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EHEE R E AR B A AR, E #E
BN BB Y I E HE AR 1. GiEarEian B
A=l =D rj’“ﬁﬁﬁ:ﬁ:fk&@%éﬂ k& (1)2E IS 85 3 AT SF % 38 43 A7 1% (Nicolet 510
sAETS S g e R E80ET A E81F6 HAC Fourier Transform Infrared Spectrophotometer,
LHREHEERERE S ORISR AL Nicolet, USA)
BhEs N E A 2SS A £ ST E M ERE A (2)EB #8445 (Hot Plate-Stirrer Model PC-351,
AT R KR BEERAKZE B AR b E Iwaki Glass, Japan)
fERE, T ETE e BRAR NS BB RS & (3 K
B R T, KA GBS e PR M B &R 75 (4)4 T E56M ) A
i, AL EE BRI I | VA MR T 1k R KL A a3 i (in- (5N
frared spectrophotometry, IR): B LARL S} SE 5% 2. FABE BRI R
Wik M E S, KB TR E 2 AR E N & b Uk W (Tetrahydrofuran, THF)
HETTRER, LT B RTE K R BB AR R L (BDH., England)&Hiper Solv (LC)#k, ZEZ(2#E
A LB, D EBR RER, REAE ) KBRS (B A KRN ) 52 R aA gk
SRTEME (2508, B 120, R ETAR 75 /77K, Reyno-
e X lds Metals Company, Virginia, USA) B &2 #t ( 28
MHERT = BATERRA ),
3. Jitk
— RREKR (L
98047 H BB1EC AR AR RTHERER B — /N ARl S R (LITNRB T 2 &
BEBE mﬁﬁﬁﬁ*dﬁﬁ}&ﬁﬁ‘ﬂ@%&%b B ), RS RE LeE  B SEERIRE Fr
RRAT 4 B S ESEMEARS, Bk AKL A FEEIREE
MR HHESS L, B8 51K TRk fhER 461, 97T (REK B.EHZL K g PR
—RE ), C BB HEErIRE
Table 1. Packaging materials of bottled water
Numbers of PVC PC PE PET PP
Location sample
Hualian county 3 | 1 ] 1
Taipel county 9 4 3 1
Taipei city 16 11 5
Taoyuan county 6 2 3 1
Hsinchu city 4 2 2
Taichung county ] ]
Taichung city 3 2 1
Changhua county 1
Tainan city ] 1
Kaohsiung county 1 1
Kaohsiung city 3 2 i
Pingtung county 3 2 i
Total 51 4 26 15 6 0
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Table 2. Packaging materials of mineral water

Numbers of PVC PC PE PET PP
Location sample
[lan county 12 9 ! | l
Taipei county l ]
Taipel city 14 2 1 1
Hsinchu city 3 I 2
Nantu county 11 I d S
Changhua county l l
Yunhin county 5 3 2
Tamnan county l I
Tainan city I l
Kaohsiung county 4 4
Pingtung county 3 3
Total 46 26 1 7 I I
D B B A T R 1 1 SR 2 BV -, DA KSR AE , B LU
E $E KRR T B L S IR TS T R AR, Sl ] REAE (e B AR (£0.5-2
R o FE R LR =12, Blla] 5 mil, 1 mil= T2 —), FEE ek, EP2-6 N
EH A gE R A E B, 50 R A AR FE S R, B H AR (film) , JELRZ
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17T
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1. fFRearkdas 2
(1) EHE(Muffle furnace thermolyne):
Type 6000 Programmable Furnace, Sy-
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(3R BA IR A% & (Rotary evaporator)
(4) 5 -F B K 47 O 52 5% (Atomic absorption
spectrophotometer):
Hitachi Model Z-8000 Polarized Zee-
man Atomic Absorption Spectrophotometer, Hi-

tachi Corp., Tokyo, Japan
(58 HEHT3(Gas chromatograph):
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cut sample to pieces (13 mm x 100 mm)

and take 0.5 g

|

‘ltoluene

!

not soluble

‘1ethyl acetate

not soluble

lwater

not soluble

1ltetrachlorﬂmethane

' !

not soluble soluble
cyclohexanone i
Polycarbonate (PC)
not soluble soluble

io—cresol l

Polyvinyl chloride (PVC)

soluble

|

Polyethylene terephthalate (PET)

Figure 1. Procedure of solubility test for material identification of bottled

!

soluble
1lmethanol

not soluble
aJethyl acetate

not soluble

itﬁtrachlercmethane

not soluble

!

Polyethylene (PE)
or

Polypropylene (PP)

and mineral water packaging.

Varian 3700, Varian Associates, Walnut (2) P49 & 1k 1§ (Merck, Darmstadt, F.R.,
Creek, CA, USA Shimadzu GC-9A, Shimadzu Germany) 3@ 8 @t i
Corp.. Kyoto, Japan (3)%%%’%(Pymcaws ol). FHE 8 . IH R
(65 F T (Spectrophotometer): 80 FALER . H ., BEEE . R KR S EE R ( H AR AR
Milton Roy Spectronic 3000 Array, Mi- 7)o
Iton Roy Company, NY, USA (4) B MR B (Grignard reagent, ethylma-
(7)EFfEJar) : 20 cm X 20 cm gnesium bromide, 3 mol/)( HAHF{LK), LD
(8)8Z 128 (Desiccator) Bk VAT, Bl e R TR
(M ECEE B (Nessler tubes) : 50 ml (5)#T BB B3 (0-Cresol). [ B (m-Cresol). ¥/
2. ABE B (p-Cresol)(Merck, Darmstadt, F.R., Germa-
(DFRER . BEES  FREE., &tk s 8], 2 ny ) el SERF R
B B ERER#H(Merck, Darmstadt, F.R., Germany) (6) T & L% (Dibutyltin chloride)(Flu-
B 7Bk (Fluka, Switzerland ¥ B A ZER TR ka. Switzerland) : 999614 I,
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cut sample to pieces and take 1 g
{lloﬂls ml tetrahydrofuran

!

not soluble
put samples on a
hot plate covered
with Al film

|

heat

|

melt
‘lstainless knife

flatten and elongate
(0.5-2 mil)
\iszN HC1l

Al film reaction

|

pick up polymer film

IR
(PET, PE, PP, PC)

I

gsoluble

|

!
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filter

!

take ppt.

|

ailr dry

|

IR (KBr)
(PVC)

-

put into paper

heat

(lukewarm)

|

evaporate solvent

|

pick up polymer

film

!

IR

!

(PVC)

Figure 2. Preparation of sample subjected to IR for material identification of bottled and mineral water

packaging.

(8)

7) & 7 MG BLHS (Vinyl chloride monomer)

(HAHEFFHE )10 ppm/1 ppmo.

F A2 HE [H 7% (Merck. Darmstadt, F.R.,

Germany} ' Pb(NO;);")H;O in HNO:; 0.5 mol/1,

Germany) ; Cd(NO;) 4H30 in HNO: ()l 5 mol/l.
3. T IR E &R S {ﬁﬁ“ﬂﬁféﬂﬁ?ﬁ,%

PR
(AIFI4),

'a‘.“l‘!'

N RS B RS R E SR
T AT ﬁgﬁ%ﬁ(@ié” g0 8. . |

Ry il B b R < M LA ) B (Bl ()

s 1t¥.

ﬁﬁw%@ﬁﬁﬁéiﬁ%@hﬁﬁg AE . &

MEETF)

(148 A ES Bays 3 Es
AHABGEEEMERERELS
(PVC), B ZIH(PE), B (PP), REE _HRR L

T EE(PET) R % TCHREE RS (PC) 2 B TEM S, (KIRE
eBANEZRNASE

AR BEHERETET

HRRAEZEME R LEEETETLOEMET

EhHE T HtYE BIFEE—S ER,
Q)= THtYz EEHE 2% HREESR
ESiE® E Sasaki K. B/ 7 E®)
A IR Bo 3

S VA IE CBEHE R 100 mISS AR 6 R

239

A7 HE A

™

HY 10 mgzﬂTﬁﬁﬁﬁmﬁﬁ




Journal of Food and Drug Analysis. 1994, 2(3)

LAL

s U

Z 5 N

-_i-'ifg

ff'
17N

=}

.
V7 B

1
et =

PR
C.

pazan

Etj

, 1240

LA

i

-1 F
L —i

Y

g, MO EE

BELN)
R A Lt

FERE200 ml
EMEE0.25-1. 25 ppm (15 X ff

C OEIERE0.25-1.25 ug/ml, EAFARHEA UG

B.Ek A
BT KB (95 mm) 1 g, Kk
15 mlEH, FE/Kia P 2 E iR

150 ml{#Z oL, sfmE, LA

T{Z‘Eﬁﬂﬁgﬁﬁ T

i

*’Zﬁm

B F(2)B.Z BT mIERS0 mlZak

"CA BRI

MR REY),

vk i

CUSES midH

7k, 1240 C?JW»&E

7K 10 mIGERET
ozgﬁ%ﬁAWT&b

1=

ek,

=R, &Pt

I

B IRAE R F

EARE2 ml, BTG Bl L2 ik,

B

D.

1.25 ppm#%2 ml, 21_E(2)C. 2 JTE R FE
e, ﬂg mERBIRER L

&

x5

R BUE

2E 22, I ZBE2 mivs
INGrignardZXE2 ml, FFIE30 81,

1A, DR B SR A
SEERE D ml,

AR IE
KR $19
LU BT
{E—¥IHE 2

B T$5%16420.25,0.5,0.75,1.0

Y1), aniE
4. %ﬂ
(D

.

f®

PRSP )

4757

3

Peak area

b
bnd
e}
o

1189

Figure 3. Calibration curve of dibutyltin compound
which were ethylated by a Grignard reagent and
analyzed by gas chromatography with flame photo-
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Figure 4. Gas chromatograms of dibutyltin compound and dioctyltin compound which were ethylated by a Grni-
gnard reagent: (A) standard of dibutyltin compound, (B) blank, (© sample 1, (D) sample 2, and (E) sample 3.

Table 3. Burning test for material 1dentification of bottled and mineral water packaging

Continuation of

Easiness burning after Color of Appearance
Matenal of burning leaving fire flame of sample Odor
PVC No No Yellow, green (b) Soften Stimulating sour
PET Yes Yes Yellow, black (s) Burned(dd) Smelly
PE Yes Yes Yellow, blue (b) Burned(dd) Paraftin-like
PP Yes Yes Yellow, blue (b) Burned (dd) Petroleum-like
PC Yes Yes Yellow, black (s) BeBe voice Fragrant
b : bottm, dd : drop down, s : smoke
ALIMER ST HT AR e Y HIT f%mitr% = 30p2 3 ME .,tJ//l"[‘%Zl!“Jri’%ét DI GER R B R M E R s
o i R B AV B g P E R AR B RE BB S, 1T =2 ZyGaE kR E ( RE A ~EI), 3 fﬁ‘z,ﬁ%ﬁz#
EEFE R FIE B0 AL B 88 (matrix) S, %ﬂm%ﬁ% (LU T & B W s R EE:
A . W’r VBB FE 1T 2 BRI Y = 8 B): R e m B L (&5,
(shift), B e a8tk 5 |5 =,
AT E S EL A ER K R SR K B R 2 e B AR R R IM(PVO)ZIRIGEHE:
K, BRI ERERL (R =) a7 (18— ) 1450 cm ™' 55 methylene bencmg e 14, 600-
VEVIA B R85, A AL AR sE R F AR HERY 700 cm ' fBaliphatic chloride & 51735 ecm "' /A2
¥ A, HBCS icEE s 2 8 BB AE 20 (Nicolet ad- # Zcarbonyl groupWUZ, BRI gEA HFPPVCHE
vantage 2.14 5K # Nicolet polymer libary) & & %4 AN BT & A B 3R B B 2 M BE (polyvinyl acetate.
B LR, ] BE PR T 1 2 8 E B AR PVAO)ME , i iney B £ B Z{EPVCH E FEX,
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BNE RIRESRE T?*E%*’J%iﬁﬁﬁﬂ%ﬂ
OESBREE _HEZ E(PET)ZIRYGHEIE:
1740 cm“iEfE;@carbonyl group R 1 , 1600
em ~ VEA Baromatic ring” C=CHRI, 730 cm ™!
EsmethylenefE 4 H b Z rocking R,

EEtER G PE)ZIRYEEE:
2800-3000 cm ~ ' EHalkaneZ -CH stretching ik
I, 1465 cm ™! B3methylene bending K, 730 cm ™!

1

EimethylenefEZ [ Z rocking L,

.

E N\ ERENFEPP)ZIRYEEEE:

2800-3000 cm ~ ! FyalkaneZ -CH stretchingi
L, 1465 cm ™~ 'Bymethylene bendingWH, 1370 cm ™!
£ methyl group bending B # , 700-1200 cm ™!
methyl group symmetricl,

N

(B L5 26 TR BE(PC)Z IRECFE & :

Table 4. Hygiene standards of bottled and mineral water packaging’.

Matenal test

Laching test (60 "C, 30 min)

Item and Hygiene standards

Leaching solution

[tem and Hygiene standards

Lead: <100 ppm

Cadmium: < 100 ppm Water
Dibutyltin compound (as

Dibutyltin chloride)”. <50 ppm

Consumption of potassium
permanganate: < 10 ppm
Residue on evaportaion':

< 30 ppm

Cresol”: <1000 ppm
Vinylchloride monomer”: <1 ppm

4% Acetic acd

Heavy metals (as Pb):
<1 ppm

Methanol: not detected
Antimony”: <0.1 ppm
Germanium”: <0.05 ppm

* including PVC (polyvinyl chloride), PET (polyethylene terephthalate), PE (polyethylene), PP (polypropylene) and PC

(polycarbonate).
" test for PVC only
“ not test for PC
' test for PET only

/’"’mﬂ"'\

N .,
T emrvacl J\
\ U |

.T
from PVC C(CH: {iefwaiioﬁ{:d C-Ci~70

,,,,,,,,,,,,,,,,

000 3500 3000 2500 2000 1500 000 500
Wirvsaumber (em-1i}

Figure 5. Infrared spectrum of polyvinyl chlornde

(PVC): (A) sample, (B) the most similar IR spectrum

by computer screening.
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!
YL WN

Aromafic

i

Figure 6. Infrared spectrum of polycthylene ter-
ephthalate (PET): (A) sample, (B} the most similar
IR spectrum by computer screening.
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Table 5. Resultes of material test of bottled and mineral water packaging.

Dibutyltin Vinylchloride
ead Cadmium compound Cresol monomer
PVC N.D. N.D.-3.65 N.D.-21015.3 N.D. N.D.-45.3
PET N.D. N.D.-0.75 - - -
PE N.D. N.D.-0.77 - - -
PP N.D. N.D. - - -
PC N.D. N.D.-0.48 - - -
Table 6. Results of leaching test of bottled and mineral water packaging.
Solution Water 4% Acetic acid
Consumption
[tem of potassium Residue on Heavy
Permanganate evaporation metals Methanol Antimony Germanium
PVC 0.2-1.9 0.5-8.0 N.D. N.D. - -
PET 0.3-14 0.5-19.0 N.D. N.D. N.D. N.D.
PE 0.3-3.7 0.5-6.5 N.D. N.D. - -
PP 0.6 1.0 N.D. N.D. - -
PC 0.2-3.8 - N.D. N.D. . -
Table 7. PVC packages found with dibutyltin com- o BRME DR GESE, TRk R LS
pound and vinylchloride monomer. T
Item Numbers of sample — & ety =
ZRRKARKBRAKBRZAERR
Dibutyltin compound 9(9)" | ~ L |
Vinyljhlaride nz}ﬂ{)mar {9(7) H80F7 ARSI F6 AR e MM ML REE
' BB ER /K B Rk TR e A a8 S
* Numbers in parenthesis is the failed to meet Hygiemc RRER AR e 2 SR ASE M E AR I, IR B &
sample. B &R, RA S M EEIEPVC, PET, PE,
PP, PCHHH, HEHEKAK TR At E
51F : PVC 41F,PC 2614(51.0%),PE 15{4(29.4

£ 46

SRR TR Es « 5235 3

1770-1780 cm ~ ' fBcarbonyl group¥RHL, 1000- %),PET 614

1300 cm ™ B EE¥H 2 C-O group™ M, 1600 cm ™! {#:PVC 2614(56.5%),PC 1#4,PE 74+,PET 11
A Baromatic ring C= CIRIL, #(23.9%),PP 1{F; H L Z 47t a] RPC K PER

rE DA =Mk, EATER R AR 75 ik F BEEEX /K TRRCE AR E (80.4% ) , PVCKPET
RSB E 2 F B i B REEER BR= SISk TR e ME(RE—RET), £30

BTN ERKEEROE AR, SRS ZARTEH HEZ PVCA BRI TRELE. 1T ZPETA 3R
% TAIPETHEPC K PEELPP, AR RN, H T ,,s:r—: N7 TRRBLE . 220 2 PER 28 2 H16 R TR
BOgFERE], i 5 BEERY AR R R —F 32T PCEBEBI2F TRRELE, AR BEIKE
HIPE ~PP1'—‘?".,;¥‘%¥§$ MIR A &%, HE A ~E ﬁﬁ‘ﬂﬁféz{ﬁx*ﬁﬁﬁ?ﬁ%,; higERHE
(RBEREH, BeMn] B AR A ZE A B AT BERY BSHEEEHAR, EERRRBRARRN HPH
ME, F ﬂujzﬁgﬁ‘é;ﬁﬁf%?éﬁiéﬂ ¥ 1, EREE BRE SRR, B EBRET-3.65 ppm,
IER M E B¥EREN: , TS R BB E 8 7 T bR BB AEKE-21015.3 ppm, HirH
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et
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AT g

CH: rocking motion

.?-
CH, deformation
vibration

1OO0 SO0
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Table 8. Residue level of dibutyltin compound and vinylchloride monomer found in PVC packages from

various factories.

Numbers of Dibutyltin Vinylchlorie
Factory sample compound (ppm) monomer (ppm)

A (1) 8785.7 0.2

3(1) N.D. N.D., ND. 14
C 3(1) N.D. 0.8, 0.9, 2.2
D (1) 10328.4 N.D.
E (1) 1432.4 (.2
F 4(1) N.D. 0.2, 0.2, 0.8, 3.4
G N.D. 0.3
H (1) 11131.4 N.D.
l (1) 6299.2 9.1
J 2"(1) N.D., 11414.0 N.D.
K 2 N.D. N.D.
L N.D. (0.8
M N.D. N.D.
N (h [6083.4 ().7
O (1) [52.6 3.4
P 201) N.D., 210153 N.ID.. 453
Q l N.D. N.D.
R 1) N.D. 14.3
S R N.D. (0.3

* Numbers in Parenthesis 1s the fatled to meet Hygienic sample.

" Two samples from the same factory are different in volume and appearance.
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Sanitaion Status of Bottled and Mineral Water Packaging : A Survey

MEI-HWEI CHANG, SHAW-JWU LIN, LIU-CHING SU AND CHIN-CHEN CHENG

National Laboratories of Foods and Drugs, Department of Health, Executive Yuan
161-2, Kuen Yang Street, Nanking, Taipei, Taiwan, R.O.C.

ABSTRACT

To investigate the sanitary status and safety
of bottled and mineral water packaging, from
July 1991 to June 1992 a total of 97 samples
were examined. These included 30 polyvinyl
chloride (PVC). 22 polyethylene (PE), 1 polypro-
pylene (PP), 17 polyethylene terephthalate (PP)
and 27 polycarbonate (PC) containers.

In this study a simple and efficient intrared
(IR) spectrophotometric method was used to
analyze these various types of plastic products.

Key Words
containers.
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The results showed that 13 PVC samples
out of 30(43.3%) failed to meet the R.O.C. Hy-
gienic Standard for Food Containers. Among
those 13 PVC samples, 9 contained 152. 6-
21015.3 ppm dibutyltin compounds, 7 had 1.4-
45.3 ppm vinylchloroide monomer, while 3 con-
tained failed to meet Hygienic levels of both
dibu-tyltin compounds and vinylchloride mono-
mer. Plastic containers made of other materials
were all found to comply with the Standard.

Infrared spectrophotometry. Vinylchloride monomer, Dibutyltin compound, Safety of food



