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ABSTRACT

Objectives: Parabens are widely used as antimicrobial agents in pharmaceuticals and cosmetics as well as by
the food industry. Parabens have been reported to show weak estrogenic activity and be related to health effects
such as allergic reactions and skin and breast cancer. We evaluated an online solid phase extraction (SPE) method
coupled with LC-MS/MS technique using free and conjugated parent parabens in human urine for assessing
human exposure to parabens.

Methods: We employed LC/MS/MS through online solid phase extraction and column-switching techniques and
analyzed free and conjugated parabens as biomarkers of human exposure. Four major parabens, methyl-paraben
(MP), ethyl-paraben (EP), propyl-paraben (PP) and butyl-paraben (BP), were analyzed. Method validation was
performed by sensitivity, accuracy, precision and comparison of the results of online SPE with offline SPE.

Results: The limits of detection (LOD) were in the range of 0.2-2 ng/mL, and actual limits of quantification
(LOQ) were in the range of 0.7-6 ng/mL urine, depending upon the compound. Accuracy was in the range of
98.3-106.4%, and precision was in the range of 1.3-8.7% (CV) depending upon the compound. We found a good
correlation between the results of analysis by online SPE method and that by off-line SPE method.

Conclusions: The online SPE method showed proper LOD and validated accuracy, precision and good
correlation with the offline method for analyzing parabens in urine.
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Fig. 1. Chemical structures of four parabens under study.
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Table 1. HPLC condition for on-line SPE method

Table 2. Operational parameters for mass spectrometer

Parameter Condition Compound Ql Q3 DP CE CXP
On-line HLB(Waters) Methylparaben 151 92 55 28 -5
Column . .
Synergi 4U Fusion-RP Methylparaben-d, 155 96 -55 28 -5
Mobile phase g : 8'11;’/%) aCG?C aC_ig in Watter - Ethylparaben 165 92 60 -32 -15
: 0.1% acetic acid in acetonitrile Ethylparaben-d 160 06 55 34 7
Gradient Time(min) 0 10 13 16 16.1 20
-P 1 179 2 - - -
(400 Wmin) B % 30 5590 90 30 30 n PmpylparaEe“ ; 1;3 36 zz ig j
Switching valve | Timemin) 0 3 20 D-rropylparaben-, U e -
wilching valve o, Gtion A B A n-Butylparaben 193 92 =70 35 -14

& ARgelgl o, QxERR] JAPFFE = Agilent
1100 A]2]=(Berkshire, UK)S ©]-&-3}3it}.
BANES Boll 7REESlE AR S0 uE 22l
FAGFES 918 HPLC Alz=dlel] FYsilon,
el IAGEFE PR AAFE S92 10l
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n-Butylparaben-d, 197 96 =70 -38 -7
- DP : Declustering Potential, V

- CE : Collision Energy, V

- CXP : Collision Cell Exit Potential, V

- QI : Precursor ion mass, m/z

- Q3 : Daughter ion mass, m/z.
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Table 3. Comparison of the LOD/LOQ between on-line and off-line method

Methylparaben (ng/mL)  Ethylparaben (ng/mL) n-Propylparaben (ng/mL) n-Butylparaben (ng/mL)

Compounds

LOD LOQ LOD LOQ LOD LOQ LOD LOQ
On-line 0.7 2.1 0.2 0.7 0.3 0.9 0.5 1.6
Off-line 0.6 2.0 0.2 0.6 0.2 0.7 0.1 0.3

Table 4. Accuracy and precision for analysis of urinary parabens

Accuracy(%, n=7) Precision(%, n=7)
Compounds LOQ Low Medium High LOQ Low Medium High
(1ng/ml) (10ng/ml) (100 ng/ml) (250 ng/ml) (1 ng/ml) (10ng/ml) (100 ng/ml) (250 ng/ml)
Methylparaben 103.1 105.5 102.7 98.3 5.7 3.1 42 44
Ethylparaben 101.8 103.5 105.1 100.2 8.7 2.6 1.3 1.6
n-Propylparaben 106.4 102.1 103.6 99.0 8.6 43 2.7 1.4
n-Butylparaben 103.4 99.6 107.3 99.9 4.0 1.4 2.7 2.8
Methylparaben n-Propylparaben
4 8000.0 y = 0.804x + 23.518 g Zzzz y = 0.7916x + 11.279
E R2 = 0.9845 E) ! R2 = 0.9797
g’ 6000.0 - £ 5000
e o
% 2000.0 g 200.0
£ . g
0 2000 . 4000 6000 8000 10000 0 100 200 300 400 500 600 700 800 900
online SPE result (ng/mL) online SPE result (ng/mL)
Ethylparaben n-Butylparaben
1400
2 1200 Y= 1'1.?'.;:5:9;;:772 . 2 3000 7 y = 0.8525x + 07375
5 £ 2500 R? = 0.9943
£ 1000 3
- < 2000
3 800 5
E <o g 1500
& & 1000
© 400 @
£ £ 500
% 20 aé 00 4=
04 ’ ’ ’ ’ [ 50 100 150 200 250 300 350
0.0 200.0 400.0 600.0 800.0 1000.0 1200.0 online SPE result (ng/mL)
online SPE result (ng/mL)
Fig. 3. Correlation between the results of on-line SPE and off-line SPE(n=104).
] glste] 20124 HePgeld BYE emeel AT S EASe] WA 4 ¥ g U A
SPES &-8-3F A4 Roll 213 43 Al A D S40 E8siitt. 22 AAFFES °ol 8
F 8 dde] s vlasiiinh g BEAye] XA (linearityy> HFHELIS 0.1~

]
500 ng/ml 77X 4F9] Fhepdl BF > 0.99%

m.Z = RRA o] 2He 7HS Rl

FDA )0 2 AAKs &34 (LOD)] 73 Table 3

1. 24 F O2HHIF7 2MY A4S 7} 7o) 0.1~0.6 ng/mlE YERRTh @zl 3|
WA HEYXE gaE wgds] 9t & TS o83 T X 2t FARRE W= (sensitivity)
A BAe EA8A @3 oledREe] XFE B HYOw, Casas 50 & F FFE =
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Table 5. Determination methods and levels of parabens in human urine

Median concentration(ng/ml)

Reference Country n Method

MP EP PP BP
Ye et al. 2006'" USA 22 Off-line SPE 414 2.5 10.2 <LOD
Casas et al. 2011'Y Spain 30 Off-line SPE 150.0 8.1 21.5 1.2
Shirai et al. 2012'” Japan 111 Off-line SPE 75.8 7.5 20.2 0.6
This study Korea 104 On-line SPE 81.2 28.9 45 <LOD
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