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Determination of 24 phthalate esters in drinking water
by gas chromatorgraphy-triple quadrupole mass spectrometry
LI Shaoying, FENG Yaoji, WU Xuemei, LAN Hongjun
(Nanhai Center for Disease Prevention and Control, Guangdong Foshan 528200, China)

Abstract; Objective To establish a method for the determination of 24 phthalate esters (PAEs) in drinking water by
gas chromatorgraphy-triple quadrupole mass spectrometry. Methods PAEs in drinking water were absorbed by C18 glass
solid phase extraction (SPE) column and eluted with 6 ml ethyl acetate, rotary evaporated to dry and dissolved in 1 ml
N-hexane. The volumn of injection was 1 pl. The sample was separated on a HP-5MS capillary column (30 mX0. 25 mm,
0.25 pm ), and the identification and quantification were performed by gas chromatorgraphy-triple quadrupole mass
spectrometry in multiple reaction monitoring ( MRM ) mode. The external standard method was used for quantification.
Results Twenty-four compounds had a good linear relationship (r>0.995). The limits of detection (LODs) were 0. 014-
0.50 wg/L and the limits of quantification (LOQs) were 0.047-1.7 pg/L. The recoveries at three spiked levels were

between 80.2%-113.7% , and the relative standard deviation were between 2.7%-10.3% (n=6). Ten different water
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samples and nine PAEs were detected by this method. Conclusion This method was accurate, precisive and rapid and it

was suitable for simultaneous detection of 24 PAEs in drinking water, source water and bottled water.

Key words: Gas chromatorgraphy-triple quadrupole mass spectrometry; drinking water; phthalate esters
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oy %Eﬁﬁﬂlﬂ E BTN E B T X il 28 i€ it
/min /(m/z) /(m/z) /eV
bDmMP 7. 696 163 /77 163/135 25/15
DEP 8.561 149 /65 149/93,177/149 25/15/10
DIPrP 8.938 149 /65 167/149,192/149 30/10/5
DAP 9. 468 149 /65 149/93 25/15
DPrP 9. 636 149 /65 149/93 30/20
DIBP 10. 282 149 /65 149/93 30/20
DBP 11.014 149 /65 149793 25/20
BMEP 11.347 149 /65 176/149 25/10
DIPP 11.981 149 /65 149/121,237/149 30/15/10
BMPP 12. 094 167 /149 167/121 10/25
BEEP 12.403 149 /65 176/149,193/149 25/10/15
bppP 12.768 149 /121 237/149 15/10
DnHP 14. 883 149 /65 149/93 25/20
BBP 15. 024 149 /65 149/93 30/20
BBEP 16. 474 149 /65 176/149, 193/149  25/10/15
DCHP 17.120 149 /65 167/149 25/10
DHepP  17.260 149 /65 265/149 30/10
DEHP 17.373 149 /65 167/149,279/149 30/10/15
DPhP 17.472 225 /77 225/141 25/25
DNOP 19. 741 149 /65 149/93, 149/121 25/20/15
DINP 20. 685 149 /65 293/149 25/20
DIDP 20.993 149 /65 149/93 25/15
DNP 22.252 149 /65 293/149 25/15
DnDP 25.272 149 /65 307/149 25/15
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Figure 6  Sensitivity comparison for MRM and SIM of 24 PAEs
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Table 2 Linear equations, correlation coefficients, limits

of detection and limits of quantification of the 24 PAEs

K35 MR TR % (n=16)

Table 3 Recoveries and precisions of determination

VAL 0.5 pe/L ML 2.0 pe/L ARINEE 5.0 pg/L

, MALR KR ERR
o i] I
L& a1 )5 75 72 B /(L) /(pg/l)

DMP  y=8.1988x10°x+3.3846x10° 0.9993 0.027  0.090
DEP  y=7.4701x10°x-1.3337x10° 0.999 6 0.019  0.064
DIPIP  y=9.2847x10°x+3.5231x10° 0.999 6 0.025  0.082
DAP  y=2.8779x10°x-6.7117x10> 0.999 6 0.062  0.21
DPP y=1.0964x107x-1.4376x10° 0.999 8 0.018  0.060
DIBP  y=1.1138x107x-9.7192x10° 0.9999 0.019  0.064
DBP  y=1.3046x107x-1.9839x10° 0.9999 0.018  0.059
BMEP  y=3.6736x10°%x-9.3301x10° 0.9992 0.32 1.1
DIPP  y=8.8592x10°x—1.9251x10° 0.999 7 0.027  0.089
BMPP  y=1.2163x107x-3.2276x10° 0.9992 0.042  0.14
BEEP  y=2.9364x10°x—1.0083x10° 0.9984 0.16 0.54
DPP  y=8.8126x10°x—1.9085x10° 0.999 8 0.072  0.24
DnHP  y=2.5859%107x-1.1336x107 0.997 6 0.014  0.047
BBP  y=1.1231x107x-3.8332x10° 0.9982 0.033  0.11
BBEP  y=4.5305x10°4-2.2511x10° 0.998 0 0.20 0. 66
DCHP  y=8.5292x10°%x-2. 8432x10° 0.9987 0.034  0.11
DHepP y=1.0329%x107x-5.3084x10° 0.9962 0.045  0.15
DEHP y=8.2722x10°%x-2.7962x10° 0.998 9 0.043  0.14
DPhP  y=8.7954x10°x-3.4354x10° 0.9953 0.057  0.19
DNOP  y=8.4954x10°x—4.7950x10° 0.997 9 0.042  0.14
DINP  y=1.2397x107x-9. 6744x10° 0.998 7  0.36 1.2
DIDP  y=1.5763x107x-9.2137x10° 0.996 7 0.22 0.72
DNP  y=1.4027x107x-6.5717x10° 0.998 7 0.10 0.32
DnDP  y=3.8658x10%x~-2.3440x10° 0.9972 0.50 1.7

w% Wl 2/% RSD/% W #/% RSD/% W %/% RSD/%
DMP 99.9 2.7 91.0 3.6 99. 1 3.3
DEP 98.7 3.7 93.2 4.0 102.9 4.2
DIPrP  103.7 5.1 95.0 3.7 103.7 5.2
DAP 93. 1 5.9 89.4 6.2 99. 1 5.4
DPrP 100. 0 6.0 95.3 4.2 102.7 6.6
DIBP 102. 4 9.1 101.2 6.6 100. 0 7.5
DBP 97.8 7.7 105.0 6.4 109. 8 6.4
BMEP 94.0 6.7 96. 8 6.5 104.5 6.7
DIPP 106. 1 5.6 106. 6 6.9 109. 5 5.9
BMPP 80.2 8.7 93. 4 7.8 99.0 6.1
BEEP 91.6 6.3 96. 1 7.0 102.7 5.2
DPP 83.2 7.3 93.7 6.7 98.8 5.5
DnHP 80. 5 4.3 99.6 5.3 92.6 6.2
BBP 103.7 5.4 98.7 6.2 102.9 5.2
BBEP 97.3 5.9 93. 4 6.8 100. 7 4.5
DCHP 95.5 9.8 97.5 8.9 102.9 7.8
DHepP  84.0 5.1 95.0 5.7 88.6 4.6
DEHP  113.7 7.1 108. 6 6.5 90. 1 5.9
DPhP 95.7 4.9 95.3 7.3 102. 8 5.9
DNOP 81.4 5.9 98.8 3.8 84.5 4.4
DINP 82.2 6.0 93.5 7.0 86. 1 5.5
DIDP 88.5 10.3 94.8 5.5 84.6 5.9
DNP 88.3 4.6 95.0 5.6 84.9 4.0
DnDP  103.7 5.1 88.2 4.0 86.2 5.7
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Table 4 Kinds and content of PAEs in different water samples
U/ FoRAKT  ARK2 ASRAK3 KK L KUK 2 KK 3 HREK T JREOK 2 RSk 3 K4
bmp 0. 055 0. 052 0.037 ND ND ND ND ND ND ND
DEP 0. 056 ND ND ND ND ND ND ND ND ND
DIPrP 0. 062 ND ND ND ND ND ND ND ND ND
DPRP 0. 030 ND ND ND ND ND ND ND ND ND
DIBP 1.5 2.3 2.0 0.69 13 11 0.24 0.45 0.75 0.95
DBP 22 27 24 ND 20 14 1.4 0.93 0. 80 4.1
BMEP 0.13 0.13 0.13 ND 0.38 ND ND ND ND ND
DHepP 0.55 0. 81 0.61 ND 0.41 1.6 ND ND ND ND
DEHP 0. 69 1.1 0.74 ND 0. 44 1.8 ND ND ND ND
T :ND SRR R A i
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