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Background: Preservatives such as formaldehyde and formaldehyde releasers (F/FRs) are found in personal care prod-
ucts. Studies fromEurope and Israel have indicated that products with undeclared F/FRs on product labelsmay have detect-
able levels of formaldehyde.

Objective: The aim of the study was to determine the presence of formaldehyde in samples of US personal care products.
Methods: Fifty-four baby and adult products were tested with the chromotropic acid method. A blinded investigator

graded the color change as mild, moderate, or strong.
Results: All 8 products declaring F/FRs resulted in a deep purple color change, indicating a strong reaction. Of the 46

products with undeclared F/FRs, 4 (8.6%) were found to release formaldehyde. All 4 resulted in a light purple color change,
indicating a mild reaction.

Conclusions:Overall, 4 of 54 products (7.4%) had label information, which did not match chromotropic acid method test-
ing results. Clinicians and formaldehyde-allergic individuals should be aware of the limitations of product ingredient labeling
in managing allergic contact dermatitis to formaldehyde.
Formaldehyde is a naturally occurring organic compound pres-
ent in the Earth's atmosphere and in living organisms.1 Formal-

dehyde is used in a wide variety of industrial applications including
production of resins, plastics, plywood, and building materials.
It is also found in consumer items such as permanent-press
clothing. Aqueous solutions of formaldehyde are bactericidal
and fungicidal. As such, formaldehyde and formaldehyde releasers
(F/FRs), including bronopol, imidazolidinyl urea, diazolidinyl urea,
quaternium-15, and dimethyloldimethyl hydantoin (DMDM) are ex-
cellent preservatives.

Because of these properties, F/FRs are commonly used in per-
sonal care products (PCPs) worldwide.2 De Groot and Veenstra3 in-
vestigated the frequency of F/FR use in Dutch and US products. Of
the 496 Dutch product ingredient labels reviewed, 122 (24.6%) were
found to have either free formaldehyde or a formaldehyde releaser.
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Of the 8057 US products listed on the Food and Drug Administra-
tion Voluntary Cosmetic Registration Program Database, 1916
(23.8%) were found to contain F/FRs. The amount of formaldehyde
released is affected by environmental factors such as pH, tempera-
ture, and age of product.4

Allergic contact dermatitis to F/FRs is well recognized.5–7 The
North American Contact Dermatitis Group reported an 8.5% prev-
alence of positive patch test reactions to formaldehyde in patients
undergoing patch testing for suspicion of allergic contact dermatitis;
formaldehyde was the fourth most common allergen after nickel,
methylisothiazolinone, and fragrance mix.8 Because, in part, of this
high prevalence, formaldehyde was named the Contact Allergen of
the Year in 2015 by the American Contact Dermatitis Society.9

The National Toxicology Program Report on Carcinogens
recently categorized formaldehyde as “known to be a human carcin-
ogen.”10 Because of the rising consumer concerns regarding carcino-
genicity,11–13 many countries have regulated formaldehyde-related
chemicals. Japan and Sweden have banned formaldehyde in cos-
metics. In the European Union, upper limits for concentrations
of F/FRs in PCPs are as follows: 0.2% formaldehyde, 0.1% bronopol,
0.6% imidazolidinyl urea, 0.5% diazolidinyl urea, 0.2% quaternium-
15, and 0.6% DMDM hydantoin. Along with these restrictions, any
product that contains more than 0.05% formaldehyde must be
labeled with the warning “contains formaldehyde.”14 In the United
States, the Food and Drug Administration requires that a list of all
ingredients appear on the outer label of the product,15 but the con-
centration limit of formaldehyde in products is not required.

Several methods have been developed to detect the presence of
formaldehyde. The chromotropic acid method is a semiquantitative
67

Unauthorized reproduction of this article is prohibited.

mailto:boydx181@umn.edu


T
A
B
L
E
1
.

S
tu
d
ie
s
In
v
o
lv
in
g
C
h
e
m
ic
a
l
A
n
a
ly
s
is

o
f
F
o
rm

a
ld
e
h
y
d
e
in

P
e
rs
o
n
a
l
C
a
re

P
ro
d
u
c
ts

S
tu
dy

A
ut
ho

r,
C
ou

nt
ry

of
P
ub

lic
at
io
n,
Y
ea

r
Te

st
M
et
ho

d
To

ta
lP

ro
du

ct
s

Te
st
ed

P
ro
du

ct
s
W
ith

D
ec

la
re
d
F/
FR

s
P
ro
du

ct
s
N
ot

D
ec

la
rin

g
F/
FR

s

D
et
ai
ls

P
os

iti
ve

Te
st

N
eg

at
iv
e
Te

st
P
os

iti
ve

Te
st

N
eg

at
iv
e
Te

st

H
au
ks
so
n
et

al
,1
9
S
w
ed

en
,2

01
5

C
A
M

24
5

32
/5
8
(5
5.
2%

)
26

/5
8
(4
4.
8%

)
26

/1
87

(1
3.
9%

)
16

1/
18

7
(8
6.
1%

)
In
ve
st
ig
at
ed

F
in
24

5
pr
od

uc
ts

br
ou

gh
ti
n

by
pa

tie
nt
s

G
ru
vb
er
ge

re
ta

l,2
0
S
w
ed

en
,1

99
8

H
P
LC

88
34

/N
R

N
R

1/
N
R

N
R

In
ve
st
ig
at
ed

9
pr
es
er
va
tiv
es

in
88

m
oi
st
ur
ize

rs
.O

ve
ra
ll,
10

.2
%

ha
d
a
pr
es
er
va
tiv
e
no

td
ec

la
re
d.

R
as
to
gi
,2
1
D
en

m
ar
k,
20

00
H
P
LC

67
12

/N
R

N
R

22
/N
R

N
R

In
ve
st
ig
at
ed

23
di
ffe

re
nt

pr
es
er
va
tiv
es

in
67

sk
in
cr
ea
m
s;
ov
er
al
l,
45

%
(n

=
30

)l
ab

el
s
w
er
e
in
co

rr
ec

t.
Tw

en
ty
-tw

o
te
st
ed

po
si
tiv
e
fo
r

F
th
at

di
d
no

td
ec

la
re

fo
rm

al
de

hy
de

.
H
or
ev

et
al
,2
2
Is
ra
el
,2

01
5

C
A
M

an
d
H
P
LC

60
N
R

3/
N
R

2/
N
R

N
R

In
ve
st
ig
at
ed

60
pr
od

uc
ts
fo
rf
or
m
al
de

hy
de

,
D
M
D
M

hy
da

nt
oi
n,
M
I,
an
d
M
C
I/M

I;
ov
er
al
l,
10

w
er
e
m
is
la
be

le
d
(e
ith
er

di
re
ct
io
n;

16
.7
%
);
3
ha
d
a
pr
es
er
va
tiv
e

no
td

ec
la
re
d;

7
de

cl
ar
ed

bu
tw

as
no

t
fo
un

d
on

te
st
in
g

M
al
in
au
sk
ie
ne

et
al
,2
3

Li
th
ua
ni
a,
20

15
C
A
M

an
d
H
P
LC

42
12

/N
R

N
R

8/
N
R

N
R

In
ve
st
ig
at
ed

42
pr
od

uc
ts
fo
rf
or
m
al
de

hy
de

;
of

pr
od

uc
ts

te
st
in
g
po

si
tiv
e
w
ith

no
F/
FR

de
cl
ar
ed

,1
pr
od

uc
tr
el
ea
se
d
fo
rm

al
de

hy
de

at
53

2
pp

m
by

H
P
LC

;7
re
le
as
ed

<
2.
5
m
g/
m
L
by

C
A
M
.

H
am

et
al
,2
4
U
ni
te
d
S
ta
te
s,
20

18
G
C
M
S

10
2/
2

0/
0

7/
8

1/
8

In
ve
st
ig
at
ed

10
“in

-u
se
”
pr
od

uc
ts

th
at

w
er
e

po
si
tiv
e
w
ith

cl
in
ic
sp
ot

te
st
.N

in
e
pr
od

uc
ts

ha
d
de

te
ct
ab

le
le
ve
ls
of

F
by

G
C
M
S
;

2/
9
de

cl
ar
ed

F;
7/
9
di
d
no

td
ec

la
re

F.
C
ur
rr
en

ts
tu
dy

C
A
M

54
8/
8
(1
00

%
)

0/
8
(0
%
)

4/
46

(8
.7
%
)

38
/4
6
(9
2.
3%

)
7.
4%

of
pr
od

uc
ts

ha
d
m
is
la
be

lin
g
fo
r

fo
rm

al
de

hy
de

.

A
bb

re
vi
at
io
ns
:C

A
M
,c
hr
om

ot
ro
pi
c
ac
id
m
et
ho

d;
F/
FR

s,
fo
rm

al
de

hy
de

/fo
rm

al
de

hy
de

re
le
as
er
s;
G
C
M
S
,g
as

ch
ro
m
at
og

ra
ph

y–
m
as
s
sp
ec
tro

m
et
ry
;H

P
LC

,h
ig
h-
pe

rfo
rm

an
ce

liq
ui
d
ch

ro
m
at
og

ra
ph

y;
M
I,
m
et
hy
lis
ot
hi
az
ol
in
on

e;
M
C
I/M

I,
m
et
hy
lc
hl
or
oi
so
th
ia
zo
lin
on

e/
m
et
hy
lis
ot
hi
az
ol
in
on

e;
N
R
,n
ot

re
po

rte
d.

68 DERMATITIS, Vol 30 • No 1 • January/February, 2019

Copyright © 2019 American Contact Dermatitis Society. Unauthorized reproduction of this article is prohibited.



Nikle et al • Formaldehyde Release From US PCPs 69
colorimetric method used to detect the presence of formaldehyde
release.16 It was first described in 1959 by Blohm17 and can be used
to test a variety of products and materials, including PCPs. Briefly,
chromotropic acid powder is dissolved in concentrated sulfuric
acid, a clear solution (4 mg/mL). This solution changes color from
clear to purple in the presence of formaldehyde. The chromotropic
acid method can detect the presence of formaldehyde in as little
concentration as 2.5 ppm and is widely used because of its sim-
plicity and sensitivity. In some European patch test clinics, this
method is routinely used to test patient products for the presence
of formaldehyde.18

Although efforts have been made to regulate ingredient labels for
PCPs, studies suggest that ingredient labels may not contain accu-
rate information regarding the presence of certain chemicals, in-
cluding formaldehyde (Table 1).19–24 The purpose of this study
was to evaluate the release of formaldehyde fromUS products using
the chromotropic acid method.
Figure 1. Front and back views of a 30-mL stoppered bottle with 1 mL
of a product (in this case, distilled water as a negative control) at the base
and an uncapped small vial containing a reagent solution.
METHODS

This experiment was conducted at the Department of Dermatology
Laboratory, University of Minnesota. Equipment and material col-
lection began in July 2017, and the chromotropic acid method tests
were conducted between December 2017 and February 2018.

PCP Selection

Test products were obtained from 2 sources: (1) the commercial re-
tailer Target® and (2) skin care product samples from the dermatol-
ogy clinic. Convenience sampling methodology provided a variety
of lotions, creams, and cleansers. The primary investigator (A.N.)
purchased approximately every 10th item on shelves from both
the baby product and adult moisturizer areas of a local Target store.
Additional products were also chosen to ensure that most brands on
display had at least 1 representative product. Additional products
were chosen so that at least 1 representative product ofmajor brands
of the 2 chosen areas was included. Skin care product samples were
obtained from the Park Nicollet Contact Dermatitis Clinic. After
collection, each product was labeled and stored at room tempera-
ture. If the product ingredients were not found on the container,
an Internet search was conducted to retrieve ingredients.

Chromotropic Acid Method

Chromotropic acid disodium salt dihydrate and concentrated
sulfuric acid (95%–98%) were purchased from MilliporeSigma
(Burlington, MA). Each of these was stored with appropriate pre-
cautions in a dedicated acid storage cabinet.

Samples
For liquid test products, 1 mL of each PCPwasmeasured into a 30-mL
glass weighing bottle. For solid objects (eg, baby wipes), a 1� 1-cm
piece was cut out and placed in 1 mL of distilled water within a
Copyright © 2019 American Contact Dermatitis Society. 
30-mL glass bottle. One milliliter of formalin (formaldehyde 37%
aqueous) and 1 mL of distilled water were placed into separate
30-mL glass weighing bottles as positive and negative controls,
respectively.

Reagent
In the chemical fume hood, the chromotropic reagent solution was
prepared by dissolving chromotropic acid powder into concen-
trated sulfuric acid at 4 mg/mL. A total of 0.5 mL of the reagent so-
lution was pipetted into 1-mL glass vials. These small vials were left
uncapped. A small vial containing the reagent solution was then
placed in each of the 30-mL glass weighing bottles (containing
the PCP samples). Each bottle was stoppered (Fig. 1), covered with
aluminum foil, and left in the fume hood for approximately
48 hours.19

At 48 hours, the aluminum foil was removed and photographs
of samples and controls were obtained at uniform distance and
lighting. A separate investigator (E.W.), who was not involved in
the laboratory procedures and was blinded to product names and
ingredients, viewed photographs of samples and controls and
graded the purple color changes as “mild,” “moderate,” or “strong”
(Fig. 2). The slightest purple color change represented a product that
released formaldehyde at approximately 2.5 ppm, and a strong pur-
ple color change represented a product that released formaldehyde
at 40 ppm or greater.

For quality control, every 10th product was tested twice. In addi-
tion, testing was repeated for (1) any product with an unexpected
or questionable color change and (2) all positives (n = 3). For
Unauthorized reproduction of this article is prohibited.
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Figure 2. Examples (from left to right) of products with mild, moderate, and strong formaldehyde release.
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discrepancies in results between the first and second tests, subse-
quent retesting was performed to verify results.
TABLE 2. Tested Products

Tested Products

Type No. Tested

Baby products (n = 19)
Soap/cleanser 10 (52.6)
Lotion/cream/balm 6 (31.6)
Sunscreen 1 (5.3)
Laundry detergent 1 (5.3)
Wipe 1 (5.3)

Nonbaby products (n = 35)
Lotion/cream/balm 25 (71.4)
Soap/cleanser 4 (11.4)
RESULTS

Products and Labeling

A total of 54 PCPs were tested including lotions/creams/balms, skin
cleansers, sunscreens, shampoos, conditioners, prescription creams,
shave creams, and wipes; 19 (35.2%) were baby products, and 1
laundry detergent was tested (Table 2). Eight products (15%) were
categorized as containing F/FRs. One product (a prescription scabicide)
specifically listed formaldehyde; the remaining 7 (soaps/cleansers and
lotions/creams) declared DMDM hydantoin, quaternium-15, or
diazolidinyl urea. Forty-six tested PCPs (85%) had no F/FRs de-
clared as ingredients.

Formaldehyde Release From Products

All 8 products that listed F/FRs on the label resulted in a deep purple
color change with the chromotropic acid method testing, indicating
a strong reaction (Table 3). Of the 46 products that did not declare
F/FRs, 4 (8.6%) were found to release formaldehyde. All 4 resulted
in a light purple color change, indicating a mild reaction (Table 4).
These 4 products were lotions/creams.
Sunscreen 2 (5.7)
Shampoo 1 (2.9)
Conditioner 1 (2.9)
Prescription (Rx) scabies cream 1 (2.9)
Shave cream 1 (2.9)

Values are number (percentage).
DISCUSSION

This single-blinded investigation of the release of formaldehyde
from PCPs using the chromotropic acid method resulted in several
important findings. First, it confirms that products declaring F/FRs
Copyright © 2019 American Contact Dermatitis Society. 
release formaldehyde; all 8 test products in this category had strong
color change with the chromotropic acid method. Second, we found
that 8.7% (4/46) of products that did not declare F/FR ingredients
actually released detectable levels of formaldehyde. This has signifi-
cant clinical implications.
Expected Results

It is not surprising that all of the PCPs in our study that declared
F/FRs on the label resulted in strong positive results with the
Unauthorized reproduction of this article is prohibited.



TABLE 3. Chromotropic Acid Test Results for Products With Declared Formaldehyde/Formaldehyde Releasers

Personal Care Products (PCPs) With Declared Formaldehyde Releasers

Study ID PCP Category Grade Formaldehyde DMDM Hydantoin Quaternium-15 Diazolidinyl Urea

11 Soap/cleanser Strong X
27 Soap/cleanser* Strong X
40 Lotion/cream Strong X
43 Lotion/cream Strong X
50 Lotion/cream Strong X
54 Lotion/cream Strong X
55 Lotion/cream Strong X
12 Rx scabies cream Strong X

*Baby product.
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chromotropic acid method. Although this is expected, some stud-
ies have noted negative results for formaldehyde analysis in prod-
ucts that declared F/FRs. Hauksson et al19 reported that 44.8%
(26/56) of in-use products provided by patients that declared
F/FRs did not actually have detectable formaldehyde on analysis.
It is possible that formaldehyde evaporated during manufacture
or patient use. In contrast, none of our products that declared
F/FRs tested negative.

Unexpected Results

We found that 8.7% of the products (4/46) that did not list F/FRs on
the label were positive on the chromotropic acid test. These findings
are similar to other studies. Malinauskiene et al23 tested 42 moistur-
izers on the Lithuanian market using the chromotropic acid
method; 8 products that did not declare F/FRs were positive for
formaldehyde. Using the chromotropic acid method, Hauksson
et al19 tested 245 PCPs; a total of 52 (21.2%) were mislabeled
(26 had undeclared F/FRs, and 26 declared F/FRs, which were not
detected). Gruvberger et al20 used high-performance liquid chroma-
tography (HPLC) to test 100 different moisturizers on the Swedish
market for 9 different preservatives, including formaldehyde; over-
all, 10.2% of tested products had a preservative that did not appear
on the label. Horev et al22 used both the chromotropic acid method
and HPLC to test 60 various PCPs on the Israeli market for free
formaldehyde and for DMDM hydantoin; 3 products that declared
DMDM hydantoin tested negative, whereas 2 that did not declare
DMDM hydantoin tested positive. Recently, Ham et al24 tested
10 “in-use” patient products; 7 of the 8 products that did not declare
F/FRs had detectable levels of formaldehyde on gas chromatography–
mass spectrometry. Rastogi21 analyzed 67 skin creams on the
market in Denmark for formaldehyde, DMDM hydantoin, and
isothiazolinones using HPLC and found overall that 16.7% of labels
were incorrect (3 had an undeclared preservative, and 7 had de-
clared preservatives, which were not detected). These findings
underscore that incorrect labeling is not unique to F/FRs because
many other preservatives including parabens, isothiazolinones,
and phenoxyethanol have been detected on testing in products that
are not labeled as such.20–22
Copyright © 2019 American Contact Dermatitis Society. 
There are several possible explanations for formaldehyde pres-
ence in products with undeclared F/FRs. First, it is possible that
manufacturers are not aware that their products contain formalde-
hyde. For example, formaldehyde could be present in 1 or more
raw materials but not intentionally added as a preservative. Second,
auto-oxidation and degradation of other ingredients may produce
formaldehyde. Polyethylene glycol and surfactants can undergo
these changes; heat and humidity can amplify this process.25–27 A
review of the ingredients in our 4 products (Table 4) found a surfac-
tant (glyceryl glucoside), but not polyethylene glycol. False-positive
results have been reported with the chromotropic acid method
for products containing aldehydes, oils, or polysorbates.24 Two of
the products with undeclared formaldehyde in our study contained
a sorbate ingredient. It is also possible that formaldehyde may be
released from the product packaging (melamine or carbamide-
formaldehyde resin), thereby contaminating the product with
this chemical.28

Baby Products

In 2011, Johnson and Johnson12 decided to remove F/FR ingredi-
ents from their baby products. Since that time, many other US
companies have followed suit. Of the 19 baby products in this
study, only 1 (a body cleanser) declared a formaldehyde releaser,
quaternium-15. That product tested positive for formaldehyde
release, as expected. None of the 4 products that did not de-
clare F/FRs, which tested positive for formaldehyde release, were
baby products.

Implications

It is unclear what concentration of formaldehyde is necessary to in-
duce clinical allergic contact dermatitis; the threshold likely varies
between individuals. The Cosmetic Ingredient Review Expert Panel
has recommended that the concentration of formaldehyde not ex-
ceed 0.2% (2000 ppm) in US PCPs.2 Studies have shown, however,
that those patients already sensitized to formaldehyde may have
clinical reactions to products that contain even lower concentrations
of this chemical. Hauksson and colleagues18 conducted a controlled
Unauthorized reproduction of this article is prohibited.



TABLE 4. Ingredients of the 4 Positive ProductsWith
Undeclared Formaldehyde/Formaldehyde Releasers

Product Type

Product

A B C D

Cream Lotion Lotion Cream

Ingredients
1,2-Hexanediol X
Arginine hydrochloride X
Alanine X
Benzyl alcohol X
Bisabolol X
BHT X
Butyrospermum parkii (shea) butter X
Behentrimonium methosulfate X
Carbomer X
Carnitine X
Caprylic/capric triglyceride X
Cetearyl alcohol X X X
Ceteareth-20 X X
Cetyl alcohol X
Ceramide 1, 3, 6-II X
Ceramide 3 X
Cholesterol X
Citrulline X
Dicaprylyl ether X
Dimethicone X X
Disodium EDTA X
Glutamic acid X
Glycerin X X X
Glyceryl glucoside X
Glyceryl monostearate X
Glycogen X
Histidine hydrochloride X
Hyaluronic acid X
Isopropyl stearate X X
Lactic acid X X
Lanolin alcohol X
Lysine hydrochloride X
Magnesium sulfate X
Mannitol X
Microcrystalline wax X
Mineral oil X
Nylon-12 X
Octyldodecanol X
Panthenol X
Paraben X
Phenoxyethanol X
Polyglyceryl-2 dipolyhydroxystearate X
Polyglyceryl-3 diisostearate X X
Polyglyceryl-4 diisostearate/
polyhydroxystearate/sebacate

X

Polysorbate 20 X
Potassium phosphate, dipotassium
phosphate

X

TABLE 4. (Continued)

Product Type

Product

A B C D

Cream Lotion Lotion Cream

Potassium sorbate X
Propylene glycol X
Phytosphingosine X
Serine X
Simethicone X
Sodium chloride X
Sodium lactate X X
Sodium lauroyl lactylate X
Sodium PCA X
Sorbic acid X
Sorbitol solution X
Sucrose X
Threonine X
Urea X X
Water X X X X
White petrolatum X
Xanthan gum X

BHT, butylated hydroxytoluene; PCA, pyroglutamic acid.

72 DERMATITIS, Vol 30 • No 1 • January/February, 2019
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study of 15 formaldehyde-allergic individuals with repeated open
application tests on experimentally induced sodium lauryl sulfate
dermatitis for 4 weeks with 4 different moisturizers, which released
various amounts of formaldehyde (high, medium, and low). Nine
(60%) had reappearance or worsening of dermatitis on the test
areas; 4 of those reacted to the moisturizers with the lowest concen-
tration of formaldehyde.18

The major clinical implication of this study is that products that
do not declare F/FRs may still release formaldehyde. Although
products in this category from our study had a mild color change
on chromotropic acid method testing, this low level may be suffi-
cient to elicit allergic contact dermatitis in sensitized individuals.
This is an important issue to consider in managing patients with
an F/FR allergy who do not clear with usual product label–guided
avoidance measures. These patients may need to attempt a few dif-
ferent product lines before successfully finding products that do not
cause a flare in their dermatitis, because those products considered
“safe” may not actually be so.

Limitations

This study has several limitations. First, the chromotropic acid
method is semiquantitative. We used a visual grading system to cat-
egorize formaldehyde release as mild, moderate, or strong. In addi-
tion, product selection was not truly randomized; the convenience
method used to collect test samples of PCPs was designed to provide
a broad representation of products. Finally, although this study was
conducted in Minneapolis, Minnesota, and major brand products
are unlikely to vary greatly in different regions of the United States,
ingredients could vary greatly in different countries.
Unauthorized reproduction of this article is prohibited.
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CONCLUSIONS

This study found that 4 of 46 products (7.4%) that did not declare
F/FRs had detectable formaldehyde by the chromotropic acid
method testing. Clinicians and formaldehyde-allergic individuals
should be aware of the limitations of product ingredient labeling
in managing allergic contact dermatitis.

REFERENCES

1. Burgos-Barragan G, Wit N, Meiser J, et al. Mammals divert endogenous
genotoxic formaldehyde into one-carbon metabolism.Nature 2017;548:549–554.

2. Boyer IJ, Heldreth B, BergfeldWF, et al. Amended safety assessment of form-
aldehyde and methylene glycol as used in cosmetics. Int J Toxicol 2013;32:
5S–32S.

3. De Groot AC, Veenstra M. Formaldehyde-releasers in cosmetics in the USA
and in Europe. Contact Dermatitis 2010;62:221–224.

4. Engelhardt H, Klinkner R. Determination of free formaldehyde in the
presence of donators in cosmetics by HPLC and post-column derivation.
Chromatographia 1985;20:559–565.

5. Henriks-Eckerman MI, Suuronen K, Jolanki R. Analysis of allergens in met-
alworking fluids. Contact Dermatitis 2008;59:261–267.

6. Flyvholm MA. Contact allergens in registered cleaning agents for industrial
and household use. Br J Ind Med 1993;50:1043–1050.

7. Ponten A. Formaldehyde in reusable protective gloves. Contact Dermatitis
2006;54:268–271.

8. Dekoven JG, Warshaw EM, Belsito DV, et al. North American Contact Der-
matitis Group patch test results 2015-16. Dermatitis 2018;29:297–309.

9. Ponten A, Bruze M. Contact allergen of the year: formaldehyde. Dermatitis
2015;26:3–6.

10. Committee to Review the Formaldehyde Assessment in the National Toxicol-
ogy Program 12th Report on Carcinogens, Board on Environmental Studies
and Toxicology, Division on Earth and Life Sciences, National Research Coun-
cil. Review of the Formaldehyde Assessment in the National Toxicology Program
12th Report on Carcinogens.Washington, DC: National Academies Press; 2014.

11. Westervelt A. As report reveals toxic ingredients in baby shampoo,
Johnson & Johnson goes public with plans to clean up products. November 1,
2011. Forbes. Available at: http://www.forbes.com/sites/amywestervelt/
2011/11/01/as-report-reveals-toxic-ingredients-in-baby-shampoo-johnson-
johnson-goes-public-with-plans-to-clean-up-products/#c5801122bb74.
Accessed June 19, 2018.

12. Johnson & Johnson. Ingredient safety. Available at: http://www.jnj.com/
caring/citizenship-sustainability/strategic-framework/ingredient-safety.
Accessed June 19, 2018.
Copyright © 2019 American Contact Dermatitis Society. 
13. Sarantis H, Malkan S, Archer L. No more toxic tub: getting contaminants out of
children's bath & personal care products. Safe Cosmetics. February 27, 2009.
Available at: http://cdn.publicinterestnetwork.org/assets/zWO1ct7i2C7xlyFyASplgw/
No-More-Toxic-Tub-FINAL.pdf. Accessed June 19, 2018.

14. European Commission. Regulation (EC) no. 1223/2009 of the European Par-
liament and of the council of 30 November 2009 on cosmetic products. Off J
Eur Union 2009;L342:59–209.

15. U.S. Food & Drug Administration. Cosmetic labeling guide. Available at:
https://www.fda.gov/Cosmetics/Labeling/Regulations/ucm126444.htm.
Accessed June 19, 2018.

16. Hauksson I, Ponten A, Gruvberger B, et al. Clinically relevant contact allergy
to formaldehyde may be missed by testing with formaldehyde 1.0%. Br J
Dermatol 2011;164:568–572.

17. Blohm SG. Formaldehyde contact dermatitis. I. A simple method for deter-
mination of small amounts of formaldehyde. Acta Derm Venereol 1959;39:
450–453.

18. Hauksson I, Ponten A, Gruvberger B, et al. Skincare products containing low
concentrations of formaldehyde detected by the chromotropic acid method
cannot be safely used in formaldehyde-allergic patients. Br J Dermatol
2016;174:371–379.

19. Hauksson I, Pontén A, IsakssonM, et al. Formaldehyde in cosmetics in patch
tested dermatitis patients with and without contact allergy to formaldehyde.
Contact Dermatitis 2016;74:145–151.

20. Gruvberger B, Bruze M, Tammela M. Preservatives in moisturizers on the
Swedish market. Acta Derm Venereol 1998;78:52–56.

21. Rastogi SC. Analytical control of preservative labelling on skin creams. Con-
tact Dermatitis 2000;43:339–343.

22. Horev L, Isaksson M, Engfeldt M, et al. Preservatives in cosmetics in the
Israeli market conform well to the EU legislation. J Eur Acad Dermatol
Venereol 2015;29:761–766.

23. Malinauskiene L, Blaziene A, Chomiciene A, et al. Formaldehyde may be
found in cosmetic products even when unlabelled. Open Med (Wars) 2015;
10:323–328.

24. Ham JE, Siegel P, Maibach H. Undeclared formaldehyde levels in patient
consumer products: formaldehyde test kit utility. Cutan Ocul Toxicol
2018;1–18.

25. Hamburger R, Azaz E, Donbrow M. Autoxidation of polyoxyethylenic non-
ionic surfactants and of polyethylene glycols. Pharm Acta Helv 1975;50:
10–17.

26. Rieger MM. Peroxides in polyethylene glycols and polyethylene glycol deriv-
atives. Cosmet Perfume 1975;90:12–16.

27. Bergh M, Magnusson K, Nilsson JL, et al. Contact allergenic activity of tween
80 before and after air exposure. Contact Dermatitis 1997;37:9–18.

28. Fregert S. Contamination of chemico-technical preparations with formalde-
hyde from packages. Contact Dermatitis 1977;3:109–110.
Unauthorized reproduction of this article is prohibited.

http://www.forbes.com/sites/amywestervelt/2011/11/01/as-report-reveals-toxic-ingredients-in-baby-shampoo-johnson-johnson-goes-public-with-plans-to-clean-up-products/#c5801122bb74
http://www.forbes.com/sites/amywestervelt/2011/11/01/as-report-reveals-toxic-ingredients-in-baby-shampoo-johnson-johnson-goes-public-with-plans-to-clean-up-products/#c5801122bb74
http://www.forbes.com/sites/amywestervelt/2011/11/01/as-report-reveals-toxic-ingredients-in-baby-shampoo-johnson-johnson-goes-public-with-plans-to-clean-up-products/#c5801122bb74
http://www.jnj.com/caring/citizenship-sustainability/strategic-framework/ingredient-safety
http://www.jnj.com/caring/citizenship-sustainability/strategic-framework/ingredient-safety
http://cdn.publicinterestnetwork.org/assets/zWO1ct7i2C7xlyFyASplgw/No-More-Toxic-Tub-FINAL.pdf
http://cdn.publicinterestnetwork.org/assets/zWO1ct7i2C7xlyFyASplgw/No-More-Toxic-Tub-FINAL.pdf
https://www.fda.gov/Cosmetics/Labeling/Regulations/ucm126444.htm

