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RAA A EAE RRA BB ERE R

RSV E BB iR

W B

HR2K W BR —(2- ¢ 3 € K5 (di (2-ethylhexyl)phthalate, DEHP) 4 & i% 4% Ji 84 % 4b
FlZ— 0 RAXG G TR o {24 & FHHADEHPR E € AR L AR IR 4
] 1 ¥ % e B Z R AT A &R 8 o BRI I #FF %8 B (International Agency for Research on
Cancer, IARC)#FDEHP#7 % 2B 42 7T 78 205 4 (possibly carcinogenic to humans) © 106 F
W R H XHEIR A AT BRI T AR G A AR DEHPIR X 5k 38 45 A7 97 B 45
o R BEF NP RS P R OK P BRES FAAR B 7 ik 2 € AR PR (limit of quantification,
LOQ) & 7 By FRAR MR » fo ik | ALK 2 ik 77 A DEHP R 2 45 R - W B AT A B
Z AR R S LR R X AR MR B ARIRETE 50.05 mg/kg 0 #%
F BB 3 6L AR R K X DEHPZAR AR 7 ik » AFF R 5F T s F AR — W BRBs 48
BACH RS T ik | BT R B AR R dh 4 0 ARM GG 42 - 50 ng/mL -+ 3B
¥R o PR AR R AT B B E S 4R (liquid chromatograph/tandem mass spectrometer,
LC/MS/MS)EAT 5 ° s B R & 7 J df T 7K F 75 470,002 %.0.005 mg/L= 4% 4
S P e ] 498.498.0% 5 A T K iR A20.002 mg/LAZYE S 2 F) B i
BB GG L5.6854% ATk AR M EAAME R Ryikx 2 E
F2 [ 40.002 mg/L ° VAZE L2 ik AR R0 & SR K - L @M % APET
5 BB E 85 (50 %60°C) 7R - AMERAT IR 4RT RIS 0 &
R A HDEHP ©

RASERT MR R (2-CECE)E - BREAK - SRR  RAEETHRBERE
&

|

Al ire w
FeiR R R DEHPE KB -

Hep DI R BN A B R = - RUTBYR
/NEUH AT U T

WA ZHB Z(2-2HE S E)EE(di
(2-ethylhexyl)phthalate, DEHP) 5y iz B2 i FH .2
AL - AT DG IR B - RARE
A& RBRRIGHRER I « i@ - 8
£ EMEMMLEE" - DEHPAIREH E &Y
e an B RS BRI B A A - T AP R R
il ~ W A BHER f A SR R R LA

@ T BRI E BT 92 B (International Agency for
Research on Cancer, IARC)fA20134E K DEHP
B% By 2Bl AT BEEUEE Y (possibly carcinogenic to
humans) °

DEHP /K 5 % X » %70.0006 - 1.3
mg/L"Y o FF LB R S R A R T E AR A Ak
DEHPFR = AR - Fla0 - 5 4 fH #k(World
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Health Organization, WHO)FRERFEZK7K'E$85 |
HHET EDEHPEE R R 5 550.008 mg/L® - £
BR{£%& (United States Environmental Protection
Agency, USEPA) B B FH 7K 3 SRR AE o 8
DEHP#: KA 7F15 YRR 550.006 mg/L® » #f75
T B R Bl 53 B ¥ 8X 7K R DEHPE T 0.009 52
0.01 mg/LZEHIEAES - HRT=HE " aHK
JKEREME | R0 TR AEA A K R R AR K i AR
R | MRE] EDEHPZ [REREHE -

105 HEE N HECG(HEE)ETS
T ER BTN S B Ak R B AL R YA AR
REFEANRE?28 - 50°C)ETH @ SEHE R
HURDEHP & &8N " B AR —HEE
FERE B LA b U7 2 EMmR(limit of
quantification, LOQ) 0.05 mg/kg ' » {HK F7 ik
ZLOQERBIFE IR EAFHE(AN + USEPARTE Z
0.006 mg/L) » #tDAME R HIE M -

B TSR SR F IR - A
DEHP.Z A fg - #DL " B alios ik
FedH AL b B 7% o R AELER - B SR
KR —RR (-2 O ) B2 fabe i
% 0 T TR RS AR A K E IR B e 0
MBS A -

MFERTTE

— MR

() g AR U
1064E11 ~ 12 5 B &AL 555 K (F F1] i
JEREEESRK ~ IR K~ digd ok~ Rk
FV0 AR KE R - BE L E R
BRI - FETUAE IR -

CIEFEH AR
b = B R 25 g OB Batch % A\
ZEEE o HEEREIEEREE - 5
R ARG HAsrhmiE mRER=E
(20 - 25°C) » H—HAFEIAS0°C 2 TR

TREAE - HASHREs —HAE R = IR 20
- 25°C) » SRR 60°C 2 TRV 1AL ¥
6 o 7B Rl A B AT B R SR 1 ~ 457
FAETTHUR ] - FhF B A A e — -
ENAR SRR
1A R ZHE -2 2 F)EE(99.7%)
(Fluka, USA)
2MAEZHEB _(2-LECE)ERLE
N A #E L (DEHP-d,) (97%) (Toronto
Research Chemicals, Canada)
3. ZIE R B R LC-MSHR - AEAEFLC
#52(Avantor Performance Materials, USA)
4. FF R % F 5 32 Ff #f(Nacalai Tesque,
Japan)
() Y B PR HE VA TR B B
HUAR A — H#E —(2- 2 H: O ) EE-d,[F A1 3R
NELEEHE 14910 mg » FEHEREE » DIFFEE
RN EARZE10 mL 0 {E R N E R
T FRA°CRY(FOR T < B FH s B 2 P AT
HHEJF - InREE T KRR ] mg/mL
AN HEVATR -
(BIREEE TR R
HU A — R —.(2- 2 F: O 4 B U AR
HELRI100 mg » FEWEREE » DL ES VA LT
ERZEL0 mL o (FRIEMEF - fR4°CHy
O « fof FH s B S A VB RO - n <t
TARFEEZED mgmL - EEIEHERTR -

]

(AT R E R R B A AT R
(Acquity UPLC®, Waters, USA B #r B 3t
(Xevo® TQ MS, Waters, USA)

(@ HTE FE (Acquity CSH™ Phenyl-Hexyl, 1.7
mm, 2.1 mm x 10 cm, Waters, USA) ; ffH{E
&} (Acquity UPLC® BEH C18, 1.7 mm, 2.1
mm % 3 cm, Waters, USA)

(5) 2= B 1 7k B8 B (Millipore milli-Q,
Millipor, USA)
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Beclace
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= IR 50°C fatek * E IR FEE 60°C ffEiH
MUER 547
| | | |
1 | 1 |
it it & il
B i !
i\ = R
A i 7
i} x X PN

B— - fEEsbniE s EE

(95E SR & 25 (Vortex-Genie 2 mixer,
Scientific Industries, USA)

(BB & E R (VCX-600, Sonics &
Materials, USA)

(B TR 4F (EFL-3, ESPEC, Japan)

= R RS

(i LD
FETEE R BE 080 uL » A A
ul - fEEIR A A o RS
1 BRI R - SRR S R
AR -

()RR ZE AR 2 A
BT /K980 pL » A NAEIA 20
ul o fEEE S E - EERERER
W

Nt N
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PO ~ 1RAEHRAR 2 S

FEMERT mg/mLEEHEAWE2 - 50 uL @ IR
11 mg/mL A SR AE VA W 20 nL K BT 7K -
RS mL > fEEES4 - S HIEAR
FEFGHT R R - R TS IIGRIEETT 0T
FELDEHPEIDEHP-d, . & & B 1 I H 18 2 kb
{E - BIDEHPININZIRFE » #E2 - 50 ng/mLZ
FEEE HR A (15 P IORE AR IR [l 57 1/ XGEE A TG LE » DA
e R BE ) -

I~ BERBEERTE
(- UPLCHHrfett:
1. BEIEA W (A)E0.1%H 2 ZB7E
0 (B) 0.1% AW - WkFR—HE
LT 4T
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2. EFRIRFE @ 40°C
3. i 0.4 mL/min
4. FEAE 10l

&—  BERREETRENERE

Time (min) A (%) B (%)
0 — 20 25 —> 50 75 — 50
20— 72 50 — 50 50 — 50
72— 13 50 — 80 50 — 20
73 — 95 80 — 80 20 — 20
95— 9.6 80 — 100 20— 0
9.6 > 12.5 100 — 100 0— 0
125 — 12.6 100 — 25 0— 75
12.6 — 15.0 25 —> 25 75 — 75
(CYERR

1. B =« AL IEBE T (BST)

2. BAlEERE : 3.2kV

3. IABHEBUAE ¢ Nitrogen 800 L/hr

4. ISBHEEORE © 500°C

5. BEFURIREE © 120°C

6. JEREHE R BE JH : Nitrogen : 100 L/hr

7R R - 2 E S (E A (multiple
reaction monitoring, MRM) * &1 T
#F  HEREHEEEEE (cone voltage)Eifilf fE fE
= (collision energy)4ll N5 -

RO CMECRB_QC-EACR)ERERNEZE

REERRIES2E
i) ,
:/E 735” g@i \\, VNN
T T (> g
EEVNEET(m/z)
391 > 149" 19 23
DEHP 391 > 167 19 9
DEHP-d, 395>153 18 20
T

ARE: GlE S Eg-—p:la

FEHEE R © TARZE E R R R E A

210 pL o S HIE AR T R B E R T
DL ESRBRAET AT SR i B AT Hh AR A TR
2R VR IR R BEAE S e o R LR T - AR
THIEEAK RSP DEHP & & (mg/L) :
& DEHP.Z & &(mg/L) =
(C-Co)xV
M x 1000
C : HIEHEHR KIS HDEHP Z IR &
(ng/mL)
Co : IR HEMI R K15 M AR 22 H gl
DEHP.Z f% (ng/mL)
V SR R E A B TE(mL)
M : BBk de 2 Bt (mL)

+ ~ ANNEUEER

022 (i s (S8 7K) 73 IR I mg/mL
EAEVATR A2 55 L 1 mg/mL A EEHEA K20
pL o ISR R 1 mL » fRYE N IEE 73 5k
0.002520.005 mg/L - {kigha B A7 - T H
EHEAH - FTREAEEMENZEIEER
1 FLAR B (coefficient of variation, CV) » FFEA
JTEZ VETE S ARG -

N\~ EEMRZ S

BHCHEZREEERE - REES T
%+ GRS Y ik 2 E SRR
/N (signal/moise ratio, S/N ratio) > 10 5 E
HETHS/N >3 - HEWCERNEEERSS " &
{bER s 52 2 HERS &l PEK -

FER BT ER

—  {REERRARBC SR

A E2EREZERRRTE TR
oA RS B LB i B Tk L o U
# L DEHP K N AEDEHP-d, i B i o fic S A2 v
iy - (B REC BT R 5 R PR
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AR /K HRfRE — FE — (2- R C AR BR i Bt 72

Yz T8 BEURKEEEDRR - SRR n]
FEE(5 - 200 ng/mL © NFE AR E EMBIR S
ok o Ryt n PR Y T8 - iEDlE
BT /K PR R VA TR S SRV TR » DAL A
TLAEVERRER

SHE BRI > REBETK
FRERAN0.005 mg/LINAE » #E3 NAERE E AR
o+ SR AU FDEHP E B A5 5 Rl
TT7K R N RE IR FE RS - 53 B 00.01
0.02 * 0.03520.05 mg/L 2 AIFZE K AZEE T A 2 e
FKkH - BT EREEST - SHEEMELELA
987 s [ 75 LL B (relative response, RR)Z P45
B B3 BLAR S - A RANER = - WR110.02 ~ 0.03
J20.05 mg/LAREZ B EAREUNR 10 - FRIE IR
5 ZEHE/KPDEHPEBKERE - HrEE
0.02 mg/LIF R AR AR TR -

"= NEMRERZREMHER

DEHP-d47RIIE" DEHP/R IR RR® RREZHE{RHE]

53 E598.45.98.0% » EFSTHA60 - 125%.2
il o ok - FREEHEH0.002 mg/LER0E]
WeatEs - FSRANFERT - B H 2 RIRER
5.6% » F=HZBEBRE5.4% » 57351/
FR30532% o HUA ST ik 2 HERE RG22
TE RN LR E T RO E® -

R0 ~ KEEFKPIRNDEHP Z #EREE T

AIE REE ECR SRR
(mg/L) (ng/mL) (%) (%0)

IRRE RS

EHEH 0.002  1.80 91.7
EHEER 0002 1.90 97.0

gé EEH3 0002 210 1064 984+56"
B EEE4 0002 200 1005

EHEES 0002 1.90 96.3

HE®EEN 0005 510 1011
h BEHEE2 0005  4.90 97.9

B OEEE3 0.005  4.80 96.9 98.0+2.6"
s EHEE4  0.005 470 94.5

(mg/L) (mg/L) SEEE (%)
001 001 33 192 EHEES 0005  5.00 99.7
0.02 0.02 3.7 8.8 SRR LR
0.03 0.03 42 7.6
0.05 0.05 4.0 1.5 KA~ EBEFKPIRNDEHPZ B E E AT
:n=7 S IR I SEEIfCR B ELRE
RR (Relative response): DEHPEEDEHP-d4% 1§ Hif& kL (E (mg/L) (%) (%)
FH  0.002 5 98.4 5.6
=~ BEER 2H 0.002 10 101.1 5.4

A 272 F Ay s (= B T ) R R A e L
51020550 ng/mL& A ERIE%E 20 ng/
mL - Hfp R TRERRY = 2.08035 * X +
0.60263 » HEREGE0.9991 » FF& &ML
B 7 RO #5.2.0.99 DA = -

(AN G

DAZE 5 b B8 (25 B 1 7K ) S 77 8 o [l i st

B o o HIAEEBEF /KRR T10.002 520.005

mg/L W 8 & AR UE i - T A EER

W - MERE RIS RAIR AR - SE IR

()7 E EAEIR(LOQ)F A

FA BT /K R IM0.002 mg/LAZHE S, » H:
@t E L0 E — - DEHPE &5 T ekt
F5221 0 KFA10 - HAEENEREETHER
Rl - 5T E S Bl R B e AR
I E598.4 5:5.6% (F=11) » [EIERSTHA60 -
125%2 [ » B ERBUNAR30% » FFE
i LER IR BS i RESUR R R
LOQZT50.002 mg/L -
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(@)

1061221 ISTD 20 ppb in ddH20 F5:MRM of 6 channels, ES+
391 > 149

3.868e+0.05

F5:MRM of 6 channels, ES+
391> 167
5.745e+0.04

1061221 ISTD 20 ppb in ddH20

(b)

F5:MRM of 6 channels, ES+
391> 149
7.928e+0.05

1061221 STD 2 ppb in ddH20

061221 STD 2 ppb in ddH20 F5:MRM of 6 channels, ES+
391> 167

1.100e+005

(€)

1061221 STD 2 ppb in ddH20 F5:MRM of 6 channels, ES+

395> 153
984 5.636e+006

95

DEHP-d4.

5

B - LILC/MS/MSHHT R B F 7k 2 = (1488
(a) ~ 3%&#100.002 mg/L DEHP(b)0.02 mg/L
DEHP-d,(c)ZMRMEHT B L

= RS AlRER

PET R EEER A K il R BEEME - R
KB E 10 T A AR K 2 S B
JPET ° Keresztes 3 AFFPETHRZE /K AT fEfa HI
HH B AT g SR IR R 262+ 5 A Bl PE TR
T BT YAKIR - BRI ERIZE
THY T -

AR Uit ) etk R 14+ AR50 K2 60° CHETT 4B 7 H
ZERRE - RIS o SRR
BEERHMESCCRETH - BRI A
e HHDEHP - FHRAS0°CREMT H S R B At
o SRS iR B S R E 2 60°C -
BB ES St dE - BERIE S BITEE
TR BL60°CHEEM 7 H - {3 A [ S5 e 5 B gt
I/ - (EDEHPA 5 R E R A - Bach®A
FPETH LR A KB R60°CE iR 10K » ¥
(LR HI S SR R R b e BLA R S BRfS
EEY - 2FErythropel & A ISR » PET R %
KOFRRHE L CERCEMZREY 0 BE
VIfE N & DEHP H— & BLE B Rt R g iR
e e SHEERPETREE 2 DEHP & &1 - {15
A KAES0 S 60°CE R AT » DEHPIA H3R
& -

A
=

AWFELL TR Z R AL
B ER 5k ) RRLut o DR 7ok B R e
HEAR » WA NERIIE - fSHER L - DEHP
TR T E R EGE0.9991 - EEMIRET R
0.002 mg/L » 0.002}20.005 mg/L iR {7 17 2
Z S EIR 43 B R 98.4 52.98.0% 7] H Al
H & 58 AR B B R 5.6 525.4% » BET A 71
ZIECEREE G M BT o Ak k2 g
IR - SATHEREE - EA R E SR R
Ep o 55 KR100F T S he 8 iR 2= A = (508K
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AR /K HRfRE — FE — (2- R C AR BR i Bt 72

60°C) k7 H » fA & RTELFEREE 1 ~ 4 /TR
Ut 5387 » DEHPY G R B oAk - A
TGRS HRITEEE 2 2% -
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Investigation of Test Method for Di (2-ethylhexyl)
phthalate Residue in Bottled Water

KUAN-YU CHEN, HSIEN-CHEN CHANG, MEI-HUA CHANG,
CHIA-DING LIAO, YA-MIN KAO, DER-YUAN WANG
AND HWEI-FANG CHENG

Division of Research and Analysis, TFDA

ABSTRACT

Di (2-ethylhexyl) phthalate, also called DEHP, is used worldwide as a plasticizer to increase the
flexibility of plastics. Because of the possible migration of DEHP from plastic package toward other
media kept in contact such as food, consumers may expose to this harmful chemical. DEHP is classified
into Group 2B (possibly carcinogenic to humans) by IARC. Recently, Consumers’ Foundation, Chinese
Taipei (CFCT) suggested a lower limit of quantification (LOQ) for the testing method of DEHP in
bottled water, because the current method, “Method of Test for Phthalates Plasticizers in Foods” offered
a higher LOQ than international drinking water regulations. Therefore, this study aimed on developing
a new detection method of DEHP in water and conducting a survey on the migration of DEHP from the
plastic package of bottled water toward its media, water. Particularly, for the bottled water exposed to
high temperature. The current method was modified to the calibration range of 2 - 50 ng/mL by adding
the standard to deionized water. Moreover, isotopic internal standard DEHP-d, was applied. The LC/MS/
MS testing method of DEHP in water was validated through the following testing. A recovery study for
DEHP was done at spiked levels of 0.002 and 0.005 mg/L in deionized water. The average recoveries
were obtained as 98.4 and 98.0%, respectively. The coefficients of variation (CV) in repeatability and
intermediate precision were 5.6 and 5.4%, respectively. The above results showed this method performed
well in accuracy and precision. LOQ was assigned to 0.002 mg/L. In the surveillance study, ten brands of
PET-bottled water were purchased. Two samples for each brand were stored at room temperature or higher
temperature for seven days, respectively. The results showed that all samples were not detected during the

7-days storage period.

Key words: DEHP, bottled water, high temperature storage, LC/MS/MS



