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GC-EI-MS Internal Standard Analysis of Phthalic Acid Esters in Fish
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Abstract The fish samples were cleaned up by Florisil, then analyzed by GC-EI-MS to determine eight
phthalic acid esters, diethyl phthalate (DEP), dipropyl phthalate (DPrP), dibutyl phthalate (DBP), butyl
benzyl phthalate (BBP), dipentyl phthalate (DPeP), dicyclohexyl phthalate (DCHP), dihexyl phthalate
(DHP) and diethyl hexyl phthalate (DEHP). The external standard and internal standard method were
compared, and the pretreatment method was optimized. Especially, the problem of analytical blank control
in this experiment was discussed carefully. The linear range of the method was 50.0~800 ugeL %, and the
linear correlation coefficient (R) was higher than 0.99986. The relative standard deviation of the method was
less than 12.7% with the recovery values ranging from 74% to 113%. The limit of detection was lower than
3.66 pgeL . The linear range, accuracy, precision and limit of detection of this method can satisfy the re-
quest of simultaneous analysis of PAEs in fish by GC-EI-MS.
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Figure 1c The structure and isotope abundance of DBP EI-MS fragments
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Figure 1d The structure and isotope abundance of DHP EI-MS fragments
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Figure 1le The structure and isotope abundance of DPeP EI-MS fragments
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¥ )% 4y 50.0, 100, 200, 400 1 800 pgeL " 1) PAES 1
CUbER A bRvEA P, RS R B =ik B 3 FE 1.0
UL, T4 EE 1.3 R, 4 A MRTE S W bR
Lo, TAEMME MMM R EBULE 1.

KM I, TR R 22 LA TAER)
Feg PE ), AT it e AT D¢ R AU I W
FRidie i, JLZRPEAOC R EII rTIA 0.99986 LA f.

K1 87l PAES HARMIIIRHILRE A8 1 (K E

SHTE L LOD RPEAHC AR B xR |

FIERIVER BRI PAEs FhRi%, mASnfEE 4
(R R R I, HAn AR LR 2, A TPk
G PAES 1 NERY. RN, [FA 2 AP % &
Py AR L, AT AT N AL TSR E EPA b
e 7 1 2 DL PR R S B A YRR, AN AL A b
YRERER R, HAAEIE R 53k, Sorh R
RG4S 8 Bl PAES GC-EI-MS 5 523 BT I N kR4

RSD DL KBRS 43 i 5 1 2

Table 1 Choice of characteristic fragments, blank values, LOD, linear correlation coefficient (R), recovery value, RSD and analytical

results of samples

o RS- Al LoDl HIRAHR L o BT 4 R (ugekg )
(Mool ) (Mool ) Shpbrik  bsik BO¥I% ERfn Jlfa Mdn B W6
DEP 149, 177, 178, 222 54.0 0.595 0.99837 0.99998 74.0 8.55 25 212 — — —
DPrP 77,104, 132, 149, 150 — 0.464 0.99921 0.99988  76.5 6.68 — - = = -
DBP 104, 149, 150, 205, 223 80.6 0.239 0.99914 0.99988 85.1 6.99 515 374 49.2 493 858
DPeP 149, 150, 219, 237 — 0.310 0.99887 0.99986 92.4 5.24 — - = - -
DHP 104, 132, 149, 150, 206 20.7 0.565 0.99903 0.99986  86.3 12.7 — - - - —
BBP 104, 132, 149, 150, 206 45.1 3.66 0.99929 0.99988 85.6 6.09 — 3.79 109 — 416
DCHP 149, 150, 167, 249, 279 — 3.22  0.99972 0.99996 90.8 9.55 — - - - —
DEHP 149, 150, 167, 249, 279 144 168 0.99926 0.99987 113 591 660 101 131 — —

a «

—” A/NT LOD.
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T PRI TR G ] B 110 B R 3R AT AT A B AR A1
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HEFE R, NN 8 Fh PAES TR A ArvEA I, A4 T-5on
SEZX 1.00 mL ISR 4 200 pgeL !, & 3~4 h, 4> HiE
MIECHE. S M IR IR A AR A HEEL
A, [ 1.2.2 AR, F TS RS R A 60~100 H
Florisil fit:#: +-(I7] 1.2.3), Yefli )24 60.0 mL EPA8601 77
VPHERE I T IE (20180, VIV), GC-EI-MS 43 #r 4%
R 2.

FRIE 21, TR 5 BB 1R T b ] g 23 5 L de B
FEACTHE L A3 BT LR, AR T DA R A A 1 R AR i, TR
PEI T K20, PO RIRME, 76 GC-EI-MS £
DU 5 PR AT 53 2 AL HE
2.2.2

DA A A 4RI (] 2.2.1 39), 20 BIZESER 4.0 g
i IR (100~200 H). 9 ALOs(Z 4T ) 60~100
H1100~200 H Florisil ff5 T AE R B I AR FEALCR.
Bl 2 a7 L, 6K 22 40 H AR 7, 100~200 H Florisil £
BRI, IR DR A e AL K.

2.2.3

PR AR HUS, LA 100~200 H Florisil e 4 - fi
W R, ) 2.2.2 1553 R ] 60.0 mL R LG LTk
Wi, LB E S (20080, VIV). L& LTEIIE C ¢
(20/80, VIV) S AR RIS IFIBE B 7, &5 R W& 2.

i FH 2 K /1E . 5¢(20/80, VIV)VEVEIEF, hnkx =l
RAEL S, AHEARZ MR e, GC-EI-MS 4t
ML Zemi oK, HIG/K CBEE R VERGR . REMERLR,
VEME A £ ZB811F C.4E(20/80, VIV).

x2

224

Al 2.2.3 57050 7% A R AR LR L BT IE e
(20780, V)L RIFALTI A B8R &l 3 A elie
2] L, 50.0 mL 143 i 71 R eIk B I CR.
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Figure 2 The recovery values of PAEs cleaned up by different
kinds of sorbent
(A) 1 AlOg; (B) Florisil (60~100 HY); (C) Florisil (100~200 H); (D) %
JK:(100~200 H)
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Figure 3 The elution curves of eight PAEs

MIERPBCR /%

. —0—DEP —A—DHP

—e—DPrP —=—BBP
—A—DBP —0—DCHP
—%—DPeP —+— DEHP

SR IR RISR BRI RIAS [RIDE B A 4 2 R b el i e

Table 2 The recovery values of PAEs extracted by different extractant and eluted by different eluent

ANFEFRBGHIZAE T Bk e R %

ANFIBEB A A T ks EeR %

H R4 T Ry AT

T chc, ok W ng’lﬁﬁf ?ﬁfﬁﬁ Z%ﬁf‘f’\ﬁﬁﬁ T
DEP 1.90 1.80 0.399 74.2 22.0 62.9 64.3 14.4
DPrP 0.96 1.02 0.266 69.1 18.6 72.8 65.2 17.0
DBP 11.7 13.3 2.30 74.1 53.3 81.0 83.9 15.8
DPeP 0.351 0.294 0.185 75.3 32.6 93.3 88.5 —
DHP 4.29 3.15 0.201 68.7 39.8 85.5 63.6 235
BBP 10.5 8.52 2.34 83.7 58.1 81.2 74.0 19.0
DCHP 9.14 6.23 1.95 79.4 51.3 96.0 81.6 n.d.
DEHP 14.0 9.30 1.92 91.4 71.9 93.6 103.5 9.39

b« __» %/J\{F‘ LOD.
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[l 5 T K ] e Bk A
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(5) fAERIAMIRSE, FE Al Ko T FF A 3

R bl, 454N n] B S A Sy Y. BY 10 4~ H.
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BAE AT, BT S8R A S S0 A 1R 40 W % e
iR 1.
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K% DEHP {145 (A1 A 144 ugeL ' 4k, Atk 4 Ff PAES 1)
25 {EI M LA pgel
2.3.2 LOD RSD

LOD — % LA 4 Hr kit fi 25 (Standard deviation, SD)
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WUIEA 2k A m 2 ) 5 B 9 E B A A L R R
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FBR 73 A1 25 L RIRE St (S B & S oL SD, JRRA
IETHEE LOD.  F3k 10 4 FF I ks (21 % Jz RSD 4521
W 1.
2.4

W AT T2 B i (1 0 B, AEAS H R AR T
HHBEALIG AR IR B B, 3 Fhik/KEaRn 2 Flosik f,
Fe R AT EE T VA EE fF 24 GC-EI-MS SIM 43T,
REFFERTAT 3 0, g ATk 1 odrgs Bk,
DBP fEfT A A #A R, HILESEmil LT
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th DEP Al DEHP = 2270 Bk bk th; 3 A AEdil £ ik
4 /b DCHP Kt (& 4).
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Figure 4 The GC-EI-MS SIM spectrum of eight PAEs in
snakehead and balang fish
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W% . LOD H1 RSD, [A]IS6 R ity (K A AL B AR AT T 4%
AL, JEILEE BT T 2B 3 ). S0 45
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