ANALYTICAL SCIENCE & TECHNOLOGY
Vol.15, No.5, 475-481, 2002
Printed in the Republic of Korea

u}
=

ME 2 PET 27| = Phthalate2t Adipate?| MZFEAM

rir

(2002. 7. 11 Xé—?

Quantitation of Phthalate and Adipate in Natural Mineral Water and PET
Container

Ueon-Sang Shin*, Hye-Sil Ahn** and Ho-Sang Shin*

*Korea Institute of Science and Technology, P.O. BOX 131, Cheongryang, Seoul 130-650, Korea
**Department of Environmental Science, Kongju National University, Kongju, 314-701 Korea.
RRC/NMR, Drug Abuse Research Center, Kongju National University, Kongju, 314-701 Korea.

(Received July. 11, 2002)

e

2 Y:H=MEF &7] Fol phthalate L adipateS EA43HT A5 AxHoZAM HE
E9] 75 methylene chlorideE &= 3to] HA-AA] FZ2HES AHE3SIAR, 1A A5
& F27 A2 FAHS A}*‘lé}‘ﬁﬁ‘r —ir% % ¥23% S GC-MS SIME B34
FZE9 chromatogram2 Hal=do] gl 2+ I3 £V & HJd = A59 FF 01~
10 pg/Le) HEWHNA rEko] 0.996 01”4 L2 A% 1~1,000 pg/Kgel =9 olA
r'gkol 0994014 F AHAS HATh B AR FolA AEFIAE 0.002~0.010 pgLe] ¥
Y2 &7 Alg FoAAME 001-0.02 ggKge S By o ¥ 5 £, PETH 2 £+,
Ao el we} BAMsATh 2 AR

™

=

£

2 2 FFH, HE4 2 27 23 ZFA 2

U HeEME SoAe EH‘:'% EAE HU ; EoA F ZYHOIE 1.2 wL

° AE= ] 959 A9 2§57 Wi =& Aoz #aE AA fEE

< oYUtk &7 A é‘ BAgME FWAF PET 87914 (SF 055 mg/Kg) Rt 315#
% = A

N
-
N

oA ZeolE] E£42 EAIE EA%S 4Fs] wiF= 2ol daste PET *LEJHH Al
€ g3 B2 AAACK S AR 78 F de A2 YEET

Abstract : The determination of phthalates and adipate in natural mineral water and its container is
described. Phthalates and adipate were extracted from natural mineral water by liquid-liquid extraction

with methylene chloride, concentrated and then injected in GC-MS (SIM). Phthalates and adipate from
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PET, cap, label and glue were extracted in Soxhlet with 50 mL of carbon tetrachloride, purified with

silicagel and detected with GC-MS (SIM). Peak shapes and quantitation of phthalates and adipate were

excellent, with linear calibration curves over a range of 0.1 ~10 yg/L in water sample (r2 >0.996) and

over a range of 1~1,000 pg/Kg in solid samples (r2>0.994). The detection limits of analytes were

0.002~0.010 pg/L in water and 0.01 ~0.02 xg/Kg in solid samples. Five kinds of natural mineral water

samples, two PETs, two labels, two caps and two glues were quantified by the described procedure. As

a results, the concentrations of total phthalates in natural mineral water ranged from ND ~ 1.2 ng/mL.

Otherwise, the concentrations of total phthalate extracted from PET ranged from 0.55 ~ 1.2 mg/Kg.

We found that the accurate determination of phthalte and adipate in natural mineral water and container

must be considered blank correction and the removal of label and glue in PET sample.

Key words : Phthalate, adipate, natural mineral water, PET, cap, label, glue, GC-MS
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EZA (phytoestrogen)52] &

FAHEZ, DES (diethylstilbestro) 2} #-& ooFE
A EE A d2EZAR 2 VERE, AFHHE
S £ & Atk WERHAGNEZD I Wb A A
Aee 32EY 4, B4, &9k FEA<ke) A,
& g Welshe eIAEdEA O 5dE
Al 5289 A& FARRL, AT} e
AN e AES StBREA vpx] T2EAY 283
T sl BAZEROE Byt Itk o)F Wiy
< A Q1] WEHEIAY G 7

A AAAHCE B Lol 7] 2 & Uv= AL
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HiZol H4 AMZIL ok Hege] 87124 A
43}31 U= polyethylene terephthalate (PET)= &7|2
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phthalate®} F#3}} PETHO 2 RE HEANEZ )
ol9] 7hs/do]l EAl AZI=e] fUth T o|ES
A FAUS B HeAEY 8719 HeEAE F
o] =g o|Ee] &5 AFet A|E FAEE A
g FaAo] Atk

zggolExs ZE2HE FEHA Y AR
e HA7HIEA AZ o859 A ARgo]l =LA
7¥etar low B3 Bk 37 Fol A5 dAse
Aot} Zeo|ES] A gk =i i
oluf EY T &4l B3 Z]aL gas chromatography
(GO ™" high performance liquid chromatography
HPLOZF* ™ F2 o] &Ho] gt} T} HeAEol
b ol9] 8715 dgogste FAlE =g AFS
Jejolty. B AFolXe HEAEF PET, label, cap
2 oluesd] HEAE §7] ol 11709 phthalated
o} adipate®] A% &g 11 I 2AME U3
1A} g
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2. 4 #
2.1 M= Y Al
Tl A AlgEE HeEAE 33)F Yk vl
EoA Y3+, PET bottle (5F), label (2%), glue
0B, ap QB T AZ ANZRE A1 TAG
tt. Dichloromethane, acetone, carbon tetrachloride,
hexane (HPLC3H, T.J. Baker) S AME3191al, EFES
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dimethyl ~phthalate (DMP), diethyl phthalate (DEP),
di-n-pentyl phthalate (DPP), di-n-hexyl phthalate (DHP),
dipropyl phthalate (DPtP), dicyclohexyl phthalate (DCHP),
di-n-octyl phthalate (DnOP), di-n-butyl phthalate (DnBP),
di-isobutyl phthalate (DiBP), benzyl butyl phthalate (BBP),
di (2-ethyl hexyl) adipate (DEHA, DOA) % di (2-ethyl
hexyl) phthalate (DEHP, DOP)E A}8-3}%.2.H, internal
standardZ 4 triphenyl phosphate (TPP)E SupelcoZ-E]
FeIstel Mgk

2

[

\J

71 &

2.2 53
& wag

A
chromatograph (GC)9} Agilent 5973 N mass selective
detectors  AREEFF O #A0]
HP-5MS (5% phenyl methyl siloxane)©] Atk £ A3l
AREE AREE Q) GOMS o] ARSE-ZA2 Table 13} 2.

|

Agilent 6890 plus gas

o]83 columne

Table 1. GC/MS analytical conditions of phthalate and

adipate
Parameter Conditions
GC HP 6890 plus GC / 5973 N MSD
HP5-MS 5% phenylmethylsiloxane
Column

B0m x 250 gm x 0.25 ymF.T.)
Temp. Inj. 270 C Aux. 280 C

100 C—10 C/min—225 C—1 C/min—
230 C—10 C/min—280 “C(8 min)

Injector mode | Splitless(1&-5 HA]), 2 ul T
Carrier gas (He)| 1.0 mL/min

MS conditions | EI mode (70 eV)

Oven Temp.

Selected Ton . . .

Group Start time (min) Selected ions (my/z)
Mode

1 3.00 169
2 7.50 149
3 13.00 149, 213
4 16.00 149
5 17.60 129, 326
6 19.00 149

2.3 35 AgH

2.3.1 H==E & phthalate?| S&4¢

e 45 ¥

£ AR #4e bt Lol £9sg AR
ug 2

100 mLE E4Z7]d] ¥ JREFEES
e
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9 GoMsel FYSRT, FEl AEE B B
ZAFoIHY o]E2 oMELRE FTH3] A T 300
CollA overnightdle] AH&-3}th

AR BHe e go] FPsHGt BHE

25 w9 UEEEME 30 mLE F71E 5 10870
A &5 Fo FET F A71FS &7 FF3A
01 mLZ 3 O FF3AIUEFOE RS

5 GeMSell FHstAch

AR ARE N3 FHF 100 mLE Bz

1" 0

o Y1 FFEAL 120 ngmL (ppb)7t HEE H7}
3 T YEEFEZS 20 ppm 25 49 HEFZEHE
30 mLE FH7IsE § 1083 et £50] Fo F=
g F f715S &4 FF349 01 mLE 3 vy F
FHPUEFOR FES AAS F GoMSe Y45t
o] YREEFED gt WAuE Frol g daH
g ol gttt

2.3.2 PET, label ¥ cap & phthalate?| &4

PET, label 2 cap A2Z 5 x 5 mm=z HA3}
o 5 g A Yo} A FE7)0] B e AL
dleta 50 mLE et 6A17FESE 7Y BEAA
FEsdch theol AldsRas Al rotary
evaporator % 0|3 AF FWAN F FEEL obAl
E 1 mLZ A §342 F YREFEAS A o
& GoMSel FET) oW AMgH BE 2 /)T
E oplESR F83) AHE F 300 CTolA overnight

SEREETEL

B o

S
=
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-

2.3.3 Glue B4 & phthalate?| SE4%

NEE oF 50 g& A3t Do}l 10 mL A& Ttol
Yal n-#4 10 mLE 71g3ke] gk mlg dely
A 10 g 71¥7} Q=2 azvhEDY] 91 no}
AE 20 mLE FAT olo}A] ol n-d §o1g A

_2;5‘_
Z

-

ZF ket &
A 212 EE 7
dstetae] BEYd (1.9 oMHE EIAE 5F3}
A LA F oAE 100 WE A &8 ANF
A4S 7K the GoMSel Fatget o]
AFEE BE 27} 7|FE o ESE FE3] AF
3k & 300 CollA overnightdle] ARE-3FATH

e @, @AEsHEA: - Fik(1:1), @A
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Aees, @OME - AQFR2(19) R GOHES
AHSISIE A8 2E WA 10-20 mm, 4ol 50
eme] 9 AL AL A8

Phthalate B% adipate 3t 9] GC-MS (SIM) =
ErlEIWS Fig 13 2l RE 9359 ¢ 2
7b o] FolH T AR 93 B HATh 7 g2
o] HREEAZFS dimethyl phthalate’s= 6.62 2, diethyl
phthalatex= 820 <&, dipropyl phthalate= 10.16 &,
di-n-butyl phthalates= 12.06 I, di-n-hexyl phthalate=
16.82 &, benzyl butyl phthalate= 16.99 &, di (2-ethyl
hexyl) adipate= 17.71 i, dicyclohexyl phthalate=
19.66 &, di (2-ethyl hexyl) phthalate= 20.00 & %
di-n-octyl phthalate= 22.09 #o]3 UHFEFEZ

triphenyl phosphatex= 17.92 #©]{t}.

A

Abundance
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Fig 1. Chlomatogram of phthalates and adipate standards
extracted from Milli-Q water (10 ug/L).
(DMP=6.62 min, DEP=8.20 min, DPrP=10.16 min,
DnBP=12.06 min, DHP=16.82 min, BBP=16.99 min,
DEHA=17.71 min, TPP (ISTD)=17.92 min,
DCHP=19.66 min, DOP=20.00 min, DnDP=22.09 min)

3.2 Phthalate %! adipate®| 22
3.2.1 A= MEOIM A, MY 2 A
Z}% phthalate®} adipate =89-S
T JA7R & FE3bo] A s

9D ARAL Table 29 2th AZEA
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Table 2. Linear equation, linearity and detection limit of
phthalate and adipate spiked in Milli-Q water

Detection
Range 0. .
Compounds Calibration curve 2 limits
(ug/L)
(1g/L)

DMP | 0-20 | y=0.3581x + 0.0651 . 0.9996 . 0.010
DEP 0-20 | y=0.3753x + 0.1421 | 0.9995 : 0.005
DPrP | 0-20 | y=0.5406x - 02024 | 0.9975 | 0.002
DnBP | 0-20 ' y=0.5941x + 0.1471 : 0.9962 = 0.002
DHP 020 y=03522x - 0.1712 . 0.9973 = 0.005
BBP 0-20 | y=0.1837x - 0.1502 . 0.9962 . 0.010
DCHP | 0-20 | y=0.2477x - 0.1633 | 0.9974 . 0.005
DOP 0-20 | y=02134x - 0.0158 | 0.9998 : 0.005
DnDP | 020 y=02182x - 0.0300 0.9986 @ 0.002
DEHA | 0-20  y=0.1008x - 0.0338 = 0.9968 . 0.010

3.2.2 PET, label, cap ¥ glue & ZAZM, &
U ZHEsH

rx

4

PET, label, cap 2 glueS AH3l7] 8] tji=z
PET ¢tol| phthalate 2 adipate®] 7#4e 2HAdstgx
ol59 AMAA XA 2 A= Table 33}
A pez Ao

AES
2t} AZ3I= signal/noise2] H|7} 3
3hdch

Table 3. Linear equation, linearity and detection limit
of phthalate and adipate spiked in PET.

Ran: Detection
ange
Compounds 8 Linear equation 2 limits
(18/Kg)
(1e/Kg)

DMP | 0-1000  y=0.0062x - 0.0343 0.9999  0.02
DEP | 0-1000 ; y=0.0071x - 0.0671 ;0.9945 . 0.01
DPrP | 0-1000 : y=0.0113x - 0.1351 :0.9961| 0.01
DnBP | 0-1000  y=0.0129x - 0.1387 :0.9994: 0.01
DHP | 0-1000 ' y=0.0113x - 0.0841 0.9998 ' 0.01
BBP | 0-1000 ;| y=0.0044x - 0.0191 . 0.9999  0.02
DCHP | 0-1000 . y=0.0062x - 00292 ;0.9959 . 0.01
DOP | 0-1000 | y=0.0071x - 0.0577 10.9997: 0.01
DnDP | 0-1000 | y=0.0104x - 0.0765 1 0.9998 1  0.01
DEHA | 0-1000 ' y=0.0039x - 0.0350 0.9976  0.02
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Table 4. Blank test results for the analysis of phthalate and adipate in natural mineral water.

(Unit : pgfL)

Sample DMP DEP DPP DnBP DPP DHP BBP DCHP DOP DnDP | TP |DEHA
Blank-1 ND ND 0.38 ND ND 0.49 0.82 0.66 1.31 ND 3.66 0.38
Blank-2 ND ND 038 ND ND 049 08 066 239 ND | 474 | 037
Blank-3 ND ND 038 ND ND 049 082 066 173 ND | 408 | 037
Blank-4 ND ND 0.38 ND ND 0.49 0.82 0.66 1.74 ND 4.09 0.38
Mean 000 000 038 000 000 049 08 066 174 000 | 414 | 038
+SD 000 000 000 +000 000 000 *0.00 000 *045 *0.00 | 045 | 0.0l

(ND : <0.01 ug/L, TP

3.3 H=AME EA

|0 T'__—| E-'—I'

% OH o ;E’S

il

© ARSHA @A 2

A ool
D E"éOl “aas

& A% A7 Table 49}
95 4 21tk DPrP, DHP, BBP ¥ DCHP:= 470
FA 24 038, 049, 0.82 2 0.66 ngmLEZA &
A HEEHA

: Total Phthalates)

1 3AIZ B0 phthalate % adlpate |
A& Zol phthalate & adipate®] &
A= (blank) #4-& AlEEA *19} e 2
& ARSI oY AlEe

WHeR FEet w59 2746}“‘3} EEHH]
}:I

e Ax

3l DOPE 13194 239 ng/mL-»] ¥
S & DEHAE 337914 038 ngmLE AZEE Y

01

3.2 H=iE 30| phthalate ¥ adipate?l &4
= 0| phthalate$} ad1pate-4 =5 243}
a HeAdES A3 A7 Table 59 22
ANRE 4 F AN 131‘% o FELS FAIEA
A =

2

m{u
i

= ol XgEo] glorz Ay #
FEANA FAEY BEHUES wiFojol A A&

24 %ow Table 49 FAF Bt
WZE ZES Table 69 AT TP o5 FEO

0)

A

_f_

_Lu

JSL %}L

+ phthalate ¥ adipate®] T2 F3
AEE0] FAR SAHTY LAHYE
A Hojyx] gorvz HE=AE Fo= phthalate 2
adipate”} A9 gl Ao

fex

wel shEe 25X Stk
Table 5. The concentration of phthalate and adipate in natural mineral water without the blank correction.

(unit : pg/L)

Sample DMP DEP DPrP DnBP  DPP DHP BBP DCHP DOP DnDP TP DEHA

B ND ND 0.38 ND ND 0.49 0.82 0.66 0.78 ND 3.12 0.36

C ND ND 0.38 ND ND 0.49 0.82 0.66 1.56 ND 391 0.37

D ND ND 0.38 ND ND 0.49 0.83 0.66 1.33 ND 3.70 041

E ND ND 0.38 0.38 ND 0.50 0.87 0.66 231 ND 5.09 0.55

(ND : <0.01 ug/L, TP : Total Phthalates)

Table 6. The blank corrected concentration of phthalate and adipate in natural mineral water.

(unit : pg/l)

Sample DMP DEP DPrP DnBP DPP DHP BBP DCHP DOP DnDP TP |DEHA
C ND ND ND ND ND ND ND ND ND ND ND ND
B ND ND ND ND ND ND ND ND ND ND ND ND
D ND ND ND ND ND ND 0.01 ND ND ND 0.01 0.03
E ND ND ND 0.38 ND 0.01 0.05 ND 0.57 ND 1.01 0.17

(ND : <0.01 pg/L, TP : Total Phthalates)

Vol.15, No.5, 2002
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Table 7. Blank test results for the analysis of phthalate and adipate in PET, label, cap, glue.

(unit: 1gKg)

Sample DMP DEP DPrP DnBP DPP DHP BBP DCHP DOP DnDP TP DEHA
Blank-1 553 9.82 11.96 17.63 ND 7.48 4.43 4.71 21.62 7.36 90.52 10.00
Blank-2 553 8.96 11.96 15.03 ND 7.45 4.41 4.71 3447 7.36 100.54 9.48
Blank-3 5.53 9.65 11.96 16.67 ND 7.46 441 471 13.63 7.37 81.38 9.72
Blank-4 553 9.60 11.96 15.52 ND 7.44 4.34 4.71 14.43 7.37 80.89 9.93
Blank-5 553 9.58 11.96 15.90 ND 7.44 4.34 4.71 16.01 7.36 82.82 942

Mean 553 9.52 11.96 16.15 0.00 745 4.39 4.71 20.03 7.36 87.23 9.71

+ SD +0.00 +0.33 +0.00 +1.02 +0.00 +0.02 +0.04 +0.00 £8.70 +0.01 +8.40 +0.26
(ND : <0.01 pg/Kg, TP : Total Phthalates, SD : standard deviation)

3.4 PET, label, cap ¥ glue?| 24 1} 3.4.2 PET, label, cap & glue & phthalate 3
3.4.1 SAZ B0 phthalate ¥ adipate2| 24 adipate®| 24 Zn}

FAE Fol phthalate$} adipate®] F=5 41314

o} FAIE (blank) £21 soxhlet x|t Atdslek
24 50 mLE ¥ 6417 refluxdte] %S F analytes
£ A3t 7t

sHe FARE BAHI A3 Table 73 2L A
2 948 F AR FABANA hEEY EXEAES
o] A&HU1 HF5EEA DMP, DEP, DPrP, DnBP,

DHP, BBP, DCHP, DOP % DnDPE 5.53, 9.52, 11.96,
16.15, 7.45, 439, 471, 20.03, 736 wLZA 2 B}

PET, label, cap 2 glue ol phthalate®} adipate<]
TEE B4t PET Al8E 570, label, cap 2
27y 204 EA8t] FAIE B EARE
Table 8% AE)5IA). Table 89 &

o o

cap & glue ol = phthalate 2

S Jepich,

o=

glue
TE HES
o] PET, label,
adipate] 2|

=
L

=2

—

2
=

$lo] HEHAT DEHAE 971 wgLE AZHUTh 2 Phthalate®} adipate= &7 Fol 2] AAAE 3
se] s A%HA L. 22A FEE, 254, 80, 2AF SANE B4 4
Z95 9ok Webd ol Mg B4S @ Wt o)
Table 8. The blank corrected concentration of phthalate and adipate in PET, label, cap and glue.
(unit : pg/Kg)
Sample | DMP DEP DPrP DnBP DPP DHP BBP DCHP DOP DnDP TP DEHA
PET A | 008 0.88 ND 1716 ND 029 1.39 3.16 101472  ND |1037.37| 7.89
PET B | 009 0.66 ND 1701  ND 052 133 ND 530.89 ND | 55040 | 83.80
PET C | 006 2.18 ND 11.86 ND 1.08 1.48 ND 699.57 ND 716.09 14.06
PET D 874 347 ND 34.56 ND 0.09 5.83 ND 496.29 ND 548.79 14.63
PETE | 030 178 ND 76.20 ND 0.56 5.45 ND 1051.81 ND 1136.04 | 18.55
LAB F ND ND ND 1277.08 ND ND ND ND 4957.84 ND 6258.40 | 5695.84
LAB G | ND 2086 ND 84.09 ND ND ND ND 1655.00 ND 1880.89 | 1357.35
CAP H | ND ND ND 57.43 ND ND ND ND 624.26 ND 681.69 ND
CAP 1 ND ND ND 99.76 ND ND ND ND 315.49 ND 415.26 ND
GLUEJ | ND 1312 1752 19121 ND ND ND ND 2364.77 ND | 2586.62 | 325.55
GLUE K| ND 2381 ND 21324 ND ND ND ND 3158.08 ND 3395.13 | 172.15
(ND : <0.01 pg/Kg, TP : Total Phthalates)

Analytical Science & Technology
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IAE FES
g o]of it A
phthalate®} adipate®] g3t & 45 3l
o] 53] ke AP Haygs AA AE 4 ol
A wjo]l HedlE, 87 9 AAA F Bt JEgS
phthalate$} adipate s =5 Z743171918] Al=sch

e He AES A9 HA wE 243 A
3 FFY A HeAE T Ul ARAA F
phthalate”} 0.01 gL, adipate= 0.03 wgLo] ZAZHA
I OE 2N ARdAME HEHA Gurh ¢ 119
9ZA HeEMEME £ phthalate’} 1.01 gL,
adipate™= 0.17 wglLo] HAEH] it ok =4
AZEHAoY Z4E FE9 W7} blankol| A HEE
FEo QAHHAE A HojuA] Qo FET SR
BI)E offth ey frE7Izte]l 1 Ak
S 8258 7FsAe] o QA mA 5
AEE 4T A28 F ds BER Hrh
SAEY 87] AA FolA phthalate®} adipate<]
4 ZHIH. AEE AlE= PET 5 357, &
9 0 22wl 2 28 a8ln JFA 2 2Rt
24 ZAzoA PET ol phthalate= 055 ~1.14
mg/Kg, adipate:= 0.008 ~ 0.084 mg/Kge] E¥XE R
I 9=k EAEY] PETAA Hi ¥ #hs B3
t}. 2o A= phthalate$} adipateE $3te] 10 mg/Kg
ool He AE AN HAAE oF 3 mgKg 8=
9 &2 S B

e m
o
ot
ol
i
&
so

T U HeEAEd 432 zEEoES 1
=T 2 AZHJUE 2o Qs B AT Az
e HedEdMe PAEHA GUAY FHFe] A
593 PETIME BE® ARG vf$ ¥ srg
AzEth @9 o} REME Ho FER
AEHUY. AE2Hoz HeMEY PET £% 4%
Alle FAIE AWRE AHEs] w) Fojok 3n, PET
AY Aell= gdoly B2g 3] AASAY £
UA 9 HETHS BAsfof star Fule] HeEMES

PETE &7]2 AMHE35}9S ) phthalate®} adipate”} 7#
9 §E57 gow A} HES ¢ 5 Uk
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