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Abstract

The migration mechanism of trace elements, Pb, Cd, Cu, Zn and Sn from brass food-contact utensiles was inves-

tigated. The migration of metals from brass was affected by the migration temperature (30, 60, 80 and 95°C), the
simulant pH (2.5, 4.3, 6.0 and 7.0) and the migration time (30, 90, 180 and 360 min.). The amount of Pb migration
was maximum at 95°C with pH 2.5. This study indicated that the equilibrium of Pb migration was reached at 180

minutes. The mechanism of Pb migration was investigated with Scanning Electron Microscope (SEM) and

Electron Probe Micro Analyzer (EPMA). To correlate the relations between the migration and the content of Pb in

brass samples, ten brass samples having known content of Pb (the quantities of Pb in brass ; 0, 0.02, 0.09, 0.1, 0.2,
0.5, 0.9, 1.4, 5.4 and 9.2 % (w/w)) were tested in the following conditions, 4% acetic acid, 95°C and 30 minutes.
The result represented that content of Pb in brass samples must be below 0.2 % (w/w) to satisfy the 1.0 ppm (as

Pb) of Korea Food Code.
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Table 1. Concentration of the Elements Standard Solution

‘ncentrati' (mg ]‘L L
Element eck | Calibrat o

Cu 5.0 15. 0 [ 300
Zn 1.0 3.0 6.0

Sn 500 | 150.0 | 400.0
Fe 5.0 150 | 30.0
Pb 200 | 60.0 | 1200
Cd 2.0 6.0 120
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Table 2. The Operating Condition of Flame AA
" Classificaion | - Con

Cu:3240
Zn:2130
Sn:286.3
Fe:248.3
Pb:2833
Cd:.2288
Cu, Zn, Fe, Pb, Cd : air-acetylene
Sn : acetylene-nitrous oxide

slit width (nm) 0.7

Wave Length (nm)

Gases

Table 3. Recovery of the Lead in Brasses with known A
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Table 4. The Effect of Temperature on the Migration of Pb from Brass

Cu:63.8
Zn:335
Sn: nd
Fe: nd
Pb: 17
Cd: nd

Brass
Cast

66 132

7.61
(15.22)

- Food Simulant
6.84 7.27 1294 4% (v/v)
(1368) | (14.54) (25.88) Acetic Acid
- Test Time
: 30 min.

- nd : not detected

Table 5. The pH of Bulgog1 Sauces from Markets and Restaurants

e %‘s“

1 4.32 beef 1 6.00 “beef 1 6.27 pork
2 453 pork 2 5.56 pork 2 6.34 pork
3 4.36 pork 3 5.69 beef 3 6.30 pork
4 448 pork 4 530 beef 4 6.25 pork
5 4.88 beef 5 5.88 beef 5 6.24 ~_pork
6 4.66 pork 6 548 pork 6 5.09 beef
7 4.67 pork 7 5.82 beef 7 5.92 beef
8 4.67 beef 8 6.20 pork 8 592 beef
9 476 pork 9 6.29 pork 9 5.96 beef
10 4.50 pork 10 5.91 beef 10 5.91 beef
11 599 beef 11 595 beef

12 6.0 beef

13 591 beef

14 542 beef

Average 4.58 Average 5.82 Average 5.96
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Fig. 1. The Effect of the Simulant pH on Migration of
Elements from Brass
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Table 6. The Effect of the Simulant pH on Migration of
Elements from Brass

521 | 023 | 047 | 0.16 .
(10.42) | (0.46) | (0.94) | (0.32)

1920 | 009 | 587 | 1.50

Cuj 62.7

Zn 328 {33 40) | (0.18) | (11.74)| (3.00)

1.65 1.19

Sn| nd |(330) nd | nd (2.38)
Brass 574 e
Cast [Fe| 06 |(jjgg| nd | nd | nd -fzsstprime

42,08 | 4038 | 3437 | 1262 ] :30min
(84.16) |(80.76) | (68.74) | (25.24)

Cd| nd | nd nd nd nd

Pb{ 2.0

Surface
Area () 84 80 80 100

Simulant
Volume{n!)

- nd : not detected

168 | 160 {-160 | 200
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Table 7. The Quantities of Pb on Brass Surface after
Migration Test according to Simulant pH and Test
Times

3

pH25 3.66 - Test Temp.
ig. 2 .
pH pH 6.0 984 - Test Times
pH 7.0 1325 $30%
30 min. 3.66 - Test Temp.
; 195
Test Times 2 mlfl' 0 Fig.4 |- Simulant pH
180 min. 0 - 4%(v/v)
360 min. 0 Acetic acid

Fig. 2. The Effect of the Simulant pH on Migration of
Elements from Brass(SEM, White Color Represents the
Pb) A:;pH25 B:pH4.3 C:pH6.0 D:pH7.0
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Fig. 3. The Effect of the Test Times on the Migration of
Elements from Brass

Table 8. The Effect of Test Times on Migration from Brass

521 | 045 | 9.63 | 24.56
(10.42) | (0.90) 1(19.26)}(49.12)

19.20 } 35.00 [ 40.00 | 60.00

Cu| 62.7

Zny 328 | (38 4) |(70.00) | (80.00) [(120.00
165 187
sn| nd |30 | ™ | ™ | a7 ped
Brass | 574 | 078 | 2021 | 1945 | e

. :4%
Cast |Fe| 06 |11 81)| (156) | 4042)| (3890)| pe"l¥)

.08 | 9512 |113.30{113.30 ‘_T;;tTemp‘
(84.16) [(190.20)| (226.6) [(226.60) **°TC

Cd} nd nd nd nd nd

Pb| 20

Surface 84 60

Area (cm) 60 70
Simulant
Volume(a) 168 | 120 | 120 | 120

- nd : not detected
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Fig. 4. The Effect of Test Times on the Migration of
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Pb) A:30min E:90min F:180min G:360min
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Table 9. The Migration of Pb from Brass with known Content of Pb

1 639 1 341 | nd nd nd nd | 1.91(3.82) {14.102820)] nd nd 0.49(0.98) nd
2 659 | 360 | nd | nd | 004 | nd | 1.10(2.20) | 14.90(29.80)| nd nd 0.29(0.58) nd
3 641 | 340 | nd nd | 009 | nd |256(5.12) | 3.52(7.04) 10.95(1.90)} nd 0.06(0.12) nd
4 645 | 353 | nd nd | 010 | nd | 0.55(1.10) | 5.13(10.26) nd nd 0.40(0.80) nd
5 658 | 340 | nd nd [ 020 | nd | 1.26(252) [63.00(126.00)] nd nd 1.32(2.64) nd
6 644 | 350 | nd nd | 050 | nd | 0.78(1.56) | 5.04(10.08) nd nd 2.09(4.18) nd
7 642 | 348 | nd nd | 090 | nd | 196(3.92) |13.60(2720)] nd nd 4.86(9.72) nd
8 638 | 335 | 11 nd | 170 | nd | 08%178) | 8.40(16.80) |1.19(2.38)| nd | 12.94(25.88) | nd
9 637 | 309 | nd nd | 540 | nd | 020(040) | 3.16(6.32) nd nd |9849(197.00) | nd
10 695 | 198 | 15 nd | 920 | nd | 023(046) | 2.42(4.84) nd nd_|288.70(577.30)] nd

- Surface Area : 66cr?, Simulant Volume : 132m]
- nd : not detected
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