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spectrometry, MS ) MIAE ML 4 Fh ILAYARR W EREERAL G AP _HER. AR HIR OB, R
IR THR M ABE R (2- £3%) CFRAAIN Tk, FBiE  FEARRMEHER ) SPE (IEASEAHI ) B/ MEXT
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Determination of phthalate acid esters in serum by solid-phase extraction coupled
with gas chromatography-mass spectrometry
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ABSTRACT: Objective To develop a gas chromatography-mass spectrometry solid-phase extractionfor detectingphthalic
acid esters (PAEs) in the serum of patients with thyroid cancer. Four PAEs, namely, dimethyl phthalate (DMP), diethyl phthalate
(DEP), dibutyl phthalate (DBP),and di (2-ethyl) hexyl phthalate (DEHP), were used in experiments. Methods Samples
of PAEs were extracted and enhanced using a solid-phase extraction glass column. The column temperature parameters
were as follows: the initial temperature was 60°C. The temperature was maintained at 60°C for 1 min and then increased by
20°C/min to 220°C. The temperature was then increased by 5°C/min to 290°C and maintained at 290°C for 2 min. The mass
spectrometry conditions were as follows: the ionization mode was electron impact, the source energy was 70 eV, the ion
source temperature was 240°C, the quadrupole temperature was 150°C, and the scanning mode was selective ion monitoring
(SIM). These parameters were qualitatively based on the target compound’s retention time and the mass-to-charge ratio
(m/z). Quantitative analysis was conductedusing the standard internal method. Results The standard curve regression
equations of DMP, DEP, DBP, and DEHP all had excellent linear relationships with correlation coefficients greater than 0.997.
The precision of DMP, DEP, DBP, and DEHP was 2.60%, 4.73%, 5.50% and 5.70%, respectively. The average recoveries
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were in the average range of 94.5%. The detection rate of DBP, DMP, DEP and DEHP were 100%, 31.6%, 73.46%, and
100%, respectively. Conclusion The method is suitable for simultaneous detection of PAEs in human serum, with low

organic dose, short extraction time, good recovery and reproducibility, and low detection limit.
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LR — W FRTE 51L& % PAEs (phthalic acid esters) +&—Ff
HOLRIN T, A 3G R sl R )z T A AR
e U E Tk Al A YE e R RS A AR S
TERGWERT I, X AR 5 IR G ik % 21 L Wik,
PRI/ AR DRV L RS Y0 A e 1 B A W 281 98 ) 21
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H H i 3E o PAEs &% U J5 ¥E 2 AW @35 1 (gas
chromatography, GC) ™. & &0 #H {43 % (high performance
liquid chromatography, HPLC) ", = 1 @ 3 — & B¢ 5 %
£ (gas chromatography tandem quadrupole mass spectrometry,
GC/MS) " R A (63 — I T % (high performance
liquid chromatography tandem quadrupole mass spectrometry,
HPLC/MS) " &5, AP T s R b B 1,
[E|AHZEHL (solid phase extraction, SPE) J7 ik FH T Il iEFEAS 1Y
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1.1

78905975C <, HH € 1% / BT 3% 16 FH AX (3£ [H Agilent /A 7] );
DB-5ms B4 (15 4E (351E Agilent 22 H); N-EvapTMI111 &
Rk 4R (€ [E Organomation Associates 23 ) ); 24 1 [&] AHZE HL
M5 [ (Supelco 24 1)); 202-OA T At HVE IR &6 X440 (i
VI B RANEE)); ProElut PSA Glass B AHAEHUR: (DIKMA,
1.0 g/ 6 mL); RE-52 BUJiE 5% 78 K AN (i W 28 A= AR AR T);
NP-30S W ieiRi7 1L (NP-30S); A Aysue s , A fh i as s
ML, R TEAiPpIE (325 Accustandard 23 7)) Alc ke (3EH
Accustandard 23 F) AFAIIEYE, SRJG7E 200°C T4 2 he ARifE
die SRR TR TR L ARAE TR 2B L AROE T HI R TR
AR W (- %) Cfif. DA-APPE W TER, UL
YISl orial, >k H3EE Accustandard 23 o
1.2
1.2.1 AAREE R Lt
DB-5MS & 21 4 8 1% A [ 30 mx0.25 mm (i.d) x0.25 pm
(BJE), EHE Agilent AH] 5 #AH N, (99.999%); A1 i 4t
1.0 mL/min, JoAriidite; dFEEE FHREEN 260°C; EiEAH AR
R0 60°C, 154 1 min, DL 20°C/min FHi & 220°C, FELA
5°C/min FHEZE 290°C {44 2 min, 290°C J5iE4T 2 min; FAEH:

A1 pL; BE A TFRTE (BD, fEE KN 70 eV; B 1R
TLRE A 240°C; PUZLATIREE A 150°C; F3 T 2ok 5 3 7 Wi
(selective ion monitoring, SIM), HAMFTHE S WLE 1, LI HFR
A YRR KX B b SRRt (m/z) e, Wtrike
BT
122 RMMRER. RAAT R REH

TR AR — 2 00 & 1 H AR AL A Db it i B2 (Rl 48 28 PN AmAm i
o ZF B FREL DMP, DBP. DEHP } D4-DBP 10 mg CKiffi &
0.1 mg) % DEP 20 mg G £ 0.1 mg) £ 100 mL A&,
WERA I E E 20, B RCRARAE R . 40 0.25 mL
DMP. 0.1 mL DEP, 1.25 mL DBP. 1.25 mL DEHP, HINFE
2528 50 mL, B SR AR R . B 0.1 mL DEP-D4 NFRAER,
FH PR 22 75 2 50 mL BC il s P bs P (0.2 mg/L), TAEIR
RIS HTHE R B BRBC AO T5 725
123 HAKE

AT IRS MR G RH AR I B BRI, SRR IEF F KL,
SYESINTE, fF -20°CAIRRARAERE . A ARACR B AT B e,
DIt b 3HA] PAESs [754% . 13t (2022 ) —KY-023-01,
1.2.4 #AKATAE

Fr A i3 22 FF 125 mL (R AHTE R, | mL A9EER
(6 mmol/L) & FH 2%, #5351 A 10 mL 1 C % & AR
DBP-D4, #H#4HUR, BN, EE FREE 2k, 5IFF
HUAHIFIRST, AEMAE4EZE 1 mL, i IOKGRRRARK, T
AR REIRE 0.5 mL, FREF G4k / - AR O . B
DL PSA BEAHAEUE:, RWH 5 mL IEC 4, 5 mL ZJEGILAE
kR, $hIE2S 2 min, BREFEEE ARG HLAR . B
FEATIA PSA EAHZERUE [, FEHEACEAES, #HIC4S 3 min,
B EAEBAE TRk, R 5 mL BEE (10%) MeeItsds; mH
10 mL A = JECRE (12 1) IREHFIGEDL, JFlkE, D LPgg
AT 2 W, T WCEVRIRI, 7F 40°C &40 F, FHAWRUR T,
JTECREER 2 300 L, FERAE GC-MS 43#7 .
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PUEIFSE WL RE S PAEs AOSB7E ng/L™Y, TR TR
wOAT, BRILUEYI Al S . S AR L. A T AR
TR BORE S, AL A A I i B FEAEACR S . TlAb B
FORFNFERS, ANERE B EREI AL TS e B Fs i, BRI
TG R TR, AW RS AR R ARIRE. kTR
MLY% X SIS A RE ], SC58 P B BB 28 FH i e s
PN BRI, SRIGTE 200°C 45/ FHET, B A5285d
R, L CR R G A L &, LR ERAE Hp kel YL
JEL T s A VR I 0 T 8 S e IR e M G R 4 . TRI R
IS8 2 0 T FBREE i il 2 B2 (%) PAEs 75 50K, SRAIIEC
PEGS A LTS HE A T2 iREe . 7 SL g B ARz
FHFRE P2 HORARE BT, A0 4GS (V) GRESIARD s HREAR (TG
NARIIINE ) . — 28 FIREAS CR BRI ), Il Bl i) i
BV, TR AT s d]. JERER, HEAS 5 e
FRUERRZR RN 3 AV o TR .
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2.1

AHIFFE R A O — R DU SR AT Bk, % AR
RO YD SR FH A €0 1% 06 A T3 0 2 PRI P PAEs Y ik 1,
FERALIG BT 4T, BARE A YIAE 1S min P 4538 1 1,
DMP. DEP. DBP. DEHP. D4-DBP ({15 & B[] 4350 6.484 .
7335, 9318, 14.285. 9.305 min (W3 1 & 1), % Biribd
Yy e eI SIM B R F (PREEETIR] . RRTE B ).
SIM # T ETER, WA 1.

1
Table 1 Retention time and monitoring ions of methyl phthalate
derivatives
. Jifng b (m/z) .
Hbrfb& o~ = {4 B4 B 7] (min)
e ERE T EVEE T -
DMP 163 163, 135, 194 6.484
DEP 149 149, 177, 121 7.335
DBP 149 149, 223, 205 9.318
DEHP 149 149, 167. 279 14.285
D4-DBP 153 153, 207, 108 9.305
DBP
14000 |-
12000 | DMP
= 10000 [ DEHP
5 soool .
6000 [
4000
2000 [ \j
Y i : ;
4 8 12 16
BF[E)(min)
1 SIM

Fig.1 SIM scan chromatogram

H¥r k& ¥ 46 15 min N 4 &) 1 %, DMP. DEP. DBP,
DEHP. D4-DBP 11 ££ 8 B} [\ 4> %1 & 6.484., 7.335. 9.318.
14.285. 9.305 min.

2.2

SrSIAERIZE 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 mL AR,
2 61 10 mL AFOIIEA R, A50MA 0.5 mL AR
D4-DBP, HMANEEZZEZI, EHl DMP, DEP. DBP.
DEHP #rifE RGN W

[FEE, LB A &ty o, DAEMEE Y
IR (4) LIHS I A5G P A i X g i A (4,)
Z HE R AER (), LlilbrE TAEMZR, 255 R 7E AR X R
HZE PEE B Y, DMP, DEP. DBP. DEHP f4 il J7 FE 44 B Ay
RIFILMERR FHRABIIKTF 0.997), HALK H R (limit
of detection, LOD) J& N #i )7 ik i REUE, LML 2 11
Koty 52 BT AL AR A LOD. AR J5 XS 4 i PAEs 54 Hi B A
2~3 ug/L, BEMSWE T BEAHTIIEARTIR, Wk 2,

2.3

BORAREK 0.3 mL SEAE 10 mL, LR 6 %k, Ml

314 DMP .DEP .DBP /% DEHP /) RSD, 4334 2.60%,4.73%,

5.50% 5% 5.70%. 25 FUINAR HF- 2 M E ok 94.5%, £ I i
A Ay BMAGE B IR G PR, HAR b &0 & 250k
5.0 ug/L, MIARIEIBCRA K 70.1%~112.7%, FEBATT LRk %
FERAF, MEgs A HnrEe,

2 SPE-GC-MS 4

Table 2 Linear range, regression equation and detection limit of 4
phthalates in serum determined by SPE-GC-MS method

AR — FH i Ty N
DMP 5.35~32.10  y=0.111x—0.059 0.997 2.00
DEP 4.00~24.00 y=0.078x—0.058 0.999 2.00
DBP 26.75~267.50 y=0.065x—0.247 0.999 3.00
DEHP 26.25~157.50 y=10.018x—0.140 0.997 3.00
2.4

HR % 1R J5 7 X5 19 451 FEOR R 2L Sk DR 98 o B il vt v i)
PAEs JEATKG I, 1L 7% o 45 Ff PAEs ¥4 A [A) 72 BE (4G i, it
I RE A {6 5% 1] 0L 1] 2, DBP & DEHP A9 K H 3R K & 44 B
F, KR IR 100%, 4 i Ol 86.25~525.3 pg/L .
60.5~186.7 pg/L (L3 3), 33 S PFAl AP DR M L Sk R g 6 25 1A 1Y
PAESs (142 5% 7K1 Ko v £ 1)t e DRSS S 1L 1 i 82 1 S 3 ki
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Fig.2 Chromatogram of phthalate components in serum samples from
patients with papillary thyroid carcinoma

3 PAEs
Table 3 Serum PAEs content in patients with thyroid papillary
carcinoma
LRI — H iRl i 2 (%) TP (pg/L) J I (pg/L)
DMP 31.6 1.87 1.69~2.22
DEP 73.4 2.86 2.56~5.76
DBP 100 81.3 86.25~125.3
DEHP 100 90.2 60.5~186.7
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VAR B R IS AR T I A AL B vk L LT R R0 R 2R
TERBAE B IR R 252 5 BT R U G . 5K B
PR ) 532k T e B g ) 22 S R A AR ] BT, (HJER SR
Bl A 2% T E A HERE 1 B i, B 16 AR RN 0 R A 1
G, K BRSAEERERS. H5, WRAERR AW
AHER AR, XEPRBEA AL, 100 [ AR AL O R T 1M 375
FEATALBE, FRVER R, [ A AR e — b o o5 B4 2 o A 20
JOTE (475 Y S bt S T A T A Pl AR PR 2 B, [ H
FrAb G WA w AEAE A SRR S A i T REAS T A B
B AR U A . BTl (B T/ BB 1)
SOFHRBURIFE | AR BREAE R I 1) A 45

ARMEAE AR I MLiE FEAS 2 b ik IS A b B, SRS €8
T ER O I S i R A I3 - DMP. BBP. DBP J DEHP
e 6 B AL, K R AE 0.103~0.833 pg/L, AR W] R A1
78.7%~97.0%"2 . Guo 25 A " SR FH MAX 8] AHZE B/ N % 1
FEAR FEATREAR BT AL BLS PEAT GC-MS BRI, LR 8 155 At A6
HIBRAE 0.7~4.5 ng/mL, MBS [ESCRTE 91.0%~110.2%. JEFESE A
K BAES T35 At (Waters Oasis HLB [EIAHZEHUFE) HEATREASHT
AP N T AR AR — R AR € R I = DU R
TE T e R A I35 P 20 FhABZE — Y R g K  6 R Q=4
Kt BRAFE 1.0 pg/L LL_L, AR ENCE A 63.0%~97.7%

ARG FE L T AR AR — ARG — B ke 4 Fp
ULEY X Az 4 1A 2 58 7K S 458 v B T A f K B DMP, DEP
DBP K% DEHP fyJ53%, X AIMGEREADEST T 2 P 4o
eS| HARL A W AIACERAL PR R (AR . ek, BEZK i
2R, RINTIEMEGH (2 M3 N- A3, PSA) #HfT
ML FEFEATTAL B, [F) i 5 R B 203 ik 1 ik 2 A2 R A T Ak B R
SRRSO M H B (AN, T P A 32k 22 Pl A i Ak 2
FEFA B AR, RAWNEREE R, 48 B EEY K
HBR A 2~3 pg/L, Ik LR TE 70.1%~112.7%, A i 8040 3
5T AN [ A RE BORE X R P 18 FhABIE IR FR KL A
MIRERCR, R ARG R bR E R, BRI IAR R
79%~121%, Jrie B (S/N=3) ¥I/hT* 0.005 mg/kg!™.

AT 5 2R P 1 A R R X ) [T A A IO X IV R A H bRl
ST RS S, WD T A WL R AR G T
FETRRN . FEMLEEAE [, FES7 T [EAHFE — SR £ 3 R B pU 2%
FRIRE  0E T FR AR & R 3 v 4 R DLAY PAES (575,
HAR L& WTE 15 min PUAAF I, £ FRIITE 2.0 pg/L DLL,
JInFR SRR 70.1%~112.7%, BEMSIHE &t SOE Mo BT il A
0 N S E VA s a1 o S S VN3 b e
H AR RS IL A W A B 8 K SRS BRI T S AR S
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