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Evaluating Safety of Recycled and Non-recycled
Paper-based Box for Food Packaging
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Abstract There are many possibilities that recycled papers adulterate contaminants during the process. The objective of
this research was to evaluate safety of paper-based packaging materials for food, especially commercial pizza boxes in
Korea. Ultimately, we compared recycled and non-recycled commercial paper packaging materials. This study was based
on Korean Food and Drug Administration (KFDA) regulation. PCBs were measured by GC-ECD. Arsenic and lead were
analyzed using an ICP-MS. Formaldehyde was determined by LC-MS. Fluorescent materials were detected by UV lamp.
The result of this study shows that non-recycled paper packaging materials meets all the tested hygienic specifications
for food packaging materials, whereas recycled paper-based paperboard box may be contaminated by fluorescent whit-
ening agent. Though these results need to be further studied, it is recommended to avoid using recycled paper in direct

contact with food when used in food packaging.
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Table 1. Specific limits of contaminants in paper- or paper-
board-based food container or package by the Korean Food and
Drug Administration

Contaminant Maximum limits

PCBs 5 mg/kg
Arsenic 0.1 mg/L
Lead 1.0 mg/L
Formaldehyde 4.0 mg/L

Fluorescent whitening agent No detection
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PCBs ZFEA & o]&3l Aroclor(®]s} AC)-1221, 1232,
1242, 1248, 1254 ¥ 1260, potassium hydroxide= Sigma-
Aldrich Chemicals Co.(St. Louis, MO, USA), florisil

1: Randomly mixed | 2: Hot pizza contained 3: Upperside
/ / A —
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Fig. 1. Sections of pizza boxes where samples were contained.

Table 2. Sample preparation
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1: Randomly|2: Hot pizzal, .
mixed contained 3+ Upper side

A: Recycled
paper-based Al A2 A3
pizza box

(Type 1)
B: Recycled

paper-based B1 B2 B3
pizza box

(Type 2)

C: Non-recycled

paper-based C1 C2 C3
pizza box
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(60~100 mesh), acetic acid+= Mallinckrodt Baker, Inc.
(Phillipsburg, NJ, USA), n-hexane, sodium sulfate anhyd-
rous, sodium chloride, sodium hydroxide, n-heptane, citric
acid monohydrate= Daejung Chemical & Metals Co.
(Shiheung, Korea), acetonitrile, citric acid trisodium salt
dehydrate, hexamethylenetetramine< Samchun Chemical
Co.(Seoul, Korea), 2,4-Dinitrophenylhydrazine= Kanto
Chemicals Co.(Tokyo, Japan), nitric acid, sulfuric acid<
Dongwoo Fine-Chem(Seoul, Korea)?] A& U3t
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Table 3. Analysis conditions of GC-ECD for determination of
PCBs
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Table 4. Heating conditions of microwave acid digestion system
for analysis of arsenic and lead by ICP-MS

0.25 pm thickness)
120°C (2 min) — 5°C/min — 200°C
(7 min) — 2°C/min — 240°C (20 min)

Oven temperature

Parameter Operation condition Stage |Max. Power |%Power| Ramp |Pressure|Temperature
Instrument Agilent 6890, USA 1 300 W 100% | 20 min | 130 psi 70°C
Column HP-5 (30 mx0.32 mm id., 2 300W | 100% |20min | 150psi| 70°C

Table S. Analysis conditions of LC-MS for determination of
formaldehyde

Carrier gas Nitrogen (1.0 mL/min)
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Injector temperature 200°C Parameter Operation condition
Injection mode Split, split ratio 10:1 Instrument Agilent 1100S, USA
Detector temperature 270°C Column Eclipse XDB-C18

(4.6x150 mm i.d., particle 5 um)
40°C

Column temperature

Detector UV detector (354 nm)
Mobile phase 55% Acetonitrile
Flow rate 1.0 mL/min

Injection volume 10 pL
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Table 6. Arsenic concentrations (mg/L) of samples

0f0
OpA

O A9 Qhrle A 31

HI

Table 8. Formaldehyde concentrations (mg/L) of samples

1 2 3 1 2 3

A 0.0131 0.0091 0.0150 A 0.560.07 0.51+0.01 0.65+0.08
B 0.0085 0.0073 0.0110 B 0.52+0.05 0.53+0.09 0.56+0.08
C | 9.6653x107 0.0067 0.0084 C 0.25+0.01 0.25+0.03 0.26+0.05

Table 7. Lead concentrations (mg/L) of samples

1 2 3

A 0.1271 0.1007 0.1349

B 0.0576 0.0726 0.0702

C 1.0257x107° 0.0174 0.0067
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Fig. 2. Visual test of extracts of paper samples under fluorescent
light.
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