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ABSTRACT

This study was performed to evaluate the heavy metal contents in various packaging board. Domestic
and foreign OCC (old corrugated containers) and old duplex boards were used as raw materials. Tests
were made for the printed and unprinted parts of the sample. Heavy metal contents of old food packaging
boards made from virgin pulp fibers were also evaluated. The contents of heavy metals including lead
(Pb), cadmium (Cd), barium (Ba), arsenic (As), antimony (Sb), selenium (Se), and mercury (Hg) were
determined using ICP-AES (Inductively Coupled Plasma - Atomic Emission Spectrometer), and
CV-AAS (Cold vapor-atomic absorption spectrometer) after digesting the samples in a microwave oven.
The contents of heavy metals contained in domestic packaging board were higher than those in overseas
samples, and OCC showed higher contents of heavy metals than old duplex boards. Printed parts gave
greater heavy metal contents than unprinted parts. Results indicate that recycling of paper and paperboard
products increases the heavy metal contamination of the paper packaging products and this derives
mostly from the heavy metals contained in printing inks. Recycling processes that decrease heavy metals
in recycled fibers and new printing inks that contains less heavy metals should be developed to solve the
problem associated with the heavy metals in packaging paper products.
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Table 1. Characteristics of corrugated container boxes

57

Surface liner type
D Type (Commercial grzge) Color
A-K Jute liner (KLB) Unprinted
B-K Jute liner (SK) Unprinted
C-K White jute liner Unprinted
D-K White jute liner Red
E-K ‘White jute liner Blue
KOCC . .
F-K Jute liner (SK) Pink
G-K Jute liner (KLB) Black
H-K Duplex board Violet
I-K Duplex board Gold
J-K Duplex board Green
A-A Jute liner (KLB) Unprinted
B-A Jute liner (SK) Unprinted
C-A White jute liner Red
AOCC . .
D-A White jute liner Blue
E-A Jute liner (KLB) Black
F-A White jute liner Green
A-C Liner board Jute liner (KLB) Unprinted
B-C (China) Corrugated medium Unprinted
UKP Pulp UKP Unprinted
Table 2. Characteristics of duplex boards
D Type - Basis weight, g/m’ Color
Grade Commercial grade
W-A 350
W-B 350 .
unprinted
W-C 350
W-D 350 (China)
W-E 300 Yellow
W-F White lined chip SC Manila 300 Red
W-G board 350 Blue
W-H 350 Black
W-I 300 Pink
W-]J 350 Violet
W-K 300 Green
W-L 350 (China) Red
I-A . 260 Black
Folding box board Ivory
I-B 260 Gold
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Table 3. Characteristics of food packaging boards
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Plasma-Atomic Emmision Spectrometer)2} CV-AAS
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1D Pulp composition Basis weight, g/m’ Color
F-A 240 Yellow
F-B 280 Red
F-C 280 Red
F-D 280 Red
F-E 260 Red
F-F BKP 280 Blue
F-G 240 Unprinted
F-H 280 Unprinted
F-1 280 (China) Red
F-J 350 (China) Unprinted
F-K BKP+UKP 280 Blue
F-L UKP 50 Unprinted
Table 4. Recovery ratio by acid mixtures
HNO3 HCl1 H:0. HF Recovery ratio, %
; ) ) ) Pb Cd Hg As Ba Sh Se
9 92 98 99 98 93 83




Table 5. Wavelength used to determine heavy

metal contents with ICP-AES
Metal Wavelength, nm
Pb 217.000
Cd 228.802
As 188.979
Ba 233.527
Se 196.026
Sh 206.836
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Table 6. Heavy metal content of unprinted KOCC ppm
ID Pb Cd Hg As Ba Se Sb
A-K 30 - 32 <5 <05 0 67 - 71 <5 13 - 16
B-K 50 - 55 <5 <05 0 60 - 68 <5 15 - 17
C-K 20 - 32 <5 <05 0 50 - 56 <5 10 - 17
UKP 0 <5 <05 0 0-9 <5 0
Table 7. Heavy metal content of printed KOCC
ppm
D Pb Cd Hg As Ba Se Sh
D-K 15 - 20 <1 <05 0 290 - 350 <2 10 - 15
E-K 30 - 35 <1 <05 0 100 - 120 <2 8 - 12
F-K 30 - 40 <1 <05 0 120 - 170 <2 7 - 10
G-K 20 - 25 <1 <05 0 60 - 70 <2 10 - 13
H-K 10 - 20 <1 <0.5 0 40 - 50 <2 5-10
I-K 15 - 20 <1 <05 0 40 - 50 <2 4-8
J-K 14 - 18 <1 <05 0 70 - 80 <2 5-8
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Table 8. Heavy metal content of unprinted and printed AOCC and liner boards from China
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ppm
ID Pb Cd Hg As Ba Se Sb
A-A 3-10 <1 <05 <1 5-18 4-38 4-1
B-A 8- 12 <1 <0.5 <1 12-15 5-8 -4
C-A 5-18 <1 <05 <1 28 - 31 7-9 0
D-A 5-8 <1 <0.5 <1 14-18 9-14 0
E-A 5-10 <1 <0.5 <1 15-22 5-11 0
F-A 10 - 13 <1 <05 <1 8- 14 8- 12 0
A-C 14-15 <1 <05 <1 2-3F 2-3 4-5
B-C 5-6 <1 <05 <1 -8 1-2 4-6
Table 9. Heavy metal content of unprinted duplex boards
ppm
1D Pb Cd Hg As Ba Se Sb
W-A 10 - 11 <1 <0.5 0 19 - 26 <5 4 -7
W-B 11 - 13 <1 <0.5 0 32 - 42 <5 5-10
W-C 8 - 12 <1 <0.5 0 21 - 28 <5 3-5
W-D 18 - 20 <1 <0.5 0 40 - 42 <5 8 - 10
Table 10. Heavy metal content of printed duplex boards
ppm
D Pb Cd Hg As Ba Se Sb
W-E 5-8 0 <0.1 <5 2%U-2 <5 3-4
W-F 12-17 0 <0.1 <5 200 - 210 <5 2-3
W-G 20-24 0 <0.1 <5 -3 <5 3-5
W-H 9-10 0 <0.1 <5 -3 <5 4-5
W-1 11 -13 0 <0.1 <5 31 -4 <5 3-4
W-J 8-1 0 <0.1 <5 %-30 <5 3-4
W-K 8-10 0 <0.1 <5 -3 <5 5-6
W-L 4-6 0 <0.1 <5 40 - 50 <5 2-3
I-A 8-1 0 <0.1 <5 19-21 <5 4-17
I-B 9-1 0 <0.1 <5 8-2 <5 5-17
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Table 11. Heavy metal content of unprinted and printed food packaging boards.
ppm
D Pb Cd Hg As Ba Se Sb
F-A 0-3 0 < 0.10 <5 4-5 <5 0
F-B 5-7 0 < 0.10 <5 100 - 110 <5 0
F-C 2-4 0 < 0.10 <5 350 - 380 <5 0
F-D 2-5 0 < 0.10 <5 3-4 <5 0
F-E 4-5 0 < 0.10 <5 180 - 220 <5 0
F-F 2-10 0 < 0.10 <5 5-9 <5 0
F-G 2-4 0 < 0.10 <5 2 -4 <5 0
F-H 3-5 0 < 0.10 <5 2-3 <5 0
F-1 1-3 0 < 0.10 <5 80 - 110 <5 0
F-J 3-5 0 < 0.10 <5 6 -7 <5 0
F-K 2-12 0 < 0.10 <5 6 -8 <5 0
F-L 2-4 0 < 0.10 <5 3 -4 <5 0
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