Journal of the Korean Chemical Society
2018, Vol. 62, No. 3

Printed in the Republic of Korea
https://doi.org/10.5012/jkes.2018.62.3.181

Analysis of Nitrosamines Concentration in Condom by using LC-MS/MS

Na-Youn Park’, Sungmin Kim, Woong Jung?, and Younglim Kho™*
"Department of Health, Environment & Safety, Eulji University, Gyeonggi 13135, Korea.
tDepartment of Emergency Medicine, School of Medicine, KyungHee University, Seoul 05278, Korea.
“E-mail: ylkho@eulji.ac.kr
(Received February 9, 2018; Accepted March 13, 2018)

L UERARIRE ofdfobulil oftAto] U E 245} ¥he-2 §3) A EL Shgoln], R /1A /Hgabg S A%

M Ao R WE AT AT DRAE FolH UERARIL AE5WA 2 ol47t 51 girh. ZEL Qo] Aels]
28| ol o5k o) dete] A4 HSshee ebiio] e Ssiek ofof £ el 150 9941 HilE 8
of £E F UERANTE BAHS AUt 25 ARE SH50l Yol §FAYIT, $EUNN BAGY B 22
s7] i) D2Radee od.on 25 AAAon, 55 & LOMSMSIIA A RAstar 2Awe) Joes
85.8~108.7%, A UL 11.5% 0|3}, AE3171= 0.11(NDPA, NDBA) ~ 0.48(NPYR) ng/mLo| It} 31742 ZEA|R oA 282
o 829 93 HEH 522 NDBA 240]311, el (pH 4.5) &2 HEY 522 NDMA 174, NDEA 47, NDBA 2674
olgith UERAMIFO F3e mE A Ro|H 500 pghee 27454 ket

FHO: YEZAWE 2= [C-MS/MS

>~J°

o=

A

ot

Strlr 2 FO

HJ

ABSTRACT. Nitrosamines are the nitrosocompounds which are produced by nitrosation reactions of the secondary amine
and nitrite, and has been found to be produced through the vulcanization process during the production of rubber products
Recently, nitrosamines have been detected in rubber products and become a major topic. Condoms are disposable medical
devices, so safety is important because they come into direct contact with the skin and mucous membranes. In this study, we
developed an analytical method for nitrosamines in condoms by applying ISO 29941 method. The samples were eluted by dis-
tilled water, and target compounds were extracted by liquid-liquid extraction with dichloromethane. And then after concen-
trated, and quantitatively analyzed by LC-MS/MS. The accuracies of the analytical method were ranged from 85.8 to 108.7%,
precisions were lower than 11.5%, and the detection limits were from 0.11 (NDPA and NDBA) to 0.48 (NPYR) ng/mL.
Among the 31 condom samples, NDBA was detected from 2 cases by extraction of distilled water, and NDMA were detected
from 1 case, NDEA from 4 cases and NDBA from 26 cases by extraction of artificial saliva (pH 4.5). The total amount of
nitrosamines in all samples were less than 500 pg/kg.
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Shaking for 10
minutes

2 times

‘ DCM layer separation l

DCM eluent
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|

‘ Concentration for 1 mL ‘

| LC-MS/MS \

Figure 1. Flow chart and sample pretreatment for quantitative
approaches in 8 N-nitrosamines analyses in condom sample.
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Figure 2. Chromatograms of 8 N-nitrosamines; chromatogram showing tracings for the two ion pairs for 8 N-nitrosamines (red and blue).
The calculated concentration for this sample was 10 ng/mL.

Table 1. Validation data for analysis method of the N-nitrosamines in condom samples

Compounds SEV s? LOD (ug/kg) LOQ (ug/kg) Calibration curve range
NDMA 0.0473 0.3450 0.45 1.35 1~100
NDEA 0.0266 0.2110 0.42 1.26 1~100
NMEA 0.0113 0.2257 0.16 0.48 1~100
NDPA 0.00886 0.2650 0.11 0.33 0.1~10
NDBA 0.0127 0.3790 0.11 0.33 0.1~10
NPYR 0.00321 0.0220 0.48 1.44 1~100

NPIP 0.0146 0.2840 0.17 0.51 0.1~10
NMOR 0.00158 0.0207 0.25 0.75 1~100

VSE: standard error
S: slope of calibration curve
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Table 2. Accuracy and precision for intra-day (n=5) and inter-day (3days) of N-nitrosamines analysis in condom samples
NDMA NDEA NMEA NMOR NPYR NDBA NDPA  NPIP
0.5 ng/mL 106.4 106.6 103.6
2 ng/mL 105.9 103.5 1023
I“(t;‘: g)ay 5 ng/mL 108.5 1060 1027 96.5 1002 1076 1040 1004
20 ng/mL 100.5 106.0 98.3 88.6 102.8
Accuracy 50 ng/mL 98.3 106.7 100.4 933 101.0
(%) 0.5 ng/mL 107.7 108.6 108.6
2 ng/mL 104.0 100.8 102.1
Iggzd:‘)y 5 ng/mL 104.8 108.0 106.3 108.6 101.3 1052 101.6 1032
Y 20 ng/mL 101.1 1042 101.5 93.6 100.9
50 ng/mL 97.8 105.5 103.1 97.9 100.6
0.5 ng/mL 2.1 1.5 22
2 ng/mL 13 13 1.6
In(t;i' ;1)ay 5 ng/mL 115 33 1.7 25 1.0 1.4 1.4 0.5
20 ng/mL 1.9 25 1.3 8.4 1.1
Precision 50 ng/mL 2.1 3.7 1.9 3.3 1.7 ?
(%) 0.5 ng/mL 2.6 29 26
2 ng/mL 12 1.7 15
Iggz;:‘)y 5 ng/mL 73 27 24 7.8 1.9 17 1.6 1.4
20 ng/mL 4.4 53 3.8 10.3 1.4
50 ng/mL 3.0 3.6 39 5.8 25

NDBA, NDPA, and NPIP were conducted the accuracy and precision experiments by using 0.5 (low), 2 (medium), and 5 (high) ng/mL.
NDMA, NDEA, NMEA, NMOR, and NPYR were conducted the accuracy and precision experiments by using 5 (low), 20 (medium), and 50 (high) ng/mL.
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