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Abstract: Most preservatives are irritating and can easily induce skin sensitivities. Therefore,

both domestic and international regulations impose clear restrictions on the use of preservatives
in cosmetics. Herein, gas chromatography-tandem mass spectrometry ( GC-MS/MS) was em-
ployed to simultaneously analyze the levels of 15 preservative allergens in cosmetics. Further, a
precise identification approach based on a two-column retention index and mass spectrometry
matching degree was developed. Cosmetic samples were extracted via acetonitrile vortex ultra-
sound extraction and then dehydrated with anhydrous MgSO,. The preservative allergens were
separated on two columns, namely, DB-5MS and DB-WAX. Targets were identified using elec-
tron impact ionization ( EI) source and the multiple reaction monitoring ( MRM ) mode and
characterized using a retention index calibrated by a series of m-alkane standards. Following
two tests, the LODs for the 15 preservative allergens on the DB-5MS column were in the range
of 0. 02-0. 2 mg/kg, while those for 12 preservative allergens on the DB-WAX column were in
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the range of 0. 01-20 mg/kg. The preservative allergens on the DB-5MS and DB-WAX columns
demonstrated strong correlations, with all correlation coefficients exceeding 0. 99. The recover-
ies for the 15 preservative allergens were in the range of 70. 1% —129. 8% at low, medium, and
high levels, and the relative standard deviations ( RSDs) were all below 15% (n=6) when
using water, lotion, facial mask, and cream as the representative matrix. Next, 80 batches of
genuine samples were tested using the established method. Isopropyl 4-hydroxybenzoate, a pro-
hibited preservative, was detected in two sample batches using the DB-5MS and DB-WAX col-
umns. Additionally, 11 and 10 restricted preservative allergens were identified on the DB-5MS
and DB-WAX columns, respectively. The test results indicate that the double-column system
approach offers excellent accuracy, effectively preventing false-positive and false-negative re-
sults, and can detect the 15 preservative allergens in cosmetics. The use of the retention index
for the qualitative detection of these preservative allergens offers valuable options for non-targe-
ted screening and meeting regulatory criteria.

Key words: gas chromatography-tandem mass spectrometry ( GC-MS/MS) ; multiple reaction

monitoring (MRM) ; retention index ( RI) ; preservative allergens; cosmetics
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1 15HBEBHAEASHEYRNREER . EEBFH . EEBFHRIEREE
Table 1 Retention indexes (RI), quantitative ion pairs, qualitative ion pairs and collision energies
of the 15 preservative allergens

DB-5MS DB-WAX
No. Compound CAS No. RI Ton pair Collision RI Ton pair Collision
(m/z) energy/V (m/z) energy/V
1 benzyl alcohol 100-51-6 1730 79.0>77.1" 15 1878 79.0>77.1" 12
79.1>51.0 24 108.0>79.1 5
79.0>53.1 21 79.1>51.0 21
2 benzoic acid 65-85-0 1855 105.0>77.1°* 15 2621 122.0>105.1" 9
105.0>51.1 27 105.0>77.1 12
105.0>65.0 18 122.0>77.1 21
3 methylisothiazolinone 2682-20-4 1871 115.0>87.1" 12 2126 115.0>87.0" 9
115.0>53.1 24 87.0>59.0 12
115.0>59.1 24 115.0>53.0 24
4 isopropyl benzoate 939-48-0 1906 105.0>77.1 " 15 1668 105.0>77.1" 12
105.0>51.1 27 105.0>51.0 30
105.0>75.1 24 77.0>51.0 12
5 bronidox 30007-47-7 1912 137.0>109.0 9 /
137.0>58.0 15
137.0>107.0 15
6 methylchloroisothiazolinone  26172-55-4 1922 149.0>121.0" 12 1976 149.0>121.0" 9
149.0>85.0 21 149.0>85.0 18
149.0>87.0 27 149.0>87.0 27
7  methylparaben 99-76-3 2151 121.0>93.1° 12 2939 152.0>121.1" 9
121.0>65.1 21 121.0>65.1 18
121.0>77.1 21 121.0>93.1 9
8 ethylparaben 120-47-8 2220 121.0>93.1" 12 2968 121.0>65.1 " 18
121.0>65.1 21 121.0>93.1 9
121.0>77.1 24 138.0>121.1 12
9 isopropylparaben 4191-73-5 2251 121.0>93.1 " 12 2943 138.0>121.1"° 12
121.0>65.1 21 121.0>93.0 12
121.0>111.1 12 121.0>65.1 18
10 propylparaben 94-13-3 2321 121.0>65.1 " 21 3060 138.0>121.1" 12
121.0>93.1 12 121.0>65.1 18
121.0>111.1 9 121.0>93.1 9
11  benzoic acid phenyl ester 93-99-2 2367 105.0>77.1 " 15 2488 105.0>77.1" 12
105.0>51.1 27 105.0>51.1 27
105.0>79.1 12 77.0>51.0 12
12 isobutylparaben 4247-02-3 2380 121.0>93.1° 12 3097 138.0>121.1" 12
121.0>65.1 21 121.0>65.1 18
121.0>111.1 9 121.0>93.0 9
13 butylparaben 94-26-8 2425 121.0>65.1° 21 3171 138.0>121.1" 12
121.0>93.1 12 121.0>65.1, 18
121.0>111.1 9 121.0>93.1 9
14 phenylparaben 17696-62-7 2744 121.0>65.1° 21 /
121.0>93.1 12
121.0>111.1 12
15 benzylparaben 94-18-8 2843 121.0>65.1° 21 /
121.0>93.1 12
121.0>111.1 12

* Quantitative ion pair; /. cannot be detected.
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Fig. 1 Total ion chromatograms of the 15 preservative
allergens for separation and detection by (a)
DB-5MS and (b) DB-WAX columns
1. benzyl alcohol; 2. benzoic acid; 3. methylisothiazolinone;
4. isopropyl benzoate; 5. bronidox; 6. methylchloroisothiazolin-
one; 7. methylparaben; 8. ethylparaben; 9. isopropylparaben;
10. propylparaben; 11. benzoic acid phenyl ester; 12. isobu-
tylparaben; 13. butylparaben; 14. phenylparaben; 15.
benzylparaben.
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R fE DB-WAX A b Hi RS ™ 5, Bifi ok % T = 4 1k
V&I, R R 7E DB-WAX A I i BB 5 BUE PE
7l R T, HAK 15 BB e R0 28 0 505 ) B AE DB-
5MS . DB-WAX (a3 4E 5540 T ff B8 48 80y & i 11
gt S1 frR .,
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Fig. 2 Extracted ion chromatograms of (a) C;, and (b) C,;—C;; alkanes under DB-5MS conditions
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"'9 1.0 'r‘E Clscm c
2 2%7 G
w wr 19
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Fig. 3 Extracted ion chromatograms of (a) C;, and (b) C,,—C;, alkanes under DB-WAX conditions
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Fig. 4 Extraction efficiencies of the 15 preservative allergens under the different extraction methods and times (n=6)
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Table 2 Linear ranges, correlation coefficients (r?), limits of detection (LODs)
and limits of quantification (LOQs) of the 15 preservative allergens

DB-5MS DB-WAX
Compound LOD/ LOQ/ Linear range/ 2 LOD/ LOQ/ Linear range/ 2
(mg/kg)  (mg/kg) (mg/L) (mg/kg)  (mg/kg) (mg/L)

Benzyl alcohol 0.1 0.2 0.01-2 0.9941 0.04 0.2 0.01-2 0.9994
Benzoic acid 0.2 0.4 0.01-2 0.9940 20 40 0.5-5 0.9992
Methylisothiazolinone 0.1 0.2 0.01-2 0.9934 0.02 0.2 0.01-5 0.9994
Isopropyl benzoate 0.04 1 0.01-2 0.9952 0.01 0.02 0.01-2 0.9993
Bronidox 0.2 0.4 0.01-5 0.9948 / / / /
Methylchloroisothiazolinone 0.04 0.1 0.01-2 0.9951 0.04 0.2 0.01-5 0.9994
Methylparaben 0.04 0.1 0.01-2 0.9940 0.04 0.2 0.01-2 0.9997
Ethylparaben 0.04 0.1 0.01-2 0.9902 0.04 0.2 0.01-2 0.9997
Isopropylparaben 0.04 0.1 0.01-2 0.9903 0.04 0.2 0.01-2 0.9997
Propylparaben 0.04 0.1 0.01-2 0.9923 0.04 0.1 0.01-2 0.9997
Benzoic acid phenyl ester 0.04 0.1 0.01-2 0.9912 0.02 0.04 0.01-2 0.9996
Isobutylparaben 0.04 0.1 0.01-2 0.9947 0.04 0.1 0.01-2 0.9995
Butylparaben 0.04 0.1 0.01-2 0.9932 0.04 0.2 0.01-2 0.9998
Phenylparaben 0.02 0.04 0.01-2 0.9903 / / / /
Benzylparaben 0.04 0.1 0.01-2 0.9910 / / / /
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x4 BRI et R 25 v, I R 56 S e i ) L2, R 2%
F R G 25 17 T8 7 76 DB-WAX 148 T B 46t R i 5
T FRAKT DB-5MS 3 it i Ao ] i A H BR A X
B,
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AT R R INAKF-24 0.5,1.5 .4 mg/L, H
b 577 5 79025 o 0 5 A R oK SF- Ry 0..02,0. 21
mg/L, Z5REW] & B 28 50 R Y) B fE DB-
5MS &A% T FITE DB-WAX S5 T ImC R 7E 70. 1%
~129. 8% [l A, A XF b #E il 22 (RSD) 4 /N F
15% , 7 WLFfF % S4~ S5,
254 GRYFEHWETE

itk — 2 % SR A bR T TROR B R ARG
JE  TEA RS0 00 TR A AR ORI E A S J B
E 15 TR I 300 e SO BT DR B AR A, & 2 O i
R B AR AR AE R 22 /N T 0. 003 5% (n=6) , &
et FH UEAG) 5 e o) 5 000 2 P I A X 5% 22 /08, AT AR
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2.6 EEREEMSHT

P T EE ST I D7 R FE R K 2LV L TSR R 4
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1£ DB-5MS it 55440 T ik BR 0. 1 mg/kg,
3 P 5 S g8k Ok i 7. DB-WAX (1946 HY 36K 8. 8%,
W% =T DB-SMS 4504 T AAG % 7. 5%, 80 HILSLPR
FEah A 2 HERE TN R T AR A3 4- R R P R
fig, 4N 3 s .
F3 80 HLSEIRAER T 15 B RS KT BUR A R RO

Table 3 Detection rates of the 15 preservative allergens
in 80 batches of actual samples

Compound DB-5MS/% DB-WAX/%

Benzyl alcohol 42.5 42.5
Benzoic acid 33.8 22.5
Methylisothiazolinone 7.5 8.8
Isopropyl benzoate 12.5 12.5
Bronidox 17.5 /

Methylchloroisothiazolinone 6.3 6.3
Methylparaben 53.8 53.8
Ethylparaben 12.5 12.5
Isopropylparaben 2.5 2.5
Propylparaben 18.8 18.8
Benzoic acid phenyl ester 23.8 23.8

Isobutylparaben not detectable not detectable
Butylparaben 1.3 1.3
Phenylparaben not detectable /
Benzylparaben not detectable /
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