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Abstract Heavy metals can be intentionally or unintentionally introduced into plastic food utensils, containers, and
packaging (PFUCP) as additives or contaminants, which can be ingested with food by humans. Here, seven-heavy metals
(lead, cadmium, nickel, chromium, antimony, copper, and manganese) with toxicity concerns were selected, and risk
assessment was done by establishing their migration from 137 PFUCP products made of 16 materials distributed in
Korea. Migration of heavy metals was examined by applying 4% acetic acid as a food simulant (70°C, 30 minutes) to
the PFUCP products. Inductively coupled plasma mass spectrometry (ICP-MS) was employed for the analysis of
migrated heavy metals, and the reliability of quantitative results was confirmed by checking linearity, LOD, LOQ, recov-
ery, precision, and expanded uncertainty. As a result of monitoring, heavy metals were detected at a level of non-detection
to 8.76 + 11.87 pg/L and most of the heavy metals investigated were only detected at trace amounts of less than 1 ug/
L on average. However, antimony migrated from PET products was significantly higher than other groups. Risk assess-
ment revealed that all the heavy metals investigated were safe with a margin of exposure above 311. Collectively, we
demonstrated that heavy metals migrated from PFUCP products distributed in Korea appear to be within the safe range.
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Table 1. Materials of multi-layer film packaging samples

Multi-layer film packaging Material"
Sample 1 PET+CPP
Sample 2 PET+Nylon+CPP
Sample 3 PET+Nylon+RCPP
Sample 4 PET+PE
Sample 5 PET+Nylon+CPP
Sample 6 Aluminum+PET+LLDPE+PP
Sample 7 Polyester+PP/PE
Sample 8 Nylon+PE
Sample 9 PET+PE
Sample 10 PET+PE

DCPP : cast polypropylene / RCPP : retortable cast polypropylene
/ LLDPE : linear low density polyethylene

o] E(PET) 1771, ZE|=EI/(PS) 187, ZAE=g4t
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Table 2. The operating parameters of ICP-MS

Parameter Condition
RF power 1550 W
Nebulizer gas flow 1.05 L/min
Collision gas He flow 3.4 L/min
Extract 1 lens (Y
Extract 2 lens -205 V
Omega bias -90 V
Omega lens 11.8 V
. Pb 208, Cd 111, Ni 60,
Monitored elements (m/z) Cr 52, Sb 121, Mn 55, Cu 63
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Table 3. Results of method validation for 8 heavy metals in 4% acetic acid

. . . Recovery (%) Precision (%, RSD)
Heavy LOD LOYQ binearity - |Spiked level Intra-day Inter-day Intra-day Inter-day
metals (ng/l) (ng/l) (R (ng/l) (n=3) (n-3) (n-3) (n-3)
25 8535+ 4.98 | 85.70 + 4.40 5.83 5.14
Pb 0.195 0.585 0.9993 5 11524 £2.07 | 11533 £2.52 1.79 2.18
10 114.63 +5.58 | 115.00 + 5.57 4.87 4.84
2.5 110.04 + 490 | 106.33 +3.21 4.45 3.02
cd 0.024 0.072 0.9994 5 104.78 +£2.00 | 107.00 + 6.08 1.91 5.68
10 108.12 £ 3.30 | 109.67 £ 2.52 3.05 2.29
2.5 97.10 £ 2.60 | 95.18 = 0.70 2.67 0.74
Ni 0.195 0.585 0.9984 5 95.60 = 7.41 | 94.46 + 1.72 7.75 1.82
10 93.67 + .3.75 | 91.50 + 0.15 4.01 0.16
25 9833 + 4.73 | 105.52 + 5.07 4.81 4.80
Cr 0.195 0.585 0.9990 5 94.83 + 6.57 | 103.27 £ 3.05 6.93 2.96
10 9537 = 838 | 100.12 + 2.46 8.78 2.46
2.5 107.26 + 424 | 105.10 + 2.67 3.96 2.54
Sb 0.096 0.288 0.9982 5 100.18 + 3.73 | 105.06 = 2.78 3.72 2.64
10 102.62 + 4.77 | 105.01 +2.34 4.65 2.23
2.5 9753+ 0.12 | 97.54 + 1.03 0.12 1.06
Cu 0.195 0.585 0.9986 5 97.77+1.07 | 96.95 £ 0.27 1.09 0.28
10 94.99 + 0.57 | 94.33 + 0.86 0.60 0.91
2.5 95.85+ 0.88 | 95.37 % 1.86 0.92 1.95
Mn 0.390 1.170 0.9989 5 96.22 = 1.14 | 94.99 + 1.66 1.18 1.74
10 96.14 + 1.44 | 92.32 £ 1.00 1.50 1.08
ZF 1081277 pg/L, U2 939+ 1.82 pg/L, IF 9.54 27 = OS2 YERSTE (Table 4).
£ 1.81 pg/L, QFE]E 1026+ 1.56 pg/L, 2] 9.50+ 1.67 ug/L,
2 U7k 961 £ 1.77 pgL2 AFEE AT 7F B3 Qlxjo 2. O/ DLEZ X}
w2}, Aol og 7lxrt 7R w2 dAE, 7= olFANE A, AA 137F9 NE F g9 HEs
¥, I, BhHA AAgel o3t 7lo=rt 7P =2 4 56.34%°14 HEEAoH, Ho| AAE Ht olPFS
EUA, JEE, el ERIFEeH, tE B3 A 0.003~0.460 ug/LO = UER} PP, PE & SAFAA &3
EETE, IFE, AT FF A3 & I 7 TARL 1 pg/Lel] Blsl wig- wE FEe|len, Ho o

Table 4. Results of combined uncertainty, effective degrees of freedom, coverage factor, and expended uncertainty for analysis of 7

heavy metals

Heavy metals Results Combined uncertainty| Effective degrees of | Coverage factor [Expended uncertainty
(ug/L)" (Uo) freedom (V,z) (k=95%) (U, (ug/l)
Pb 11.46 1.04 17.00 2.11 2.20
Cd 10.81 1.26 11.03 2.20 2.77
Ni 9.37 0.83 33.31 2.03 1.82
Cr 9.54 0.89 27.67 2.06 1.81
Sb 10.26 0.77 33.03 2.03 1.56
Cu 9.50 0.82 33.55 2.03 1.67
Mn 9.61 0.87 29.82 2.04 1.77

DSpiked concentration:

10 pg/L
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Table 5. Concentration (ug/L) of Pb, Cd, Cr, Ni, Sb, Cu, and Mn migrated from plastic samples into a food simulant (4% acetic

acid) analyzed by ICP-MS ('p < 0.05)

Sample? Number of Concentration (pg/L) (Detection frequency)”
samples Pb Cd Cr Ni Sb Cu Mn
PP 1 0.274+0.25 | 0.00+0.00 | 0.10+0.12 | 0.01+0.02 | 0.06+0.12 | 0.02+0.08 | 0.10+0.10
(13 / 21) 6 /21 (11 /7 21) (13 / 21) (12 / 21) 2 /21 (17 7 21)
PE 15 0.02 £ 0.02 ND 0.05+0.07 | 0.01+0.01 | 0.01+£0.01 | 0.07+0.26 | 0.06+0.14
8/ 15) 0/ 15) 6/ 15) 8/ 15 6/ 15) 1715 3 /15
MF 10 0.06+0.08 | 0.01+0.01 | 0.09+0.13 | 0.05+0.11 | 0.00+0.01 | 0.11+0.16 | 1.10+1.75
(6 / 10) 4/ 10) 4/ 10) (7 / 10) 3/ 10) 4/ 10) 9/ 10)
PC 9 0.00£0.01 | 0.00+0.00 | 0.06+0.12 | 0.04£0.09 | 0.00+0.00 | 0.08+0.19 | 0.35+0.96
a1/79 a/9 279 379 279 279 379
PET 17 0224027 | 0.00£0.00 | 0.06+0.07 | 0.01+0.01 | 235+2.03" ND 0.09+0.20
(77 17) (1717 7/ 17) 7717 7/ 17) © /17 (11 / 17)
PS 18 0.46+0.26 | 0.01+0.01 | 0.19+0.14 | 0.04+0.07 | 0.18+0.30 | 0.06+0.18 | 0.22+0.26
(16 / 18) 6/ 18) (15 /7 18) (16 / 18) (15 / 18) 47/ 18) (15 / 18)
PCT 6 0.15+0.19 | 0.00+0.00 | 0.16+0.07 | 0.11+0.24 | 0.02+0.02 | 0.07+0.17 | 0.12+0.20
376 (176) ©/6) 376 27/ 6) (17/6) 27/ 6)
ABS 6 0.01+0.01 ND 0.15+£0.09 | 0.03+0.01 | 0.00+0.01 | 0.02+0.04 | 0.01+0.03
(176) 0 /6) 576 6 /6) (17/6) (17/6) 27/ 6)
PU 4 0.03 £0.03 ND 0.20+£0.04 | 0.02+0.01 | 0.00+0.00 | 0.26+0.39 ND
274 /4 “4/4 “4/4 (174 274 /4
PLA 4 0.30+0.20 | 0.00+0.00 | 0.76+0.77 | 0.09+0.09 | 0.04+0.03 | 0.84+1.24 | 0.64+0.68
B4 (174 “4/4 3B/74 374 37/4 3 /4
AR 3 0.03+£0.04 | 0.01+0.00 | 022+0.16 | 0.14+£0.13 | 0.01+0.01 | 021+0.06 | 0.26+0.37
(173) 27/73) 373 373 (173) 373 (17/3)
PBT 3 0.30+0.15 | 0.00£0.00 | 045+0.15 | 0.13£0.15 | 0.16+0.15 | 0.75+0.53 | 0.14+0.07
373 173 373 373 373 373 373
FR 3 0.06+£0.04 | 0.01+0.01 | 0.44=030 | 0.15£0.13 | 0.00£0.00 | 0.05+0.06 | 8.76+11.87
27/3) 27/73) 373 373 (17/3) (17/3) 373
PVC 3 0.16+0.16 | 0.00+0.00 | 0.12£0.09 | 0.03+0.02 | 0.04+0.03 ND 0.02+0.03
273) (173) 27/3) 373 273 0 /3) 273
MLF 10 0.09+0.14 | 0.00+0.00 | 0.08+0.09 | 0.01+0.02 | 0.03+0.03 | 0.02+0.06 | 0.01+0.01
(5 / 10) 3/ 10) (5 /7 10) 5/ 10) (6 / 10) 17/ 10) 2/ 10)
Rubber 5 0.04 £ 0.05 ND ND 0.10£0.04 | 0.00+0.01 ND 0.16+0.18
2759 © /53 /5 (SN 27/5) 0 /5) 3753

DUND: not detected or below LOQ.

2PP: polypropylene, PE: polyethylene, MF: melamine formaldehyde,

styrene, PCT: poly 1,4-cyclohexylenedimethylene terephthalate, ABS:

PC: polycarbonate, PET: polyethylene terephthalate, PS: poly-
acrylonitrile butadiene styrene resin, PU: polyurethane, PLA:

polylactic acid, AR: acrylic resin, PBT: polybutylene terephthalate, FR: fluorocarbon resin, PVC: polyvinyl chloride, MLF: mul-

tilayer film
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0.002~2.350 pg/Loll o™, A4 F PCTe| &&42 Exposure, MOE) HH& AR50, 2% MOE=
0.04 mg/Loll Hl&f w§- & FFolQuh. Hu) o) 7S] ofolE tie R she 7|87 SleF Ft(Bench-
PEToA] 7.600 pg/LOZE o= §E149 19% F=colUth. mark Dose Lower Confidence Limit, BMDL,,) %€ &
TFEE AA AE F 21.83%04 AEHden, mE of S AR 12 71FeR AT, UHR Jl=E, Y
adA¢} PBT AA AlgellX HAEHAT F2o] Add A, 3F, QEE, Wz e SAFAA Y] =EF
Bt oS 0.016~0.840 pg/Lol ok W7 WA Al (EDDE Alxtste] Qleie H7he 3o, =) Al
= 59.15%004 AEHUeH, =E PBT, E45A AF wF QR7IEMS sl TteEe LIRS
]_,Loﬂ}\ﬂ AZEQ3, PP, MF, PSOHH T 0%} U= A= (Provisional Tolerable Monthly Intake, PTMI) 25 ug/kg
ES Bt AEE Hit oS 0.006~8.761 pg/Lol bw/month, U2 UU5]-84F ZF(Tolerable Daily Intake,
—111 EAFRolA 25,538 pg/Le] ﬂEHOlBE o] vehsith TDI) 2.8 mg/kg bw/days AME3IGATE FE<] 7%, oA
(Table 5). A0l A ZH|1E] 2 AlFAA 37t 28] FEET &
T3, $545 ol o] e 1o ARE SAZ oA FE0 B wie] 2 AFdie 37F 2E9
S 1%k A3}, otE]Eo] PETOIN tE AZEF} HuS TDIS! 0.3 mgkeg bw/day*e 2831 ct. FE]ES TDI
o G214 e oldAI(p<0.05)3 BIoeH, e IAE 1.11 pg/kg bw/day®, B7+e RID 0.14 mg/kg/day*®, 72
o] AL 16572 Feg A7 ok fogh o] £ A H 8L A === (Provisional Maximum Tolerable
£ Holx| gttt PET $H9] ZulE AR 4hakslobe] Daily Intake, PMTDI) 0.5 mg/kg bw/day*S AM&3}3ith.
(Sby05)°] HkS- Fof| Sb glycolate FE) Z-& wEA}F Tk = HrHde, Jel A =530 z‘ﬂﬂ 311 (PP)IA
IE Ae R Wl 2R Hedl, ollgh ol ] 376,875 (PUE AFEEoH BF 7]EQ] 1 odo=
2 PET AJAA QtE|Zo] £&5= 202 FHHEGD. IR eH, Jl=E, U, 35, AEE, ?LE] W7 B
7122 te] A 03441%% ERIH] 7% FFE BT
3. foiE: B Ho 1670 AAANA A =Fol] oA st 2oz gy
2 AT fiE BrtellA Fe =E3(Margin of At} (Table 6).

Table 6. Results of the estimated daily intake (EDI) calculations and risk assessments
Pd Cd Ni Cr Sb Cu Mn

EDI |MOE?| EDI [Risk(%)| EDI |Risk(%)| EDI |Risk(%)| EDI [Risk(%)| EDI [Risk(%)| EDI [Risk(%)
PP 0.0000 | 311 [0.0000 | 0.0001 | 0.0000 | 0.0026 | 0.0000 | 0.0002 | 0.0000 | 0.0314 | 0.0000 | 0.0000 | 0.0000 | 0.0004
PE 0.0000 | 2,854 |0.0000 | 0.0000 | 0.0000 | 0.0019 | 0.0000 | 0.0001 | 0.0000 | 0.0065 | 0.0000 | 0.0001 | 0.0000 | 0.0003
MF 0.0000 | 3,865 |0.0000 | 0.0000 | 0.0000 | 0.0040 | 0.0000 | 0.0001 | 0.0000 | 0.0009 | 0.0000 | 0.0000 | 0.0000 | 0.0017
PC 0.0000 | 898 [0.0000 | 0.0000 | 0.0000 | 0.0003 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
PET |0.0000 | 1,403 |0.0000 | 0.0000 | 0.0000 | 0.0004 | 0.0000 | 0.0000 | 0.0000 | 0.3441 | 0.0000 | 0.0000 | 0.0000 | 0.0001
PS 0.0000 | 1,032 | 0.0000 | 0.0000 | 0.0000 | 0.0015 | 0.0000 | 0.0001 | 0.0000 | 0.0171 | 0.0000 | 0.0000 | 0.0000 | 0.0002
PCT |0.0000 |133,627] 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
ABS | 0.0000 [218,763| 0.0000 | 0.0000 | 0.0000 | 0.0005 | 0.0000 | 0.0000 | 0.0000 | 0.0001 | 0.0000 | 0.0000 | 0.0000 | 0.0000
PU 0.0000 {376,875] 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
PLA | 0.0000 | 67,788 | 0.0000 | 0.0000 | 0.0000 | 0.0001 | 0.0000 | 0.0000 | 0.0000 | 0.0001 | 0.0000 | 0.0000 | 0.0000 | 0.0000
AR ] 0.0000 | 65,326 | 0.0000 | 0.0000 | 0.0000 | 0.0013 | 0.0000 | 0.0000 | 0.0000 | 0.0001 | 0.0000 | 0.0000 | 0.0000 | 0.0000
PBT | 0.0000 | 66,746 | 0.0000 | 0.0000 | 0.0000 | 0.0001 | 0.0000 | 0.0000 | 0.0000 | 0.0004 | 0.0000 | 0.0000 | 0.0000 | 0.0000
FR 0.0000 | 26,122 | 0.0000 | 0.0000 | 0.0000 | 0.0017 | 0.0000 | 0.0000 | 0.0000 | 0.0001 | 0.0000 | 0.0000 | 0.0000 | 0.0020
PVC {0.0000 | 12,217 | 0.0000 | 0.0000 | 0.0000 | 0.0003 | 0.0000 | 0.0000 | 0.0000 | 0.0009 | 0.0000 | 0.0000 | 0.0000 | 0.0000
MLF | 0.0000 |230,017| 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0001 | 0.0000 | 0.0000 | 0.0000 | 0.0000
Rubber | 0.0000 | 29,290 | 0.0000 | 0.0000 | 0.0000 | 0.0016 | 0.0000 | 0.0000 | 0.0000 | 0.0002 | 0.0000 | 0.0000 | 0.0000 | 0.0001

DPP: polypropylene, PE: polyethylene, MF: melamine formaldehyde, PC: polycarbonate, PET: polyethylene terephthalate, PS: poly-
styrene, PCT: poly 1,4-cyclohexylenedimethylene terephthalate, ABS: acrylonitrile butadiene styrene resin, PU: polyurethane, PLA:
polylactic acid, AR: acrylic resin, PBT: polybutylene terephthalate, FR: fluorocarbon resin, PVC: polyvinyl chloride, MLF: multilayer film
IMOE (Margin of exposure) criteria: 1 or higher is safe

Material”




Vol. 28, No. 3 (2022)

kO
2

Z320 A7l ARo} 00T ol AT Zalx
71 R 871, 2 AF s} AFS B3 QA
“‘/P UL}EW B ApoMe 54 7K 7R
B, U, 35, e, 7, Whs A
U ‘IQI’EE]‘—“ 16418 1377] AFEClA 9] o=
gelste] QJEl= Hrke stk i AAELS 4%
AS AERARE(70°C, 30E)E FE3ste] o|3AE
FEALE AN S 8 FEddEetRe) WA
(ICP-MSy& Z*—&ﬁotﬂ A¥A, A& I(LOD), 7@%
ALOQ), 358, LS =43l shyRsrs J.%
o] AFdte] AEgs SRSl LHEP‘ 7Ur A
Hog H7AZ (ND)~8.76+ 11.87 pg/le] 502 A%
om, th-o] FH 1 g/l mvke] 1%k_£ 1= At
Bk QFEiZo] PET AZelA th2 A-E vls| TA4
o7 folaA =A4(p<0.05) At nREez 98]

=5 )\
=

Lgﬂx

l‘Nf o o 1o [ i@

Y
g

Ik mlo

-

¢

ol
2 -

w8 ke A, T fEHE ABTY FREES A
AHZIE ] BF S FEoR 4152 U 2
2 BIse

LA o

B oATE 20209 AE|REAA ATl
A1) A (20163MFDS020)0l 2l 3 Eem old)
TA=HU T

]

ret

D25

Ja—

o)1, 2019, F4sst A, #2248 A1, pp.38~45

2. Murphy, J. 2001. Additives for Plastics Handbook, Second
edition. Elsevier, A, Netherlands,

3. Hahladakis, J.N. 2018. An overview of chemical additives
present in plastics: Migration, release, fate and environmental
impact during their use, disposal and recycling. Journal of
hazardous materials, 344: 179-199.

4. Umar, A.l. Sarkingobir, Y. and Dikko, M. 2022. Spectro-
analytical Research of Selected Heavy Metals (Cu, Cd, Cr,
and Pb) in Four Different Single-use Plastics Commonly in
Contact with Food from Sokoto, Nigeria. Journal Teknokes,
15(2): 76-80.

5. Mg 1995, ZEfAE ZAA|, 28EA} ek 7)E, 6(2),
pp-137-144.

6. Kiyataka, PH.M., Dantas, S.T. and Pallone, J.A.L. 2015.
Method for analysis and study of migration of lead, cadmium,
mercury and arsenic from polypropylene packaging into ice
cream and simulant. Food analytical methods, 8(9): 2331-
2338.

7. Kim, K.C., Park, YB., Lee, M.J., Kim, J.B.,, Huh, J.W.,

Kim, D.H., Lee, J.B. and Kim, J.C. 2008. Levels of heavy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

BRI

sol Ea4 9ol

o

7t 181

metals in candy packages and candies likely to be consumed
by small children. Food Res Int, 41(4): 411-418.

. Filella, M., Hennebert, P, Okkenhaug, G. and Turner, A.

2020. Occurrence and fate of antimony in plastics. Journal
of hazardous materials, 390: 121764.

. Khan, S. and Khan, A.R. 2015. Contamination of toxic heavy

metal in locally made plastic food packaging containers.
Global J Sci Front Res B Chem, 15(1): 19-24.

Lahimer, M.C., Ayed, N., Horriche, J. and Belgaied, S.
2017. Characterization of plastic packaging additives: food
contact, stability and toxicity. Arabian journal of chemistry,
10: S1938-S1954.

Zamindar, N., Anari, E.S., Bathaei, S.S., Shirani, N.,
Tabatabaei, L., Mahdavi-Asl, N., Khalili, A. and Paidari, S.
2020. Application of copper nano particles in antimicrobial
packaging: a mini review. Acta Sci. Nutr. Health, 4(5): 14-18.
2Eo)ekZebd ] (MFDS). 2021, A&8 71+ 2 87 %%
o] 712 2 4. https//www.mfds.go kr/eng/brd/m_15/
view.do?seq=7243 5andsrchFr=andsrchTo=andsrchWord=andsr
chTp=anditm_seq 1=0anditm_seq 2=0andmulti_itm_seq=0an
dcompany cd=andcompany nm=andpage=1.

International Agency for Research on Cancer (IARC). 2019.
Agents Classifed by the IARC Monographs 1-123.

Williams, M., Todd, GD., Roney, N., Crawford, J., Coles,
C., McClure, PR., Garey, J.D., Zaccaria, K., Citra, M., ATSDR
and SRC Inc. 2013. Toxicological profile for manganese.
Sharma, N., Bakshi, A., Sharma, A., Kaur, I. and Nagpal,
A.K. 2021, November. Health Risk Associated with Copper
Intake through Vegetables in Different Countries. In IOP
Conference Series: Earth and Environmental Science. 889(1):
012071.

Kim, M.S., Kim, W.I., Shin, S.K., Kang, Y.Y., Cho, Y.A,
Jeong, S.K., Jin, N., Yeon, J.M. and Lee, J.Y. 2013. Heavy
metal exposure assessment of recycled plastic buckets.
Analytical Science and Technology, 26(1): 67-72.

Kiyataka, PH.M., Dantas, S.T. and Pallone, J.A.L. 2014.
Method for assessing lead, cadmium, mercury and arsenic in
high-density polyethylene packaging and study of the
migration into yoghurt and simulant. Food Additives and
Contaminants: Part A, 31(1): 156-163.

Bratinova, S., Raffael, B. and Simoneau, C. 2009. Guidelines
for performance criteria and validation procedures of
analytical methods used in controls of food contact materials.
JRC Scientific and Technical Reports, EUR, 24105.
International Organization for Standardization (ISO). 1995.
Guide to the Expression of uncertainty in measurement.
Geneva, Switzerland

o)A, 2017. AFE 717+ H 8717 olf=d A
7h Bdl AT SEEAMARIS . A FOFERPA A
NEFA] LA,

AFO A, 2019, AF T Al LA=Z s A
R vl

2|Fe]FFEA, 2019, AANABANF AN B 7T TEAZA.
Ahn, K.H., Park, J.H., Kim HK., Lee, Y.H., and Kwon,
0.S. 2012. Characteristics of Antimony Contamination from



182

24.
25.

26.

0|49

O

0

PET of Bottled Tap Water. J. of the Korean Society for
Environmental Analysis. 15(3): 163-170.

2F oo FEQFAA, 2022, =] AA=F HATE.

T8, 2016, = QIA=ERMA7IE A4S ST &
ZuLe W7} AT, AEFEIAAH ATANLTA B,
Mazinanian, N., Herting, G.,, Wallinder, 1.0. and Hedberg, Y.
2016. Metal release and corrosion resistance of different stainless
steel grades in simulated food contact. Corrosion, 72(6): 775-
790.

S BN - FOIR] - 0156 - ofaikl

TSR FALIIE TE R TS s S

27. Hedberg, Y.S. and Odnevall Wallinder, 1. 2016. Metal release
from stainless steel in biological environments: A review.
Biointerphases, 11(1): 018901.

28. Environmental Protection Agency (EPA), 1995, Manganese.

29. Jecfa/WHO, 1982, Evaluation of certain food additives and
contaminants

F31:2022.11.24 / AAMEE: 2022.12.09 / AR S 2022.12.12



	*Corresponding Author: Jaeyun Choi Transdisciplinary Major in Learning Health Systems, Department of Health and Safety Convergence Science, Graduate School, Korea University, 145 Anam-ro, Seongbok-gu, Seoul 02841, Republic of Korea. E-mail: idforyoua...
	국내 유통 식품용 플라스틱 기구 및 용기, 포장의 중금속 위해도 평가
	이경연1 · 김형수1,2 · 장대용1,2 · 구예지1,2 · 이승하1,2 · 여혜빈1 · 윤지수1 · 임경민3 · 최재윤1,2*
	1고려대학교 보건과학대학 보건안전융합과학과 러닝헬스시스템융합전공 2고려대학교 보건과학대학 보건과학연구소 3이화여자대학교 약학대학 약학과

	Risk Assessment of Heavy Metals Migrated from Plastic Food Utensils, Containers, and Packaging Distributed in Korea
	Kyung Youn Lee1, Hyung Soo Kim1,2, Dae Yong Jang1,2, Ye Ji Koo1,2, Seung Ha Lee1,2, Hye Bin Yeo1, Ji Su Yoon1, Kyung-Min Lim3, and Jaeyun Choi1,2*
	1Transdisciplinary Major in Learning Health Systems, Department of Health and Safety Convergence Science, Graduate School, Korea University, Seoul 02841, Republic of Korea 2Research Institute of Health Sciences, College of Health Science, Korea Unive...
	Abstract Heavy metals can be intentionally or unintentionally introduced into plastic food utensils, containers, and packaging (PFUCP) as additives or contaminants, which can be ingested with food by humans. Here, seven-heavy metals (lead, cadmium, n...
	Keywords Heavy metal, Plastic food contact materials, Migration, Food simulant, Risk assessment
	서 론
	재료 및 방법
	결과 및 고찰
	요 약
	감사의 말
	참고문헌







