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Determination of 14 Migrations of N-Nitrosamines and N-Nitrosatable
Substances in Toys and Children’s Products by HPLC-APCI-MS/MS
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(1. Inspection and Quarantine Technology Center , Guangdong Entry-Exit Inspection and
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Abstract: N-nitrosamines, known as strong carcinogens, are extensively concerned in
safety of consumer products, especially in safety of toys. In the mean time, N-nitrosat-
able substances, such as secondary amines, which can convert to N-nitrosamines under
certain circumstances, is concerned as well. Consequently, there are many regulations
and standards successively published to restrict N-nitrosamines and N-nitrosatable sub-

stances in many countries. Generally speaking. toys and children’s products that con-
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tact with mouth, such as balloons and rubber teats, are more likely to contain N-nitros-
amines and N-nitrosatable substances. In order to meet the analytical requirements of
exit-entry inspection of international regulations concerning toys and children’s
products, a method of high performance liquid chromatography-atmospheric pressure
chemical ionization-tandem mass spectrometry (HPLC-APCI-MS/MS) was developed to
determine the migrations of 14 N-nitrosamines and N-nitrosatable substances in toys
and children’s products that contact with mouth. Samples were cut into pieces and then
migrated in artificial saliva to simulate mouth contact. The migration solution was used
for the determination of N-nitrosamines and N-nitrosatable substances after nitrosation
afterwards in the presence of nitrite contained in artificial saliva. The conditions and
parameters of liquid chromatography and mass spectrometry were optimized, such as
multiple reaction monitoring, source-dependent parameters, chromatographic columns
selection, gradient elution program and formic acid concentration. The results show that
the linear relationships are good for all 14 N-nitrosamines in the range of 0. 2-100 pg/L
with the correlation coefficient greater than 0. 999 5. Method detection limits are 0. 32-
1.0 pg/kg. and the recoveries of 14 N-nitrosamines are 88.0%-122% . 89.0%-106%,
91.0%-109% at the spiked levels of 5., 50, 500 pg/kg. respectively. The relative
standard deviations (n=5) are 3. 0%-13.9%, 1. 9%-6.2%, 1.1%-6. 6% , respectively.
104 batches of exit-entry spot-check samples were inspected, and it was found that
balloons were high risk samples. There are totally 8 batches of balloon samples among
all the inspected samples, migrations of N-nitrosamines in 4 batches of balloon samples
and migrations of N-nitrosatable substances in 6 batches of balloon samples exceed the
limit migrations specified in EU Toy Safety Directive 2009/48/EC. The balloon samples
have the highest risk, so we need to give extra concern in terms of N-nitrosamines and
N-nitrosatable substances.

Key words: toys; children’s products; contant with mouth; migration; N-nitrosa-
mines; N-nitrosatable substances; high performance liquid chromatography-atmospheric
pressure chemical ionization-tandem mass spectrometry (HPLC-APCI-MS/MS)
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Fig. 1 Chemical structures of 14 N-nitrosamines
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1.3.1 @& @i% 4 Poroshell 120 EC-
C18 RAHAE (100 mm X 2.1 mmX 2.7 pm) ;i
SlAH: I EE (& 0.01% HR)-/K (&% 0.01% H
PR V5 W5 B B Ok IR e T RE A B ) Sy
10%6 . #E 10 min PERMEARAE E 9876, 453 min,
7E 0. 1 min N E 10% 4445 4. 9 min, &
3T I S 18 ming B R A A 45 R S DL -
KT (1 2 9, V/V)FMif R B4 min; i # 0. 3
mL/min; FFEFERF 40 pLs FER 40 C.

1.3.2 Fuis ettt KRR E IR (APCD,
IE B AR B R E 250 C s i i ET
Ui 3 A BT IR A B 25 Ak ORI R i AR Dy
REA B S5 % M 0.138 MPa #1 0. 028 MPa;
2 B W CMIRIVD) A58 50 41 4, QL AT Q3 DU Al
FEL & 20 R A/NT 0.7 Das 51 MRM i ##
(R 5E B2 I [H] 2y 100 ms, &M E-A Pk 2 A
MRM 3o R A7 (] of S 00 JHG v o) 1 52 54 1% 25
TR T € B8 o T s A
Analyst 1. 5. 2 FF A7 4t A0 B AEOHE >R 4 5 K
X 7 €5, 7 0 1 O B BRF DD 2 ) MRM 3o 2 68
Tk VA ) = B LU R S e R NI e AT E
AR 1 0 T AR E o
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2.1.1 HIEEAERE WS i R IR R
T A 2 H 8 R YR S5 K o R R A e g
¥ . Kim #1 Herrmann 2013338 7 7F ESI IE
B RE AR — 2 NS A6 B W 5 AT S
BT« HLAE 53 B A o 75 W B A EST 45 2 1
e ;2 W = T APCI R, SCHR[14-16 ] ¢ iE
T EST G N-E i e o A7 D0 5 5 45 321 B9 45
R4 AW . JF . Ripolles 55 3 — 25 45 iy
APCTELAT N-E A file €5 7% 0 ) 5 e L 3
[ I 0 7Y 45 3 1. AR A T ESI
EBFRT 14 B N-E 6 i i 302 e 7 (0
TR S FE X & SR T oA . 8 AR R] A 3 3
FH R 3 L R A BR 0B B 1 B AR Y 4 B 100
pg/ L N-WAE B IR A bn M W % B4 BAr 9
7E APCT #5220 (9 A3 R Bz 2 SC A 100 04, EST
BT A5 2 59 & H bR 9 A XA i Bz 1 T
F1, AT, fE ESTAAT . A A NDINA #y4Y

TR R T APCT A8 30T A9 A i 1z T HE Ax
13 A N-.fiF e 149 A i o) o7 249 4% 7 APCT g5
BeAh B BB AT S P A 14 B N-JE A i R 2
J& T SR B e B . B T AEAPCE
BN BB 2 APCITF Bt T HE g ) B ok L 2
il B A B 5 ) SN TR R 28 g #E APCI
(LN

F 1 ESIHET,14 fh N-ILAH BE 59 {38 N 52 48 3 (&
Table 1 Relative instrumental responses

of 14 N-nitrosamines at ESI mode

ViR MR/ %6 sr i HHXE R/ 2%
NDELA 0. 14 NDiPA 5.31
NDMA 5.41 NMPhA 11. 61
NMOR 12. 44 NEPhA 16. 95
NPYR 10. 01 NDBA 74. 34
NDEA 12.12 NDiBA 92.98
NPIP 17.13 NDBzA 91. 24
NDPA 9. 44 NDiNA 1086. 62

2.1.2 MRM Z80mfifb  FH 3558 v 5 45 TR IR
TE v BE 1Y) NSO A e BRBR W, LA 50 L/ min
MU R, 3 SR 14 B NSV 6 B Y
MRM ZHiE 4704k, FL45 515 F3% 2.

2.1.3 HTFESHEWMmA A APCI RS,
H AR 09 3 B 28 BB AR R R B b O e 2 1
I B LM A-H 1 SA B i 8 i X
Wk T 8 R # AR R CTEMD i B <
(GSD) J& 7 B i 22 il L HL 3 (NCD 5 BB I 7 %
X 3 ANSEAATIA . R R R B A
G BT X8 A 3 ) T B I 2 A A e 1 I i
{8, 5 BR A L (CUR) s Sy AT AL . e 4h
SO 14 Bh N A e 7 Al 5 Tt 9 R 6% 7 AR 3R 2
HRT B 25, IR AR A 55 e i o 1 (L T
fli 48 < (CAD) =y #EAT AL . AS B 58 R F U 3
F 543 #r (flow injection analysis, FIA) %} &4~
NS R 9 B 9 88 U6 S B0 A7 Ak, 130 BT
0.3 mL/min, X ¥k By 100 pg/L & A 14
ol NI g R s E V5 A% % 3 T 91 1) 5 Bk A 7
ek A SECE W 2 W BIREERE 5 L, 43
Brisf (] 30 s, b &5 A F & 4., &k B
B4y 87 280k TEM 250 °C,GS1 0. 138 MPa,
NC 4 pA,CUR 0. 103 MPa,CAD 0. 027 6 MPa,



458

®2 147 N-IWHEK MRM S8 RLER

Table 2 Optimized MRM conditions of 14 N-nitrosamines

AT % X FisE/Da BB (m/2) FEFOn/2 KRR IE/V il 435 fig 5/ V o E/V
NDELA 134.13 135.0 74.0(q) 14 19 1
104. 0(Q) 9 1
NDMA 74.08 75.0 43.0(Q) 30 22 2
58.0(q) 18 3
NMOR 116. 12 117.0 86. 1(q) 20 20 1.4
87. 1(Q 17 1.4
NPYR 100. 12 101. 0 55. 2(Q) 40 25 1.4
41.2(q) 37 1.4
NDEA 102. 14 103.0 47.1() 23 25 4.5
75. 1(Q) 16 2.4
NPIP 114. 15 115.0 41.2(q) 20 23 1.4
69. 0(Q) 35 1.4
NDPA 130. 19 131.1 43.1(q) 24 16 1.4
89. 1(Q) 24 1.9
NDiPA 130. 19 131. 1 43.1(q) 24 16 1.4
89. 1(Q) 24 1.9
NMPhA 136. 15 137.0 66.1(Q) 26 30 1.4
77.0(q) 39 1.4
NEPhA 150. 18 151. 0 65.9(q) 30 34 1.4
77. 0(Q) 28 1.5
NDBA 158. 24 159. 0 57.3(Q) 25 21 4
103. 1(q) 16 3
NDiBA 158. 24 159.0 57.3(Q) 25 21 4
103. 1(q) 16 3
NDBzA 226. 30 227.0 65.2(q) 16 21 1.3
91.2(Q) 67 2.5
NDiNA 298. 51 299. 4 57.3(Q) 45 32 1.5
71. 3(q) 12 1.5

TE 4 A (niminal mass) & 58 46 5 9 898 PR 03 7 it (G5 1 TR 407 38 32 ) 5 Q 3270 W R AR08 9 18 7, T 7€ ik s g SRon i)
R G R Y N A Rl i

BETRSHMNLRE

Table 3 Optimizing values of source-dependent parameters

BTESH A Al
B/ C 0~750 150,200,250,300,350,50,500
i Bh < E 1/ MPa 0~0. 62 10,15,20,25.30,35,40
TR BT LI/ A 1~5 1,2,3,4,5
475 K F1/MPa 0.069~0. 344 10,15,20,25,30
filf 18 <& 71 /MPa 0. 138~0. 096 2.4,6,8,10
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Table 4 Optimized values of source-dependent parameters of 14 N-nitrosamines
ik AR E S/ MPa e/ C 4B < S/ MPa ilf 1% < 77 /MPa JCHL LI/ A
NDELA 0. 069 350 0.138 0.021 4
NDMA 0.103~0. 138 250 0.138 0.021 5
NMOR 0. 069 250 0.138 0.0276~0. 0414 5
NPYR 0.103~0.138 250 0.103 0.0414 3
NDEA 0.069~0.103 200~250 0.103 0.0276~0.0414 3
NPIP 0. 069 200 0.103 0.0414 3

NDPA 0.103~0. 138 200 0.138 0.0414 2.5
NDiPA 0. 069 250~300 0.138 0.0414 2.5
NMPhA 0. 069 250 0.241~0. 276 0.0276~0.0414 4
NEPhA 0.103 200~250 0.276 0.0414 4
NDBA 0.103~0.138 200~250 0.138 0.0276~0.0414 3
NDiBA 0.138 200~250 0.138 0.0276~0. 0414 3
NDBzA 0.103 250 0.138 0.0276 2.5~3
NDiNA 0.103~0. 138 250 0.138~0.172 0.0276 3

2.2 BiEFGNMRKL

2.2.1 @SR AEARLR PR 14 F
N-Z i i v ,NDPA 5 NDiPA,NDBA 5 NDi-
BA 5. [\ 43 S 444, e AT B A LT A TE Y
MRM 3 #2 (7€ 0. 7 Da i Jit & 53 BF 8 T A g X
O3 o R T ERG M PR E R, Y e
I 2R 4y B . A b, 3% B Eclipse XDB-C18
(150 mm X 2.1 mmX3.5 um) . Eclipse Plus C18
(100 mm X 2.1 mm X 1.8 pm) . Poroshell 120
EC-C18(100 mmX2. 1 mmX2.7 pm) A,
FEA R R B VE AR R T2 8. BT
XDB-C18 2y 150 mm H:, Jy FEAK 43 A7 B (A1), K¢
HR R E 0.5 mL/min, i F_F & 3%k
SIRTVREE N 1 pg/L A 14 Fh N-E A i (9 A
HEVE W, 15 3 i NDPA 5 NDIiPA, NDBA 5

NDiBA $#2 1 eg 7 @3k B s T8 2.

B & 2 A UL, 3 b 6 % FE AR RE A5 B AL Y
W NDPA I NDiPA ¥ a] 52 88 52k 3 5, {5
i R RSF8K 1Y Eclipse XDB-C18 45
i, NDBA 1 NDiBA A8 B4 73 89 5 1 R R
SH#E /N Poroshell 120 EC-C18 FilEclipse Plus
C18 {6 3% 4% %) NDBA F1 NDiBA 194 55 %k 5 %
U . X el T HARY AR IZ S S T i 4 HOM
Xof /N T W AR 2 W g I K 0 B R R
JEH & . FESEBR 2B Eclipse Plus C18 #E7E
BRRE VR W B b i e ik R R ) BRR
(60 MPa) , fifi & TCAILER7E (435 4 b B i R &
T AR 48 R ) 1 B i {5 ] Poroshell 120
EC-C18 #Ei, R J7 0 2 Ak, BRI AR A 5 32
PZ OISR T RS AT

Intensity/cps

€))

NDiBA

2

Intensity/cps

NDiBAA/L
NDBA
3)

#/min

9 10 11 12
t/min

71 : (1) Eclipse Plus C18;(2) Poroshell 120 EC-C18;(3) Eclipse XDB-C18
B2 ERATEE®EESER NDPA 5 NDiPA(a) 71 NDBA 5 NDiBA(b)IREUE F R IEE
Fig. 2 Extracted ion chromatograms of NDPA, NDiPA (a) and NDBA,

NDiBA (b) using different chromatographic columns
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Fig. 3 Extracted ion chromatogram (Q transitions) of

14 N-nitrosamines after optimizd chromatographic conditions
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B4 BEZFHEMLLE,

147 N-THENEEFREIEE
Fig. 4 Total ion chromatogram of 14 N-nitrosamines

with optimizd chromatographic conditions
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Fig. 5 Relationship of peak area and formic

acid concentration of 14 N-nitrosamines
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Table 5 Linear equations, correlation coefficients,

method detection limits and limits of quantification of 14 N-nitrosamines

IrHT LTy TR R EL R 6 1 BR / (e / ke FE R/ (pg/ke)
NDELA y=1286.4x—123. 4 0. 9998 1. 00 3.33
NDMA y=15498. 6—253. 0. 9997 0. 86 2. 87
NMOR y=15856. 60— 356. 0. 9998 0. 46 2. 86
NPYR y=05428. 14— 328. 0. 9998 0. 55 1. 83
NDEA y=9551. 1a—5045. & 0. 9995 0.75 2.50
NPIP y=19330x—4877. 0. 9997 1. 00 3.33
NDPA y=8754. Tx—1135. 0.9999 0. 67 2.23
NDiPA y=05728.0x—229.3 0.9999 0. 86 2. 87
NMPhA y=6587. 0x+63.7 0.9999 1. 00 3.33
NEPhA y=28026.7x+1392.9 0. 9998 0. 32 1. 07
NDBA y=9687. 0x—2299.7 0. 9996 0. 32 1. 07
NDiBA y=8341. 9x—2233.0 0. 9996 0. 60 2.00
NDBzA y=10132. 0xr+1452. 1 0.9997 0. 86 2. 87
NDiNA y=1971. 8x—1640. 5 0. 9996 0.67 2.23

F 6 14 Fh N-TEAH B B9 0 AR B 4 22 F0 48 X AR IR &= (n=5)
Table 6 Recoveries and relative standard deviations of 14 N-nitrosamines at different spiked levels (n=5)
AN G T H AR e )

a7 5 ng/kg(0.5 pg/L) 50 png/kg(5 pg/L) 500 pg/kg(50 pg/1)

B/ % MR AR DR 22/ % M/ % X o i 22 / 4 %/ % R B AR 22 / 4
NDELA 112 7.8 98. 4 4.6 101 2.2
NDMA 100 10.9 90. 2 3.1 100 3.4
NMOR 96.0 9.8 98. 8 2.0 107 1.9
NYPR 95.0 6.5 104 3.1 103 2.3
NDEA 112 6.9 90.0 3.1 103 1.6
NPIP 102 4.3 89.4 2.9 99.0 1.1
NDiPA 84.0 4.4 82.3 1.9 97.5 1.4
NDPA 112 1.7 86. 6 9.2 98. 8 2.1
NMPhA 88.0 10. 5 105 1.7 102 2.6
NEPhA 92.0 13.9 106 3.2 103 2.8
NDiBA 112 7.1 92. 8 4.4 94. 8 6.6
NDBA 122 5.4 98. 6 6.5 109 4.5
NDBzA 92.0 9.6 97.2 2.3 98. 8 3.5
NDiNA 88.0 3.0 89.0 2.5 91.0 2.3
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Table 7 Migrations of N-nitrosamines and N-nitrosatable substances in balloon samples
FH/ (mg/ke)
I3 Hr
FAAAER A HEOAERB HEOESIRA HESKRDB fKETHKA SKETHKB
N-3 fit§ NDMA 0.770 0.785 0. 757 0. 803 — —
NMPhA — — — — 0.0317 0.0366
Al NI A 1 9 5 NMPhA 11.9 13.3 8.58 7.96 4. 60 4.41
T — RN T IOr i R

KFm AFES AR, ke V ORI B RIAFRL, (2] CREFE B XG5, 2800 N-F LR T

mL;c, HIEB WM IR mg/L. BT E G
XA ER R Nl Jre 3 F% 0 1) BH A 0 o R AR
W55 2 % B BUH % 448 4 2009/48/EC [ #L
JE 5 BIGB SOBR s AR i o B i N30 i i 3T 7
HAR L 0.05 mg/kg, Al N-Vfif§ 16 ¥ 1 1Y
I EAGET 1 mg/kg. NR7TH . HE
SERAB M GASER AB I NS T RS
it DA KA 6 S BHAE AR & R NS 16 4
EH R TEBRGE., S 0w
DA rp & B0 NDMA 24 5 2 19 N-E A i
DS B 1 o T 22 BOAS 5 A ACBRAE i 78 0 i A6 S
2:H5 1 NMPhA,

3 4ig

3R S AT IR A A A AL L DA
@3 & RSB AL S T I e 5 0
Pefuh bt B K%L A 14 Bl NSRS iR & A]
N-AiE A6 9 it 5 HPLC-APCI-MS/MS J7 .,
7 WAL BT PR A M I VAT, O
VA 240 B I A Y R A 0% T D kR A R
HLAT B0 1 o] i 6 RORG 2% B . ) B 5 5 X R
SRR S A T O R T R KU P R R
Bk, HoA i = XU 4 B NDMA fil NMPhA,
5 T O 3 L ) A 56 B L KL R
TN A 5 DA s 2 0 B0 L L Y
HH A B RG 0 XU S W PR T B R S
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