, on 3 days. The recovery 
period was 16 days. In the high concentration group one animal died after the first 
exposure, a further animal became moribund and was killed after the second expo-
sure. The clinical symptom observed in these animals was a disturbance in locomo-
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tor coordination of the hind limbs. In all animals of the group exposed to 1119 mg/m3 
and in 2 animals of the group exposed to 334 mg/m3, discoloration of the nasal re-
gion was found. There were no gross-pathological changes in any group (no other 
details; Katz and Fennikoh 1983).

In a 2-week study in which groups of 6 male rats were exposed in whole-animal 
chambers to benzyl alcohol concentrations of 971 to 1214 mg /m3 for 4 hours, no 
clinical symptoms or pathological findings were observed (documentation “Benzyl-
alkohol” 2006, available in German only). The study gives no details of a histopatho-
logical evaluation, although microscopic examinations are reported in an addition-
al short-term oral toxicity study. It is therefore possible that a microscopic 
examination was carried out also in the 2-week study. However, no information is 
provided as to whether the lungs were examined.

In a 4-week study carried out according to OECD Test Guideline 412, groups of 10 
male and 10 female Sprague Dawley rats were exposed nose-only to benzyl alcohol 
concentrations of 0, 41, 102, 290 or 1072 mg/m3 for 6 hours a day, on 5 days per 
week. The exposure atmosphere was generated from the undiluted substance. The 
mass median aerodynamic diameter (MMAD) and the geometric standard devia-
tion (GSD) could be determined only for the concentration of 1072 mg/m3 (MMAD: 
3.3 µm; GSD: 2.39), a mass balance was not carried out. The parameters investigat-
ed included the number of survivors, body weights, food consumption, haematolo-
gy and coagulation, serum chemistry, ophthalmic examinations, organ weights, and 
gross-pathological and histopathological changes. Clinical symptoms such as local 
irritation were not described. The only significant effect, a concentration-depen-
dent increase in the relative weight of the epididymis, was found at 290 and 
1072 mg/m3.

In Table 2, the histological changes after exposure to 1072 mg/m3 and those in the 
control group are given. The effect with the highest incidence was minimal mono-
nuclear infiltrates in the lungs in 5 of 10 males from the high concentration group, 
but not in any animals of the control group. Lung weights were decreased in a con-
centration-dependent but not significant manner. In addition, in the males of the 
high concentration group, slight hyperplasia (2/10) of the squamous cells (nasal 
level I) and minimal acute (1/10) and subacute (1/10) inflammation (nasal level II) 
were seen in sections from the nasal cavity; these were found in the control group 
with a lower incidence. Histological examination of the lymph nodes in the respira-
tory tract of the males revealed minimal hyperplasia (1/10, mandibular region) and 
haemorrhage (1/10, 2/9, mandibular and mediastinal region) in the animals of the 
1072 mg/m3 group, and in either no or only one animal of the control group.

In one of the females of the high concentration group, a slight increase in eosino-
philic and mononuclear infiltrates was found in the lungs, but in no animal of the 
control group. Examination of the sections from the nasal cavities revealed minimal 
hyperplasia of squamous cells (2/10, nasal level I), minimal subacute inflammation 
(2/10, nasal level I) and minimal mononuclear infiltrates (2/10 and 1/10, nasal level 
I and II) with a higher incidence compared with that in the control group. Minimal 
hyperplasia was seen in the lymph nodes of the mandibular region in 3 of 10 fe-
males, but in none of the controls. Histopathological examinations were carried out 
only in the high concentration group, in which the exposure was in aerosol form.
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All findings were regarded as not substance-related and the NOAEC (no observed 
adverse effect concentration) was established at the highest concentration tested of 
1072 mg/m3 (The Personal Care Products Council 2010).

The study wascritically evaluated by the Commission. It was noticed that: The 
study was not carried out and described in accordance with OECD Guideline 39 
(2009). No real-time monitoring to demonstrate the presence of aerosols was car-
ried out. There are no reproducible data available for the measurement of particles. 
The concentration was determined using two wash bottles arranged in series, where 
only the first was analyzed, without ensuring that the second wash bottle was free 
of the test substance. The wash bottles used in the measurement system were filled 
with volatile isopropanol. Its evaporation can lead to volumetric errors, and the 
exposure concentration calculated is then false. There are no data regarding the 
validation of the method or information about the collection efficiency. Further-
more, the inhalation chamber was operated at reduced pressure, as a result of which 
the concentration in the chamber could be influenced by the inflow of air from 
outside. Investigations of the rebreathing of used air and the exchange of exhaust air 
are lacking. The Commission is particularly critical of the lack of histopathological 
examinations in the middle and low concentration groups exposed to the vapour.

The inhalation study was not carried out in accordance with present-day stan-
dards in all aspects; this fact has been taken into account in the assessment of the 
study. Nevertheless, the study can be used to derive a threshold value.

Conclusions:

The microscopic changes in the respiratory tract, especially in the lungs, in the fe-
males and with an increased incidence in the males at 1072 mg benzyl alcohol/m3 
represent, in the view of the Commission, at least the beginning of an effect, and the 
concentration of 1072 mg/m3 is therefore considered to be the LOAEC (lowest ob-
served adverse effect concentration). As no histopathological examinations were 
carried out in the animals of the middle and low concentration groups, the course 
of the concentration–effect relationship is not evident. However, in view of the low 
severity of the microscopic changes in the respiratory tract at the highest tested 
concentration, the NAEC (no adverse effect concentration) can be estimated as the 
LOAEC/3 (ECETOC 2003) to be in the range of 300 mg/m3.

5.2.2    Oral administration

In a valid 16-day study, groups of 5 male and 5 female F344/N rats and B6C3F1 mice 
were given oral doses of benzyl alcohol of 0, 125, 250, 500, 1000 or 2000 mg/kg body 
weight and day for 12 days. In the high dose group, all rats and mice died. At 
1000 mg/kg body weight and day, 2/5 male and 3/5 female rats and 1/5 male and 2/5 
female mice died. In the two high dose groups, lethargy and blood around the 
mouth and nose, subcutaneous haemorrhage, and blood in the urine, bladder and 
gastrointestinal tract occurred. Animals treated with lower doses (125, 250, 
500 mg/kg body weight and day), displayed no clinical symptoms and there were no 
histopathological findings attributable to the administration of benzyl alcohol (NTP 
1989).
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As described in the documentation from 2006 (documentation “Benzylalkohol” 
2006, available in German only), oral benzyl alcohol doses of 50, 100, 200, 400 or 
800 mg/kg body weight and day (on 5 days a week) for 13 weeks produced symp-
toms of intoxication in F344/N rats such as lethargy or laboured breathing and his-
topathological changes in the brain, thymus, skeletal muscles and kidneys in the 
high dose group. In females given 200 mg/kg body weight and day and 400 mg/kg 
body weight and day, the relative body weight gains were reduced (by 7% and 9%, 
respectively, compared with the values in the controls). In the males, this was found 
at 800 mg/kg body weight and day (7% reduction compared with in the controls). 
The body weight gains were not reduced in F344/N rats after doses of 200 and 
400 mg/kg body weight and day in the 2-year study with benzyl alcohol (NTP 1989). 
For this reason, the effect at 200 and 400 mg/kg body weight and day in the 13-week 
study is not considered adverse (OECD 2004).

In mice, after oral benzyl alcohol doses of 0, 50, 100, 200, 400 or 800 mg/kg body 
weight and day for 13 weeks (on 5 days per week), clinical symptoms of intoxication 
occurred in both sexes only in the high dose group. The relative body weight gains 
in the females were reduced at dose levels of 200 mg/kg body weight and day and 
above (by 4.8% compared with the values in the controls), and at 400 mg/kg body 
weight and day and above in the males (by 4.7% compared with in the controls) 
(documentation “Benzylalkohol” 2006, available in German only). The treatment of 
male and female B6C3F1 mice in the 2-year study (NTP 1989) with 100 and 200 mg 
benzyl alcohol/kg body weight and day had no effect on the body weight gains of 
these animals, so that the slight decrease at 200 mg/kg body weight and day in the 
13-week study is not considered adverse (OECD 2004).

In the 2-year oral studies (NTP 1989), F344/N rats and B6C3F1 mice were treated 
with benzyl alcohol on 5 days per week. The NOAEL (no observed adverse effect 
level) in rats was 400 mg/kg body weight and day, the highest dose that was tested. 
In B6C3F1 mice, the NOAEL was the highest tested dose of 200 mg/kg body weight 
and day (documentation “Benzylalkohol” 2006, available in German only).

Conclusions:

In both mice and rats, the most sensitive end point for systemic effects is the reduc-
tion in body weight gains. The 2-year studies yielded a NOAEL of 200 mg/kg body 
weight and day for mice, and 400 mg/kg body weight and day for rats.

5.2.3    Dermal application

There are no new data available.

5.3    Local effects on skin and mucous membranes

5.3.1    Skin

New data for skin irritation in rabbits and guinea pigs (Nair 2001) and from in vitro 
studies (Cotovio et al. 2005; ECHA 2014) have been published since the documen-
tation from 2006 (documentation “Benzylalkohol” 2006, available in German only). 
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A study in nude mice has not been used in the evaluation of dermal irritation. A 
summary of all available studies is shown in Table 3.

Irritation of the skin by benzyl alcohol in vivo was found only in inadequate stud-
ies: in some cases details of the observation period and method of covering the 
treated area are lacking, so that an evaluation of the results is difficult (Opdyke 
1973). Furthermore, in an open epicutaneous test, the result was judged as positive 
as soon as 25% of the tested animals displayed slight erythema formation after an 
exposure period of 24 hours or 21 consecutive days (Klecak et  al. 1977). In one 
study with rabbits, benzyl alcohol was assessed as being moderately irritating; how-
ever, benzyl alcohol was applied twice, and the primary irritation index was made 
up of several end points (Motoyoshi et al. 1979). Both the evaluation methods and 
the multiple applications do not meet present-day requirements. All in all, these 
studies cannot be considered relevant to the evaluation.

In all the other available in vivo studies in rabbits, guinea pigs and miniature 
swine, one of which was carried out according to OECD Test Guideline 404 (Bayer 
AG 1990 b), benzyl alcohol was not found to be irritating to the skin.

From in vitro studies with human epidermis, benzyl alcohol cannot be concluded 
to cause skin irritation. Although one of the two studies yielded a positive result, 
this was regarded as being falsely positive without giving any reasons (ECHA 2014).

Conclusions:

On the basis of the available in vitro and in vivo data, benzyl alcohol is not regarded 
as irritating to the skin.

5.3.2    Eyes

In the documentation from 2006 (documentation “Benzylalkohol” 2006, available 
in German only), benzyl alcohol is described as irritating to the eyes. This has been 
confirmed by new data. In a study carried out in accordance with OECD Test 
Guideline 405, benzyl alcohol is described as irritating in the eyes of rabbits (ECHA 
2014). All the available data for the irritating effects of benzyl alcohol in the eyes are 
shown in Table 4.

Conclusions:

Based on the available data with rabbits, benzyl alcohol is regarded as irritating to 
the eyes.
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5.4    Allergenic effects

5.4.1    Sensitizing effects on the skin

In a local lymph node assay (LLNA) in female CBA/Ca/Ola/Hsd mice, a 3-fold in-
crease in lymphocyte proliferation was not obtained after the application of 2.5%, 
5%, 10%, 25% and 50% benzyl alcohol in diethyl phthalate/ethanol (3:1). This means 
that no EC3 value could be determined and the result was evaluated as negative. At 
concentrations of 10% and 25%, the hexyl cinnamaldehyde included as positive con-
trol produced a more than 3-fold increase in lymphocyte proliferation (Scognami-
glio et al. 2012).

Benzyl alcohol was also included in vitro in a screening test in cultures of mouse 
Hepa1C1C7 hepatoma cells to determine the luciferase activity after activating the 
antioxidant response element without metabolic activation (“KeratinoSens assay”) 
and in a modified procedure for detecting potential prohaptens by means of the 
addition of an S9 fraction from Aroclor-induced rat liver. The results of both tests 
were negative (Emter et al. 2010; Natsch and Emter 2008; Natsch and Haupt 2013). 
The results for benzyl alcohol were negative also in a similar in vitro experiment 
using a human skin cell line (HaCaT) and in studies investigating chemical reactiv-
ity by measuring glutathione depletion (McKim et al. 2010).

A no expected sensitization induction level (NESIL) of 5900 µg/cm2 was derived 
for benzyl alcohol (IFRA 2009); on the basis of quantitative structure-activity rela-
tionship (QSAR) observations, the substance was classified, however, as not reac-
tive, and any sensitization occurring in spite of this was attributed to possible un-
named impurities (Safford et al. 2011). In a comparison of mutagenic and (contact-)
sensitizing substances, benzyl alcohol was listed as a sensitizer on the basis of inter-
nal company studies (maximization test or LLNA) not documented in any greater 
detail (Wolfreys and Basketter 2004).

Conclusions:

Overall, the new experimental data do not indicate skin sensitizing potential.

5.4.2    Sensitizing effects on the airways

There are no new data available.

5.5    Reproductive and developmental toxicity

5.5.1    Fertility

There are no studies specifically investigating the effects of benzyl alcohol on fertil-
ity. In the 2-year studies (NTP 1989) with repeated oral administration to rats and 
mice, no effects on the reproductive organs were observed.
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5.5.2    Developmental toxicity

In the documentation from 2006, the NOAEL for developmental toxicity in mice 
was given as 550 mg/kg body weight and day. Teratogenicity was not investigated. 
Because of reduced birth weights and marked maternal toxicity, the LOAEL (lowest 
observed effect level) given in a second study was 750 mg/kg body weight and day. 
These studies are not available as original reports (documentation “Benzylalkohol” 
2006, available in German only).

Since then published developmental toxicity studies on benzyl alcohol are not 
available as original reports and are only inadequately described. Benzyl alcohol in 
corn oil was administered subcutaneously from gestation days 6 to 17 in doses of 
100, 250 or 500 mg/kg body weight to groups of 25 Sprague Dawley rats. A 
range-finding study revealed significant maternal mortality at 1000 mg/kg body 
weight and day. In the main study, the authors reported a NOEL for maternal toxic-
ity of 250 mg/kg body weight and day because of decreased body weights (8%) and 
reduced body weight gains (17%), and a NOEL for foetal toxicity of 250 mg/kg body 
weight and day as a result of reduced foetal body weights relative to the weights for 
control foetuses. Investigation of the soft tissue, skeleton and other parameters in 
the foetuses did not reveal any substance-related effects up to the high dose of 
500 mg/kg body weight and day (FDA 2009).

Benzyl alcohol was administered subcutaneously to groups of 23 New Zealand 
White rabbits in doses of 100, 250 or 400 mg/kg body weight from days 6 to 18 of 
gestation. In a range-finding study, significant maternal mortality was found after 
doses of 1000, 750 and 650 mg/kg body weight and day. In the main study, at 
400 mg/kg body weight and day, mortality (7/23), decreased body weights (7%), 
reduced body weight gains (31%), and an increase in clinical symptoms (for exam-
ple decreased activity, breathing difficulties) were observed in the dams. In the mid-
dle dose group, mortality (2/23) and reduced body weight gains (20%) were found. 
No maternal toxicity occurred after 100 mg/kg body weight and day. In the foetus-
es, body weights were decreased (by 9% for both sexes combined), presumably as a 
result of the maternal toxicity. The authors gave a NOEL of 250 mg/kg body weight 
and day. No teratogenic effects could be found at the high dose of 400 mg/kg body 
weight and day (FDA 2009).

Conclusions:

In the available studies, although they are inadequately described, the most sensi-
tive end point for benzyl alcohol was found to be decreased body weights of the 
foetuses at maternally toxic doses after gavage administration of 750 mg/kg body 
weight and day in mice, and subcutaneous administration of 500 and 400 mg/kg 
body weight and day in rats and rabbits. No teratogenicity occurred in the study 
with subcutaneous administration. In the oral study, teratogenicity was not tested.
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5.6    Genotoxicity

5.6.1    In vitro

Since the documentation from 2006 (documentation “Benzylalkohol” 2006, avail-
able in German only) new data have been published for the mutagenicity in bacte-
ria, the induction of micronuclei and the formation of DNA double strand breaks 
caused by benzyl alcohol. There was no increase in mutations in bacterial strains 
after incubation with 100 to 5000 µg benzyl alcohol/plate, either with or without 
metabolic activation (Fall et al. 2007). In a comet assay under alkaline conditions, 
human lymphocytes were incubated with benzyl alcohol in concentrations of 1 to 
50 nM both with and without metabolic activation. The results were evaluated as 
positive at 25 and 50 nM, although without a dose–response relationship and with-
out giving data for cytotoxicity (Demir et al. 2010). In CHL (Chinese hamster lung) 
cells and TK6 cells, 3-hour incubation with 10 mM benzyl alcohol under metabolic 
activation did not increase the micronucleus frequency. No cytotoxicity was found. 
Further details of the study methods are lacking (Fowler et al. 2012). All available 
data for the genotoxicity of benzyl alcohol in vitro are summarized in Table 5 (see 
also documentation “Benzylalkohol” 2006, available in German only).

5.6.2    In vivo

Since the documentation from 2006 (documentation “Benzylalkohol” 2006, avail-
able in German only), a wing somatic mutation and recombination test (SMART) 
has been carried out in Drosophila melanogaster with benzyl alcohol. This test 
yielded positive results in trans-heterozygous wings (mwh/flr3) at a concentration 
of 50 mM benzyl alcohol (Demir et al. 2008). A test for sex-linked recessive lethal 
mutations (SLRL) in the germ cells of Drosophila melanogaster at comparable con-
centrations (46.1 mM, 73.8 mM), however, did not reveal genotoxic effects for ben-
zyl alcohol (Foureman et al. 1994). A summary of the studies of the genotoxicity of 
benzyl alcohol in vivo is given in Table 6 (see also documentation “Benzylalkohol” 
2006, available in German only).

Summary and conclusions:

Studies of DNA repair using the rec assay/pol A+/- assay in bacteria yielded a posi-
tive and a negative result. In both studies data for cytotoxicity were not given, there-
fore it is possible that the result was falsely positive. The induction of DNA strand 
breaks was tested using alkaline elution and an alkaline comet assay. DNA double 
strand breaks were found with metabolic activation in primary rat hepatocytes at 
the high concentration (1084 mg/ml). A re-evaluation using improved assessment 
criteria indicated the result was falsely positive. A positive result using an alkaline 
comet assay was obtained in human lymphocytes in the two high dose groups 
(2710, 5420 µg/ml) without a dose–response relationship. Data for cytotoxicity are 
lacking, so that a falsely positive result likewise cannot be excluded.
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The results of gene mutation tests in vitro in different strains of Salmonella typh-
imurium and Escherichia coli Wp2 uvrA were negative. The TK+/- mutation test in 
mouse lymphoma cells with metabolic activation yielded a positive result, however 
at clearly cytotoxic concentrations, so that the effect can be attributed to the toxic-
ity of benzyl alcohol and not to its mutagenic potential. In vivo, although a positive 
result was obtained in somatic cells tested for gene mutations using the wing spot 
test (SMART) in Drosophila melanogaster at the high concentration (50 nM), a 
negative result was found in the test for sex-linked recessive lethal mutations in 
germ cells at a comparable concentration.

A test for sister chromatid exchange in CHO cells (a cell line derived from Chinese 
hamster ovary) yielded a positive result without metabolic activation at a concen-
tration of 1250 µg/ml without detectable cytotoxicity. With metabolic activation, a 
positive result was obtained at 4000 µg/ml. The number of chromosomes evaluated 
was reduced compared with that in the solvent controls, which can be interpreted 
as an indication that the concentration range was cytotoxic. In an inadequately doc-
umented study (there was, for example, no data regarding a positive control) for 
clastogenicity of benzyl alcohol, no increase in chromosomal aberrations was de-
tected in CHL cells at a concentration of 1000 µg/ml without metabolic activation. 
In a second study with CHO cells, an increase in chromosomal aberrations was 
found at high, yet not cytotoxic concentrations of 4000 µg/ml with metabolic acti-
vation. Other cytogenetic studies in vitro and in vivo yielded negative results. For 
example, in a micronucleus test in CHL and TK6 cells with metabolic activation, no 
increase in the incidence of micronuclei at the non-cytotoxic concentration of 
1084 µg/ml was found. However, details of the experimental conditions are lacking. 
This result was confirmed in vivo in the bone marrow cells of mice. After intraper-
itoneal injection of benzyl alcohol in doses of up to 200 mg/kg body weight, the 
incidence of micronuclei was not increased compared with that in the controls; the 
positive control, mitomycin C, produced the expected increase in micronuclei. No 
cytotoxicity was found after the administration of benzyl alcohol, therefore a falsely 
negative result cannot be excluded. However, in the case of benzoic acid, the metab-
olite of benzyl alcohol, there was likewise no evidence of a clastogenic effect in vivo 
(see supplement “Benzoic acid and alkali benzoates” 2017).

The in vitro and in vivo studies of benzyl alcohol did not reveal mutagenic effects. 
Clastogenic effects occurred only in vitro at high concentrations. In vivo, no clasto-
genicity was found in micronucleus tests; however, there was no cytotoxicity up to 
the highest tested dose. For the main metabolite of benzyl alcohol, benzoic acid, no 
evidence of a clastogenic effect in vivo was found. To summarize, no genotoxic ef-
fects in somatic cells or in germ cells are to be suspected for benzyl alcohol.

5.7    Carcinogenicity

In the NTP two-year studies with oral administration to rats and mice, no increases 
in tumour incidences were observed (documentation “Benzylalkohol” 2006, avail-
able in German only). There are still no new data available.
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5.8    Other effects

Benzyl alcohol produced necrosis and apoptosis in cells of the retinal pigment epi-
thelium in vitro (Chang et al. 2011). In vivo studies in the rabbit eye with intravitreal 
injection of 0.073%, 0.222% and 0.733% benzyl alcohol revealed changes in the outer 
retina including the loss and shortening of outer segments and photoreceptors 
(Morrison et al. 2006). Intravitreal injection of 0.1 ml benzyl alcohol into the eyes of 
rabbits produced structural and functional changes mainly in the inner retinal layer. 
The most severe damage was found in the ganglion cell layer, and in the inner and 
outer nuclear layer (Macky et al. 2007). Examination of the eye with a light micro-
scope after intravitreal injection of the pharmaceutical substance triamcinolone 
hexacetonide containing 0.132% benzyl alcohol as a preservative revealed necrosis 
and atrophy of the retina and structural damage in the photoreceptors (Li et  al. 
2008). In contrast, after the injection into the rabbit eye of 0.1 ml (0.99 mg) benzyl 
alcohol, no morphological or functional changes could be found (Ruiz-Mereno et al. 
2007).

6    Manifesto (MAK value/classification)

The critical effect is the local irritation in the lungs of rats with minimal hyperplasia 
of type II pneumocytes and slight bronchiolar hypertrophy, particularly with mono-
nuclear infiltrates. The main systemic effect is reduced body weight gains.

MAK value.  No suitable data in humans are available for the derivation of a MAK 
value. For benzyl alcohol, the NOAEL for systemic toxicity was found to be 
200 mg/kg body weight and day in the mouse and 400 mg/kg body weight and day 
in the rat after 2-year oral administration on 5 days per week. The following toxi-
cokinetic data are taken into consideration for the extrapolation of these NOAELs 
to a concentration in workplace air: the species-specific correction values for the 
mouse and the rat (1:7 and 1:4), the demonstrated very good oral absorption (100%), 
the body weight (70 kg) and respiratory volume (10 m3) of the person, and the as-
sumed 100% absorption by inhalation. The concentrations calculated from this are 
200 mg/m3 (44 ml/m3) and 700 mg/m3 (155 ml/m3), respectively.

In addition to its systemic toxicity, however, attention has to be paid especially to 
the local effects of benzyl alcohol. Data in humans (BIBRA 1991) and rabbits show 
that the substance is irritating to the eyes. Furthermore, in animal studies, irritative 
effects were reported after short-term inhalation exposure (lacrimation at 
450 mg/m3, discolored nasal region at 1059 mg/m3, slower breathing at 4178 mg/m3) 
and after medium-term inhalation exposure (discolored nasal region at 334 mg/m3 
and 1119 mg/m3).

In the documentation from 2006 (documentation “Benzylalkohol” 2006, available 
in German only), no MAK value could be established as data for the determination 
of a concentration without irritative effects after inhalation exposure were lacking. 
In the meantime, a 4-week inhalation study with rats is available (The Personal Care 
Products Council 2010). Although the study has some methodological deficiencies 
and does not meet present-day standards in all aspects, it is considered adequate for 
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the derivation of a threshold value. On the basis of microscopic changes in the res
piratory tract (especially in the lungs) after concentrations of 1072 mg/m3, a NAEC 
(1:3) in the range of 300 mg benzyl alcohol/m3 can be estimated. At this concentra-
tion, benzyl alcohol can be present in vapour form (67 ml/m3).It is not evident from 
the available data whether the effects in the lungs increase with longer exposure 
duration, thus the long-term NAEC (1:6) is therefore in the range of 11 ml/m3. As 
this NAEC was obtained from animal studies (animal–human extrapolation 1:2), a 
MAK value of 5 ml/m3 (22 mg/m3) can be derived in accordance with the procedure 
of the Commission for the Investigation of Health Hazards of Chemical Com-
pounds in the Work Area (see Section I of the List of MAK and BAT Values) and the 
preferred value approach.

Peak limitation.  Because the substance causes local irritation, Peak Limitation 
Category I applies for benzyl alcohol. The irritation in the lungs was only of minimal 
to slight severity at the highest concentration tested of 1072 mg/m3. As the lungs are 
the preferred target organ, and sensory irritation mainly affects the nose, it is as-
sumed that the histopathological changes in the lungs observed in the 4-week inha-
lation study (The Personal Care Products Council 2010) are more dependent on the 
concentration–time product than on a higher short-term peak concentration.

Furthermore, from the NOAEC of 1072 mg/m3 in the nose of rats, a long-term 
NAEC (1:6) of 179 mg/m3 and from this a NAEC of 60 mg/m3 (13 ml/m3) for senso-
ry irritation (1:3) is obtained according to Brüning et al. (2014). As a 2-fold increase 
in the MAK value would result in a concentration which is below this NAEC of 
13 ml/m3 (10 ml/m3), an excursion factor of 2 has been set.

Prenatal effects.  In two developmental toxicity studies with benzyl alcohol in 
mice with gavage administration, reduced body weights of the offspring accompa-
nied by considerable maternal toxicity, such as increased mortality, and decreased 
body weights and body weight gains, were found after doses of 750 mg/kg body 
weight and day. The dose of 550 mg/kg body weight and day had no effects on the 
offspring. However, teratogenic effects were not investigated (OECD 2004). The 
systemic effects of benzoic acid, the main metabolite of benzyl alcohol, are similar 
to those of the salt, as the effects are mediated by the benzoate. For sodium benzo-
ate, concentrations in air of 2345 (rat), 175 (mouse), 730 (rabbit) and 382 (hamster) 
mg/m3 were calculated from the NOAELs for developmental toxicity (supplement 
“Benzoic acid and alkali benzoates” 2017). On the basis of the molecular weights of 
sodium benzoate and benzyl alcohol the following concentrations in air are ob-
tained for benzyl alcohol: 1760 (rat), 131 (mouse), 563 (rabbit) and 289 mg/m3 
(hamster). These concentrations are therefore higher than the MAK value of 
22 mg/m3 by factors of 80 (rat), 6 (mouse), 25 (rabbit) and 12 (hamster). As, in the 
mouse study 750 mg/kg body weight and day was the highest dose and therefore the 
true NAEL (no adverse effect level) is higher, and all other differences to the MAK 
value are sufficiently large, benzyl alcohol is classified in Pregnancy Risk Group C.

Carcinogenicity.  Since the documentation from 2006 (documentation “Benzyl-
alkohol” 2006, available in German only), no recent data have become available. 
Benzyl alcohol therefore remains without classification in one of the categories for 
carcinogens.
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Germ cell mutagenicity.  Benzyl alcohol did not induce gene mutations in bacte-
ria and mammalian cells. Clastogenic effects were observed only at high concentra-
tions in vitro. In vivo, in micronucleus tests, no clastogenicity could be detected, 
but there was also no cytotoxicity up to the highest concentration tested. Investiga-
tion of the main metabolite of benzyl alcohol, benzoic acid, provided no evidence of 
clastogenic effects in vivo. Benzyl alcohol is therefore not suspected to be a germ 
cell mutagen and is not classified in one of the categories for germ cell mutagens.

Absorption through the skin.
From the available in vitro studies of the penetration of benzyl alcohol through the 
human skin, flux values of 29 to 275 µg/cm2 and hour were obtained when using 
physiological receptor media. In vivo, a considerably lower flux of 0.1 µg/cm2 and 
hour was found in monkeys, in this case, however, only a very small absolute 
amount of substance was applied (4 µg). Assuming the worst case, with a maximum 
flux of 275 µg/cm2 and hour, the amount dermally absorbed (one-hour exposure of 
both hands and forearms with a penetration area of about 2000 cm2) would be 
550 mg. On the basis of the NOAEL of 200 mg/kg body weight and day for mice 
obtained following long-term oral administration, a systemically tolerable dose of 
1015 mg can be estimated for humans. This extrapolation takes into consideration 
the species-specific correction value (1:7) for the mouse, the body weight of 70 kg 
of the person, the halving of the dose when extrapolating from animal results to 
humans (1:2) (see Section I of the List of MAK and BAT Values) and the assumed 
complete absorption after oral ingestion. The dermal uptake of benzyl alcohol esti-
mated from this is more than 25% of the tolerable dose; the possible contribution of 
dermal absorption to systemic toxicity is therefore not considered to be negligible. 
Benzyl alcohol is therefore designated with an “H” (for substances which can be 
absorbed through the skin in toxicologically relevant amounts).

Sensitization.  No recent case reports are available for occupational contact aller-
gy to benzyl alcohol. There are no other new case reports following non-occupa-
tional exposure or results from patch tests with benzyl alcohol in larger collectives 
which would indicate a significant skin-sensitizing potential. All in all, the more 
recent findings also confirm that, although benzyl alcohol may produce reactions, 
this is frequently in connection with the application of topical preparations on dam-
aged skin. The results of earlier animal studies indicate only a low sensitization po-
tential, and the results of a more recent local lymph node assay were negative. 
Therefore, designation of benzyl alcohol with “Sh” (for substances which cause sen-
sitization of the skin) is not justified. As there are no data available for its sensitizing 
effects on the airways, benzyl alcohol is not designated with “Sa” (for substances 
which cause sensitization of the airways).
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