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Abstract Ensuring the safety of baby bottle teats and
kitchen tools made from rubber is critical. Therefore, the
migration of N-nitrosamines and N-nitrosatable substances
from 30 teats and 45 kitchen tools to artificial saliva was
analyzed by liquid chromatography—tandem mass spec-
trometry. The method was validated by assessing the limits
of detection (0.46-3.87 ng/kg), limits of quantification
(1.38-11.73 pg/kg), and recoveries (86.3-108.6%) of
seven compounds. Nitrosodimethylamine (NDMA), N-ni-
trosopiperidine, and N-nitrosomorpholine (NMOR) migra-
ted from baby bottle teats at concentrations of not detected
(ND) to 3.67 pg/kg. NDMA and NMOR concentrations
ranged from ND to 1.72 pg/kg after migration from 45
rubber kitchen tools. N-nitrosatable substances ranged from
ND to 42.16 pg/kg after migration from baby bottle teats
but did not migrate from rubber kitchen tools. All tested
products were considered safe for use, as N-nitrosamine
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and N-nitrosatable substance levels did not exceed the
permitted management specifications.
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Introduction

N-nitrosamines, characterized by the N-nitroso functional
group (> N-N=0), are usually formed from the reaction of
an amine (primarily secondary amines) with a nitrosating
agent (NOX) derived from either nitrite salts or nitrogen
oxides [1]. Some N-nitrosamines are classified as carcino-
genic by the International Agency for Research on Cancer
(IARC) [2]: N-nitrosodimethylamine (NDMA) and N-ni-
trosodiethylamine (NDEA) are classified as Group 2A
compounds (probably carcinogenic to humans), while N-
nitrosodipropylamine = (NDPA), N-nitrosodibutylamine
(NDBA), N-nitrosopiperidine (NPIP), N-nitrosopyrrolidine
(NPYR), and N-nitrosomorpholine (NMOR) are Group 2B
compounds (possibly carcinogenic to humans). N-nitrosa-
table substances are nitrosamine precursors; when reacted
with nitrite and released into solution, they undergo
nitrosation to form N-nitrosamines under specific condi-
tions [3]. N-nitrosamines and N-nitrosatable substances are
present, usually in trace quantities, in various environ-
mental media, as well as certain food products, cosmetics,
and rubber products. In particular, those found in rubber
products are thought to originate from certain additives
used for the vulcanization of rubber [4].

European Union (EU) Directive 93/11/EEC limits the
total migration of N-nitrosamines to 10 pg/kg or less and
the total migration of N-nitrosatable substances to 100 pg/
kg or less for rubber teats and soothers [5]. The same limits
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have been established in Korea [6]. The American Society
for Testing and Materials (ASTM) F1313-90, the U.S.
standard, allows N-nitrosamine levels of 10 pg/kg or less
per chemical compound, with total amounts not exceeding
20 pg/kg [7]. There are no distinct standards for N-ni-
trosamines and N-nitrosatable substances in rubber kitchen
tools, either in Korea or worldwide. N-nitrosamines and N-
nitrosatable substances in migrated solutions are generally
measured using either EN 12868, which is in line with EU
regulations and is used worldwide [8], or ASTM F1313-90
as the chosen test solution preparation methods; together,
these are the most widely used testing methods for N-ni-
trosamines in rubber teats and soothers.

Several researchers have analyzed the concentrations of
N-nitrosamines in teats and soothers using techniques
involving nitrogen chemiluminescence detectors (NCDs),
thermal energy analyzers (TEAs), gas chromatography—
mass spectrometry (GC-MS), or liquid chromatography—
tandem mass spectrometry (LC-MS/MS) [9-14]. Further-
more, Motoh et al. [15] developed an improved method for
detecting N-nitrosamines and N-nitrosatable substances in
rubber teats and soothers. Baby bottle teats, which come
into contact daily with babies, are mostly made of rubber
materials, which are also widely used in current kitchen
tool products. Therefore, it is necessary to monitor the
safety of various baby bottle teats and kitchen tool products
that are currently on the market. However, earlier studies
on N-nitrosamines present in baby bottles have mainly
focused on the development of analytical methods [16-18],
and studies reporting the monitoring of baby bottle teats or
rubber kitchen tool products are still lacking. In particular,
the monitoring of N-nitrosamine migration from baby
bottle teats and rubber kitchen tools has not been per-
formed using LC-MS/MS. Therefore, the aim of this study
was to assess the migration of N-nitrosamines and N-ni-
trosatable substances from baby bottle teats and rubber
kitchen tools to artificial saliva in order to inform safety
management practices in Korea.

Materials and methods
Chemicals and working standard solutions

Standard solutions (100 mg/kg in methanol) of NDMA
(99.5%), NDEA (99.5%), NDPA (99.5%), NDBA (99.5%),
NPIP (99.5%), NPYR (99.5%), and NMOR (99.5%) were
purchased from Chem Service, Inc. (West Chester, PA,
USA). A solution of N-nitrosodi-n-propylamine-d;y
(NDPA-d;4, 99.5%; 1000 mg/kg in methanol), used as an
internal standard (IS), was also purchased from Chem
Service, Inc. A mixed stock solution was prepared by
dissolving the seven standard solutions in methanol to give
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a final concentration of 1 mg/kg for each N-nitrosamine.
Working standard solutions diluted with methanol ranged
from 20 to 500 pg/kg for each of the seven N-nitrosamines.
All standard solutions were stored at — 5 to 5 °C in the
dark until use.

Preparation of migration solution (artificial saliva)

Artificial saliva was prepared according to the method of
the Ministry of Food and Drug Safety (MFDS) [18] and EN
12868 [8]. Sodium hydrogen carbonate (4.2 g), sodium
chloride (0.5 g), potassium carbonate (0.2 g), and sodium
nitrite (30 mg) were dissolved in deionized water
(900 mL). The solution was adjusted to pH 9.0 using 0.1 M
sodium hydroxide solution (NaOH) or 0.1 M hydrochloric
acid solution (HCI), then transferred to a 1-L. volumetric
flask and made up to 1 L with deionized water.

Method validation

Linearity was confirmed with a calibration curve and the
correlation coefficient (R?) of the standard solutions at
20-500 pg/kg. The o and S values from this evaluation
were determined by the slope of the calibration curve and
the standard deviation of the peak area of the standard
solutions, respectively. The limit of detection (LOD) and
limit of quantitation (LOQ) were calculated as 3.3 o/S and
10 o/S, respectively [19]. Recovery was determined by
adding standard mixture solutions at three concentrations
to migrated solutions containing artificial saliva. Intra-day
and inter-day precision was assessed using the relative
standard deviations (RSD%) of recovery obtained by per-
forming three replicates per day and three replicates on
three separate days, respectively.

Preparation of samples

Thirty teat samples made from silicone rubber and natural
rubber and 45 kitchen tool product samples made from
silicone rubber were purchased from markets in Korea.
Rubber kitchen tool products were mostly supplies
designed for babies (bottles, cups, and spoons), bakeware
items (baking sheets and molds), and high-temperature
cooking utensils (steamers, spatulas, and ladles). The
migration of N-nitrosamines and N-nitrosatable substances
was assessed using the MFDS method [6]. Samples were
pretreated by boiling in water for 10 min before testing;
after drying, each sample was cut vertically into two pie-
ces, and samples (10 & 0.2 g) were exposed to artificial
saliva (40 mL) at 40 °C for 24 h in the dark [20, 21].
Migration solutions were then transferred to 50-mL mea-
suring cylinders. Each sample was then washed with 5 mL
of artificial saliva, and this washing solution was added to
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the rest of the migration solution, along with distilled water
up to 50 mL. N-nitrosamine test solutions were prepared as
follows: migration solution (40 mL) was transferred to a
separating funnel, and IS solution (0.5 mL), NaOH solu-
tion (1 mL, 0.1 mol/L), and dichloromethane (20 mL)
were added. After vigorous shaking, the dichloromethane
layer was separated from the upper layer, which was fur-
ther extracted with dichloromethane (20 mL). Acetonitrile
(1 mL) was added to the combined dichloromethane
extracts before concentrating the solution to 1 mL via
nitrogen evaporation. The N-nitrosatable substance test
solutions were prepared as follows: migration solution
(10 mL) was added to HCI solution (1 mL, 0.1 mol/L),
then left in the dark for 30 min. Next, the solution was
transferred to a separating funnel, and IS solution (0.5 mL),
NaOH solution (2 mL, 0.1 mol/L), and dichloromethane
(20 mL) were added. After vigorous shaking, the dichlor-
omethane layer was separated from the upper layer, which
was further extracted with dichloromethane (20 mL).
Acetonitrile (1 mL) was added to the combined dichlor-
omethane extracts before concentrating the solution to
1 mL via nitrogen evaporation. N-nitrosamine and N-ni-
trosatable substance test solutions concentrated to 1 mL

were analyzed by LC-MS/MS after filtering with a poly-
tetrafluoroethylene (PTFE) syringe filter.

LC-MS/MS conditions

N-nitrosamine analysis was performed using LC-MS/MS.
The LC system was a Shiseido (Tokyo, Japan) separation
module consisting of an SP3133 injector, SP3004 oven,
and SP3201 pump. Separation was carried out on an Imtak
Cadenza CD-C18 (250 mm x 2 mm, 3 pm) column at
40 °C. The LC mobile phase solvents were 0.1% formic
acid in distilled water (A) and acetonitrile (B). The gradient
was initiated using 20% B for 3 min and continued with a
linear increase to 100% B over 7 min before being main-
tained at 100% B for 5 min, followed by a linear decrease
to 20% B for 5 min. The flow rate was 200 plL./min, and the
injection volume was 5 pL for a run time of 20 min.
Detection was performed using a Thermo TSQ Quantum
ULTRA (Thermo-Fisher, Waltham, MA, USA). MS/MS
conditions were optimized with a spray voltage of 3800 V,
capillary temperature of 330 °C, and SRM mode and col-
lision energies of 10-40 V.
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Fig. 1 Chromatograms of N-nitrosamine standards (500 pg/kg) by LC-MS/MS
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Table 1 LOD, LOQ, and

N-nitrosamine LOD (ug/kg)

LOQ (ng/kg) Precursor ion (m/z) Fragment ion (m/z)

specific ions of N-nitrosamines
detected by LC-MS/MS

NDMA 2.55
NDEA 3.87
NDPA 1.11
NDBA 2.15
NPIP 0.66
NPYR 0.46
NMOR 225
NDPA-d,4

7.71 75.0 43.2
11.73 103.0 43.3/75.3
3.38 131.0 43.2/89.2
6.51 159.1 57.2/103.2
2.01 115.0 41.2/69.0
1.38 101.1 55.2
6.82 117.1 86.2
145.0 50.8/97.0

Table 2 Recovery, standard

. . N-Nitrosamine
deviation (SD), and precision

Spiked level (ng/kg)

Recovery £ SD (%) Precision (RSD %)

(relative standard deviation, Intra-day Inter-day
RSD) of N-nitrosamines
migrated from baby bottle teats NDMA 20 108.6 £ 2.26 2.08 4.22
100 101.2 £+ 0.79 0.79 3.00
500 86.31 £ 1.57 1.82 6.88
NDEA 20 101.3 £ 043 0.42 2.81
100 101.7 £ 0.40 0.39 2.50
500 100.1 £ 0.18 0.18 0.40
NDPA 20 101.0 £ 0.86 0.86 2.49
100 101.2 £ 0.50 0.50 2.32
500 101.6 £+ 0.18 0.18 4.86
NDBA 20 104.2 £ 0.59 0.59 5.51
100 102.8 £ 0.50 0.50 1.69
500 100.7 £ 0.41 0.41 0.84
NPIP 20 104.3 £ 0.55 0.53 2.29
100 100.2 £ 0.19 0.19 1.81
500 93.70 £ 0.56 0.50 4.42
NPYR 20 101.8 £ 0.21 0.20 3.72
100 100.2 £ 0.64 0.64 3.08
500 93.95 £ 0.57 0.61 3.41
NMOR 20 102.7 £ 0.25 0.24 2.64
100 100.7 £ 0.86 0.86 1.50
500 100.5 £ 0.37 0.36 0.56

All data were calculated from measurements carried out in triplicate

Results and discussion
Method validation

Chromatograms of NDMA, NDEA, NDPA, NDBA, NPIP,
NPYR, and NMOR in a standard solution (500 pg/kg,
respectively) are shown in Fig. 1 and the specific ions are
shown in Table 1 analyzed by LC-MS/MS. According to
the Association of Official Analytical Chemists (AOAC)
guidelines, recovery assessments should be performed as a
function of concentration; for a concentration of 1 mg/kg,
there is an acceptable recovery range of 75-120% and
repeatability (RSD,) of 8% [19]. The method was validated

@ Springer

with good analytical results, including good linearities (+°
> 0.99), low LODs (0.46-3.87 ng/kg), and low LOQs
(1.38-11.73 pg/kg) compared to the reported values of
LODs (1-20 pg/kg) of N-nitrosamines [11]. Recovery and
precision of intra-day and inter-day of N-nitrosamines
migrated from baby bottle teats were determined with the
spiked concentrations of 20, 100, and 500 pg/kg, respec-
tively (Table 2). The recoveries were ranged from 86.3 to
108.6% and the standard deviations of recovery were less
than £ 0.86 for six kinds of N-nitrosoamines except
NDMA (up to % 2.26). The precision of intra-day and
inter-day of N-nitrosamines were from 0.18 to 2.08% and
from 0.40 to 6.88%, respectively.
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Table 3 Mean concentrations of N-nitrosamines migrated from baby bottle teats and rubber kitchen tools

Sample Number of sample NDMA (ng/kg) NPIP (ng/kg) NMOR (pg/kg)
Baby bottle teat 30 2.17 £ 0.73 (11)* 0.38 (1) 0.89 (1)
(1.02-3.67)° 0.52 (1) 0.98 (1)
0.55 (1) 1.96 (1)
Kitchen tool Baby product 18 1.40 £ 0.24 (5)* ND¢ ND
(1.07-1.72)°
Bakeware 11 1.38 (1) ND ND
1.53 (1)
1.67 (1)
Cooking utensil 16 ND ND 0.94 (1)

“Mean =+ SD for the positive samples (number of positive samples in parenthesis)

bRange from minimum to maximum
°ND not detected or below LOQ

Table 4 Concentrations of N-

Number of sample

NDMA (pg/kg) NPIP (pg/kg) NMOR (pg/kg)

nitrosatable substances migrated Sample
from baby bottle teats and Baby bottle teat P
rubber kitchen tools

Kitchen tool 45

4.70 (1) 1.39 (1) 577 (1)
42.16 (1)
ND" ND ND

“Number of positive samples in parenthesis

°ND not detected or below LOQ

Migration of N-nitrosamines

The migration of N-nitrosamines was measured from 30
teats made from silicone rubber and natural rubber and
from 45 kitchen tool products made from silicon rubber
(Table 3). Among baby bottle teats, the migration of three
N-nitrosamines (NDMA, NPIP, and NMOR) was detected
at concentrations ranging from 0.38 to 3.67 pg/kg with 17
positive samples of total N-nitrosamine migration. Migra-
ted NDMA concentrations ranged from 1.02 to 3.67 ng/kg
in 11 samples, while NPIP and NMOR concentrations
ranged from 0.38 to 0.55 and 0.89 to 1.96 pg/kg, respec-
tively, in three samples. Among the rubber kitchen tools,
concentrations of NDMA ranged from 1.07 to 1.72 pg/kg
in five migrated samples from baby products and ranged
from 1.38 to 1.67 pg/kg in three migrated samples from
bakeware, while NMOR was found at 0.94 pg/kg from
only one cooking utensil sample. Overall, NDMA was the
most commonly found among the seven N-nitrosamines.
There are no N-nitrosamines exceeding the concentration
permitted by specific legislation, such as that enacted by
the MFDS and EU, which limits the concentration to
10 pg/kg in baby bottle teats [5, 18]. In comparison, Motoh
et al. [14] and Bouma et al. [4] reported detectable levels of
five N-nitrosamines in rubber sheets (from 2.1 to 15 pg/

kg), all of which were present at higher levels than those in
this study.

Migration of N-nitrosatable substances

Levels of N-nitrosatable substances were measured in the
same 30 teats and 45 kitchen tool products as above
(Table 4). N-nitrosatable substances are categorized by the
N-nitrosamines that they form. NDMA-forming N-ni-
trosatable substances were found in concentrations of
4.70 ng/kg from one baby bottle teat and 42.16 pg/kg from
the other one baby bottle teats. NPIP-, and NMOR-forming
N-nitrosatable substances were found in concentrations of
1.39 and 5.77 pg/kg from each of one baby bottle teat,
respectively. The total migration of N-nitrosatable sub-
stances from the four positive samples ranged from 1.39 to
42.16 pg/kg, which does not exceed the concentration
permitted by specific legislation, such as that enacted by
the MFDS and EU, which limits N-nitrosatable substances
to 100 pg/kg in baby bottle teats (5,18). N-nitrosat-
able substances were not found in any rubber kitchen tools.
The large variation of positive concentrations occurred
because of different origins of samples. Motoh et al. [14]
and Bouma et al. [4] reported N-nitrosatable substances at
levels of 30 to 17,000 pg/kg in rubber sheets and at levels
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of 8.2-55 pg/kg in rubber teats, all of which are higher
than the levels observed in this study.

In conclusion, the migration of N-nitrosamines and N-
nitrosatable substances from baby bottle teats and rubber
kitchen tools was investigated. Samples from 30 baby
bottle teats and 45 kitchen tool products were monitored
and determined to be safe in terms of N-nitrosamines and
N-nitrosatable substances, as levels did not exceed the
concentrations permitted by management specifications.
Three N-nitrosamines (NDMA, NPIP, and NMOR) were
found among migrated samples from baby bottle teats,
while two (NDMA and NMOR) were found among rubber
kitchen tools. The migration results for N-nitrosamines and
N-nitrosatable substances in this study could be used in
determining a scientific basis for the safe management of
food contact materials.
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