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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
sample, 100 mg/L of ascorbic acid was added to reduce matrix interference; then, liquid - liquid
extraction was performed using n—hexane (250: 1, volume ratio) . Following optimization of the
extraction conditions, the organic phase was determined via GC—MS and quantified using the inter-
nal standard method. The results revealed good linearity for the 12 PAEs in the concentration range of
10 to 1000 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 peg/l., respectively.
The average spiked recoveries ranged from 84.0% to 122%, and the relative standard deviations
were between 0.23% and 19%; these results indicate 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.
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In addition to the common phthalates such as diisobutyl phthalate, dibutyl phthalate, and bis (2-
ethylhexyl) phthalate, dioctyl phthalate was also detected. Thus, the proposed method is suitable
for the accurate analysis and determination of trace PAEs in real wastewater samples.

Key words: phthalate esters; wastewater; gas chromatography — mass spectrometry; liquid - lig-

uid extraction; matrix effect

SRR THIRAE (PAEs) YEIGEER, 7E2BKT . BEI7 REH HALG &S A Gl 2
HITF PAEs SREYAME S ), Slid RS OR R IAEE, 22K, IRis K TR bk
BB SRR BN KR Y AT FIEE RN, PAEs HAG 40 PR AE D) BB, K25
T RIRRARAE Y e NSRRI . AR BRI R IR 0 7, SRS A E R A
ARG g > oAb, FRIE (TS KARBE 15 e HEchR i ) b 4R — HIR — T MR A 4108
TR SRR R E HE RO EEAN I 0. 1 mg/L " PG, BN e v R v A E M Y
PAEs K71k, SCBUHTS e B i U7 ik Al o

FUA, SRR _HIIREGZE (PAEs) AU AR U@Lk A, wAEAH i (HPLC) .
WOAH TS -FOBBC T (LC-MS) . AMHEIEE (GC) LIRS ARSIk HE (GC-MS) "™, T
RTGRAK IR S AR, FRKPREA T & S AL Tl 2 7 NI SEBUK H PAES RIS
o I G A AR, AR, WA . SURFHZERSE 7 H AT e RIE R K
Kb PAEs 230 A7 7 R ARSI A2 H 2 T FAREE BOK R (oK . B ZK) =00 ARThT, SRS /K 55
BRI BORE SR IR . RmETER . SR AN, 55 PAEs SRR S BT 2
TR, SEHPRYRICR AR, A0 R TR, BRI 7 M LU R 157K P 2 RS PAES Y
REHEI E 755K

Soffpk bR, ARG T —REE T A - (GC-MS) BTk % JTIETEH)
1242 2V Btk b ST AF G BRI AR B BRTS KEE T, SR T (SIM) Bl bRk E
B o MECT H TR IENER) 6 Fh PAEs, 7R J7 kAR SRR BRI aT SCBLAS 12 PAESs B4 [a] i) ifi 60
S, MT5KH PAEs B, HEBRRZIN SR 1E Tl SEBORSHE, BEMA/KERGEH PAES )75 JL PEAT 55 XU
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1 XWiEls

1.1 Us5i7

SAAIE- gL (GC-MS, 7890A-5975C, EE S T]); ZWAL (BF-2000F, Jb&i/\
Jitkad N wm]) s #EFESS (RCT basic, fEEICRAW); BIEALEIER (GF/F, 50 mmx0.45 um, L
Mai AT BPET (15 mm, RIUKLH) .

B b i R N AR O 2l 1 >99% ., IE U A RS ((aial, FEpE Bk ssw]) s PEA & H b
(faplal, b2l oan]); PUREE (g, TR0 5 BT KR ZEIK  (FFHE R R IR
NEIDIS

FRUEIZEICH] . SR E QAR ia R, B 12Fh PAEs 2053 . BURYREE 471000 me/L IR AR
HEAE R . WAL IGE & PR &, LAAER SRR TRR BEAGRE, Ll sl A 10 mg/L TR AHR
WE TR, BT -20 CH&AMFT BE R

BUP AR B4 100 me/L ()[R I FRIE OB A i, DANE ARG RIE 25, Bl it Sk A
10 mg/L BNRA PIRRE ST, G B T-20 CHE AT,

1.2 JKHEERE

ARG LIBR = LIRS 5R AR EACEE T 220075 K3 (WWTPI~WWTPS) BE/KEE S A58 %t
R BV T AR EERAKRIE R HAMBRRE T . WWTPL R BHEAM TS, UL
AR R E AN %, HARRRE A 14552 m®; WWTP2 R HIERIEEIS IR T2, AbMATRIS K, Hik
FHESA 30000 m*; WWTP3 R HEALIA T, AAETRG/K, HAHE 60000 m*; WWTP4 R H KR
EMEGTR T2, AbHAETEIS/K, HAMFEE 100000 m*; WWTP5 R GG EEIS IR T2, AF AT
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K, HACFE40000 m*, SRAERT, FERS/KALIE HEK O 05 0R5E S LAKFEFAR OB . FEAR
G RE R SR E , £20. 45 pm BEFEAF IR RIS . T4 CHRMH FRTE, FHEAE48 h INSER T -
1.3 JKEFRTARIE S %

T R 500 mL /K FEE TAR P IRBE b, RN 0. 050 g BUIR L . 40 wLIRA MR &
(10 mg/L) . 2 mLIECUBERT T ANEE i bE 7o KRS B TE Ddidkas b, LU 1320 o/min 354 25 min; 13
PR GEFE 2 min, FABEEEIEST 8 LIEW | mL, #BEIFEEY, £FCC-MSHHT.

1.4 HFmai

BIE AT R ZCHEMS DB-5SMS B EAIEAE (AU 30 mx0. 25 mmx0. 25 pm) 5 BEAE R E R E
3290 °C; FEIRRRFTHE TS WIGRIEEE 60 C, 1EIEAARF 1 ming LL 10 C/min R IHE E 280 'C, KRG
F M 20 °C/min FHilR 22 300 °C, FFLEIEIHR 6 min, #2405 T 99. 999% i = 4 <, fEE ik 1
mL/min; FAEAER L, RAASHIERE TR

Foilh Sk . BLJE, BB T-RER 70 eV ARHTZ . DUBRAT LA Bz B -5 I5L B 4R R B oh 290 °C
150 °C. 230 °C; ¥ HILER 3 min; Azl LE & SCAN 5 SIM; Fifartt (m/z) F48 X 1] 45~550,
& BRI IT o B I i REESHOE WA 1,

Fl SRR HIERERH BGE S
Table 1 ~MS parameters for PAEs

Retention time/ Quantification ion (m/  Qualitative ion

Compound Abbreviation Molecular weight

min z) (mlz)
Diisobutyl phthal:
ooy patiate DIBP 278. 34 16.712 149 223, 104
(BB W 5% TH)
Dibutyl phthalat
PR DBP 278.34 17.679 149 205, 104
(SRR —HR " TTHE)
Bis (4-methyl-2—-pentyl) phthalate
P R BMPP 334.45 18. 752 149 167, 251
(4R7 — HI iR ——4-H -2 HER )
Dipentyl phthalate
byt Pifaie DNPP 306. 4 19. 487 149 237, 104
(SRR —H R —1E R
Dihexyl phthal:
ey pAREALE DHXP 334.45 21.170 149 251, 103
(AR —H R —ChR)
Benzyl butyl phthalate
oy praee e BBP 312.36 21.269 149 206, 123
(482 R T 58
Bis (2-butoxyethyl) phthalate DBEP 366. 45 22.218 149 193, 101
(BFZR —HR — TR I HRR) ’ ' ’
Dicyclohexyl phthal:
A — DCHP 330. 42 22.621 149 167, 249
(SRR IO
Bis (2—ethylhexyl) phthalate
DR DEHP 390. 56 22.677 149 167, 279
(AB2R R ——2- 2 HEAR)
Diphenyl phthalate
preny pria e DPHP 318.32 22.875 225 152, 104
(SRR HIRR —2RTR)
Dioctyl phthal:
ey prtiaate DNOP 390. 56 24.108 149 279, 207
(SRR W 1EFTR)
Di I phthalat
ony. Pae DNP 418.61 25.453 149 203, 132

(B — R —TFR)
2 HR5iTR

2.1 UHF/SHEFHHML

BT PAEs JE TSRS, SEAWIFER B G 5% AL -95% — H R 1 I 57 BE R ik SAUbe v < AH Y
SRR ATSEBMEFESE B . L1000 pg/L KRS PRUERR AL (il A, 2 tRALRR R THE A5 1F
12 PAEs 07 26 min WARIK I, FFR1E RIFA 280k (D), e Erk 5 € | MR, 6C-
MS-SIM B EFEPELF . PTTHURE o . MERREE Sy, PRS0 R AZ TR H b it A7 e vk 5 e &
T o
2.2 HmETAEEHMRL
2.2.1 BAKERERTHREER T5KEEMETES:, @ SAERA . RASKREAMLRN, DLE

i
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IR . SERANSE T, 5% PAES Kelll = A SR BN, =2 S seiiiE, HAiTs KPR T
AR N B RALRIEER Y, SR AHH LA TRCE 0 SR, ASRFORT REE I TG KRS AEAR
ZACBRE L T AR ARG, TR AR R TRE s [N, DN SRS B BT Lok
BN
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Fig. 1 Total ion chromatogram for 12 PAEs
1. DIBP, 2. DBP, 3. BMPP, 4. DNPP, 5. DHXP, 6. BBP, 7. DBEP, 8. DCHP. 9. DEHP, 10.DPHP, 11. DNOP, 12. DNP

PR IMIRVE A saR 550, — T RS 515 K P AR AR R Sl 0 & AR T R 7 AT §1 6 v
B RALTE T =, % PAES KA ALK, ER HPRYIRERSSE . Z5—J7THl, DUIRILIR ] 5L+
B SRS R ARG A R ™, NIRRT PAES SR 25 00 7 50 BE RSV F . SEt e il , #i5
IRFES N 100 mg/L BIBTIR LR J5 v A RLIHBRAR B ZEBCTHE (2A), WHIA 0. 01% TR MRS
GC-MS K F v PAEs BHFFIE S P55 (K2B), ARIHBIH BRI ISR, RHEZIRE T
PUIR ML W] ARG BT /K ZE BN PAEs %€ 89 T4t
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Fig. 2 Total ion chromatograms of matrix—spiked samples in absence (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

2.2.2 WHREBEFMERE MEFEEFR LR, PAEs I SHREIOE T HAE 5 s AR P 7 50 Hh
AU B T TR . AW 53 0% 58 T 1% CERAIE O BE AR AE IR 76 12 Fil PAESs ) AL
MR (BE13) . #P2RFW], DUECK ARG, % B DR B2 6T LR AN, o DPHP7E
LR TR B A BN AT 30%, X AT HESE T LR S BRAETT K P By [el i A HUE: 22 g e 26 L A0y
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Fig. 3 Effect of extraction solvent on extraction recoveries of 12 PAEs in wastewater
2.2.3 WRFEBCREMIERE WRFIGERES, FEPOREETIAY 51 LIS, Bl tH s
BERCRGRER MR, Bk, ERBRES R T RSP EI ST, AL T A EEFE
X H AR SR g . 4550, S4BEFEE B A 1300 v/min B, % HERPEMIFREICREAR, #
WHREBOA 524 s M dE s BT 2 1320 v/min B, BIWCRIH BT, REGGR B, Pidko i
— ISR 1350, 1380, 1400 v/min B, fRRIMIHEFAIMG, SR BB EEA &, FH8E 0
TR EMENE . A HEREPCR SEET T, ASFZTESE 1320 v/min VE AR B E
2.3 ZMHEE. KHREEE TR
B S BT BE 4304 10, 20, 30, 50, 100, 200, 500, 1000 we/L ) PAEs {R-SFRifE RINER, %

P ARV H AR B I iR BE 34 4 200 /L, R PIbRIE E 2. R 2R, & HFRPFE 10~1000
png/LTEHEIN &R R B, LM RE (P) 40.9910~0.9997., LL3fEEMELL (S/N) B 7k
FL (LOD) “40.004~0.068 pg/L, LL10fES/NTE e R R (LOQ) 40.013~0.227 pg/L.

#2 12FhPAESBOZIE TR . AHSE R, KRR B TR

Table 2 Linear equations, correlation coefficients (r*), LODs, and LOQs for 12 PAEs

Compound Regression equation Correlation coefficient () LOD/ (pg-17") LOQ/ (pg-L™)
DIBP Y=1.3202X~-4. 9072 0. 9997 0. 004 0.014
DBP Y=1.5203X-6. 0841 0. 9996 0. 004 0.013
BMPP Y=0. 8757X-4. 1896 0. 9997 0.010 0. 035
DNPP Y=1. 6450X-9. 0030 0. 9996 0. 004 0.013
DHXP Y=1. 6793X~12. 246 0. 9996 0. 004 0.013

BBP Y=0. 5579X-5. 2726 0. 9969 0.033 0. 109
DBEP Y=0. 1742X~1. 4238 0. 9976 0. 048 0. 160
DCHP Y=1.0557X-7. 1383 0. 9987 0. 006 0. 020
DEHP Y=0. 8241X-5. 2879 0. 9994 0. 006 0.019
DPHP Y=0.9117X~-4. 9420 0. 9990 0. 027 0. 090
DNOP Y=0. 9095X-6. 9756 0.9975 0.013 0. 042
DNP Y=0. 5485X~-4. 8833 0.9910 0. 068 0.227

X represents the concentration (wg/L.), and Y represents the corresponding chromatographic peak area
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2.4 FAEERESHEERE
SHIAIEJT IR e SRR RN S M, EVSKACI KRR NG . L B3N REIRE (20,
50, 100 wg/l) () PAEsIRAPRIERTG, KM “1.37 TR ATALEL . BN EKE S 34T
FE, HENFR B R AA XS PRI R 2 (RSD) . IR 3 s, 120 H bR e 15 KRR S b 09 [l R o
84.0% ~ 122%, RSD >4 0.23% ~ 19%, Y3l /KIS A HLTS Gl o B il e S 4 il BEoK , SRWHAR 7 i mT
T LBRKFEH 12Fh PAEs B9 43 B € .
223 12 TR ATS Y IR B MO bR i 2

Table 3 Spiked recoveries and relative standard deviations of 12 PAEs

Compound Spiked level 20 pg/L _ Spiked 50 wg/L 7 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 .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 10.7 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 JiEXTEE
B2 T 1 5 B b S SCHRIRGE B9 /K H PAEs R 7 kb4 5 bl (LR 4), 45 B nA ik A
KB RRAG . AT EE D P s, HoaT[E]E € 270 PAEs, BEMZIM /e /K HH PAESs i85 1 Al 755K
4 K PAEs I 5106t L

Table 4 Comparison of detection methods for PAEs in water

Analytical method Detected PAEs (species ) LOD/ (pg-17") 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
TR TR R 5 K R A AR T 20075 /K A B KR S TR, 4646 1 DIBP . DBP.
DEHP. DNOP 4 #PAEs (5£5), H'E8FPAEs ¥IoRfzH . X PIHEAH T iR 4 Fh PAEs J&: [ P Shisc i
ML FEERARWEAAT, BN T &I, RITE R KPR Bk, B DNOP 4L, DIBP,
DBP Fl DEHP 1E 5 % 15 /K AL B T 8 K FE S o 204 100% 46 Y, H DBP AU B /K F e i, KB iull Ay
0. 04~3. 60 pg/L.
#5  SFITKAIRBOKRES A 12T PAES BORZINZS B (pe/l)

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

Compounds WWTP1 WWTP2 WWTP3 WWTP4 WWTP5
DIBP 0.35+0. 12 0.26+0. 10 0.360. 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 detect

3 & i
RGN, T — PSR S i - S A I TS K b 12 Fh PAES (40 d 5 ik, IR .
TER = MK 5 FA LB T 2015 KA B FEK SERRFE S oA o S5 AL, PAEsTEIS /KALF) kK
Wi 7 AE, o DBP S R EARFI5 Y. ATk RA B R AR . AT e . REE S
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