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Abstract: In this study, a method for simultaneous determination of 12 phthalate esters (PAEs) in
wastewater using gas chromatography—mass spectrometry (GC—MS) was established. For each sam-
ple, 100 mg/L of ascorbic acid was added to reduce matrix interference; then, liquid-liquid extrac-
tion was performed using n-hexane (n-hexane : sample=250 : 1, volume ratio). The n-hexane ex-
tract was determined via GC—MS and quantified using the internal standard method. The results re-
vealed good linearity for the 12 PAEs in the concentration range of 10 to 1 000 pg/L., with correlation
coefficients (7°)>0. 99. The limits of detection and limits of quantification were in the ranges of 0. 004
to 0. 068 g/l and 0. 013 to 0. 227 pg/L., respectively. The average spiked recoveries ranged from
79. 5% to 122%, and the relative standard deviations were between 0. 23% and 19%; these results in-
dicate that the proposed method has good accuracy and stability. This method was used to determine
PAEs in real influent samples from five wastewater treatment plants in the Pearl River Delta, where
each plant employs different treatment processes. In addition to the common phthalates such as diiso-
butyl phthalate, dibutyl phthalate, and bis(2-ethylhexyl) phthalate, dioctyl phthalate was also de-

tected. Thus, the proposed method is suitable for the accurate analysis and determination of trace
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PAEs in real wastewater samples.
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1.1 UFE5iLF

ARG - RS AL (GC-MS, 7890A-5975C, SEREZHER/H]) 5 RIKAL(BF-2000F, Jb5i/\J7
W22 ) s W IHFERE (RCT basic, fEESCRAHT); BIFLALEIENE(CGF/F, 50 mmx0. 45 pm, b4
BT s BEABEFET(15 mm, BWUHZHK) .

T A bR S A BRI I 2 34 >99% . 1E CLBE R (o al, EEIERTEA R s PIERA S H b
(i, L2t oanl); PURmE (raral, JoRESRRT) 5 bt Kk 281K (B P8 i IR
NP

PREEICH] . RAIECKEVEAIER, 38 120 PAEs 415y . FUEHE A 1 000 mg/L H)IR A
PRUERE 25 . AR ROE B ERGERI, LLNECARRSRE TRR R RS, IO AR 10 me/L TR A AnifE T
VEWSHE, BT -20 C&ME FBEHEAE,

BT SRR A 100 mg/L B RIS R I BRIE CURERE 20, LA ARG RRA R E 2, Bl st Sk
FEA 10 mg/L BIRA NARE R, B8 T-20 CHE AL,

1.2 KHEXRE

AR5 LR = MAHLIX 5 R R AR T A6 75 KRBT (WWTP1~WWTPS ) 2 A i A F 58 %
R FIGKAE) T 28R FERACKIE L HAAPHM T . WWTPLRHESHEATZ, DT
KA EEANH S, HALBEE A 14 552 m*; WWTP2 RHAEMIE ISR T2, AbMATRIS K, HAb
FEA30 000 m*; WWTP3 RHSEAIATZ, ABEATRIS/K, HAMHE 60 000 m*; WWTP4 R H S R
ISR T, ACFRAETRTS /K, HAMHE 100 000 m*; WWTPS R HMESGEEIGIR T2, AbFAETRIS
K, HAFEE40 000 m*, RAERS, FE&T5KACER) FEK D40 R EE S LAKFETAR BB . FEdh
RERALAZR LT, £0.45 pm BIELFLEIEELIRG, T4 CHRUET R, HEI8hNER
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Table 1 ~MS parameters for PAEs

Compound Abbreviation Molecular weight ~ Retention time/min  Quantitative ion(m/z)  Qualitative ion(m/z)
Diisobutyl phthalate DIBP 278. 34 16.712 149 223, 104
(RERZHR T
Dibutyl phthalate DBP 278. 34 17. 679 149 205, 104
(8B R —T'Hig)
Bis(4-methyl-2-pentyl) phthalate BMPP 334. 45 18.752 149 167, 251
(RIS - P iR -4 2T K )
Dipentyl phthalate DNPP 306. 4 19. 487 149 237, 104
(&4BK IR —IEIAR)
Dihexyl phthalate DHXP 334. 45 21.170 149 251, 103
(8B R —Ch)
Benzyl butyl phthalate BBP 312.36 21.269 149 206, 123
(SRR =T RR)
Bis(Z-butoxyelhyl) phthalate DBEP 366.45 22.218 149 193, 101
(8P — R — T 43 L5 TR)
Dicyclohexyl phthalate DCHP 330. 42 22.621 149 167, 249
(SR _H IR I CHR)
Bis(2-ethylhexyl) phthalate DEHP 390. 56 22.677 149 167, 279
(&BR R —-2-2 3 O HLfR)
Diphenyl phthalate DPHP 318. 32 22.875 225 152, 104
(CRR2R — B R — 2K 1)
Dioctyl phthalate DNOP 390. 56 24. 108 149 279, 207
(B IR —IEFHR)
Dinonyl phthalate DNP 418. 61 25.453 149 293, 132

(&P R _TFR)
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Fig. 1 Total ion chromatogram for 12 PAEs
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Fig. 2 Total ion chromatograms of matrix-spiked samples in ahsence(A) and presence(B) of ascorbic acid

1. DIBP, 2. DBP, 3.BMPP, 4.DNPP, 5. DHXP, 6.BBP, 7. DBEP, 8. DCHP, 9. DEHP, 10. DPHP, 11. DNOP, 12. DNP
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HEEHIA Y G5 EFAAIG, BEM2 A B R SR i . PR, ZERBRRE SRR T Bk 7
RAFAHE ST, ARRFTE %5 T AR ESEFEE BT B bR BCR g . 4558380, 4B Hd A
1300 r/min i, & HERY I MIARIICERAEAR, FRARERAT 2 SHidEERT 2 1 320 o/min i, |5
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BAAAIG, FEECREBEEA S, JEEIN TS B A% IERRIGUR S, &
WFFEESE 1 320 v/min VB A i FENE R0 B
2.3 ZMHEE. RHREEE TR

BE ) B SR BE 430 A7 10, 20, 30, 50, 100, 200, 500, 1000 wg/L i PAEs & brifk R 51
B FRUE AR b N BRI BT B EE Y0 200 pe/l, SRHNFRIEE &, W 205K, & HWRWTE 10~
1000 we/LyGHI N ZBIF, HAXEZRE(A)HF0.991 0~0.999 7, LL3HEMEE (S/N) i E J7 46 R
(LOD)#70. 004~0. 068 pg/L, LL10f%S/NfixE JiikE & FHR(LOQ) A 0.013~0. 227 pg/L.
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Table 2 Linear equations, correlation coefficients(r*), LODs, and LOQs for 12 PAEs

Compound Regression equation Correlation coefficient (1*) LOD/(pg L") LOQ/(pg-L7™")
DIBP Y=1.3202X-4.907 2 0.999 7 0. 004 0.014
DBP Y=1.5203X-6.084 1 0.999 6 0. 004 0.013
BMPP ¥=0. 875 7X-4.189 6 0.9997 0.010 0. 035
DNPP Y=1. 645 0X-9. 003 0 0.999 6 0. 004 0.013
DHXP Y=1.679 3X-12. 246 0.999 6 0. 004 0.013
BBP Y=0. 557 9X-5.272 6 0.996 9 0.033 0. 109
DBEP ¥Y=0. 174 2X-1. 423 8 0.997 6 0. 048 0. 160
DCHP Y=1.0557X-7.1383 0.998 7 0. 006 0. 020
DEHP Y=0. 824 1X-5.2879 0.999 4 0. 006 0.019
DPHP Y=0.9117X-4.942 0 0.999 0 0. 027 0. 090
DNOP ¥=0. 909 5X-6.975 6 0.9975 0.013 0. 042
DNP Y=0. 548 5X-4. 883 3 0.9910 0. 068 0.227

X represents the concentration(pg/L), and Y represents the corresponding chromatographic peak area
2.4 HEMESHEE

REUE T R Ol SEPE RN E S M, 7RI AKACER KA R IS . L S 3 AN REIR)E (20,
50. 100 pe/L) ) PAEs TRAAREET, SR “1.37 JrikiH At shmi b, SR KT8 34 P17
FE L TH bR [l i 2 A X b il 22 (RSD) o IR 3 BT, 12 Fh B bR 7675 AKFE S b 09 [l e R 4
79.5%~122%, RSD k0. 23%~19%, ¥3if /KI5 A BTG B oA i i i 25K, A0
FSEBRAKAEH 120 PAES B9 53 BT 72

3 12Fh PAEs i [ fig 28 AR bR i 22

Table 3 Spiked recoveries and relative standard deviations of 12 PAEs

Compound Spiked 20 wg/L Spiked 50 wg/L Spiked 100 pg/L
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%

DIBP 84.0 1.3 113 12 114 3.6
DBP 88.9 0.28 122 12 115 2.9
BMPP 98.7 1.8 106 12 109 4.5
DNPP 99.6 9.3 87.6 4.4 111 1.9
DHXP 108 0.39 87.2 2.8 109 4.5
BBP 113 0.23 99.3 6.4 90. 6 3.0
DBEP 106 0. 81 116 11 93.3 6.1
DCHP 110 0.92 114 2.8 98.9 15
DEHP 102 0.26 104 6.4 109 11
DPHP 109 0.92 112 3.9 79.5 12
DNOP 117 1.4 104 6.4 102 5.6
DNP 122 1.4 109 1.6 87.3 19

2.5 FHiExttk
B AT 1 5 I BRI S SCRRIGE B 7K H PAEs Kl 5 ik 0 b (W 4) , 45 Rk B A
HBRAE . o drs R, HonT [R]BHNE 270 PAEs, BERSIH /K HH PAEs 1Y i il A 75K .
E4 K PAEs I J5i% 5}

Table 4  Comparison of detection methods for PAEs in water

Analytical method Detected PAEs(species) LOD/(ug L") Analysis time/min Reference
LLE-HPLC 3 0.91~6.6 30 [23]
SPE-HPLC-MS/MS 15 0. 002~0. 632 26 [27]
LLE-HPLC-MS/MS 6 0.8~9 17 [21]

LLE/GC-MS 12 0. 04~3. 60 26 This work

2.6 XFRERSH

T HAS TR A8 5 R R AN RIACBE T 20075 K Ab R T 3k KRE g TR, 2446 4 DIBP. DBP.,
DEHP. DNOP 4 fll PAEs(35), HE 8 PAEs ¥oRAGH o X0 RE/E T ik 4 Fh PAEs 2 [ N S
ML FEERREAR, ) 2N T &2 5, Fis EK PR E &5 K. B DNOP4h, DIBP,
DBP Fl DEHP £ 5 % 15 /K AL B~ BE K AR S 2454 100% 46 5, H. DBP B B K P v, Ko VS LA
0. 04~3. 60 wg/L.,
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25 SFEIGKALFR) KA 12 FP PAES ARSI 2S5 5 (pg/LL)

Table 5 Detection results for 12 PAEs in influent samples from five water treatment plants (pg/L)

Compound WWTP1 WWTP2 WWTP3 WWTP4 WWTP5
DIBP 0.35+0. 12 0.26+0. 10 0.36+0. 11 0. 92+0. 00 0.02+0. 03
DBP 2.72+1.23 1. 46+0. 61 1.31+0. 26 3. 60+0. 02 0. 04+0. 06
DEHP 0.22+0. 04 0. 02+0. 00 0. 13+0. 03 0. 04+0. 03 0. 00+0. 01
DNOP n. d. n. d. n. d. 0. 04+0. 00 0. 03+0. 00
n.d. : not detected
AN
3 & it

ARG T — PR TR A B S A S - TSR 5 K 12 8P PAEs B2 M7 1%, IF I8 B A
FEREAAMX S RAFE LT 215K R SEB R d AT o 2R BL, PAEs 7EIG/RACFET HEK
AR, oo DBP A ARG, ATTERA R E . IR, REUE S HETRTE
GFRIRREVESRSF AR, 38 TG K PAEs B BRI, Al /KRG oS G & il
DB Al S BB AR S
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