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extraction coupled with multiple reaction monitoring of
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Abstract: Objective To determine 17 types of phthalic acid esters (PAEs) in drinking water using solid—phase extrac-
tion coupled with gas chromatography—mass spectrometry (GC-MS) in multiple reaction monitoring (MRM) mode. Meth-
ods One litre of commercially available bottled water was purified using an HLB solid—phase extraction column, and
was eluted with ethyl acetate, dichloromethane and average methanol. Seventeen types of PAEs were detected using a
triple quadrupole gas chromatography—mass spectrometer in MRM mode. By optimizing the temperature programming
and adjusting the mass spectrometry collision energy, collection efficiency was improved and matrix interference was re-
duced. The precision and accuracy of this method were assessed by determining the standard curves, detection limits,
quantification limits, relative standard deviations (RSD) and average spiked recovery rates for the 17 types of PAEs.
Results The 17 types of PAEs showed good linear relationships between mass concentration and chromatographic
peak areas in the range of 0.02 to 1.0 mg/L, with correlation coefficients all greater than 0.999 1. The detection lim-
its ranged from 0.002 9 to 0.009 7 mg/kg, the quantification limits ranged from 0.008 7 to 0.029 1 mg/kg, the RSD
ranged from 0.8% to 3.0%, and the average spiked recovery rates ranged from 88.8% to 111.8%. Conclusion Solid-
phase extraction coupled with MRM of GC-MS can better determine low concentrations of PAEs in drinking water.
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Table 2 Retention time and mass spectrum parameters for

17 types of PAEs
PREAWS Rt T RERERE EVER T REERE

fesd) [f/min XA BeV XM eV Ao
DMP 651 163, 77 26 163, 135 20 58.1
DEP 736 149, 65 32 149, 93 20 29.2
DAP 823 149, 65 34 149, 93 24 21.1
DIBP 887 149, 65 36 149, 93 26 90.5
DBP 938 149, 65 38 149, 93 24 102.3
DMEP 959 149, 65 34 149, 93 22 8.5
BMPP  10.09 149, 65 20 149, 93 10 19.3
DEEP 1033 149, 65 38 149, 93 26 9.8
DPP 1058 149, 65 34 149, 93 26 68.5
DHXP 1159 149, 65 36 149, 93 24 70.1
BBP  11.64 149, 65 36 149, 93 24 79.1
DBEP 1216 149, 65 30 149, 93 20 9.9
DCHP 1240 149, 65 30 149, 93 20 53.1
DEHP 1246 149, 65 36 149, 93 26 312
DPhP 1252 225, 77 34 225, 141 28 40.1
DNOP 1348 149, 65 38 149, 93 26 382
DNP 1441 149, 65 38 149, 93 26 23.1
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Figure 1 Total ion chromatogram of standard sample solution of

17 types of PAEs in MRM mode
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Table 3 Validation of the detection method of 17 types of PAEs
et LR HECRE KA (mgke)  EREY (nghg)  RSDI% AR
RRE IR R

DMP Y=193 559.71X+1 270.76 0.999 7 0.003 0 0.009 0 0.8 97.7 92.4 93.4
DEP Y=163 734.52X+1 006.04 0.999 9 0.002 9 0.008 7 0.9 93.7 91.6 92.4
DAP Y=67 014.79X-290.52 0.999 6 0.003 7 0.011 1 1.0 111.8 89.1 93.4
DIBP Y=223 217.60X+16 528.53 0.999 6 0.003 0 0.009 0 1.2 102.4 103.1 99.6
DBP Y=257 691.15X+27 787.90 0.999 8 0.004 7 0.014 1 1.1 96.1 106.6 103.6
DMEP Y=16 497.66X-112.54 0.999 8 0.005 0 0.015 0 1.7 92.9 88.8 98.5
BMPP Y=124 201.33X-305.21 0.999 6 0.003 6 0.010 8 1.4 93.6 89.7 95.5
DEEP Y=33 364.51X-357.14 0.999 7 0.004 7 0.014 1 1.5 92.3 90.4 96.6
DPP Y=248 100.03X+1 188.03 0.999 3 0.003 4 0.010 2 1.2 94.3 91.0 93.8
DHXP Y=249 802.30X+634.37 0.999 1 0.005 4 0.016 2 1.1 93.8 92.1 96.3
BBP Y=56 353.12X+321.44 0.999 9 0.004 0 0.012 0 1.5 89.6 97.3 95.6
DBEP Y=40 576.89X-402.83 0.999 6 0.004 3 0.012 9 1.5 90.8 88.7 100.9
DCHP Y=187 630.49X+665.91 0.999 1 0.003 6 0.010 8 1.2 97.0 90.9 94.4
DEHP Y=129 346.63X+312.31 0.999 5 0.006 5 0.019 5 1.4 92.0 96.7 102.7
DPhP Y=220 783.67X+114.31 0.999 4 0.004 8 0.014 4 1.3 97.2 90.4 93.9
DNOP Y=224 198.62X-302.32 0.999 7 0.009 7 0.029 1 1.8 98.2 89.7 101.2
DNP Y=204 324.99X-815.02 0.999 5 0.005 8 0.017 4 3.0 97.8 91.5 96.5
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