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& MAR R 7 Tl (DIBP) . 4528 —H iz — T BR (DBP) . 48K —H 8 — (2-Z %) T\ ik (DEHP) 5 PAEs,
e B 0.041 ~ 0.843 pg/L, 748 HHER (MDL ) 4 0.005 ~ 0.017 pg/L, 7 ERBR(LOQ) 0.015~ 0.051 pg/L, MR N 74.0 % ~
118 %, RSD N 1.1 % ~ 20 %. ZEi %5 ki iR T F ol B AR 26 IR 5, /KRR AL SR AR &, WA, WT 48, 3& Pk
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Determination of 16 phthalate esters in water by automatic solid-phase
extraction and gas chromatography-mass spectrometer coupled with stable
isotope internal standard

LIN Qi, WANG Peng, LIN Shou-er, et al (Fujian Provincial Key Laboratory for Zoonosis Research, Physical and

Chemical Laboratory, Fujian Provincial Center for Disease Control and Prevention, Fuzhou, Fujian Province 350001,

China)
[ Abstract )
extraction and stable isotope internal standard for the detection of 16 phthalate esters (PAEs) in water samples. Methods

Objective To establish a gas chromatography-mass spectrometer (GC-MS) method with solid-phase

Four kinds of one liter water sample (hemodialysis water, ground water, tape water, and bottled underground water) were
collected in a hospital, Min River, a residential house, and a super market in Fuzhou city of Fujian province; between January
and Feburary 2016, and then the PAEs in the sample were detected with GC-MS. The samples were quantified with internal
standard method and the samples were also spiked at low, medium and high levels to evaluate recovery rate and relative
standard deviation (RSD) of the assays. Results PAEs, including diisobutyl phthalate (DIBP), dibutyl phthalate (DBP), and
(2-ethylhexyl) phthalate (DEHP) ,were detected in the 4 kinds of water samples with the concentrations ranging from
0.041 pg/L — 0.843 pg/L. The method detection limits were 0.005 pg/L — 0.017 pg/L and the limits of quantitation were
0.015 pg/L — 0.051 pg/L. The recoveries of 3 spiked concentrations in 4 kinds of water were 74.0% — 118.4% and the RSD
was 1.1% — 20.0 %. Conclusion The method overcomes shortcoming of manual solid-phase extraction, and is of high
efficiency, good accuracy, stability and practicability, could be used in detection of PAEs in water samples.

[ Key words ] stable isotope internal standard; automatic solid-phase extraction apparatus; gas chromatography-mass

spectrometer; water; phthalate esters

Chin J Public Health, Apr 2018 Vol.34 No.4 -603 -

4B 2K — F R K 25 (phthalate esters, PAEs) J& i 1
WAy, Aotk Am ksl
BRI R ALY 188 L R T R 1 3
], By TiX, C& e MRk L34 b A
thh o 7K PAES Hij &b B4 AR A0 455 [ AH AL B, f2E B
A B, YRR A BRI A0 P A 2 R A IO, A I e
AR BT SR 5 1 RNRCRE €5 ik, G v B o il
FH I J2 AOME €8 3% — 5T 3% 56 A ( gas chromatography-
mass spectrometer, GC-MS) !, ABFFE T 2016 4F 1 —

2 1 R AR AR A R N B B IS B A L YL s
RO AR R ARB TR RE 1L, 2% Bk Uy
%, =LK 16 B PAEs £ € P [A) A2 R N bR - A 3)
[#] FH #E HL-GC-MSS 6 77

1 #REFE

1.1 EZZ2MNEFEELE 2 HIBBEHERIL AUTO
SPE-06D( & | 1% £} Reeko /A Al ), S AH (0, 1% — [ i B
FAY (€ H Agilent 23 F], 6890/59731 GC-MSD) ; {f,i%
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# HP-5MS( 0.25 mm x 30 m x 0.25 um, 3% [F Agilent
ol ) s AR 4RI N-EVAP-111( 32 & Organomation
Associates 23 1] ) 5 Sy g4 (AU SEAH] ) o

1.2 XA H#EM  IEC k(g #EE Merck 24
A ), AN B (Aagal, 2R ACS BAMEE A F]),
P (s al, 75 Merck 23 /) ) FIPS R ( ik al, &
[ Duksan A A ) ; A7 WL A 7 B2 AL B, [EIAH #
Bk Supelclean ENVI-18( 6 mL/500 mg, 3% [ Supelco
A7), Welchrom C18E( 6 mL/1 000 mg, [ i Welch
/A]), HC-C18 glass(6 mL/1 000 mg, f& [ CNW /A #H]),
Florisil PR(6 mL/1 000 mg, 3%[F Agilent /A ] ), Sep-Pak
C18( 6 mL/500 mg, 3 & Waters /A & ), HLB( 6 mL/
500 mg, KE I HGAH] ) o

1.3 SMARHE &k P R ik 54k A ik 16 Fl PAEs
B & Fr M & (1.0 mg/mL, custom phthalates mix,
116767-01-1ML i 22 15 4 W) ) L4« 482K — HI iR —
i ( dimethyl phthalate, DMP) | 48 — I iR — 2. ik
(diethyl phthalate, DEP) . 48 7% — W iR — % T g
(diisobutyl phthalate, DIBP) . 4 7% — H iR — T [is
(dibutyl phthalate, DBP) | 9% — B fig — (2—H &%)
Z T (di( 2-methoxyethyl) phthalate, DMEP) | 4 7% —.
R — (41 32— 2 ) Z 15 ( bis( 4-methyl-2-
pentyl) phthalate, BMPP) | 4B K — H iz — (2-2Z %
F ) Z 15 (Di( 2-ethoxyethyl) phthalate, DEEP) | 4B 7%
W R — J% B (dipentyl phthalate, DPP) | 4f 7% — H
12 — . BiE ( dihexyl phthalate, DHXP) , 487K —H g T
L FLBE (benzyl butyl phthalate, BBP) | 4878 — H iz
T (2-T & ¥ ) Z 15 (2-butoxyethyl ) phthalate, DBEP) .
8 R — B R — ¥ C P (dicyclohexyl phthalate,
DCHP) | 4B —HI iR — (2—-Z %) OV il ( 2-ethylhexyl)
phthalate, DEHP) . 4B % — Fl 2 — 2K [i§ ( diphenyl
phthalate, DPnP) | 482X — H /g — 1F 2% 5 ( di-n-octyl
phthalate, DNOP) | 48 & — H iz — T- fi§ ( dinonyl
phthalate, DNP ); #2Hi 1.0mL FJ% Mt (1.0 mg/mL),

FAPIR E 25 2 50.0 mL, B Ak S~ 20.0 pg/mL Y 1
BV . BB HC 1.0 mL " [E]), PN 2 25 2 10.0 mL,
Bk e & Ry 2.0 ug/mL A9 {d FH .
1.4 WAREE R, P RIRSE AR BRI D4
L~ HIfiR — T fig( D4-DBP, D4-DEHP, Dr.Ehrenstorfer
GmbH, 93 %) Fll D428 K —H R — (2-2. %) C fig
( D4-DEHP, Dr.Ehrenstorfer GmbH, 93 % )b5fE 11.31 mg,
PRRIEZS 22 10.0mL, FCHIPPREEI, W 1.13mg/mL,
T FH P A6 B A% A8 11.3 ug/mL B9 P9 AR (i TR
1.5 Hamffg A5 (K1) 20164F1 —
2 H T4 N R B e i S AT R L YL R R R
FER A T 49 51 % £E 5 T 7K (reverse osmosis, RO J2.
B L VLK (HR KRR ) L8 AR A K (A 16 TR
TR FHERER K (MR 7K) . 27% GB/T 5750.8-2006
CHEIWS IR KPR R 7 vk A HLahR ) B 5% BIS, R
FER AN DERE 205, SRR N 1L, 4 °C (1751885, 2 A
I SE o WNSROK AR 24 T, B4t 0.45 pm FLAR W
UE B RLUE, SRAE A SR AKFERT A2 40 ~ 50 mg W6
TREAIE A o TEKFEREE iz . e b B f
Rl B S 2 an ol 2 L, 538 B 55 2% NLAE 350 °C
RS 6 h, T T A LA R A R R R 3 UK
GC-MS F3 1 B I T i 26 ot rp iy e g 28 ml g 2
R A BT P B S, R IS e 4 (50 ~ 350 m/z)
()77 A HEATHAUE . BN 4 3l [ AH A B % )
B PREERAEH, B 200.0 mL BIZKEE, FEMIA 4 L C18
G5 Z ARSI (11.3 pg/mL), IRAIG FAE, GC-MS
SHERE TR - 250 °C 5 dERERE . R Ttk A,
fE AR 5 303 He; 3 & : 1.0 mL/min; FHIR 41
60 °C (1 min), LA 15 *C/min F+Z 220 °C, F-LL 5 °C/min
F+% 290 C (8 min), & Fii: El; HFHERE: 70 eV;
F 1R B 2 280 °C 5 B R BE - 150 °C 5 PO AT IR
B 150 °C; AR AEIR : 8.0 ming Y8 B F W (selected
ion monitoring, SIM ) .

R 1 EANEMERSE

7 PR pasiil 3% (mL/min) MR (mL) At ] (min ) Hepk
1 ik AR 5.0 10 14.53 JEW 1
2 ik IR 5.0 10 14.53 TR 1
3 ik FH 5.0 10 14.53 W1
4 ik afisk 5.0 10 14.53 JEW 1
5 LA 5.0 210 4233 JE 2
6 S 20.0 20 9.87 B 2
7 /'SR 10.00
8 THUEHES R FH 10.0 5 1.53 TR 1
9 THURE S A 10.0 5 1.53 W1

10 Ve ZEAHEE 2.0 10 32.53 gk
11 Bt 1.0 13.47 Witk
12 Bt 10.0 4.87 sk
13 B 10 mL CHC, 43 3 Y BRE I, 33 757K NaySO, SR &I Witk
14 TINER 1 0

15 il 174.27

—_
[=)}

VRS AR 2T, A 0.20 mL iF S 4EIR AT, GC-MS 5t
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1.6 it a4 PR (RT) 5 B 2 vk, Wi
B, IME 4 H BR (method detection limit,
MDL) . & = FR (limit of quantitation, LOQ) . [A] A}
B AR 18] W A (%) 5 A X bR E i 22 ( Relative
standard deviation, RSD ) #F 17 5k U6 3IE . 7K AR 4R 2K
THIREES A EEE AKX (D)IE, 458U ng/L £
/N (HI 6 NHENAR LI, J5 10 ME AR 2 15D

pP1XV]
=y (1

p A KRR HR AR R W R R AL A 1 1 o Tk
(ng/L) ; pl AH 24 F 5 o il £k A9 T W 2 (pg/L) 5
V1 MFER E SRR (mL) 5 V KA F (mL) .

2 & R

21 Mo B-FiEFE (H1.%£2) PAEs

PR RIS AT GC-MS 43#r, #R 4 PAESs Hriff: (3%
1115 5 it Vel S 5 90 i P IF T 5 ik o AR
BT

34

1700000 1 2 ¢
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3 1300 000
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56

9
l[o 1%?4

” s

[

10.00 12.00 14.00 16.00 18.00 20.00 22.00
N 18] (min)

B

: 1. DMP, 2. DEP, 3. DIBP, 4. DBP, 5. DMEP, 6. BMPP, 7.
DEEP, 8. DPP, 9. DHXP, 10. BBP, 11. DBEP, 12. DCHP, 13. DEHP, 14.
DPnP, 15. DNOP, 16. DNP,

1 PAEsIRAPRAER T A5 (2 000 pg/L)

T2 16 FhARAR I RRIR IS AL & W O B I 8] 5 00 g 1

5 Rl {3 B[R] (min) EEET (m/z) SEMEF (m/z)

M 1 D4-DBP 14.25 153 209, 227
1 DMP 9.39 163 77, 194
2 DEP 10.54 149 177,121
3 DIBP 12.62 149 223,205
4 DBP 13.40 149 205, 223
5 DMEP 13.74 59 149, 193
6 BMPP 14.51 149 251, 167

AT 2 D4-DEHP 21.16 153 237,209
7 DEEP 14.83 72 149, 45
8 DPP 15.20 149 219,237
9 DHXP 17.29 149 104, 76
10 BBP 17.44 149 91,206
11 DBEP 18.85 149 233,205
12 DCHP 19.51 149 249, 167
13 DEHP 19.73 149 279, 167
14 DPnP 19.87 225 153,77
15 DNOP 22.09 149 279, 167
16 DNP 22.79 293 149, 71

22 BE#FRAE‘SF X HC-CI18 glass, Supelclean
ENVI-18, Welchrom CI18E, Sep-Pak C18, HLB I
Florisil PR # HUAE #EAT 45, 1AL T/, HEMA
PARTE IR 4 ul, SMAROE IR 50 L, I 10 mL — 5
HHE LA 2.0 mL/min P /B0, ¥ 4 & %8 £ 1.0 mL, F#1
W 5E , HMFR T R 7 3R AR 5 TR AR B 48 X [1]

W, bR SR SR AR AT R (n=2) .
FEFIERE SN AR (1) [RAL 3R P bR 4 0T [ 32 4
() AJETH/N, SMRAEXS IR (3) EELEREE .

ERSIIEY RS VESE A RS S E GV N N
BEE, B HC-C18 glass, 4% A BUH: N7 D4-
DBP Y D4-DEHP % [Hllfi%(n=2), HLB 4 24.5 % ~
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29.8 %, Florisil PR 46.1 % ~ 60.5 %, H Wi
i, 4 HERS HLB A1 Florisil PR, Supelco ENVI-18,
Sep-Pak C18 Fll Welchrom C18E & 72.5 % ~ 134.3 %,
Supelco ENVI-18 ., Sep-Pak C18 £l Welchrom C18E 4[5
AHXF IR AR : Sep-Pak C18 H DBP 353 439.2 % ~
806.1 %; Welchrom C18E ' DNOP 2 132.3 %, DNP
146.2 %; T Supelco ENVI-18, ik DMEP70.7 %, DEEP
60.4 %, HATE 82.5 % ~ 112.6 %, H Yk Wi 1815 To 24
B o ZEAA RS bR L ]I R T, R
Supelco ENVI 18 ZEHiUFE

23 A TR EBARE HRBLIEAE  Supelco
ENVI 18 [ A ZE BTG AL . ndr (2.2), S B el
W LA 2.0 mL/min Y3V, DL 2 mL oy —Bt, 73 B
WCE VR . LIARTLV MR AL bR, & Bk i il 15
Wy 0 TR AR A S A A A 2 s [Tl 8 . 10 mL I,
16 BRI 4 34 78 70 e it o 00 AR B 7 10 mL,
TS HBE 10 mL 4351 LA 2.0, 5.0 A1 10.0 mL/min f4 3%
J S BE o M TR B (= 2), W50 R 0 R Wk
FEANE 1mLo DIPRMGEE B2 B A b, 45 5 00 4y i 1]
FURGNALFR, L HAS [R] Pk 10 8 B ) e A SR . KB
A9 BT, PR AR TE A 8 22 5], {H DBP Fifi & 1 M 1
JE A 36, HC 0 T BB R R T D o B R I e
> 2.0 mL/min,

24 FBAERR FEBAEWEE AR (2.2), Ny JE
41 25 psi, KT 10 min, #R)5 10 mL — 5 H ¢ 2.0 mL/min
HE PR, B4 E 1.0 mL, B S N bR E R
BMPP 1] 97.0 % (£ & 66.9 % (n=3), AL AN
Ko BEIA WAL i b H A A 9 2 52 /0
25 HSARMAERN X 614K KRR,
TAR IR BE 0.500 pg/L, % 1.5 AL TEAL TR, 3 34 — A 1
b5 VERE iR IR, AN 3 Y E AR TR, B RESM T,
WAREE . R EH AW B% Ve, Wik D4-
DBP # %f [1] 450 28 22 51l A K, 1 84.4 % ~ 99.4 %, 1M

D4-DEHP N #1 M\ 182 % ~ 48.9 % J+ & 84.7 % ~
94.2 %, FE4HH BMPP [1) 46 %} IR N 22.4 % ~
33.0 % T = 74.0 % ~ 78.3 %, DHXP M 303 % ~
50.2 % F+% 87.5% ~ 112.0 %, DNOP M\ 22.7 % ~39 %
THZE 745 % ~ 96.1 %, [F W} i T N #r D4-DEHP %44
Xif ] 0 % 2 =, DEEP A X [0 Ui R i 166.0 % ~
1933 % [% % 88.1 % ~ 116.5 %, H A4y TC WA W A8 4k .
PRI I A 1 30 I3 A DR T A 0 4 1 O S D, R R
I E W e vk o

2.6 B R MMM AR K E ZE AT E R PAESs
AN, KBEZZRFE AR T R E . A
FENR 53 T 9 R IS 05 Yy, T A R R0 A e 2 A
EAJE T4, [F B4 2K k¥ &4 DIBP. DBP,
DEHP 4§ PAEs, 23X fift 435 771 2 A e B2 /K - 1 4
FEA R, N 2, R RBUR A A AL 4y
Brad B 28 L KRR 2SS S48 it R 1T AR I TS R, DA
S BLTE R | AT EE

27 MAEWMZE S FEAEER (K3) BER
2.0 pg/mL IR AR ERE FH 10 | 50 | 100, 250, 500 Al
1 000 pL, A P bR Aff I 20 uL, 1F C % E 45 2
1.0 mL, Bl A% 20 ~ 2 000 pg/L & EEFRERT 2, AT
HERE (n=2), THE R 28 N A5 5 4% o 00 40 06 1 A
LS 130 0 ) 22 80 R B Ry i AR A x(pg/L) , 4 or 5
AH S PN i 07 (B EE 1B R DN A bRy ( As/AT) 2 il 45 41
O3 I AT oE 2k o Rl SCRRO), S5 R R R
(instrument detection limit, IDL), LA #7 7K Sk 35 ot ik
FFINbR, W B 0.020 ~ 0.030 pg/L, T & H145 7 ke
i, T R e g R0 bR E R 2 s, 18 A S
MDL = $7( 1. 1000 FEH: s AIBRAE SR 45 5 945
WEA 225 ¢ 2 3 H A n-1 B % Student' s {8, 7] £
tEHFREE], Y =70, 7 99 % B5X[E] (¢=0.01)TF,
t=3.14;n=ARAE S8, n = 7, 315 MDL HI
AEFEMR(LOQ) .

&3 PABs RMEVE R [T MG R (r) | J7 ik A BR (MDL) g &2 R (LOQ) (n=7)

75 Hoy LMEEHE (pg/L) EYEpy r MDL (pg/L) LOQ(pg/L)
1 DMP 20 ~2 000 y=10.005 4x + 0.055 0.999 7 0.010 0.030
2 DEP 20 ~2 000 y=10.0052x +0.030 0.999 8 0.011 0.033
3 DIBP 20 ~2 000 y=0.006 0x - 0.037 0.999 8 0.014 0.052
4 DBP 20 ~2 000 y=10.007 2x + 0.168 0.999 8 0.012 0.036
5 DMEP 20 ~2 000 y=0.002 5x - 0.103 0.9950 0.005 0.015
6 BMPP 20 ~2 000 y=0.0030x-0.118 0.998 8 0.011 0.033
7 DEEP 20 ~2 000 y=0.001 5x - 0.005 0.999 8 0.012 0.036
8 DPP 20 ~2 000 y=10.004 0x +0.142 0.9989 0.013 0.039
9 DHXP 20 ~2 000 y=0.007 7x - 0.142 0.999 6 0.017 0.051

10 BBP 20 ~2 000 y=0.004 2x - 0.062 0.999 8 0.015 0.045

11 DBEP 20 ~2 000 y=0.001 Ox - 0.020 0.9990 0.009 0.027

12 DCHP 20 ~2 000 y=0.0059x - 0.081 0.999 8 0.015 0.045

13 DEHP 20 ~2 000 y=10.004 7x + 0.026 0.999 5 0.013 0.039

14 DPnP 20 ~2 000 y=10.006 4x + 0.006 0.9990 0.016 0.048

15 DNOP 20 ~2 000 y=0.003 5x - 0.061 0.999 4 0.011 0.033

16 DNP 20 ~2 000 y=0.000 5x +0.011 0.999 4 0.017 0.051
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2.8 SEERAMEME kR SAEEE (24,82)

PR A A, 43 BIXENTK (RO B ) | YL
K b KK ) A AR AN K CAE TR AR A K )
TR K (bR 7K ) % 4T PAEs AJK A& (n=6),
FEIATAC . P 3 R K IR SR (n=6),
A RICR S5 A% R R 22 (relative standard deviation,
RSD). 4 ZE/K{K PAEs A JiK: i#H17K DIBP 0.089 pg/L .
DBP 0.196 pg/L; [ {T.7K & Z ' PAEs, L\ DEHP # =

(0.246 pg/L), H AT JE 0.025 ~ 0.201 pg/L; & M K
#47K DIBP 0.112. DBP 0.843 1 DEHP 0.110 pg/L; Jffi
42K 7K DBP 0.151 pg/L il DEHP 0.115 pg/L. J5ik
KBRS 0.005~ 0.017 pg/l, 7 ¥ E & R

0.015~ 0.051 pg/L, 714 % 74.0 % ~ 118.4 %, RSD
1.1 % ~20.0 %, 0 4 287K PAEs #9 5E 7
AR, BRUE

T4 4 FAEENAR [FISCRFT RSD(n =6, %)

JIRAEE 0.100 pg/L

JARHE 0.500 pg/L

JARHSE 1.000 pg/L

5 Hoy
BN RSD(%) B RSD(%) [ET e RSD(%)
1 DMP 85.8~93.6 51~183 86.6~97.4 92~126 84.6~98.1 9.7~15.1
2 DEP 85.7~94.1 50~12.7 87.5~94.0 7.7~13.1 89.1 ~94.6 8.8~13.8
3 DIBP 98.2 ~105.9 11.7~19.2 93.7 ~ 106.3 59~13.1 91.4~102.4 43~108
4 DBPs 95.3 ~ 100.5 8.9~18.5 95.8 ~ 103.8 77~11.7 96.3 ~ 103.2 82~98
5 DMEP 74.0 ~ 76.4 44-~9.1 75.5~86.3 4.1~127 75.5~81.2 3.6~93
6 BMPP 80.9~92.3 1.1~8.7 79.3~90.3 8.1~125 84.0 ~ 85.9 6.3~9.5
7 DEEP 81.9~95.0 8.5~17.5 78.8~91.7 72~128 76.4 ~93.1 8.2~ 14.1
8 DPP 79.4~97.2 5.6~12.1 88.9~93.6 58~10.5 83.3~97.9 9.0~15.6
9 DHXP 86.5~99.8 24~10.1 87.0~99.9 48~12.9 90.4 ~96.2 11.1~18.1
10 BBP 94.2~109.2 13.7~ 159 87.9 ~95.6 7.0~ 16.1 83.7~96.6 78~15.6
11 DBEP 91.2 ~ 100.6 92167 89.5~93.2 34~123 84.0 ~93.3 48~136
12 DCHP 100.2 ~ 108.5 6.5~122 92.6~98.0 55~139 89.4~98.6 5.1~20.0
13 DEHP 104.0 ~ 118.4 8.1~127 95.1~112.1 6.1~10.5 101.6 ~ 110.3 6.6~124
14 DPnP 96.9 ~107.3 78~19.1 84.1~97.8 8.7~125 86.5~92.8 122~15.7
15 DNOP 90.8 ~ 95.5 52~143 74.1~91.8 132~19.6 81.9 ~94.3 12.9~19.7
16 DNP 97.7~104.6 76~174 102.7 ~ 108.7 7.8~19.4 101.0 ~ 104.4 53~11.0
AR B R
ERTK AR
50 000 800 000
40 000 600 000 [T
30000
400 000
20 000
10000JL 200008 "l I lll ll . IJA Ly
or T Y] " v T T ' s
~10 000 e ~200 000
—20 000 BT H ~400 000 YT 7K 2
-30 000 —600 000
—40 000 . . . , . . .
10.00 12.00 14.00 16.00 18.00 20.00 22.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
1] (min) FF ] (min)
CFE
100 000 " " .
20 000 B AR KR
60 000
40 000
20 000
0 (U0 LA Aaas v”r‘i{r' Y v
-20 000 i L
—40 000 EPIARN AR
—60 000
—80 000
10.00 12.00 14.00 16.00 18.00 20.00 22.00

5 18] (min)

TE: ABHIKE FLSIbR : B BIVLKES (1 50k s C & MRAEAKZS 15 s .

& 2

KPPk PAEs Jinbs (3% & ONbr i &4 0.500 pg/L)
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A T A 44 21 (World Health Organization, WHO )
FIAE K 7K o DEHP 9 5 K SR 1P - 8 pg/L; 5%
E ¥ % J& (United States Environment Protection
Agency, USEPA ) #L %€ FRAE 4 6 ng/L; & F (A= 1E ik
FH/K BAF5#E ) (GB 5749-2006) DEHP . DEP Fl DBP
A BRAE 23 591 4 8 pg/L. 300 pg/L F1 3 pg/L.

N 4k 7K #&H PAEs LA DBP. DEHP #l DIBP Jy
F . sk U5 sk B U9 DBP 0.08 ~ 9.8 pg/L, DEHP
0.05 ~ 12.6 pg/L 1 DIBP 0.196 pg/L) A% F £ (1115
J& B # U2 DBP 46.79 ~ 212.52 pg/L, DEHP
2.67~5.94 ug/L) . Ji%E7K E NI DBP 164.51 pg/L,
DEHP 129.17 pg/L 1 DIBP 309.29 pg/L ) & FEFHN3 151
(DBP 0.062 ~ 6.5 pg/L, DEHP 0.02~ 1.68 pg/L il
DIBP 0.1 ~ 1.89 pg/L) o [H P4 A& i 1k A Ak 1o - 17
DBP( 0.21 ~ 124.29 pg/L) , DEHP( 1.18 ~ 3.90 ug/L)
Fl R kU8 -IDBP( 5.0 ~ 8.3 pg/L), DEHP( 1.1 ~
6.5 ng/L) o AMHF5E 4 5K K PAEs L & %2 ) DIBP.
DBP il DEHP K &, H #4b F # K 7K F (0.041 ~
0.843 ug/L) .

PAEs K1 5 72 H A [ AH 26 B2 8800 A i
5, MDL 0.18 ~ 1.86 pg/LP%, [# HH 2% Bt —i#A 1 500 T
B 2, LOQ 0.002 pg/L ~ 0.632 ng/L P, @ 1t £ B
T 41 K & (MWCNTSs) & A8 %5 Bt -GC-M S %, MDL
0.04 ~ 0.47 pg/L 2221 [FEHAFEEL-GC-MS/MS %, MDL
0.007 ~ 0.012 pg/L 1 3R 5 45k T 3 [ AH ZE B
RER R ERAEASE | FBE 2, I h A AR O
U, C18 B8 Y 4 [ 3l [ A % B - GC-M S ik Y]
MDL 0.1 ~ 0.9 pg/L ABF5E i AR e PR 57 28 P bR—
4= [ 3 [ A 2 B-GCM S 35 Il %E 7K 1 16 Ff PAESs,
MDL # 0.005 ~ 0.017 ug/L, H: 5 & | K5 % B Al E
SRR 5, 3 AT /K PAEs ARG .
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