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mg/ L , 4 100 mg/L PAEs ,
0.5 1.0 5.0 10.0 20.0 30.0 40.0 50.0 mg/L , 4
1.3
(1) 0.454 m : 10uL
(2) SPE 2 mL 1mL 2 mL SPE , 1
2 min
(3) 4 mL/min , 3 5min
(4) 8¢ SPE ,
(5 N2 0.2 mL
1.4
Agilent 30 m x0.25 mm x0.254 m DB-5M S ; ;
:280 (FID) :280 :30 mL/ min; : 240 mL/ min;
:450 mL/ min; 2.0pL; 80 1min, 5 /min 280
10 min
2
2.1
2.1.1 .
(1:1v/v) 3 PA Es
, lpo/L, , ,DPP DPIP DBZP
42.8% 50.0% 61.4% 65.4 73.2% 83.4%
2.1.2 3 PAEs ,
3 3 , , 1 R
3 R . ) )
, 0.5L, 8 mL,
500 mg
1 (3 ) DPP DPIP DBzZP
Table 1 The orthogonal experiment design (threefactors, three levels) and the recoveriesfor DPP, DPIP, DBZP
Sr:ag:;abr;cre Sampl(eL\)/qume ;?Eer:ta(ss]g; EIutl(()rr;Lsr))lvent DPP( %) DPIP( %) DBZP( %)
1 0.5 500 4 72.5 62.5 73.2
2 0.5 750 6 95.5 83.9 91.4
3 0.5 1000 8 90.1 72.7 90.9
4 1 500 6 80.5 65.9 75.1
5 1 750 8 70.6 55.4 62.6
6 1 1000 4 79.5 64.4 67.6
7 2 500 8 82.8 73.7 78.8
8 2 750 6 60.6 51.3 57.3
9 2 1000 4 68.5 60.8 64.2
DPP R 15.4 3.8 7.7
DPIP R 11.1 3.9 4.7
DBZP R 18.4 5.3 9.1
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2.2
0.51.05.0 10.0 20.0 30.0 40.0 50.0 mg/L “ 1.4 GC ,
(mg/L) , 2
0.9953 0.9998, 0.99 PA Es GC
) 2 , PA Es
0.05 10.00pg/L, 0.05 0.341ng/L, (R®D %) 0.038% 1.107 %
2 20 PAEs
Table 2 Retention time, linear range, corrdation codffcients( ?) and detection limitsfor 20 PAEs standard s utions

Phthalate esters(PA Es) Rete?rt:]?rg time ranlétler(]Jle/ L) ggﬁl ;Ie'ﬂtn RS ( %) i r?fttzcg?[] )
Dimethyl phthalate(DM P) 17.262 0.05 10.00 0.9999 0.074 0.226
Diethyl phthalate(DEP) 20.426 0.05 10.00 0.9999 0. 375 0.236
Diisobutyl phthalate(DIBP) 26.068 0.05 10.00 0. 9999 0.244 0.142
Di-n-butyl phthalate(DBP) 27.892 0.05 10.00 0.9999 0.236 0.133
Bis(2- methoxyethyl) phthalate(BM EP) 28.555 0.05 10.00 0.9999 0.235 0.182
Bis(4-methyl-2-pentyl) phthalate(BM PP) 29.859 0.05 10.00 0.9999 1.107 0.057
Diamyl phthalate(DA P) 31.321 0.05 10.00 0.9998 0.095 0. 056
Bis(2-ethoxyethyl) phthalate(BEEP) 30.62 70.05 10.00 0.9998 0.380 0.052
Hexyl 2-ethylhexyl phthalate(HEHP) 36.079 0.05 10.00 0.9989 0.274 0.090
Dihexyl phthalate(DHP) 34.531 0.05 10.00 0.9994 0.844 0.119
Butyl benzyl phthalate(BBP) 34.662 0.05 10.00 0.9994 0.038 0.050
Bis(2-n-butoxyethyl) phthalate(BBEP) 36.537 0.05 10.00 0.9987 1.044 0.232
Bis(2-ethylhexyl) phthalate(DEHP) 37.524 0.05 10.00 0.9983 0.092 0.247
Dicyclohexyl phthalate(DCP) 37.283 0.05 10.00 0.9987 0.847 0.217
Di- nroctyl phthalate(DOP) 40.378 0.05 10.00 0.9955 0.993 0.241
Dinonyl phthalate(DIN P) 39.141 0.05 10.00 0.9968 0.067 0.195
Benzyl benzoate(19S) (-) 24.360 0.05 10.00 1. 0000 0.253
Diphenyl phthalate(SU1) (DPP) 37.699 0.05 10.00 0.9978 0.273 0.341
Diphenyl isophthalate(SU2) (DPIP) 40. 236 0.05 10.00 0.9953 0.229 0.219
Dibenzyl phthalate(SU3) (DBZP) 40. 853 0.05 10.00 0. 9957 0. 305 0.237

2.3
, 1.3 1.4 cC 3

3

DIBP DBP DEHP

HgL)

Table 3 Analytical resultsfor groundwater samples ¢/ L)

PAEsDMP DEP DIBP

DBP DMEP BMPP BEEP DAP DHP BBP HEHP BBEP DCP DEHP DINP DOP U

S1 nd nd 0.463
S nd nd 0.690
S3 nd 2.52 0315
A nd nd 0.806
S nd  nd 0.308

0.441
0.354
0.332
0.583
0.309

nd
0.593
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

0.519
0.889
0.411
0.689
0.468

nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

74.8%
76.7%
92.3%
83.2%
80.1%

nd:not detected.
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Deter mination of Trace Phthalate Esters in Groundwater
by Solid Phase Extraction- Gas Chromatography

LIANG Ying, LIU Hui~ , WAN G Cheng , ZHAN G Dan, ZHAO Han
(School of Environmental Studies, China University of Geosciences, Wuhan 430074)

Absgtract : A gas chromatography method coupled with solid phase extraction (SPE) for the
determination of trace phthalate esters (PAES) in groundwater samples was developed. Several factors
which may affect recoveries of analytes were optimized by orthogonal desgn, these include sample
volume, eluting solvent type, volume and the mass of sorbent in the SPE cartridge. The linear ranges of
the calibration curves for PA Es were from 0. 05 to 10. 00U g/L , the limits of detection of the method
were 0.05 0.341 ng/L , and the RSD were 0.038% 1.107 %. This method has been succesd ully
applied to determine the concentration of phthalate estersin groundwater samples from Jianghan Plain.
Keywords: Phthalate esters; Solid phase extraction; Gas chromatography; Groundwater

336



