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El

SR

5|

RS kit kE¥FE O OBRR

RSV E BB iR

W B

HR2K W BR —(2- ¢ 3 € K5 (di (2-ethylhexyl)phthalate, DEHP) 4 & i% % i 84 % 4b
FlZ— 0 RAIG G 9T o {24 & F HHADEHPR E € AR L AR b4
[ 1 ¥ % e B Z R A A &% 8 o BRI I F %8 & (International Agency for Research on
Cancer, IARC)#FDEHP#7 4 2B 4R T 48 20/ 4 (possibly carcinogenic to humans) © 106 F
W R HXHEIR Ao AT BRI T AR G A AR DEHPIR =X Bk 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 R AR MR fo ik R AR 2 ik 77 A DEHPI R 2 45 R - W B AT A B
Z AR R S AR R H X AR MR B ARIRETE 50.05 mg/kg 0 #%
F BESHR 5 6L AR R K X DEHP AR AR 77 ik AFF R 5F T s F AR — P BRBs 48
WACE AR R T i | AR T AR AR R w4 0 SR I6 8 A2 - 50 ng/mL 0 SR AN
¥R o PR AR AT B E S 4R (liquid chromatograph/tandem mass spectrometer,
LC/MS/MS)EAT 5 #1 o s B R SR & 7 X df T 7K 2 755 470.002 %.0.005 mg/L= 4% 4
S0 P e ] £98.498.0% 5 Ak T K iR A20.002 mg/LAZYE S 2 F) B
BB GG L5.6854% ATk EREE M EAAME R Ryikx 2 E
F2 [ 40.002 mg/L ° VAZE L2 ik AR R0 & SR K - L @M % APET
5 R BA B L5 (50 %60°C) 7R - AMERAT IR 4RT RIS 0 4
R A HDEHP ©

RASERR  WE_RER_—(2-CECE)E - BREAK - SRR  RAEETRBERE
&

B X DIk i B R e - RV
EA kR HDEHPH AR ~ /NEA T IEEUE T
@ T BRI E BT 2 B (International Agency for

|

Bl
MAE _HEB —(2-2ECE)E(di

(2-ethylhexyl)phthalate, DEHP) 5 iz B2 i FH .2
AL - AT DG N B - RARE
HEEBRRIMGE AR « @M - &
£ EMEMMLEE" - DEHPAIREEH EHEY)
e an B RS BRI B A A T AP R R
il ~ W ABHER f A SR R R LA

Research on Cancer, IARC)A20134F % 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
DEHPIR &= AR - Fla0 - 5 4 fH #(World
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Health Organization, WHO)/2 88 FH 7K 7K' E 55 |
HHET E DEHPEE R IR 8 850.008 mg/L® » £
BR{£%& (United States Environmental Protection
Agency, USEPA) B 8 FH 7K 3 SRR AE o
DEHP#: KA 7F5 YR 550.006 mg/L® » #fH75
T B R Bl 53 B ¥ 8 7K R DEHPE T 0.009 52
0.01 mg/LZEHIEAES - HRT=HE " aRHK
JKEREYE | RN TR AEARA K R R AR K AR
fRUE | WiARFTEDEHP.S [REARE -

105 HEE L HECG(HEE)ETS
B BTN A B K R B AL R YA AR R
REFEANRE?2S8 - 50°O)RETH - S5
HURDEHP & &KL " B AR R
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) * HtDAME R HIE M5 -

B TSR SR F IR - A
DEHP.Z Z%FEJa [z - #LL " R il alios ik
R R R b B 5k o Ry BT - B ELARER
KR R (-2 O ) B2 b i
% T T E RS AR A K E IR B IR e
MEALAE A -

MFERTTE

— ~ MR EREAgE

() g AR U
1064E11 ~ 12 5 B &AL & & 15 K (F F1] i
JEREE RS K ~ IR K ~ ligd ok~ Rk
FV0 LR K E R - B L E R
BRI - GETUAE IR -

CIREFEH AR
o = B R 25 e OB Batch S ALY
ZEEE - HEEREIR RS - S
R ARG HAbsHmiE mRER=E
(20 - 25°C) » H—HAFEIAS0°C 2 R

TREFE - HADSOHR s —HACE R = IR (20
- 25°C) » R 60°C Z TRV 1AL ¥
6 o 73 B Rl A B AT B G5 1 ~ 4507
FAETTHUR ] - GhF SR AR A e — -
ENAR SR
1A R ZHE T (2- 22 F)HEE(99.7%)
(Fluka, USA)
2MAEZHE _(2-LECE)ERLE
N E A HE L (DEHP-d,) (97%) (Toronto
Research Chemicals, Canada)
3. ZIE R B R LC-MSH - AEAERHLC
#52(Avantor Performance Materials, USA)
4. F R % F 5 32 Ff f(Nacalai Tesque,
Japan)
() Y B PR HE VA VL B
R A —H#E —(2- 2 H: O ) EE-d [ A1 3R
ERIEUE S 10 mg » FEHEREE - DLFFRER
ARG EARZE10 mL 0 {F R N IR
T FRA°CRYFOR T < i FH s B 2 P AT
HHEJF - InREE T KRR ] mg/mL
RN R AEVATR -
(BIREE R PR
HUA R —.(2- 2 F: O 4 B U AR
HENLRI100 mg » FEWEREE » DL ES VA LT
ERZEL0 mL - (FRIEMEF - fR4°CHy
O « fof FH I B S A VB RO - n <t
TAREZE mgmL - EEIEHERTR -

]

(AT R E R R B A AT R
(Acquity UPLC®, Waters, USA B #r B it
(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 B3 B (Millipore milli-Q,
Millipor, USA)
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R P e — P — (2-Z 3T G AT
AL,
PREBEEABAE0
#
e . —
PEECERREER
R -
=L (=)= (=) ()]
EEEs
e S0°C ki v e 60°C ki
Ttk b7
| | | |
1 | 1 |
B B B
B B !
i CEl =55 =%
7 1 4 7
2l x x PAN
B— - REEAEREREE
(e i V& & %% (Vortex-Genie 2 mixer, KBRS 2 BE
e o 0. Somics & TR momL B - 50 uL - 5
. I’Eizﬁ( Y, somies 111 me/mL Y5 EHEE20 wL R Z5HET K
H%gg;”mi3%%CJ RS mL - BRI - ARIEAR
VB ELERe(EELS, » Japan) TR R B E R R IR (T AT -
= ik Es FLDEHPEIDEHP-d, . & & B 1 I H 18 2 kb
SR {E » BIDEHPIRILZ IR » B(E2 - 50 ng/mLZ
LR T Eﬁﬁ@%%&ﬁ@@%n&@ﬂMEl4
uL - BEEREEE - HEERT -
1 Bl eI E RG5O E FH 1%%%%5&2;5}"'@
oS -
(AR bR A (FIUPLCIMT
SR FHET7K980 uL » A FIHEVE 20 1 BB (A)E0.1%FIR.Z LI
WL BEER G - SRR A R T (B) 0.19% FERISTH » LR

e - {ERPEETT AT
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2. EHEIRE  40°C
3. it * 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— 175
12.6 — 15.0 25 —> 25 75 — 75
(CYERR

1. B =« AL IEBE T (BST)

2. EllEERE - 3.2kV

3. IABHEBUAE ¢ Nitrogen 800 L/hr

4. IS BHEBURFE ¢ 500°C

5. BEFURIREE © 120°C

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

7 EER R - 2 E R (E A (multiple
reaction monitoring, MRM) » &8 T
#F  HEREHEEEEE (cone voltage)Eifilf fE fE
= (collision energy)4ll N5 -

RO CMECRB_QC-EACR)ERERNEZE

REERRIES2E
i) ,
:/E 735” g@i i = Lk L
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 - S HIE AR T R B E R
DL ESRBREET AT SR B AT B AR A TR
2R e VR IR R BEAE B 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 /% (ng/mL)
V S R E A B TE(mL)
M : Bk e 2 Bt (mL)

T~ AINEEE

022 (i s (S8 7K) 73 IR I mg/mL
BRI A2 55 L 1 mg/mL A S EHEA K20
pL - SRR 1 mL - AR IRIIRE 73 5 R
0.002520.005 mg/L - Kb T B oA » #7A
BHEMAE - FTREAEEMENZEIEER R
5 FLAR B (coefficient of variation, CV) » FF{EA
JTEZ VERE S G -

I\~ EEMRZ FTL

BHCHEZREEERE - REES T
%+ G RE Y i 2 E SRR
/N (signal/moise ratio, S/N ratio) > 10 5 E
HETHS/N >3 - HEWCERNEEERS " &b
{bER s 72 HERS &l PEK -

FER BT ER

—  {REERRARBC SR

A E2EREZERRRTE TR
oA RSB LB B Tk L - 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

Y1z T8 EEUR AT EE DURE S f = Hn)
FEFS - 200 ng/mL » NRFE AT E EfEE 2
Tk o Rt AR 2 T8 DA
BT /K PR R VA TR S A VA TR » DAL A
TLAHEHRAR

SHERHEEREFERE S REBETK
FRERAN0.005 mg/LINAE » 53 MRS E AR
SR AU FIDEHP E B A5 5 - Rl
TT7K R AR IR FE RS - 53 BV 00.01
0.02 * 0.03}20.05 mg/L .~ AIHZE e AZEE T A e
FkH o ETEREESNT > FIEAELEN
2057 I T P LLAH (relative response, RR).Z 1
B B S AR B SRR = - IRA110.02 ~ 0.03
J20.05 mg/LARE Z B EAREUNR 10 - FRIE IR
5 ZEHE/KPDEHPEBRIERE - HrEE
0.02 mg/LIE R AR AR ITRERE

®R= - NEMRERZIEEEHER

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

5351 F598.452.98.0% » EFSTHA60 - 125%.2
fil o 599k - FREEHEH0.002 mg/LER0E]
WikEs - FERANFRE - FIH 2 BRE8E
5.6%  FH 2B EREE5.4% » 53RN
FR30532% o HUA TG ik 2 HERE RG22
FE RN R E T SO & -

R0 ~ KEEFKPIRNDEHP Z #EREE T

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

IRRE RS

EEHELL 0002 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

H®EEL 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

FAZE i B (5 B T 7K) TR A HE 2
51020550 ng/mL& A ERIE%E 20 ng/
mL » HARMEEIEE AEZUBY = 2.08035 * X +
0.60263 » PEREGE0.9991 » FFE & bE R
B 7 RO 5.2, 0.99 DA = -

(AN G

DAZE 5 b B8 (25 B 1 7K ) S8 77 8 o [ A st

Ea o o3 IEEBET 7K R I00.002 520.005

mg/L W 8 AT UE i, - T A EER

W - MERE G RAIRIUATR - SEEIeR

()7 E EAEIR(LOQ)F A

FA BT /KRR N0.002 mg/LIZ#E S, » H:
@t E 0 E — - DEHPE &5 T ekt
F5221 0 KFA10 - HAEENEEETHER
Rl - 5T E S Bl R B e AR
B F598.455.6% (K1) » [EICESTHA60 -
125%:2 [ » B EREUNAR30% » FFE
i LR B A HESORE” - SRR
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 5.6366+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

= iRE AR

PET R EER /K il R BEEME - R

KT E 10 T SRS AR K 2 S B
JPET ° Keresztes 3 AFFPETHREZE /K AT fEfa HI
HH B AT g SR IR R 262+ 5 A Bl PE TR
T BB YRR - BRI ERIZE
THY R T -
AR Uit ) etk R 14+ AR50 K2 60° CHETT 4B 7 H
ZEREE - RIS o SRR
BEERHMESCCCRETH - FERE A
e HHDEHP - FHRAS0°CREMT H S SR & B At
o SRS R B S R 2 60°C -
BB ES St s - BERIE S BIEE
TR ER60°CHREM 7 H - 8 A M e S e 5 B e
¥/ - (EDEHPA SR E R AR - Bach®A
FPETHE LR A KB R60°CE i 10K » ¥
(L S SR R R - ARG B s R
EEY - 2FErythropel F AIWTSE » PET R %
ROFRHE L CERLEVZREY 0 BE
VIfE N & DEHP H— ik BLE m AL Rt R g iR
e e SHEERPETREE 2 DEHP & &1 - ({5
A KAES0 S 60°CE R AT » DEHPIA H 3R
& -

A
A  af

AWFELL TR Z R AL
B ER 5k ) RReu o DR 7ok B R e
HEAR - WA R IIE - fSHER L - DEHP
T R T E R EGE0.9991 - EEMIRET R
0.002 mg/L » 0.002520.005 mg/L iR {7 17 2
Z S EIR 43 B R 98.4 52.98.0% + [] H Al
H 2 58 AR B B R 5.6 525.4% » BE A 71
IR E G M BT o Ak k2 g
IR - SATHEREE - EA R E SRR
Ep o 55 KR100F T S he 88 iR 2= A = (508K
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. European Commission Joint Research Centre.
2008. Summary risk assessment report - bis(2-
ethylhexyl) phthalate (DEHP).
[https://echa.europa.cu/documents/10162/
060d4981-4dfb-4e40-8c69-6320c9debb01].

. United States Environmental Protection
Agency. 2009. National primary drinking
water regulations.
[https://www.epa.gov/ground-water-
and-drinking-water/national-primary-
drinking-water-regulation-table].

. World Health Organization. 2017. Guide-
lines for drinking-water quality: fourth
edition incorporating the first addendum. pp.
361-362. World Health Organization. Geneva,
Switzerland.

. Ministry of Health. 2008. Drinking-water
standards for New Zealand 2005 (Revised
2008). pp. 9. Ministry of Health. Wellington,
New Zealand.

. NHMRC and NRMMC. 2011. Australian
drinking water guidelines paper 6 national
water quality management strategy, version
3.4. pp. 859-861. National Health and Medical
Research Council, National Resource Manage-
ment Ministerial Council, Commonwealth of

Australia. Canberra, Australia.
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HEERBNE S CHEESE - 2017 - B
IR ALEE K - WAL TR R SIS Al iy 2 A

FRIAHEE o BT E B PR B AR
#E o [http://www.consumers.org.tw/contents/
events_ct?id=320] °

2013 » FAL AR
FRBEFR B LR B /T i
[http://www.fda.gov.tw/tc/includes/GetFile.
ashx?mid=133&id=7479&t=s] °

Bach, C., Dauchy, X., Severin, 1., Munoz, J.F.
and et al. 2013. Effect of temperature on the
release of intentionally and non-intentionally
added substances from polyethylene tere-
phthalate (PET) bottles into water: chemical
analysis and potential toxicity. Food Chem.
139: 672-680.
BV EHE - 2012 ¢
TR TSR ©
[http://www.fda.gov.tw/tc/includes/GetFile.
ashx?mid=133&id=10975&t=s] °

B tnEg T

10. Keresztes, S., Tatar, E., Czégény, Z., Zaray,

11.

G. and et al. 2013. Study on the leaching of
phthalates from polyethylene terephthalate
bottles into mineral water. Sci. Total Environ.
458: 451-458.

Erythropel, H.C., Maric, M., Nicell, J.A.,
Leask, R.L. and et al. 2014. Leaching of the
plasticizer di (2-ethylhexyl) phthalate (DEHP)
from plastic containers and the question of
human exposure. Appl. Microbiol. Biotechnol.
98: 9967-9981.
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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



