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Analysis of Six Phthalate Esters Residues in
Tea by Liquid Chromatograph with Tandem
Mass Spectrometer

Zheng-Wei Lin' Ming-Hua Tsaii Ming-Lun Sie'  Yu-Ju Huang'
Chia-Chang Wu>"  Iou-Zen Chen’

Summary

We tried to establish the analysis method of the PAEs in tea by using LC/MS/MS. The PAEs were
extracted from tea sample with methanol and then purified with high-speed centrifuge. As well as
used multiple reaction monitoring mode (MRM), the PAEs were quantified and identified by the most
abundant and character fragment ions. Limits of detection varied from 0.025-0.5 mg/L, limits of
quantification were 0.02 mg/L. That consistent with the Taiwan Food and Drug Administration
(TFDA) proposed 1 mg/L detection limits. The relative standard deviations were lower than 11%.

Good linear relationships were observed with the correlation coefficients r2 > 0.995 for all analyses.
The lowest recovery is 78% (DNOP) and the highest is 113% (DEHP) for the PAEs at 1 mg/L spiked
concentration level. The proposed method provides an accurate, sensitive and appropriate for
determination of 6 PAEs in tea samples.

Key words: Plasticizer, Phthalate, LC/MS/MS.

1. Assistant, Assistant, Assistant, Assistant Agronomist, Nantou Branch, Tea Research and Extension
Station, Nantou, Taiwan, R.O.C.
2. Director, Wenshan Branch, Tea Research and Extension Station, New Taipei City, Taiwan, R.O.C.

3. Director, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
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Table 1. The TDI value of PAEs in Taiwan

fl Common name DI 2
(mg/kg bw/day)
SR T PR LR EI‘F[ benzyl butyl phthalate 0.5
(BBP)
R pIpRT T EI‘F} dibutyl phthalate 0.01
(DBP)
R T PR (2-743E D) [I‘ﬁ di(2-ethylhexyl) phthalate 0.05
(DEHP)
R PIpRT S El‘ﬁ di-n-octyl phthalate ND
DNOP
AR PIpRT R {EF} di-iso-nonyl phthalate 0.15
(DINP)
R PIpRT # 3{@?} di-iso-decyl phthalate 0.15
(DIDP)
2 tolerable daily intake, TDI.
AT FEEMERE RS A IR
Table 2. Composition and gradient conditions of LC/MS/MS
Time (min) Flow (mL/min) 5uM ammonium formate Methanol (%)
(@) (%0)
0 0.2 10 90
5 0.55 10 90
6 0.55 5 95
8 0.55 5 95
8.1 0.55 0 100
10 0.55 0 100
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RE TR RS RITE - MRM BT SRR [

Table 3. The optimum parameters, retention time, MRM transitions, fragmentor voltage and collision

energy
Compound Retention time MRM transitions Fragmentor Collision
(min) voltage (V) energy (eV)
BBP 1.85 313.0-149.0°% 72 5
313.0—-205.0 72 1
DBP 1.91 279.0—149.0°% 72 9
DEHP 4.58 391.0-149.0% 140 15
DNOP 5.08 391.0-149.0% 104 9
DINP 5.61 419.0-149.0% 104 21
DIDP 7.22 447.0—149.0° 104 15

2 The ion with m/z =149 is used as a quantifying ion.

<4~ PAEs Al ast ~ T [ERHIR RO E B G
Table 4. Linearity, calibration curves, limits of detection (LODs), and limits of quantification (LOQs)

for the PAEs under study
Compound Linear range r2 Parameters Linearity LOD LOQ Recovery * RSD
(mg L) of Slope Intercept me L) me 11 (%) (%)
BBP 0.05-1 0.9999 2.272x% 104 8.174x 103 0.05 0.02 79.81 2.03
DBP 0.05-1 09991  4.580x10*  1.817x10° 0.05 0.02 94.62 2.96
DEHP 0.05 -1 0.9979 2.998X104 7.767X1O4 0.05 0.02 112.92 11.18
DNOP 0.05 -1 0.9997 4.233X104 -4.428X104 0.05 0.02 78.10 7.34
DINP 0.025- 1 0.9958 2,325X103 4.600X103 0.0025 0.02 104.23 10.49
DIDP 0.05-1 0.9996 3.611><103 0.840><103 0.05 0.02 98.83 2.58

 All values represent the average for four determinations.
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Fig. 1. Mass spectrum of 6 phthalate esters
(A, BBP; B, DBP; C, DEHP; D, DNOP; E, DINP; F, DIDP)
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