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Application of Stir Bar Sorptive Extraction and Gas Chromatograph Mass

Spectrometer to the Phthalic Acid Esters Analysis in Seawater
GAO Chen-chen, LI Feng-min”, LU Lun, SUN Yue

(Key Laboratory of Marine Environment and Ecology, Ministry of Education, College of Environmental Science and Engineering,
Ocean University of China, Qingdao 266100, China)

Abstract: For the determination of trace amounts of phthalic acid esters (PAEs) in complex seawater matrix, a stir bar sorptive
extraction gas chromatography mass spectrometry ( SBSE-GC-MS) method was established. Dimethyl phthalate ( DMP), diethyl
phthalate (DEP) , dibutyl phthalate (DBP), butyl benzyl phthalate (BBP) , dibutyl phthalate (2-ethylhexyl) phthalate ( DEHP) and
dioctyl phthalate ( DOP) were selected as study objects. The effects of extraction time, amount of methanol, amount of sodium
chloride, desorption time and desorption solvent were optimized. The method of SBSE-GC-MS was validated through recoveries and
relative standard deviation. The optimal extraction time was 2 h. The optimal methanol content was 10% . The optimal sodium chloride
content was 5% . The optimal desorption time was 50 min. The optimal desorption solvent was the mixture of methanol to acetonitrile
(4:1, volume: volume). The linear relationship between the peak area and the concentration of PAEs was relevant. The correlation
coefficients were greater than 0.997. The detection limits were between 0.25 and 174.42 ng-L™'. The recoveries of different
concentrations were between 56.97% and 124.22% . The relative standard deviations were between 0.41% and 14.39% . On the
basis of the method, several estuaries water sample of Jiaozhou Bay were detected. DEP was detected in all samples, and the
concentration of BBP, DEHP and DOP were much higher than the rest.

Key words ; stir bar sorptive extraction ( SBSE) ; phthalic acid esters (PAEs) ; gas chromatograph mass spectrometer (GC-MS) ; sea
water; trace amount; Jiaozhou Bay
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Fig. 1 Effect of extraction time on the extraction efficiency
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W 2. G5 R, X T2 BEK 4 e R AN
DMP FI DEP, v 47 Jox 2 v BE A 5 (%) A [o] i %2 3%
TE 52.97% ~86.72% Z [f], Xf T H ALK 4 Fh 4y
o, H e R AE 52.48% ~ 124.22% Z ], SBSE

T REER AR EL (V) IR E R (V) Z
o —A 54 B, B AR 7E # HUR 2 5 /K Z [H)
()53 e R AL 55 TR BE K BE R 8. IR 5o
BEOK 7 e R A Z ) OC R 5 T 18 6, A AT %01,
DMP 1 DEP 19 3 & [0l Y 3 43 5 28 16. 6% Fil
71.2% ,DBP . BBP. DEHP #1 DOP 14 F i [\ g %
SN 99.7% . 99. 6% | 99. 9% F199. 9% , 4%k
Tl B Y. LI SBSE ik E A K
W) PAEs HLA BCAF B HERR . PAEs AS[RINAR i
VR B (] IACSR (14 A X s v A 22 Y E 20% LAY, 1
W5 vk B R4 R 0 2. Jir B, SBSE-GC-MS
REAZ [R5 A2 K 6 A PAES.

F1 FAEMRERZ, BXERY KWEE. KHRNESR

Table 1  Calibration curve, correlation coefficient, linear range, limit of detection and quantification of the method
PAES B2 HEHE R 8 B gL R gL R gL
DMP y =1E-08x - 2E-06 0.999 6 0.01 ~100 3.21 10.71
DEP y =3E-08x + 1E-05 0.999 5 0.01 ~100 0.34 1.15
DBP y =6E-08x + 6E-05 1 0.01 ~ 100 0.25 0.82
BBP y =4E-08x —4E-05 0.998 8 0.1 ~100 2.30 7.67
DEHP y =1E-09x + 1E-05 0.9972 0.1 ~100 28. 06 93.55
DOP y =2E-10x +5E-06 0.999 1 1 ~100 174.42 581. 40
F2 PAEs AEMARRERER B ZE
Table 2 Recovery of different concentrations of PAEs
oap, MRR BMCE  RORREGE OMBRE RMCR  SRERE MRRR BECR ERER
Y pgl”t /% /% Ipgl7t /% /% Juglt /% /%
DMP 1 86.72 0.41 10 52.97 13. 69 50 82. 80 13.24
DEP 1 73.59 10.98 10 83.23 1.44 50 82.20 9.53
DBP 1 85. 60 2.63 10 92.94 8.33 50 59.59 5.31
BBP 1 103. 13 3.21 10 52.48 9.35 50 106. 50 7.70
DEHP 1 116.73 14.39 10 97.53 12.24 50 94.34 2.21
DOP 1 103. 54 9. 66 10 124.22 0. 84 50 114.13 13.11
2.7 SBSE-GC-MS 5L BRI H
‘ Y2 e N Ny Al N N N
20 De : T 2014 45 12 A RSN BT 3= B0 30 A 1
0L ove o - FHEKRE. SR HHAL 9 SBSE-GC-MS J7 ¥: Ul 5 , 46
I $ 1 WIZES 0 Fe 3. WAt T L, A R B A o
g ®r ] DEHP PAEs, H. DEP ff#6 tH5k 100% . 5 A 174
Z 60 I i 1 6 Fl PAEs, BBP, DEHP Fil DOP Jifi & ¥k J&F it K F
1 L e 1pgL 'Rk HAY PAEs, 5B EIRIEN 97% . ZERN A K
40 -
Lo pg-t_]{;ﬁﬁﬁi i 7B DOP 41 5 F PAEs, BBP 1 DEHP (1) 5 #
v pe-l il 5 . N =y y >
20 I WRIERR , o5 BB RER A 98% . BB IK ] AR 114
J . R {7 DMP, DEP il DEHP, DEHP Jir (% i) b 5] Sy
v S 83%. DBP, BBP Al DEHP MM I HEER
ow
VR BT AN s ELy 5 o 3 A
&6 EEQ]EM&IE*HQ;I%IEM&&S logKowE(JQET% j‘,ﬁ}ﬂ/j#ﬂﬂqj*ﬂtﬂﬂg}ﬁi{&&{:{&@@j(,j‘jfgﬂﬁ

Fig. 6 Theoretical and experimental recovery date against logKy
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Table 3 Detection of marine sample
PAEs TR A H ZERHIT A 1T FLT A T KIG AT HIKI A T
/pg-L7! /pg-L7! /pg-L7! /pg-L7! /pg-L7!
DMP 0.75 0.14 n. d. 0.04 0.18
DEP 0.52 0.47 0.24 0.17 0.26
DBP 0.35 2.48 0. 64 n. d. n. d.
BBP 5.84 0.33 0.20 0. 10 n. d.
DEHP 16. 83 42.52 0. 66 n. d. 2.20
DOP 37.02 n. d. n. d. n. d. n. d.
Do d kK it
. (1) 358-365.
3 g::!i'l,/l’: [7] ZengF, CuiKY, Xie ZY, et al. Occurrence of phthalate esters

(1) ZRBFFE 1 SBSE-GC-MS J7 146 I 43 H7
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[ FIARE BT 0, 25 R 3R W e A I 2R B (6] 24 2 h, B
FEFBEAY AR NN 10% |, oA S AL AR 09 3 0 i
5% , S EPL A B BT B TE] R 50 min, S5 4 A A7 75 711
Be Eb R P O =4 1 (R .

(2)SBSE-GC-MS 77 HA B S M Hu 1, g
5K I PAEs e K A9 BT 8 VK B 3 [ 7E 0. 01 ~ 100
we- L7 2Z ] A OCHE R B 0.99 UL . kA
AR A PR, 5 K3k 0.25 ng L™, A 1Y
K BEAER B, HARAETT A . R & RERS [ i
D E 7K h 2 Fh PAEs 17 2.
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