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( BUCHI ) ( LABCONCO ) ; Mili-Q Academic (
MILIPORE ) ; SE812 ( ) ; KQ-600DB (
).
111  PAEs ( Dr Yy 1), (
) ( TEDIA ), ; ( Dr )
:60—100 ( Wz. der Floridin )
1 11 PAEs
Table 1 Information of the 11 selected PAEs
1%
Dimethy! phthalate DMP 99.0 CoHyp0, 194. 18
Diethyl phthalate DEP 99.0 C,H,0, 222.34
Dipropyl phthalate DprP 99.0 C,H30, 250.29
Di-nbutyl phthalate DBP 99.5 C16Hy 0, 278.34
Di-npentyl phthalate DPP 99.5 CH, 0, 306. 40
Di-nhexyl phthalate DHP 99.0 CaoH3 0, 334.45
(2- ) Bis( 2-ethylhexyl) phthalate DEHP 99.0 C,iHys 0, 390. 56
Di-n-octyl phthalate DOP 99.0 Cyy Hig O, 390. 56
Benzylbutyl phthalate BBP 99.5 C1oHyy 0, 312.36
Dicyclohexyl phthalate DCHP 99.5 CyoHg O, 330.42
(2- ) Di( 2-ethylhexyl) adipate DOA 99.5 CyHy Oy 370.57
1.2
(0.0001 g) PAEs 100.0 mg-L™'
4 C . 100.0 mg*L™"'
1.0 mgeL™"  10.0 pg-L™"
1.3
a
10.00 g 60 1.00 mgeL™'
( BB) 100.0 pL L:1(V/IV) 30 mL . 25 C
30 min (1500 remin~" 5 min) .
L=1(V/IV) 20 mL 15 min . 3
(70 mL) (350 remin~" 40 C 80 remin"') 1—2 mL 3—4 mL
1—2 mlL.
( 0.8 cm 26 cm)
2 c¢cm 3 10 em
3 2 mL)
5 mL
1—2 mL 3 mL <1 mL
1 mL
1.4 GCMS
: DB5SMS (30 m x0.25 mm x0.25 mm) s He( >99.999%) ;
1.2 mLemin~"; 250 C; o T : : : :
150 C( 1 min) 30 Cemin "' 200 C( 1 min) 8 Cemin "'

280 °C( 3 min) . 5 min 285 C.
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230 °C; 280 °C; 1.012 kV.
2
2.1
PAEs
PAEs ;
10.0 pgeL.""(A) 1.0 mg*L™'(B) PAEs
7
( 2) 11  PAEs 18 min
2
Table 2 Instrument analysis parameters setting
/C GC-MS /°C ! /uL
Method 1 200 280 1.0
Method 2 250 280 1.0
Method 3 280 280 1.0
Method 4 250 280 1.0
Method 5 250 250 1.0
Method 6 280 250 1.0
Method 7 250 280 2.0
a 25 pis 1 min; 1.5 min : 20 mLemin !
2.1.1
11 PAEs (
320 °C)
1.0 mLemin™" 1.5 mLemin"' 1.2 mLemin ™'
50 °C( I min) 30 Cemin"' 200 °C( 1 min) 8 °Cemin "' 280 °C
( 3 min) 18 min 11 PAEs 1 1
DprP
28+ *BB
DMP
261 DEP
24+
2+ DBP
20
~ 18F
2 16k DPP
X
® 4t
# 12k
DCHP
10 |- BBP ‘
8r o .DL-HF
6 | ‘
4r I ‘ DOA || DOP
b ‘ . | “ | I |
600 7.00 800 900 1000 I11.00 12.00 1300 14.00 1500 16.00 17.00 1800
t/min
1 11 PAEs (1.0 mg*L™")  GCMS (* BB )

2.1.2

Fig.1 Chromatogram of 11 PAE standards (1.0 mg*L™")
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Fig.2 The response values ( R) and coefficient of variation ( CV) of PAEs peak area with inlet temperature

2.1.3 GC MS

GC MS MS GC MS
2
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Method 5 ) ( Method 6)
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1 Method2 R = Method5 R Method6R = Method2CV  —4= Method3 CV —#=Method6 CV

500 A 716.0 450 g 916.0
450 J140 400} —14.0
40.0 - - ~ 3501 ©
T e 5 7 N ES
v —100#'*?‘ X 300 N @
* | y i
a 300 JFJ; % 250 N g
"Z‘ ~ — i = y) =
= 25.0 802 B L, N =
= [ m K i
w200 460 -E e N z
= TEE 5 \ e
&= 150 g # \ =
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Fig.3 The response values ( R) and coefficient of variation ( CV) of PAEs peak area with GC-MS interface temperature

2.1.4
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Fig.4 The response values ( R) and coefficient of variation ( CV) of PAEs peak area with injection methods

2.1.5
MS ( )
5
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—— Method2R  mmmm Method7 R —— Method2 CV - 4 - Method7 CV
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Fig.5 The response values ( R) and coefficient of variation ( CV) of PAEs peak area with injection volumes

2.2

2.2.1 PAEs

100.0 mg*L ™"
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50.0.100.0.250.0.500. 0. 1000. 0.2500. 0+ 5000. 0+ 10000. 0 pg*L"'

1000.0 pgeL™" GC-MS PAEs
(S/N) S/N=3
PAEs ( 3) 0.37—1.97 pg-L™".
2.2.2
. 3 PAEs
1.0 mg*L™"  PAEs 50.0 pl. ~ “1.3 7 3
93.0%—115.0% 2 DMP.DEP (68.9%.53.1%)
DMP  DEP * . DEHP (160%)
DEHP
21 25 .
3 PAEs
Table 3 Regression equations and detection limits of PAEs
PAEs min : (n (pgeL” 1/)
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
1.0 mg*L.™"  PAEs 50.0 p. ~ “1.3 "~
7 MDLs( MDLs =S Xt(,_; g.90:S 7
(n=7);n-1 ;10.99  99% ) 4 11  PAEs 0.01—
0.07 mg*kg ™' PAEs
4
Table 4 Method detection limits( MDLs)
PAEs DMP DEP DprP DBP bpp DHP BBP DCHP DEHP DOP DOA
/( mg-kg") 0.03 0.01 0.02 0.07 0.03 0.03 0.03 0.02 0.018 0.03 0.03
2.2.4 PAEs
3 “.3 7
PAEs PAEs
( 5).XPAEs 2.7—4.0 mg-kg™' DMP. DprP. DPP DCHP
0.05 mg*kg ™' DEP.DEHP 1.0 mgekg ™ PAEs
6 PAEs DEP  DBP PAEs

(0.071 mgekg '.0.081 mgkg ") (7.1 mgekg'.8.1 mgekg™') *.
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5 3 11 PAEs /(ngekg™)
Table 5 Determination results of the PAEs in three different site soils
PAEs 1 2 3
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
> PAEs 2711.3 4037.8 3157.3
. ND
3
GC-MS 7 PAEs
18 min 11 PAEs . GC-MS
N 7 .
Method 2( 250 C 280 C 1.2 mLemin ' 1.0 uL
) . PAEs
0.37—1.97 pg-L™". 0.01—0.07 mgkg™' 3
93.0% —115.0% PAEs
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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 mLemin~' the volume injection was 1.0 wL and the
injection method was non—pulsed. Under the optimal conditions the detection limit of 11 PAEs was from 0. 37
to 1.97 pgeL™". 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 mgekg ' and the spiked recoveries were in the range of 93.0% —115.0%.

Keywords: GC-MS phthalic acid esters soil.



