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& 18 ZE BN -S 18 & % - BT il ik [B) BT i ZE
BRIk 15 X ZHEBREEL S

FHE WA EHE ENE FEX FE RaeH
RIS AT BPR TR, BRI bR RSB, 1 510632)

 OE RS T RAERERCAA RSB (GC-MS) Ik R BB K R 15 R PAEs LA WA ST T
%, R HP-5MS iAo, DL 25 (BT -2 PR3 758 ( STM) AL SbsifE ph 28 b1 72 Bl e . FeiEAR B
ZA R HUKAE 100 mL, 385 pH {EM 3,338 WondaSep C,, ZEBURE HEAT B AHFEHL, L) 6 mL FH - — @& W e (1:4,
V/V)HEAT R B, FE A5 R, 15 FF PAEs R ML M 0. 05 ~ 2. 0 mg/L (R*>0.991), % i B K
0.04 ~0.38 wg/L; FEANRIMERFINGR (2 F110 pe/L) 045,45 PAEs BIERTE 70% ~ 115% Z [8], brifEfh 22
HF10% , Lh KT Bk D 5 S bR B BL K BE R PAES, B MR BE A 2. 57 ~ 13,69 pe/L, AR (2 pg/L) B R Ry
62% ~115% ,

KR RN SAAHERE-FRS; 4008 W ERES ; BEEKER ;) ST
1 518

B A AN Tl AR e J | 35 43 3 T el 8 98 Ry Tl BB A RN A 3 Y /K HEYS 1) 2 B T, KA bl
J RS THE A KA MK AR S EE T, i U R R B TR, T R LKA SRR B4 A
ARBEREIE A BUE A ARIE S, BB PR A 2 A (NH,-N) A (DO) GBIRESER ) Y
IKRE AR AA N B M 9I7E 0.2 ~20.0 mg/L F18.0 ~15.0 mg/L Z[A] I Ky 3 B LK | 24 — vk i 435
4<0.2 mg/L FI>15 me/L R BRK ) B EL KA S 3ok vi7 A8 i it ) S B () L2 — S ok
W25 IR RISt BT I AR TG AR K A B i, ] 45 B i A 1) K s B Bia A T sl il ) £ o < )
2020 4F, M1 F L b3 # s X RS K AR RIAE 109% LLPY, 51 2030 4F 55 # X 2E SLK AA SAA S 213
BR i dl v B R

REKGHE S A ZHA W55, R R — SR A LTS Y, an 4828 R ( PAEs ) (2305
& (PAHs) 83k 4G H , ELX /K AR shR 0 R 2E 0 a1 K, 7 5 i K AR SO AR ) 0 2 W B D5 25 4 AN Ty
BE, ABOKIR A 10 o HR, AN ST B 7K A MILTS e oA 7 ik SR BT X ERRK L A SRk 3T
K T57KEFFES, . LA PAEs S5 S0 TR A [ R U5 AR i B 57 T V-V AR L/ [ AR A B B SO £ 1 o i
I -YRORE €3 T B ) A e 302 A 0 ([T R 73% ~ 120% ,RSD <20% ) '*7' {HA B KK o PAEs
TR U B 0N 7 1T A 5 i e = il ASBIF S g ST T[] B S PR LK A e 1S e AR
PAEs L& 0 [ AR AE UM (1% - I ( GC-MS) ZHr 53 , HRe H L i, 3 117 B LK BE A 28T

2 LIGERSY

2.1 E5EHF
Agilent 7890A “UAH a3k BTk Io A ( 38 B "L HER A F]) 5 RE-2000B e 78 KA ( LA Al ) 5
SB25-12DTS H A PEVENL (T IGH 25287 ) 5 Mill-Q A10 #B4li/K 245 (5 Millipore A7) o
15 FPARA — H R TS ( PAEs ) TR A bR E VA TR (7 T W B, SRS A W0 vk B2 358 1000 me/L) T H 98 [F
Sigma-Aldrich AR (F 1) . HEE( 34k, 2 E Sigma-Aldrich A7) 3 W e (E54E, Burdick & Jackson
2019-05-10 Wi ; 201907-11 $252
AR E GG T T HRBBUNBA HE S (NSFC) B ST H (No. U1501233) | J7 /R4 B ARFHASE 4 W58 A BT H ( No. 2016A030312009) |
I ZRA BRI H (Nos. 2017B020238002, 2015B090903070) F12017 4EJE 1 N7 /K 45 BHE35 H ( No. GZCPJ/YB-2016-15) ¥£ 1l

#* E-mail: xianglei@ jnu. edu. cn; tchmo@ jnu. edu. cn
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o)) 5 HaaatFnE o s, W 1 ARG SEE KO B AR (18 MQ - em), HY Mill-Q A10
4K RYehil%

2.2 KWAHE

2.2.1 BEKERWEIE FEEIR KRR K 2R LG ), RS e T Y i SR, AR
WFFEAR A S LK BUOCHE R 22 (COD R Fe™ 55 ) MOCHR[ 1 HRIE M ik, LUK BRI, LA/ B TE TS
YLTEROM /K (B E BB R R 2 A T, WK /R = 1:100) N Wi, IR IR I vE # B Ak IR K|
Na, HPO, \KH, PO, ,CaCl, MgSO, .FeCl, S5H2 a5 IR AL E 8 5% fER AR E T, i % B 5576 d,
il 5 B ELKOK AR A5 H: cOD &AL BEL DO SR04 173,31, 1 A10. 1 mg/LP " R4S HE PAEs L&
Yy, il e B SR EER AN PAEs ARVERE TR, i PAEs ¥R A 20 we/L, LABLAE IS BA SR IE TR,
RS B BUK R PAEs ST 575

2.2.2 FRERKRES  DIPESNET K15 Fh PAEs IRFREFRFR AL 10 me/L ARERE AT, T 4°CIRI75
FH . SR P AN ] 45 8RR B A€ U 43 I S PAESs FRIEREASIR, 148 PAEs MR AL FdniE 4 T
YE#(0.05.0.1,0.2.0.5.1 A2 mg/L),

2.2.3 HRABHE B 100 mL BEIKIKEE, L1 mol/L HCI #75 % pH 3,1 WondaSep C #HUH: ( HAS
Shimadzu 23w ) HEATEIFHZEBUE 2, LA 6 mL W S GE I (1:4, v/ V) BEATURIBE, W BE VRO T30
L ,40°C Mg s R 2T R BRI E A E 1 mL, FED,

2.3 By

2.3.1 LM HP-SMS AREBNE @I (30 mx0.25 mmx0. 1 pm) , FERE LR 270°C , #8 M & 4l
A (=99.99% ), HE & 1. 0 mL/min, A Zr i #E 4 (1 pL); #2 )7 F+ k. 60°C - 8 1 min, DU
20°C./min J}Z 220°C ,{%E@ 1 min, LA 5°C/min F+Z 280°C ,1%?53 5 min,

2.3.2 JRIESME TS E(ED BEERE 230°C , JEE TR 230°C K f I 1.1 kV SR BERE 2 T AR X
(SIM) K, JEFRFRE MR E BT, 4 PAEs (L SWI0 1S & e R AEME TR 1,

F 115 FhEBAE — HRER AL S W (- Bg 24
Table 1 Gas chromatography-mass spectrometry ( GC-MS) parameters for 15 kinds of phthalate esters ( PAEs)

5 LR BRI E] FE BT BT
Seri = Ompoun etention time uantitative ion ualitative ion
Serial k&M C d R al
number (min) (m/z) (m/z)
1 4B B iR " H R Dimethyl phthalate (DMP) 7.78 163 77, 135
2 42 — IR —.Z 1§ Diethyl phthalate (DEP) 8.68 149 121, 177
3 LB~ F 2 — 5% T g Diisobutyl phthalate ( DIBP) 10.83 149 205, 233
4 42— H 2 — Tl Dibutyl phthalate (DBP) 11.76 149 205, 233
5 QBX:)I# R — (2-H & %) 2 liE Bis (2-methoxyethyl ) phthalate 12.17 59 149, 193
(DMEF
A — s — - > HE L
AR B R — (4-H F2-% ) BE Bis (4-methyl-2-pentyl )
6 phihalate (BMPP) 13.07 149 167, 251
7 s[sz:;; R — (2-4 % #) LB Bis (2-ethoxyethyl ) phthalate 13.53 7 45, 149
(DEEP)
8 4B — B — % Din-pentyl phthalate (DPP) 14.00 149 219, 237
9 AR — iR —.CL g Di-nhexyl phthalate ( DHXP) 16.97 149 104, 251
10 AR R T HAEILEE Butyl benzyl phthalate ( BBP) 17.17 91 149, 206
1 BIK T HR — (2-T % 3%) £ B Bis (2-n-butoxyethyl ) phthalate 21.10 149 205, 223
(DBEP)
12 47— H R 3R LK Dicyclohexyl phthalate (DCHP) 23.85 149 167, 249
13 A2 R —.(2-N2EHE) 1K Diphenyl phthalate (DPHP) 25.69 225 77, 153
14 ABIK PR —(2-2.3k) CU K Bis(2-ethylhexyl) phthalate ( DEHP) 26.01 149 167, 279
15 47— HI R 1L K Di-n-octyl phthalate (DNOP) 30.66 149 167, 279
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3 #R5HE

3.1 ‘-t EERematr

PIAHRIFAS (30 mx0.25 mmx0. 1 wm ) AS[F] B 2 A A S B 41 (kAT 46 DB-SMS (A5 (5% &
H1959% — W RLB R b ) HP-5SMS (5% 3£ +95% — W KBk 4t ) M HP-1MS (100% — W R R ik &
BE) S 53 B 15 B PAEs AbA#(0.1 mg/L) , Hih HP-5MS (o il tE 5t PAEs (950 B 3UR B A, 4 PAEs 1k
B (H R ) S SR BERE i P R B B (1 1) I BAEZS PR BRI ok R T,
VEPEME R AT, P BERR A R AT (i

1.25¢ 3

9
o . 3000
= 100 2000 |9
+° i 14 15
S 075 . 1000 . L
X
z 0.50r s 0 20 T 25 30
£ o02sf ! RS
- 0.00/MA‘J i A - A M
0 8 0 12 14 16 18 20 22 24 26 28 30 32

1 RREUKH 1S B PAEs B E51E] (0. 1 mg/L ZEFOIbR)
Fig.1 Chromatograms of 15 kinds of PAEs in black and odorous water (spiked at 0.1 mg/L). The compound

number is the same as in Table 1

PLET P50 IR R FH A T 15 Bl PAEs AR S 7, FIVE Bl E o m/z 50 ~ 300,
16 ELEZ 40 R PAEs 43 T rlid o Wi Al y-H S HERG 2B ILRBEH 0, T m/z 149 m/z 167545
HERER B F (3 1), L DNOP il DEHP (& 2) , DNOP AJ 3 i 75 A9 o W28 21 M 2= — 0 B4 1 S e e
( + CgH,,0) , il y-H BEHEME 5 — M B ERREE ( - CoH,q) , IZIEIE m/z 149 $¥IE B F#E A5 DEHP
M 3 YK y-H FHEB L PIMIERIEOREE ( - CH AT - CH ) T BUR E B RRE B F 0 A m/z 167, Pl &
1 531 H,0 JG B M FE IR PR m/z 14917 IRIEEAL A YIIFERE R B F (£ 1) , #57 SIM

AT IR S AT e 1
3.2 BTAMEEHHRAL 400007 g W
3.2.1 EBUMERGEIE BT HAT PAEs I 20000f Do

(¥ [E] KA (500 mg/6 mL) AN [A]AEUA} A i it 1 (51 A1 4% ; 0 mh B0 pm
BUIMEXS HLELK 15 B EL AR PAEs BRI, 2 | oee o
B [ A A BUNE LR Sep-Pak C b (/bR =

100001

PARERS , Waters, 2[5 ) \WondaSep C o FE (1 /\ bk
FEARERS, H 7R Shimadzu 23 7)) |55 BI85 74 PWAX 0
(BRI — 2R, H LA IR A ) A Oasis

HLB B GEIRHE — Z AR N-Z At e (912 RS DNOP I DEHP(O. 1 me/L) 93
B, 26 Waters A7), 2553200, L PAWX AE %5 Fig. 2 Mass spectra of DNOP and DEHP (0.1 mg/L)
[, 280 PAES L2 MR <60% , HLE Aty ook and odoous water

U DEEP Fl DEHP b 2288 K (>30% ) (& 3) , X5 PAEs tb &9 s tb S f ™, U
Oasis HLB FEF1 Sep-Pak C  #1Z£HUR , PAEs LG4 RIS BUATE 60% ~ 120% Z[H], {HFT# % DEHP F1
DNOP [FISCRAR T 40% , 111 i 5 % 326 P Al Ak 5 4000 0] 05036 A A v A 25 3K (>20% ) . LA WondaSep
C, HEMFEZEHUN | %5 PAEs fLA ) [MDISR SARTE 80% ~ 120% 2 4], H X DEHP 1 DNOP {14 H [a] fir %
WA T H e AR AR O | DR I J5 S0 A 52 06 e B A

3.2.2 BEBEFIAGIERE DA PAEs S E WY, (A il T R L AR A B N5 A 1 25 5% R IR PAESs
A U AEAE— 2 25 1 82T B (MeOH , B85 BB AR PR A 7)) A0 — 40 FF 42 ( DCM, %5 588 W 1k
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[ Sep-Pak Cy B WondaSep Cy Cleanert PWAX I Oasis HLB

120

80

Recorvery (%)

N A

L . A \ | LB
o g G o o G 0\’@8 G o G @ O

N A AN I

K3 ANEZEBRAENT 15 Fh PAEs B[] 2

Fig.3 Recoveries of 15 kinds of PAEs on different solid phase extraction (SPE) columns
F) P55 B — AR R RS AR H AR PAEs BRI AR BEBR &0 4 mL, WK 4 iR,
LA MeOH My FIET , B DBP BiBP F1 DMEP 4b, HiAx PAEs [RISCRIEAR , i 7E 60% LA, iX 5
HA BN ER &, L DCM A PEBEFII, PAEs 164 90 IR A L MeOH iy Y6 I 551 B A5 fr 2 8, (2
DMP DEP Fl DNOP “54L4 9 ISR EK (40% ~60% ), LA MeOH 1 DCM IR &3 5 M el i, H bx
PAEs [A[I§ 3845 B — 557 A7 B . ok 2%, oA L MeOH-DCM (1:4, V/ V) BRI SR B AL, 4% PAEs Y A1k
BIE 65% ~110% Z[8] , S LAMAE AP BEE1

160y [OMeOH [ DCM B MeOH/DCM (1:1, V/V) MeOH/DCM (1:4, V/V) B MeOH/DCM (4:1, V/V)

= =

2 T g

5 EX =\

£ g g 7

= P : |
= = =
=\ EN =N

f&(o
2,

K4 RIFEVEBERINS 15 Fh PAEs fb&Hm) mlifics
Fig.4 Extraction recoveries of 15 kinds of PAEs using various eluents
DCM, dichloromethane; MeOH, methanol

3.2.3 SEBRFIASHML ZE T L. MeOH/DCM (1:4, V/ V) VE R ik By 7 I, S [ e B 500 F 42 5
B PAEs [MISCREGEIE . 45 B30, BB RIAT A 2 mL B, BAR PAEs (9 BICRTE 60% DL T 5 BE& VEME
FMARFR I, 45 BARME A P00 BDSCR B 42 5 (AR 4 36 mL i, & X HAR PAEs $2HUW R
24, 7E 70% ~120% 2 [6] ,{Hi# DPHP fil DNOP i) [RICR 22 (KT 60% ) , B F MK TG & (65% ~
T7% ) 5 SREBEINPEIEFIARFIZE 8 5% 10 mL ARBESE— L34 hn H AR PAEs 9 ISR | 52 1 B 44k & 4
Ml 5 i ( DiBP \DMEP 1 DEEP [MI0%>120% ) S (RS ( DNOP< 60% ) ,3X A fig 5 Hh A2 BUHE 5
431 A TR BTSN A G Rt SE R BRI FH 224 6 mL,
3.2.4 pHEMSN AW pH {H 7] B E I PAEs (L EWTE C MR ZEBUE 30K, 150 pH (H
(>7) 33 PAEs (L B WIMELIES T C AR R 52 A1, 22 AR A pH B (<2) W0 25 5 350k i e 11 2 A i,
MR I3 Ffa s, M, VKRR pH (E25 2.3 457, %% pH {EXS FBR PAEs 4644 15 1
SO, SR pH (E R 5 5L 7 B, KA PAEs [MICRAE T 40% ; BE# pH (EAYFEME (2 ~4) , [MIF
KRB 7E pH =3 BB EAR, 7 80% ~115% 2 [8], H. RSD<15% (18 5) . & BOKRERT , 815
HpH=3,
3.3 ERMA . ZIETEE NG H R

JRUAE S 3 Ak B A T A K R B i T, (E AR U P i R S ST A5 R GC-MS R
AL B 5T, 8 B AR A WS T AR T RIE  H aR mls 55 , IR e o o, B S
BT A, 43 R R R RSO SR B K I R T R AR v PAESs VTR, IR bR fh 4R, DL B
BERI (K /Koy ) S0 B EK SETONT PAES 56 O SE RN, — BRI 5, K,/ Ko< 0.9 FE30 0 550 55
BN 5 Ky /Ko >1. 1, IR IEFTHRBON 5 0. 9<K,/Ky <1. 1, FEFRN AT 2010 nsk 2 fiis , i
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160 0 pH=2 5 pH=3 B pH=4 pH=5 [ pH=7

Recorvery ( %)

5 VAW pH (EXT 15 # PAEs fb& 9 DS 1) 52

Fig.5 Effects of solution pH value on recoveries of 15 kinds of PAEs
FIFNE LK T4 HER PAEs fLEWITE 0.05 ~2 mg/L W EETE Y HA REAILIER R (R7>0.991) 5 BR
DBP .DMP .DEP DIBP 2§ ") K,/ K 7E 0.9 ~ 1.1 [8], HARM Ko /Ky TELE 1.1 ~1.5 Z[6], £HAH
SR AN, P, AR R AT R R S AR R A T AT SR AR A AL R 2%
PR AS AR R R K I, DAARAS I B8 T A5 U AR B PAEs TL & W06 20, S B h BEdnfb &
WA (S/N) Ry 3 AR BEVE iz Ak & WA iRV 4% PAEs ARG HIBR 4 0.04 ~0.38 pg/L, 5E
HRAE A T AR K A SRk T K ZERE S GC-MS 425 (0. 65 ~1.57 pe/L) 70 #57% JE/KREZEHL
IR AR FEEL(100) U SEBRAE i AR PAEs POREA RIS 0.4 ~3.8 ng/L,

Fe2  FRELK 15 F Rl R B R TR 0 4 P Y R AR H B
Table 2 Linear range and limit of detection (LOD) of 15 kinds PAEs in black and odorous water

oy BB KRR RERe | . AEEE RBE G
Compound Linear range LOD SLOD Compound Linear range LOD SLOD
(mg/L) (ng/L) (ng/L) (mg/L) (ng/L) (ng/L)
DBP 0.05~2 0.28 2.8 DHXP 0.05~2 0.13 1.3
DMP 0.05~2 0.20 2.0 BBP 0.05~2 0.14 1.4
DEP 0.05~2 0.24 2.4 DBEP 0.05~2 0.12 1.2
DIBP 0.05~2 0.36 3.6 DCHP 0.05~2 0.06 0.6
DMEP 0.05~2 0.20 2.0 DPHP 0.05~2 0.04 0.4
BMPP 0.05~2 0.21 2.1 DEHP 0.05~2 0.38 3.8
DEEP 0.05~2 0.28 2.8 DNOP 0.05~2 0.15 1.5
DPP 0.05~2 0.21 2.1

R B A B8 BB LA B G356 (100)
* The limit of detection of sample (scop) are defined as instrument detection limits/concentrating ratio(100) .
3.4 ERKBARERE PAEs WEINERNBEZEE

TEPLACSRAETT 320 ME T AU R SUKEE B iR RV FE H AR PAEs (L& (2.10 ng/L) BY IR
FbnifEd 2= . S5 3R W, AN RV BE PAEs 1928 BRI 38 HE 70% ~ 110% Z.[H), RSD ik T 10% (n =35,
#3), 5EHER R GC-MS MK K H K K 5 7K S5 G 0 25 5 A 2 (IR 73% ~
120% ,RSD<20% ) """, BEAIA 5 i 7 B S K vh PAESs fb 1 EL A v 0 v 3 FIOAS 7%
3.5 IREBEKED

AT TINTT 6 A~ A B B AR K AR I A &L S 0 .COD &5 7.9 ~20.0 mg/L 2.6 ~
3.3 mg/L.32 ~100 mg/L™" | DIHSE MR 2052 T H AR PAEs 78 FT R SEBRAEE 5 A 4 TS O
PRI 2 pg/L) A, SOREW & B S W IICRTE 62% ~115% Z[A] ,RSD /NT10% (£4) Ui
WA Ty 3 TSR B R SRR e PAEs ARG IE . & i 70 A R, TR BB UK HE T 15 il PAEs 3
ANTE)FEEE WA BV 2,57 ~ 13. 69 wg/L, H:ff DBP \DEP DiBP .DPHP DEHP £ i} % &y 100% ,DNOP
1 DMP 4351 BAE 1 F12 AEES G T DPP #l DHXP RTEKEEP A H (% 4) . &4L&Wh, DPHP
K Y e (0.66 ~8. 71 wg/L) , HKJ& DEHP(0.30 ~4. 11 pg/L) .DiBP(0.20 ~0.86 pg/L) fil DBP
(0.18 ~0.46 wg/L) , KT RFRBRKEERE BT PAEs fba Y, 75 2E— 406 M B R K Al T
PAEs b6 W75 G i A JORE PAR TAE
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H3 RRARACET 15 452 1S 60 PR AR
Table 3  Recoveries and precision of 15 kinds of PAEs

ey IR L& RSD ey WRINAKF EN RSD
C o d Spiked level Recovery (% =5) C = d Spiked level Recovery (% al 5)
ompoun (pe/L) (%) o, n= ompoun (pe/L) (%) o, n=
2 113 6.7 2 79 6.0
bBP 10 94 2.4 DHXP 10 80 0.6
2 78 9.6 2 101 6.8
D
DM 10 65 9.2 BEBP 10 96 2.0
2 86 8.7 2 108 8.7
DEP 10 75 6.8 DBEP 10 73 2.3
. 2 115 7.5 2 86 6.0
DikP 10 94 3.1 DCHP 10 90 2.0
2 100 5.4 2 96 7.2
DMEP 10 97 3.4 DPHP 10 97 3.7
2 83 4.7 2 107 8.1
BMPP 10 78 1.6 DEHP 10 79 4.0
2 102 7.2 2 73 6.0
DEEP 10 98 2.9 DNOP 10 70 2.6
2 87 5.9
PP 10 84 1.7

*4 HEUKAEMESR (pe/L)

Table 4 Determination results of environmental water samples( wg/L)

feady  kBEL kB2 KEES KEEa kBEs ke IR g
Compound Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 ?Co;(’v;ry (% , n=5)
DBP 0.46 0.36 0.35 0.18 0.26 0.23 106 5.4
DMP 0.04 0.05 ND ND ND ND 62 8.4
DEP 0.05 0.06 0.06 0.08 0.16 0.06 80 5.4
DiBP 0.86 0.56 0.48 0.20 0.33 0.25 104 4.7
DMEP 0.03 ND 0.13 0.12 0.14 0.16 115 5.3
BMPP 0.03 ND 0.04 0.03 0.03 ND 80 3.1
DEEP 0.05 ND ND ND ND ND 112 1.5
DPP ND ND ND ND ND ND 84 1.7
DHXP ND ND ND ND ND ND 80 2.2
BBP 0.02 ND ND 0.03 ND 0.02 104 2.2
DBEP 0.05 0.21 0.12 ND 0.02 0.15 94 4.7
DCHP 0.01 ND ND ND ND ND 89 3.4
DPHP 0.66 6.64 6.72 5.33 5.75 8.71 85 4.5
DEHP 0.30 3.12 3.18 2.50 2.71 4.11 93 4.3
DNOP 0.02 ND ND ND ND ND 79 1.8
SRS
Total 2.57 11.00 11.07 8.46 9.39 13.69
Concentration

ND: A i (No detected) 5 MARZKF- 2 pg/L (Spiked level 2 pg/L).
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Simultaneous Determination of 15 Kinds of Phthalate Esters
in Black and Odorous Water by Solid Phase Extraction
and Gas Chromatography-Mass Spectrometry

LI Xin-Hong, XIANG Lei®, HUANG Yu-Hong, MO Ce-Hui ", LI Yan-Wen, LI Hui, CAI Quan-Ying
(Guangdong Provincial Research Center for Environment Pollution Control and Remediation Materials,

College of Life Science and Technology, Jinan University, Guangzhou 510632, China)

Abstract A solid phase extraction and gas chromatography/mass spectrometry ( GC-MS) method was
developed for simultaneous extraction and determination of fifteen phthalate esters ( PAEs) in black and
odorous water. The quantification of 15 kinds of PAEs was performed using a HP-5MS column for
chromatographic separation, followed by electren ionization ( EI) mass spectra and selected ion monitoring

(SIM). Under optimal extraction conditions, 100 mL of water sample at pH 3 was loaded into a WondaSep
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C,s cartridge, and then eluted with 6 mL of methanol/dichloromethane (1:4, V/V). Satisfactory linearity
(R*>0.991) for the target PAEs in matrix of black and odorous water was obtained in the range of 0. 05—
2 pg/mL, with detection limit of 0. 04—-0.38 wg/L. The recoveries at two spiked levels (2 and 10 pg/L) in
the matrix of black and odorous water generally ranged from 70% to 115% , with relative standard deviation of
lower than 10% . The developed method was successfully used to detect PAEs in the actual black and odorous
water samples, with total concentration and recoveries ( spiked at 2 wg/L) ranging from 2. 57 pg/L to
13.69 pg/L and 62% to 115% , respectively.
Keywords Solid-phase extraction; Gas chromatography-mass spectrometry; Phthalic acid esters; Black and
odorous water; Matrix effect
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