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 OE @ T 5D 11 AVEREREE (PAEs ) B GE-BTREEE F (GC-MS) AR 738 5 i, 38 A Ak 6 3 A
FHER PSR RS, 11 FEKRRERFE 18 min NSRS RIFAY . [RIRF LI SE 7 IRIERE IR 15T PAEs Wi FY
W SO (6 I T RS S5 R B A 6 AT, I8 AL GC-MS BYFERE R .GC 5 MS AY$% DR HhRE 7 A
HFEARTRSE GC-MS (IR EEESEL, i T GC-MS 4387 PAEs MY ML 45140 #ERE IR 250 °C, 3 FR &
280 C,Z/ I 1.2 mLemin ", BEFEIRFR 1.0 pL, JEFK oh AR 7 =0, 2 00 548 T PAEs & 4100 ke i fR
(S/N=3)00.37—1.97 pg- L' 347 05 36 FH T L5680 & b BRR Mg 2 & 2047, I F 2R FF B2 "R B ( Benzyl
Benzoate ) VE 0 AR , FHIBRIEXT 11 F KR e 24T 2, B PR 0. 01—0. 07 mg-kg ™", MR %
FEARTE 93.0% —115.0% TP, 245 0 0] 17

KA SAHOBE- SRR, TR, L5

BKIRT ( Phthalic Acid Esters, PAEs) , M4BT HRHs, & B gt A LA =5 K W AT
BAENAEY, 2 TR PAEs 76255 MR K TR 88 R4 AR S R B A
JR P R T YRR R R, B BRSO FL e PAEs HA PN TN, B B
A BEAFAEVEAE A BRBE XU O il , 30 [ 1 1 PAEs 15 e FE A N M, L B R T, 16 = 2B
T 2 TR N B DA AR RV TSR T 2 A B, Z240E mg - kg ™ RIS, — 26 % T 0TI JRD A S 3 b -
HE PAEs B 0] 535 35,62 mg-kg '

IR 0 PAEs FA 1 B A G5 (GC) L S AUR A (35 s (HPLC) (ZLAMGiE 7 406
FERETH (LR SR ) LI K 3% - T 15 156 FH (SUAH-BE 3536 ( GC-MIS) FHIBRH -2 15 156 FH ( HPLC-
MS) ) B 3200 33 1) SR E R R OB i 7 A At A v SRR £ 74 s 18] 0k 52 4 A i PAEs 1 i
3 BB BH P 4 ). A 2% ) PR SR A IO (0 - R ) AR AEAEAE AR 2 1 TR 5, 52 e AN T B AR b
PAEs 43T R, GC-MS W] 38 1 R AE 28 T4 45 (SIM A 2X) | 320 o P2 B 19 T 4045 B 445 58 A m]
SEREEE. BT, H GC-MS 4rHriisi PAEs LA — o8 it (H R HFIE GC-MS #AES N} PAESs
eSO A R SR SIEN

ARSCHEBCH UL 11 Fh PAEs (245 8 FhE 880 € I EREE N 20 i T304 ) |, il 3 B AE GC-MS #AES 4L,
WHERE CREE  GC-MS £z FREE HERE 7 sURERE R TR AR | RS SN MU X PAEs 43 Bréh 2R
(RS, LI 2 SR e (R IR AT 25, SR TFJE PAEs (58 TR SR LS AR 4%, IR T 07 v 1
FHF SRR & Bl A0 m] A7, oA - S0 v TSR 1 52 P 5 ) B2 3L ] S A0 40 ik

1 bR

1.1 FEALES AT
%S : Agilent 7890A-5975C S AR 1%- TR 1B X (L CTC B SRR ) (3 Agilent 237 ) ;850 jiE

2012 4F 6 H 20 HUhs.
s [ ZKIRTE Ye il 5 9h BRHE B R L I8 (2008Z2X07101-006-05 ) 5 B B 175 - 24018 530 Be K KRS H BT IS 2% i
# B THIK R A, Tel :0535-2109007 ; E-mail ; ymluo@ yic. ac. cn
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FEFE AN (H+t BUCHI A w]) 3 R T4 ( 5[ LABCONCO 23 ) 5 Mili-Q Academic #8407k A% ( 5 [
MILIPORE A7) ; SE812 WAL (b5t BARHE A FR 4R /22 7)) s KQ-600DB 7 I i Y ( B Ll i
AR BRA ).

IR 11 Ff PAEs FRufedh (W A8 E Dr 23]) (1) B (4 Hral, W {1 i E 25 bAoA
FRAT]) s IEC ke (Cigal, ) A 3 TEDIA 2w s WERY : RPNl (M A8 Dr A w]) ; 1% Bk
+.60—100 H, (W H 3£ E Wz. der Floridin 24 ), T4 BO& k.

R1 11 Ff PAEs HEA(SE
Table 1 Information of the 11 selected PAEs

LI P& e} 4iE/ % g Syt
ARFE H R R Dimethyl phthalate DMP 99.0 C,oH,00, 194.18
AR W 2 Diethyl phthalate DEP 99.0 C,H, 04 222.34
ABoR iR TR Dipropyl phthalate DprP 99.0 C,4H;30, 250.29
AR ZHR —IE TR Di-n-butyl phthalate DBP 99.5 CisHy 04 278.34
AR R IE g Di-n-pentyl phthalate DPP 99.5 C,gH,60, 306. 40
R _HIR —IEC Be Di-n-hexyl phthalate DHP 99.0 CyH;0, 334.45
R HIR . (2-2.%) &R Bis(2-ethylhexyl) phthalate DEHP 99.0 Cyy Hig O, 390.56
PR W IR —FE 2 g Di-n-octyl phthalate DOP 99.0 CpHy 0, 390. 56
AR HR T R e Benzylbutyl phthalate BBP 99.5 CyoHyy Oy 312.36
R HIR I C Ne Dicyclohexyl phthalate DCHP 99.5 CyHy0, 330. 42
O (2-23) B Di(2-ethylhexyl) adipate DOA 99.5 CyH,0, 370.57

1.2 HRUEE I e

HAHTRF-(0.0001 ) FREL PAEs 45 2H 40 AR i, FHIE CUEE 25, Bt B 100. 0 mg - L' FTR A PR ifE
REW, e B B A7 T 4 C VKA O BUE B9 100. 0 mg- L' IR A PR ERER, I E IR
o B FRRE, HIEC R ERE N 1.0 mg-L™"H110.0 pg- L~ MR IR SHRER T AR
1.3 SRR R A HiT Ak 2

SRR B R L B R WV R BH KRS A A2 R B K R

- SR ) T A B R PR 7 D IO T A B i R A T A A I g R L LR IR
.

FEH FREL 10,00 g 3 60 B 5 KA H4F, AT B 2 0P IR 1,00 mg- L' K H R
fig (BB) AR 100. 0 L, SRJ5IIA 12 1(V/V) NERFIE C 06 A 30 mL, # &, 7K 25 CF
30 min, B0 (1500 remin ™" ,5 min) , _F IR P E M DR AR U8 T AL R b B ) B O oA
1:1(V/V) NERFNE C A2 AV 20 mL, M5 15 min, B0, FIEWE. HEE W, 5JF 3 K FIER
(2970 mL) ,HERE7% % (350 remin~",40 C/KI I 4%iH 80 remin ') & 1—2 mL, ZJ5MA 3—4 mL 1IEC
PeiR ) et 28 & & 1—2 mL.

Fib R R 5, SETE2 AT (B2 AE , 942 0. 8 em, K26 cm) IR AEARE I | 151
A 2 em A7 B TCKBREREA , FHIE OBk vk 3 e, B I IE bRt i % Bk 4 10 em, R ZHIE
CUGEIR . Br v 40 T e 253U 2T R T R IR C e iR A4 T 3 UK (BRI 2 mL) |, PEVATR B 4 131
ANEHRE 2R b AR A T 52 05, 5 mlL 1E CAEkBERE 7. BT ot R MR TR A 4 T 2
PR AV, I DRI 78 L 2 1—2 mL, BINIEC %6 3 mL, FHEfE 788 & <1 mL, HIEC ke
RE 1 mL, JERIEA T LALE.

1.4 GC-MS Zbr &1

{634 . DB-SMS M A BN HE (30 m x0. 25 mm x0.25 pm) , < He ( >99.999% ) ; # < i
B 1.2 mLemin ' BERE LR 250 °C 5 BEREARRR 1 L AR 7 2 AERK oA 300 s 8 7 0 - AR i s
FH)THEFREF M .50 C (%%ﬁ 1 min), Pl 30 C-min ' FHZE 200 C (1%%‘: 1 min),#LL 8 Cemin ' FF FE
280 C (PiFF 3 min) . I FIZERETE] S min, JFi21THEE K 285 C.



660 B2 5% 1k 2%

L
&

B IR R 230 °C 42 TR 280 °C s Kall L& 1. 012 kV.
2 #R5iHE

IR AR AL S
TESLBR AR AR T, U T A 25 1F , XS PAESs B0 BT A A RV Z5R. IR AR iy Al | 2 3
PAEs F)fa B I 1] 2428 5 A 101 A9l B2 ok 2 - 8500 T R ) Bl 72 268, AR W R A 23 Wi 07 0 1) 2 AR,
SEVESE. Gl 5% 10,0 pg- L™ (A) A 1.0 mg-L~" (B) Pi¥R B B TR PRI, 3l 1 X 40 PAESs AOFEAE
B SR UG EA T AR A3 | AT SR A 7 K114 06 T AR ) 17 J32 1)~ 34 B A% S 2R SR i B 2 00 7 i O 52 i
HBMAL TS E(FK 2) 4 11 Fh PAEs 7 18 min PR BITR AT 15355

R2 USRS RUE

2.1

Table 2 Instrument analysis parameters setting
i HERE TR/ C GC-MS )4 R/ C HERERT A Bk EREARRY L
Method 1 200 280 E 1.0
Method 2 250 280 % 1.0
Method 3 280 280 i 1.0
Method 4 250 280 = 1.0
Method 5 250 250 f 1.0
Method 6 280 250 % 1.0
Method 7 250 280 i 2.0
a IR AER SR K P 7 25 pis, 1 ming 1.5 min JRAMFACES R : 20 mL-min ™!
2.1.1 JHEFEFF RIS

R AE 11 PS5 25 510 PAEs TERCHR BB (] N 438 06 | HRBECAT oy 5. SR FFR 7 FHIR (5 1
B @A e R RS2 IR 320 °C)) XPAEIREEA TORAL , TS Wi 5 oA i B AR ) PR e s R] D3 AR S
Ry ik R b A B, 8 T SO X ) B DA ] W O3 BE A S . FERE RS T MR
1.0 mLemin"'#1 1.5 mL-min "' B} g k?%ﬁﬁ?ﬂ@%%,ﬁb,&%ﬁ%/ﬁ%ﬂﬂlZ mL-min "' ,ﬁ)?ﬂ'
HEAPIEARAE R 50 C (PREFE 1 min) , LA 30 Cemin ™' F+ZE 200 °C (&% 1 min) , FFLA8 Comin ™' F} % 280 C
(1445 3 min) , 7€ 18 min P 11 Fh PAEs F1 1 FhNFR5 3] B A0 2 0 E 1 FR.

DprP
28 - “*BB
DMP

261 DEP

24 +

22 DBP

20 +
~ 18}
S 16k DPP
X
&f 14 +
# 1oL

DCHP
10 - BBP
8+ DHP
DEHP

! |

4L ’ DOA .‘ DOP

2k ‘ ‘V‘i ‘\:‘1 \ﬂ

an‘nnlbnnllnh RN SRR |..|||..J'J‘ui“u||||.\.“u||...||h‘\||.|.
6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00
#/min

B 1 1170 PAEs JEF5(1.0 mg-L™") 5 GC-MS (943 B3 151 ( * BB R AHR4)

Fig.1 Chromatogram of 11 PAE standards (1.0 mg-L™")

2.1.2  HEREORE LR
HERE TR SR R AR HERE ISR A I S5 S50, BARAIE T A o Y RE TR AL, T Bk B — S & TR,
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ME 2 AR Y BESERE IR 0 T iy, 45 2H 43 1 0 rf AR ) iy (LA 385 i A ke 3, (L v 9 R A 11 L BE (A
Method 3, #EF 1124 280 °C) o)™ AR K AR S R B, FER R MR EERE A (1.0 mg- L1 81 2B) , W HI R Y
S RBUR R (> 10% ), J PR AT 2 5 BE 2o /55 2 S50l 5t 2 2 43 77 AR R O B B 52 (kA A fi sl
fige) 2 U FEATIE S T, Y8 Method 2, HERE ITIRLEE J7 250 CHEAAIE.

[ Methodl R = Method2 R Method3 R~ — Methodl CV 4= Method2 CV —#-Method3 CV

16.0 450~ —16.0
&~ | B ES
RO® 2= 330 =
B& X 300 &
100 05 N
B E sof 2
g0 B & 2
g 220 %
60 g [E g
= #1150 =
=S =S
40 g 100 g
2.0 50
1
0 0 2 o
zZ A

BRERRE /R

B2 JERE RS PAESs W T AR N (R (R) RIS S R (CV) BRI
(A. 10.0 pg-L7";B. 1.0 mg-L~")

Fig.2 The response values (R) and coefficient of variation (CV) of PAEs peak area with inlet temperature

2.1.3 GC 5 MS #0ORE R
GC 5 MS B4 IR 443 ST HEA MS B FIRRYE B0, GC 5 MS BHE 1 IR A%
A RES 5 R T W v R A3 HT G SR ARG B TRRE ek 2 R AR ) 1 i, DR AR
SOOI BE AR AT T AR, R 3 45 R B 0 T AR v 17 3 e 11 U BE ) R AT R IR ( Method 2 5
Method 5 [ EEEL) , {H XA AR AT LARIEIEAE 1136 BE 9 35 1T 4 ( Method 6) , {H AR S5 R E0BCK, R IL, 16
P Method 2, EFE TR (250 °C) A4 T RLEE (280 °C ) 4T F —2L 525

[ Method2 R = Method5 R Method6R ~ —— Method2CV ~ —4— Method5 CV —#—Method6 CV

5001 A 16,0 450 g 16,0
450 14.0 400~ 140
40.0 ° ~ 350 o

2 350 ]20;; 2 | 12,0§

X ook S 300F +10.0%

@ 300 o= ok B

& 250 so B H 480 B

5= 200 60 5 1= 6.0

- 2 E 150 =

£ 15 - 140 2

40 E 100 40 &
100 & &
2.0
5.0 20 & 50 &
N 1 1 | |
' ' "tgszEiEEEss
A A Ao @ e g
A [a) A 8 g A A
BRER R 40 0% BRER R 10

3 GC 5 MS HHREEX PAES W AR BB (R) AL S R B (CV) BsE
(A. 10.0 pg-L™";B.1.0 mg-L™")
Fig.3 The response values (R) and coefficient of variation (CV) of PAEs peak area with GC-MS interface temperature

2.1.4  BEREDT SR

cish A BIAEDERE I IO Sk e, SR i DRI ARE 7. ik s A 7 2T A il AEUERE 1145 B
), DBl 53 BT 200 43 B 40 R RS gt 6 R TR VR B2 2043 43 B AR R IR] 1) i TR 28 5 5 L 43 4 4
TESERE TR E. DL, 2 A e ik o e 07 s S R o A Al R ik A o, T 4 258 R | vk A
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L
&

fin (1.0 mg-L~" & 4B) SR JH ik h A 75 2 4 41 e v A g o7 (L A0 2 5 28 B R4 00 T ko e A 7 XY
(R FEAE A (10,0 pg- L1 BT 4A) ik EAE 7 SO PR BT DB | BT 0S 18 73— 2L 7 Y e AT AR
M 7 AR S 2R 550k 25 T AR B b A 7 XY, 3] BE 2 Wik a) v e 5 1L 0 A 2L BB R . 22 B 1
e Method 2 ik b bE T X HE AL 53

I Method2 R WM Method4 R —&— Method2 CV - #- - Method4 CV

5001 A 116.0 550 B 7160
450 4140 228 B 14.0
o 400 o o 50F .
= 1208 2 40l H120
X 350k ® X E
@ 30.0 100% g 3501 10.0 W&
5 B s00p i
Z 2501 so B = 80 &
= gz 2501 =
& 200 6o EE 200 60 Z
15.0 2 ¥ 5 g

40 Z : 40
10.0 = 10.0 =
5.0 20 ¥ 50 20 &
Y ' "t hr BEEEEEES
28 & %Oé‘ooomggog
BREREE ¥ 5% BREREE ¥ 5%

=4

PR X PAEs I Ta BRI W (. ( R) FIAS S5 R0 (CV) BRI

(A. 10.0 pwg-L™";B. 1.0 mg-L™")

Fig.4 The response values (R) and coefficient of variation (CV) of PAEs peak area with injection methods

2.1.5 SRR SR
H T MIS AN 45 2 o e RSN 4% | 75— W HE G ] (ERAETE IR ) P, o IO (/N5 B R 1) P 3 o A
DU 0 43 By Jo %) i 522 T L BV e 17 55 07 [ A A ARG 00 25 v ) B 20 43 o it 2 E G, Y e VR B A
T Ei 2= 2 A F A T S T B | BT 7/ i s D p e S B L DR R T | N (S B (17 = o i = 2 AP
A, 53 BT 400 3 P et K NI e TR BE A et IS ARE BT S e 1t AR A5 38 ) S8 A 36 m , IIET 5 el DL, 43
IR BE K (1.0 mg - L7, &1 5B) B, 338 gk A R BR T LA o g e R A g 107 4, 1B 7 A1 Wk B 1sf
(10.0 pg-L~" B SA) S IHEREARFROIE A B A0 /BT8R | [R5 R S B 40 A A 19 i 2 m) it i
FERFIBERE A method 2 FUBEAEIAFEL 1 wl.
— Method2 R - 4 - Method7 CV

mm Method7 R == Method2 CV

2.2
2.2.1

500 A 716.0 6001 g 16.0
450 5501~
50.0
o 40.0 . 8 < 450 . By
3 350 f’é X 400 ??é
@ 300 O "ssp O
B - 2
2 250 T E 300 s
= @ B 2501 m
‘g 20.0 5 E 3
g Z ¥ 200 =
15.0 = 15.0 =
10.0 i e 10.0 £
5.0 5.0
<
o)
(a)

0

(A. 10.0 wg-L™';B. 1.0 mg-L™")

FEY L EEE G B EEEBBEE B G
QQS‘QQQC&BUQ—!Q Qoé"oogmggog
BRER R 3% FkAR 6 )3
5 JERERRUN PAESs W AR N (R) FVE S R EL(CV) BIRZ IR

Fig.5 The response values (R) and coefficient of variation (CV) of PAEs peak area with injection volumes

IR

PAEs #5210 (2o 28 ATk Hi R
BUHEAFUF 19 100. 0 mg- L~ RS ARMERE, I B AR, BYOR R, HIEC bEE 2, Biil 10.0
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50.0.100.0.250.0.500. 0,1000. 0,2500. 0.5000. 0,10000. 0 pg-L~" &5 bR UER R, AP E H
1000.0 pg-L~", 2514 T GC-MS M5 | FH W i BRURN 45 20 20 A vk BEAE IR, 1T PAEs 4540 43 14 [l )5
TR KR OC Z 8, AW B B2 A ARAR A L A3 RS MR L (S/N) L 25 S/N =3 B IR oz A ok o 45 4
SR R, 25 9% PAEs % 4134t G R AT Kt BRASAIR (R 3) , 9 0.37—1.97 pg-L7".
2.2.2 JiikBeR

TEHERE AR 1 L AR WL PRS- A2 U e /K R+ 3 F IRl PAEs b 1y - e LA
FEEHEES A L. 0 mg-L ™" A9 PAEs iR A HRFE 50,0 WL, #%1. 3 35" iR AT AL #7373 Fh 124 i
FRIETC R SEATE 93. 0% —115. 0% 3t FE P92 B T DMP DEP [l 55415 (68. 9% .53. 1% ) , J5L A Al fig
J& DMP il DEP (R RIZE IR0 | 78 25 & We 4 B ad B2 A5 #1024 5 1 DEHP A9 DSR4 (160% )
Al e K2 DEHP PP SR , B0 U I AR A IR R 0 2 AR BEAN S 58, R B R

%%[21,25}.

R3  PAEs KA pOLMTTHE K PR

Table 3 Regression equations and detection limits of PAEs

PAES AR T HeY R fess e
DMP 163,77,194 6.46 y=1.2171x - 0.0541 0.9998 0.42
DEP 149,77 ,222 7.19 y =1.2023x -0.0704 0.9997 1.21
DprP 149,191,209 8.42 y=1.8985x -0.1821 0.9997 1.15
DBP 149,223 278 9.95 y =2.0298x -0.2429 0.9995 0.37
DPP 149,237,219 11.73 y=1.7689x -0.218 0.9987 0.40
DHP 149,251,334 13.58 y=1.5721x -0.3958 0.9971 1.34
BBP 149,91 ,206 13.69 y =0.8464x -0.1311 0.9990 0.87
DCHP 129,121,147 14.05 y =0.6346x - 0. 1658 0.9982 1.58
DEHP 149,167,249 15.31 y=1.232x-0.2588 0.9981 0.58
DOP 149,167,279 15.41 y=1.0191x -0.222 0.9924 1.97
DOA 149,279,390 17.21 y=1.3152x -0.4627 0.9969 1.74

2.2.3 JiEKHIR

FEC RN 1.0 mg- L' PAEs IR A FREE 50. 0 wL, 3% 1.3 357 Fr /s A A AL B 7 32 | 1% 2244
7 AN S T RAZ T R A T R K B MDLs (MDLs = S X £,y .09, 3 8 7 ANE S BBRIE
Z(n=T7);n-1RHME;0.99 K 99% [ EAF X)), 45 R UL 4,11 Ff PAEs Jr ik i FRAE 0. 01—
0.07 mg-kg ™' YEFIP, X FpAabBET5 0] LU 2 138 PAEs 9T 22K,

F4 JTIEKHBR
Table 4 Method detection limits( MDLs)
PAEs DMP DEP DprP DBP DPP DHP BBP DCHP  DEHP DOP DOA

KB (mgekg™") 0.03 0.01 0.02 0.07 0.03 003 0.03 0.02 0.018 0.03 0.03

2.2.4  LHE PAEs FalE

FH_E RT3 008 T4 = Al DR 6% 5l 3 AR [R] A i H AR AR 4% 1. 3 757 BR iR E AT R b i A
S FHLINE ARYE PAEs Arf b i Of B3 B (16 2 A 5 P i) PAEs R PR 9 45 41 43 1) 0 1w AU 9
PEE (£ 5). TPAEs FHELE 2. 7—4.0 mg-kg ™' Z (], HHf DMP DprP . DPP g K4 i, DCHP ¥ & 45
i, 7£ 0. 05 mg-kg ' /47 ,DEP DEHP iS5 405,29 1.0 mg-kg ™', i T E HHiiA B4 15 PAEs ()
FEHIPRAERNG BRbRME , 2% 5 6 PP 18 PAEs ¥ 6l b5 HEFNG BRARE , DEP 1 DBP i 32 [Fl PAEs
HIFRUE(0. 071 mg-kg ™' .0.081 mg-kg ") (AL TFIAEIFEHIFRUE(7. 1 mg-kg ™' 8.1 mg-kg™") .
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Table 5 Determination results of the PAEs in three different site soils

PAEs JEthal L2 PR AR
DMP ND ND ND
DEP 1123.9 1061.3 1049.1
DprP ND ND ND
DBP 127.7 434.5 384.1
DPP ND ND ND
DHP 85.8 65.3 61.9
BBP 182.4 66.3 33.3
DCHP 55.1 53.8 48.4
DEHP 887.8 1725.9 1273.5
DOP 101.9 495.6 206.8
DOA 146.6 135.2 100.2
3 PAEs 2711.3 4037.8 3157.3

. ND AARKH.

3 45k

I HAE GC-MS B L3 FHRAVESEL, LIGESE 7 IRIEFER) PAES 16 i AR 137 (5 AR S 28 B0k i i
Febn , AL FFHESE—NFE 18 min NAE RLEF42BS 11 Fl PAEs AYZ 87 7 25, 45 9 6 0, R RE IR EE L GC-MS
2 CHRE SRRy 2C L B R AR 2556 7 WR A e v B o7 iR 06 T PR S R 507 A S . L v
Method 2 ( FERE TR A 250 °C, 42 B 4 280 °C, 2/ M 1.2 mLemin ™', BEREARF N 1.0 wL, 3E
ik HERE 7 20 R G B B S B R R T ST R B, PAEs 45 414 m Rt BR R
0.37—1.97 pg-L ™" J5 ik F T 3 RE i B9 52 , 734G R 0. 01—0. 07 mg-kg ™", 3 Ff A= 50 Jinkr 1]
WCRIEATE 93.0% —115. 0% o [F P, AT 8 H 5 HF R FREE PAEs 43t d EHoR 324,

& % X #
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Determination of phthalic acid esters in soil samples by gas
chromatography-mass spectrometry with internal standard method

HUANG Yujuan' CHEN Yongshan' LUO Yongming'** ZHANG Haibo' SONG Jing'

(1. Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,

Nanjing, 210008, China; 2. Yantai Institute of Costal Zone Research, Chinese Academy of Sciences, Yantai, 264003, China)

ABSTRACT

This work was conducted to develop a method for the determination of 11 phthalic acid esters (PAEs) by
gas chromatography-mass spectrometry with internal standard substance, and the separation of the 11 PAEs was
achieved by optimization of the oven temperature program and the carrier gas flow rate. After seven repeated
sample injections, the response values ( R) and coefficient of variation ( CV) of PAE peak area were
calculated, by changing some of the instrument parameters such as inlet temperature, the interface temperature
between GC and MS, injection methods, and the volume injected. The optimal conditions, of the GC-MS for
analysis of PAEs were as follows: the inlet temperature was 250 °C , the interface temperature between GC and
MS was 280 °C, the carrier gas flow rate was 1.2 mL-min~", the volume injection was 1.0 pL and the
injection method was non-pulsed. Under the optimal conditions, the detection limit of 11 PAEs was from 0. 37
to 1.97 pg+L™". This method was then used for analysis of PAEs in soil samples using Benzyl benzoate as
internal standard for quality assurance and high sensitivity. The detection limits of the PAEs in soil samples
were 0.01—0.07 mg-kg ™' and the spiked recoveries were in the range of 93.0% —115.0%.

Keywords: GC-MS, phthalic acid esters, soil.



