J. Fd Hyg. Safety 21(4), 231-237 (2006)

ol - ROIAl - ZUR - MLYS -

AJZOJOLZOI T X A

/I

Ev_

A - MEH - S - oY
2 27/ 25

The Monitoring on Plasticizers and Heavy Metals in Teabags
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ABSTRACT - Nowadays the teabag is worldwide used for various products including green tea, tea, coffee, etc.
since it is convenient for use. In case of outer packaging printed, however, there is a possibility that the plasticizers
which is used for improvement in adhesiveness of printing ink may shift to inner tea bag. In this study, in order to
monitor residual levels of plasticizers in teabags, we have established the simultaneous analysis method of 9
phthalates and 7 adipates plasticizers using gas chromatography (GC). These compounds were also confirmed using
gas chromatography-mass spectrometry (GC-MSD). The recoveries of plasticizers analyzed by GC ranged from
82.7% to 104.6% with coefficient of variation of 0.6~2.7% and the correlation coefficients of each plasticizer was
0.9991~0.9999. Therefore this simultaneous analysis method was showed excellent reproducibility and linearity. And
limit of detection (LOD) and limit of quantitation (LOQ) on individual plasticizer were 0.1~3.5 ppm and 0.3~11.5
ppm respectively. When 143 commercial products of teabag were monitored, no plasticizers analysed were detected
in filter of teabag products. The migration into 95°C water as food was also examined and the 16 plasticizers are
not detected. In addition we carried out analysis of heavy metals, lead (Pb), cadmium (Cd), arsenic (As) and
aluminum (Al) in teabag filters using ICP/AES. Trace~23 pg Pb per teabag and 0.6~1718 pg Al per teabag were
detected in materials of samples and Cd and As are detected less than LOQ (0.05 ppm). The migration levels of Pb
and Al from teabag filter to 95°C water were upto 11.5 pg and 20.8 ug per teabag, respectively and Cd and As were
not detected in exudate water of all samples. Collectively, these results suggest that there is no safety concern from

using teabag filter.
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Table 1. Analytical conditions of GC/FID (A) and GC/MSD (B)
for the identification of plasticizers.

(A) -
Instrument HP6890FID
Column DB-1701 (30 m x 0.25 um x 0.25 mm)
Oven Temp. 12'0"9(10 mim) — [7°C/min] —> 230°C
(20 mim) — [5°C/min] — 280°C(5 mim)
Inlet Temp. 240°C
Detection Temp. 280°C
Carrier Gas N, (1.4 pl/min)
Injection Vol. 2ul
(B)
Instrument HP5973inest
Column DB-1701 (30 m x 0.25 um x 0.25 mm)
Oven Temp. 120"(;( 10 mim) — [7°C/min] - 230"’C
(20 mim) — [5°C/min] — 280°C(5 mim)
Inlet Temp. 240°C
Solvent Delay S min
Carrier Gas He
Ionization energy 70 eV
Injection Vol. 2ul

Table 2. Analytical conditions of ICP for heavy metals.

Classi fication Condition

Wavelength (nm) As 188.980

Pb 220.353

Cd214.439

Al167.019
Sample gas flow (L/min) 7.0
Plasma gas flow (L/min) 1.5
Auxilary gas flow (L/min) 15
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Fig. 1. Chromatogram of 16 plasticizers analyzed in tea bag filter. (A) GC/FID Chromatogram of Standard (mixture of 16
plasticizers); (B) GC/FID Chromatogram of Sample; (C) GC/MSD Chromatogram (scan mode) of Sample.

Table 3. Summary on parameters of GC/FID for simultaneous analysis of plasticizers.

DMA DEA DBA- DIBA DEHA BBEA BBEEA DEP DIPP DPrP DBP DPtP DEHP DCHP DPP BBP
gﬁ?%?féi?» 0.9998 0.9998 0.9997 0.9997 0999 09996 09999 0.9997 0.9997 0.9996 0.9996 0.9991 0.9996 0.9996 0.9998 0.9997
;;;:f)gf‘)e‘““‘)" 0502 0735 0050 0275 1137 0802 2185 0320 0.118 0089 0.804 2346 1979 2945 3456 2.034
Ig)llrxnagtizfition (opmy |76 2449 0166 0918 3790 2674 7285 1069 0394 0296 2523 7820 648 9.815 11521 6780
(}?ggija;‘)my 2205 1679 1510 1535 1530 1.136 1048 0793 0621 1060 1339 2794 1.639 2306 2654 1.583

0

Recovery (%) 827 837 886 902 904 919 1046 898 885 883 897 897 906 825 990 922
for Material test? 4347 4696 +449 341 273 275 129 347 502 431 1362 298 286 =366 1629 1327
Recovery (%) 850 985 1041 1068 1043 1045 1145 1060 1062 1070 905 971 1025 1076 1068 1085
for Migration test? 4224  +1.13 +1.38 078 +0.69 026 +08 080 081 0.66 073 =059 +130 +081 +089 078

1) n=3 injections, concentration range 0~400 ppm, 9 point
2) and 3) LOD and LOQ are calculated as 5 times the standard deviation of the plasticizer levels in the blank test.
4) n=6 injections, time range up to 7 days, 4 point
5) n=7 with plasticizers-spiked samples
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Table 4. Residual (A) and migration (B) levels of 16 plasticizers analyzed with GC/FID and GC/MSD in tea bag filter. Each value is

reported ng/1 teabag for individual sample.

A

DMA DEA DBA DIBA DEHA BBEA BBEEA DEP DIPrP DPrP DBP DPtP DEHP DCHP DPP BBP
Pulp (n=111) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Nylon (n=6) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PET/PE (n=3) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PE/PP (n=2) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PP (n==5) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PE (n=16) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
(B)
DMA DEA DBA DIBA DEHA BBEA BBEEA DEP DIPrP DPrP DBP DPtP DEHP DCHP DPP BBP
Pulp (n=111) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Nylon (n=6) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PET/PE (n=3) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PE/PP (n=2) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PP (n=5) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
PE@=16) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
3307 28 FEdt AF F 7HEA ARFE GO/ TUT AEE B 8F 143559 &L IS 28 &
FIDZ #2443 & GC/MSD(scan mode)® 328k Az & 7 95°Ce] Rl 3087 2EF § dichloromethane
Ao AR AF] AEE EuolMe FAg ZEHo] o7 FE3t] 7iAA ol¥FE GC/FID ¥ GC/MSD(sacn
EfR 4 oltHolERY 7ERA 1650 EF HAEHA| &% mode)2 4% Az} B Age) AMgE ZeEolER ¢
Th(Table 4A 2 Fig 1). o]21st A= A&8 Bl AlEo oltjHo| ERO] 7haA] 1652 BT HEFHA EAUATHTable
XA YA FE FElE 5 e FEIEEL 7k 4B). 3 HEE HY AR F U AEE Ay 25
A7 A2 AREEA] AV QAP ZA A7 AF 2290 95°C BolX AEA I ME 165 THA] oYL
|9} SHete YA UEAER 8] WEges f  ZARKIGH HAEATRE 3, 10, 30, 602 3A-S wf Al

shdol olgsEA Reg waEch

Lo ==Y

7t&H| o

Table 5. Residual (A) and migration (B) levels of heavy metals
(Cd, Pb, As and Al) analyzed with ICP in tea bag filter. Each
value is reported j1g/1 teabag for individual sample. ND < LOD
(0.001 mg/L); Trace < LOQ (0.05 mg/L)

(A)
Pulp Nylon PET/PE  PE/PP PP PE
(n=111) (n=6}) (n=3) (n=2) (n=5) (n=16)
As ND/Trace Trace Trace Trace Trace Trace
Cd Trace Trace Trace Trace Trace Trace
Pb Trace~23.0  Trace Trace Trace  Trace~2.7 Trace~2.9
Al 0.6~1718 2.5~752 22.0~269 17.9-269 24.4-135 124~31.8
(B)
Pulp Nylon PET/PE  PE/PP PP PE
(n=111) (n=6) (n=3) (n=2) {n=5) (n=16)
As Trace Trace Trace Trace Trace Trace
Cd ND ND ND ND ND ND
Pb Trace~11.5 Trace Trace Trace Trace Trace
Al Trace~14.1 Trace  8.6~20.8  Trace Trace Trace

He 165 7taA BF HEHA] ZPol(Table 6) IEE H
wogHE yl4AlY] o]3de Qe Aoz AlRHT) o#d

AThe Table 449 AL EW AARH AHRRE o2
ol Aoz AEe) AT ANYZANRE Fh2 5

JE FAEE =, 7 RS UMYz ARSEA] 2A
&L gule] WAoo Z o|gEx] &) wiitel A&
M HAEER] G Foz AEdy.
E|YEE S35 IR :
B AAEe] 345 As, Cd, Pb, AIE BA37] 43t
ICP/AES EX4Z7& Table 2¢] e oH, /E 54
Cd, Al, Pb B Asll W3t FA44d2 0.05~1.0 ppme] %

weloll thsl Zkzb 0.9999, 1.0000, 0.9999, 0.9963°|UT}.
0.01 ppm FEoAME A0l YehgA] ot Aalde] o
oA 0.05 ppme AFAAR H5eH, oln A&SMA=
0.001 ppm.2Z YERITHdata not shown).

&S gy AdF 7t=F 9 A REFE AFY
Lol BAIRe] BT FHFEA olekE AEHA. de A
%, pulp MM BTG 27 ug7kRl HEHYLeH, pp
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