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ABSTRACT

Paper packaging materials are essential in protection and transportation of commercial or industrial
products. Raw materials for packaging paper production are mainly obtained from various grades of
waste paper. For this reason, the recycled fibers from waste paper would probably have possibility of
containing heavy metals. This study was focused on the development of optimum pre-treatment method
for the quantitative analysis of mercury. The optimum pre-treatment for open digestion system were
obtained at the treatment conditions of acid combination with HNOs/HCI/H,O, or HNO3/H,SO4 at 80C.
The optimum pre-treatment conditions in closed digestion system were determinated by the acid
combination with HNOs/HCI/H,O,/HF in microwave at 320 W for 20 min. The recovery rate in open
digestion system was 85~ 94% and in closed digestion system was indicated as about 100%. Therefore,
the closed system is superior than the open system in pre-treatment method for the quantitative analysis
of mercury, and the detected mercury contents in the sample of KOCC, AOCC and kraft sack paper were
measured below 1 ppm.
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Table 1. Specifications of reagent for pre-treatment

FEAL SIa A e W 47 69

W E3h 42 3-89 (Kanto Chemical, Japan)-2
0.1 mol/L ZAF | EZY AR 0]F0]2] 1000 ppm 5=
9] H|&E-& AH&-3519 T Open system ¥} closed system
9 3l A4S Tl e Al e U= A
A 2] WhR Bl A 2] AF 23S o] &-sko] Al {FEZAA
KOCC(Korean Old Corrugated Container), AOCC
(American Old Corrugated Container), A& 3ZT)
(Kraft sack paper) 2] 4~ a2 B A5Gt

2.2 ME

2.2.1 Open digestion system0i| 2|8t HX{2| 1}
522 2p ol FHHg o] if - 2 Sl

2 A7 A RN 718 B AA e S o) F

of| A e A = A S 9 Al 7ol EA o= 4

o] fitio] 4l 7R o] . uhehA 4

o] 7|13}= WA 57| 918l T et E2t o] BKP

)

et & 2R 35715 ARk 7P = AATSH
Oﬂq' Xﬁ%a]ﬂg}i% Aze 37 SolA S8sl W
o]g5t0] 100 mL7FA] 3] 4]8}1
045 m DE 2 S A A E)] ZEEE 0|5 d

o] Z2-& A A 5} th. Open digestion systemo]| 2]k
HA ] A 7B 2 E5 80 o150 TR 2 A5}

Reagents Concentration, % Density, g/mL Boiling Point, C
Water - 1.00 100
Nitric acid 69 -70.0 1.41 83
Hydrochloric acid 35-37.0 1.18 110
Hydrogen peroxide 35.0 1.10 126
Hydrogen Fluoride 49.0 1.13 120
Sulfuric acid 95.8 1.20 317

Table 2. Mixing conditions of acid for pre-treatment in open digestion system

Dosage volume, mL

Mixing conditions of acid

HNO; H,0, HCl H,SO,4
O-1 20 3 3 -
o-II 15 - - -
O-1I 15 - - 5
O-1v 15 - - 10
0-V 15 - - 15
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Table 3. Mixing conditions of acid for pre-treatment in closed digestion system

Mixing conditions of

Dosage volume, mL

acid HNO3 H,0, HCI HF 0.2M citric acid  50% methanol
C-1 8 1 1 - - -
Cc-II 7 1 1 1 - -
Cc-1I 7 1 1 - 1 -
C-IvV 7 1 1 - - 1
Cc-V 6 1 1 - - -
C-VI 6 1 1 1 1 -
C-VI 6 1 1 1 - 1
C-Vi 6 1 1 - 1 1
C-IX 5 1 1 1 1 1
o] 71 B Lo & £-29] 3485 EA5 analyzer, Model-CETAC, Parma company, USA)S
o2 B 42 RS T ARTAN WAL & o geiol 48 TS BT IS B
T d4skch om, 25 A7]71 8] GF 2712 Table 49 Zth.
Z17ke) WA ) 274 vpA) e Aol A 2ol €]
2.2.2 Closed digestion systemd|| 2|t XA2| 1td 3H A EE 1008 345100 T2 7] 7] A A] 27
Closed digestion systemo]] &3t =2 3]+-82 & 2] 4= 0 Btk (ppm) ol 1008 S F51o] AlA| A Fof &

25171 918l PTFE A 2] -&7]° BKP 0.5 g (0,d)3%
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Table 4. Operation conditions of mercury analyzer

Specification

Type Cold vapor AA or AFS
Wavelength 253.6 nm
Carrier gas (N2 or Ar) 20-350 mL/min or less than

5-7 mL/min or less than
1257C or less than
Hg vapor Lamp

Sample uptake rate
Analysis temperature
Light source

Twin solid state silicon type or

Detector
fluorescence type

. Triple beam or one beam with
Optics
fluorescence detector

Detection range < 0.2 ppt or less than
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Fig. 1. Changes in recovery rate of mercury by
open digestion system at 80°C.
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Fig. 2. Changes in recovery rate of mercury by
pre-treatment temperature.
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Table 5. Recovery rate of mercury by closed

digestion system.
Mixed acid Recovery rate of mercury(%)

C-1 102.96

C-1I 98.95

C-1I 110.50

C-IvV 92.00

Cc-V 94.50

C-VI 100.10

C-VII 95.50

C-Vi 101.00

C-IX 86.55
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Table 6. Mercury contents in paper packaging
materials by closed digestion system
(repeat 10 times)

Mercury contents, mg/kg

KOCC AOCC Kraft sack paper
0.40 0.73 0.85
o2 ghekyof

A 27 A o A-g-ste] A 25 A

Algt ohg =2 RS 248
Table 5= microwaveo] 2|3} closed digestion
systemoll 4 EG4F C- 1 2L Apgaho] HAlzt
KOCC % AOCC, Atm o] ZhEH= =2 FHeg o
24 2% 1 mgke 1|70 2 20} Hulakro) 7
Eohe & 5 U100, 3 A FI A BF90% o] 4]

AR B AT AT AFERA A 2ol
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