( No.2010CZ10)

*  E-mail: xingyn@ smq. com. cn

39 ( FENXI HUAXUE) 7
2011 7 Chinese Journal of Analytical Chemistry 1065 ~ 1070
DOI: 10.3724/SP. J.1096. 2011. 01065
- N-
*1 2 1 1 1
N 518109)
X 518055)
EN 12868:1999  N-
o N-
Sep-Pak AC2 Sep-Pak Dry N-
DB 624
o7 N- 10 ~ 10000 pg/L R 0.99; N-
1.25  5.00 pg/kg 93/11/EEC ;3 1.
25 12.5 125 pg/kg 80.6% ~95.5% 86.8% ~98.3% 92.2% ~110.4% RSD
4.2% ~7.7% 4.1% ~5.8% 2.6% ~4.3%(n=6) . 7 N-
0.421 ~0.820 mg/kg  3.616 ~8.437 mg/kg 93/11/EEC ;
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N- (GCMS) *° . (HPLC) 7°°
(GCTEA) 77 . GCMS ( EI)
N- N- . HPLC -
N- o
GC-TEA
N- o TEA
. ( HRMS) " ( GC-MS/MS.HPLC-MS/MS) ¥
N- N- o
EN 12868: 1999 N- R
EN 12868: 1999
2
2.1 N
GC-PCI/MS ( Trace GC Ulira-DSQ II MS ) (
J. T. Baker ) ; SepPak AC2 « Sep-Pak Dry ( Waters )
KS 4000i control ( IKA ) s NEvap 112 ( Organomation Associates
) ( Milli Q Biocel A10 Millipore ) o
NDMA( =96.0%) NDEA( =99.0%) NDPA( =98.0%) NDBA( =98.5%) NMOR( =99.
0%) NPYR(=99.0%) NPIP( =99.0%) Dr. Ehrenstorfer ; NaHCO, NaCl NaNO,
Na,CO, HCI NaOH( ); N ( Merk );
Milli-Q) 18.2 MQ * cm.
3 3 o
2.2
2.2.1 EN 12868 4.2 ¢ NaHCO, 0.5 g NaCl 0.2 g Na,CO,
30 mg NaNO, 900 mL pH 9.0 1 Lo
2.2.2 EN 12868 N-
o 1 emx1 cm 10 g 0.001 g) 50 mL
40 ml, (40 £2) C 24 h.
50 mL o 4 mL
50 mL, 10 mLL 1 mL 1.0 mol/L HCI
30 min 2 mL 1.0 mol/L NaOH B N- X 40 mL
1 mL 1.0 mol /L. NaOH A N- o
N- o
2.2.3 SepPak AC2 6 mL +6 mL 10 mL
o A( B) 5 mL/min Sep-Pak AC2 o
30 min. Sep-Pak AC2 4 mL
Sep-Pak Dry 6 mL 1 mLo
2.3
2.3.1 DB-624 (60 mx0.25 um x 1.40 um) o
50 C 1 min; 20 °C /min 200 °C 3 min; 10 °C /min
240 C 5 min, 200 °C; 240 C; 1 pL
1 min ( 20: 1) ; 1.2 mL/min,
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2.3.2 ( PCI) 160 C; 2.5 mL/min;
SIM  Full scan : :NDMA (m/z75) NDEA (m/z 103)
NDPA (m/z 131) NDBA (m/z 159) NMOR (m/z 117) NPYR (m/z 101) NPIP (m/z 115) ,
3
3.1
20 mL N- 0.5 pg/Lo 3
( Waters Oasis HLB.Varian Chem Elut ~ Waters SepPak AC=2) N-
o Waters Oasis HLB : .
HLB 5% : Varian Chem Elut :
10 min ; Waters Sep-Pak AC2 2.2.3 .3
N- o Waters Oasis HLB
N- : Chem Elut N- : Waters Sep-Pak AC=2 7
N- o Waters Sep-Pak AC2 N-
1 3 N- (n=6)
Table 1  Recovery and RSD of N-nitrosamines extraction from artificial saliva with three different SPE columns ( n =6)
HLB Chem Elut Sep Pak AC2
Analyte Recovery RSD Recovery RSD Recovery RSD
(%) (%) (%) (%) (%) (%)
N-Nitrosodimethylamine NDMA - - 42.2 7.2 90.9 4.2
N-Nitrosodiethylamine NDEA - - 66.3 5.9 91.6 3.1
N-Nitrosodi-n-propylamine NDPA - - 67.1 9.1 93.2 3.3
N-Nitrosodi-n-butylamine NDBA - - 29.0 6.4 93.8 3.3
N-Nitrosomorpholine NMOR - - 70.2 5.6 100.5 2.8
N-Nitrosopyrrolidine NPYR - - 86.5 5.2 103.7 2.6
N-Nitrosopiperidine NPIP - - 92.7 4.6 101.4 2.8

( Target analytes had no recovery)

3.2
DB-5MS. DB35MS DB-624
o N- DB-5 MS DB35MS ; DB-624
6% 949 7
N- ( Do NDMA
3.3
N— GC/ NDEA
EI-MS NDPA
0 GC/EI-MS  N-
NDMA o CI
o ElI ClI
o N- 8 10 12 14 6 I8 20
PCI N— t/min
0 1 10 pg/L N-
3.4
7 N— 10 ~ 10000 pg/L. Fig.1 Total quantitative ion chromatogram of mix standard

R 0.99 10 solution of N-nitrosamine with concentration of 10 pg/L
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N- 1.25 5.00 pg/kg
93/11/EEC o
3.5
N- N
N- o N-
1.25 12.5 125 pg/kgo 2.2 2.3
2 o
2 N- (n=6)

Table 2 Recovery and RSD (n =6) of N-nitrosamines at three spiked concentration

Spiked concentration

1.25 pglkg 12.5 pglkg 125 pg/kg
Analyte
Recovery Recovery Recovery
) RSD ( %) A RSD ( %) o RSD (%)
NDMA 80.6 7.7 86.8 5.8 92.2 4.3
NDEA 85.3 6.9 89.2 5.8 94.1 4.0
NDPA 88.1 5.4 91.3 5.0 96.7 3.8
NDBA 87.4 5.2 91.6 5.1 96.4 3.8
NMOR 92.2 4.7 96.7 4.1 100.5 3.0
NPYR 93.0 4.2 96.0 4.4 103.6 3.1
NPIP 95.5 4.6 98.3 4.2 110.4 2.6
3.6
3 4 N- ; 7 N-
N- o N- o
N- 0.05 1.0 mg/kgo
N- o
. 2009 N-
18
3 N- ( mg/kg)
Table 3 Migration levels of N-nitrosamines from rubber products ( mg/kg)
NDMA NDEA NDPA NDBA NPYR NPIP NMOR
Sample Total
A Balloon A 0.112 0.309 . - - - - 0.421
B Balloon B 0.539 0. 147 - 0.018 - - - 0.704
C Balloon C 0.747 0.073 - - - - - 0.820
A Teat A - - - - - - - -
B Teat B - - - - - - - -
C Teat C - - - - - - - -
* ( Under detected limits) o
4 N- ( mg/kg)
Table 4 Migrationlevels of N-nitrosatable substances from rubber products ( mg/kg)
NDMA NDEA NDPA NDBA NPYR NPIP NMOR
Sample Total
A Balloon A 0.200 8.22 - - 0.017 - - 8.437
B Balloon B 2.17 1.42 - 0.045 0.012 - - 3.647
C Balloon C 2.65 0.953 - - 0.013 - - 3.616
A Teat A - - - - - - - -
B Teat B - - - - - - - -
C Teat C - - - - - - - -

( under detected limits)
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3.7 EN 12868:1999

3.7.1 N- N
*7 . EN 12868: 1999
N- KD
o N—-
SepPak AC2 N- N o SepPak AC2
N-
3.7.2 EN 12868: 1999 GCTEA  N- o TEA
N-
N—NO ( NO)
(NO,* )
° GC-TEA N-
Pt TEA EN 12868: 1999 o
GCPCI/MS  N- . PCI GCEI/MS
N ; GC-TEA CI EI
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Determination of Migration Levels of N-Nitrosamines and
N-Nitrosatable Substances from Balloons by Gas Chromatography—
Positive Chemical Ionization Mass Spectrometry

XING Yuan-Na"' NI Hong-Gang® WANG Xin' CHEN Ze-Yong' HUANG Jin-Min'
"( R&D Department of Green Technology Shenzhen Academy of Metrology and Quality Inspection Shenzhen 518109)
* ( Shenzhen Key Laboratory for Circular Economic ~Shenzhen Graduate School Peking University Shenzhen 518055)

Abstract For analysis of a bunch of samples a rapid selective sensitive and precision method in EN
12868: 1999 was developed to determine the release of N-nitrosamines and N-nitrosatable substances from elas—
tomer or rubber teats and soothers in both of sample preparation and instrumental analysis. To imitate the mi-—
gration of N-nitrosamines and N-nitrosatable substances from rubber balloons and teats to human body rubber
products studied in this research were soaked in artificial saliva. The target analytes released to artificial saliva
were extracted by SepPak AC2 connected to SepPak Dry cartridges and isolated by DB 624 GC column
and determined by positive chemical ionization mass spectrometry in both full scan and SIM mode. Linear con—
centration-response relationships were obtained in a calibration range from 10 to 1000 ug/L with high correla—
tion( R >0.99) for all target analytes. The method detection limits of each N-nitrosamines and N-nitrosatable
substances released from rubber products were 1.25 and 5. 00 pug/kg respectively which are much lower
than the requirement of Directive 93/11/EEC ( N-nitrosamines: 10 pg/kg; N-nitrosatable substances:
100 pg/kg) . The average spike recoveries ranged from 80.6% to 95.5% (RSD 4.2% -7.7% n =6)
from 86.8% 10 98.3% (RSD 4.1% -5.8% n=6) and from92.2% to 110.4% (RSD 2.6% -4.3%
n=6) for the spiked levels of 1.25 12.5 and 125 pg/kg respectively. The total concentrations of seven N—
nitrosamines and N-nitrosatable substances in analyzed balloon samples ranged from 0. 421 mg/kg to 0. 820
mg/kg and from 3.616 mg/kg to 8.437 mg/kg respectively which did not comply with the requirement of
Directive 93/11/EEC. However all N-nitrosamines and N-nitrosa-table substances were not detected in ana—
lyzed teats and soothers samples.

Keywords Chromatography—positive chemical ionization mass spectrometry; Balloons; N-nitrosamines; N-ni—
trosatable substances; Solid phase extraction
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