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Abstract: Temperature influence and immersion time over Cr, Mn and Fe migration from metal cans 
have been investigated during exposure to 3% acetic acid. Have been determined the linear regression 
between migration per unit contact area and duration time. The regression equations and 
corresponding correlation coefficients have been calculated at each of examined elements. 
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Introduction 

The sources of food contamination with metals are various: soil, chemicals used at 

fertilization, water used for food processing and cooking; equipment, containers and 

utensils used for food processing; packaging, storage and cooking.   

The selection of a suitable packaging material for different application is a very 

important subject. In view of toxicological effect at component migration from packages 

into foods, which turns to crucial problem. Food packaging can interact with the foodstuff 

by diffusioncontrolled processes, which mainly depends on chemical properties of the food 

contact material, and the foodstuff, packaging temperatures, during heat treatment and 

storage, exposure to light, and storage time of the product [3, 4, 5, 6, 7, 8]. This interaction 

leads to the need of strict control of released compounds from the packaging towards the 
food.  

Corresponding of migration from food contact materials with restrictions is 

commonly tested by simulation with standardized procedures. Simulant B, 3% acetic acid, 

is used 

for simulating sour foods. EU Directive 97/48/EC, the 2nd amendment of Directive 

82/711/EEC, specifies the test conditions: if the product is pasteurized or sterilized, these 

conditions should reproduced migration during long-term storage that simulated by 10 days 

at 400 C [2]. 

Current EC harmonised legislation specifies limits concerning the migration of Pb 

and Cd into 4% acetic acid when the test are carried out in ceramic and glass materials. No 

limits exist for any other metal ions for migration from metal packaging, intended for food 

contact. They are a subject of national legislation [1, 12]. 
The aim of this study is to investigate the influence of temperature and immersion 

time over the Cr, Mn, and Fe migration rates from metal cans exposed to 3% acetic acid.  

 

Experimental 

Test materials: Four type commercial metal cans purchased in triplicate for the 

purpose of this study. All made from the same bulk material but with different capacity – 

C1 (160 cm3), C2 (180 cm3), C3 (600 cm3) and C4 (1000 cm3). All test packaging were 

washed carefully with a commercial detergent, rinsed with distilled water and dried in a 

desiccator at 1000C.  
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Migration test: After washing each of the all metal packaging were exposed in to 
3% (v/v) acetic acid for a period of 240 hours (10 days) at 400 C in thermostatic chamber 

with controlled temperature and pressure. With purpose to be calculated the migration per 

unit contacting area and to per unit mass into acid it have been placed volume of acetic acid 

corresponding to the each volume of cans. Following the exposure the acid leachates were 

thoroughly mixed and a sub-sample was submitted after 24, 48, 96 and 240 hours.  

Determination of acetic acid leachates: The acetic acid extracts were examined 

with ICP-OES Spectro Analytical Instrument – Modula. The contents of Cr, Mn and Fe 

were respectively determined at the working wavelengths 283.56 nm, 257.61 nm and 

259.94 nm. The instrument conditions are as follow: Е = 1200 W, Nebulizer gas – 26 bar, 

Coolant gas – 42 bar; Auxiliary gas – 26 bar. The working standard solutions with 

concentration of 0.1 ppm, 0.5 ppm, 2 ppm, 10 ppm and 50 ppm were prepared from IV 
multielement standard solution 1000 mg/L – Merck Germany and diluted to appropriate 

volume with 3% (v/v) acetic acid.  

The quantity of each metal released (mg/dm2) was estimated using the formula: 

S

VC
M


  

Where: M is a migration of an element in mg/dm2; 

C – Concentration of an element in ppm (mg/dm3); 

V – Volume of the 3% acetic acid in dm3; 

S – Surface contact area in dm2. 

The total amount of each metal released (mg) was calculated. 

All experiments were carried out in threefold repetition and mean values with the 

respective error are presented in the figures below. 

 

Results and discussion 
The obtained results show that a correlation exists between the element migration 

(expressed as mg/dm2 and mg) and the immersion time of the tests.  The results are shown 
in figures 1, 2 and 3. The equations are with coordinates: x - immersion time in hours and y 

– migration of the elements. The obtained linear functions in all cases have correlation 

coefficient close to 1. There was no observed zone of saturation up to 240 hours, suggesting 

an increasing migration after tenth day. This conclusion does not contradict the data in the 

literature referred [9, 10, 11]. 
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Fig. 1. Migration of Cr (mg/dm2) and the total concentration (mg) in metal packaging C1, C2, C3 and 

C4 depending of immersion time. 

 

Figure 1 shows that from a square decimetre of contact area for an hour the rates of 
Cr migration are different for examined packaging.  The highest value is observed for metal 

cans C1 – 0.0013 mg/dm2, following of metal packaging C3 – 0.0005 mg/dm2 i.e. 3 times 

lower compared with C1. The metal migration rate for metal cans C2 and C4 is 0.00008 

mg/dm2 i.e. 16 times lower than the migration rate of C1. The differences in migration rates 

can be said is due to the processing technology used. 

 

 
Fig. 2. Migration of Mn (mg/dm2) and the total concentration (mg) in metal packaging C1, C2, C3 and 

C4 depending of immersion time. 

 

The results illustrated in figure 2 show that from one square decimeter of contact 

surface for an hour Mn migrates with the greatest rates from packaging C1-0,0027 mg/dm2, 

next is C3 - 0,0012 mg/dm2. In  type C2 and C4 rates of Mn migration are comparable - 

0.0002 and 0,0001 mg/dm2. 
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Fig. 3. Migration of Fe (mg/dm2) and the total concentration (mg) in metal packaging C1, C2, C3 and 

C4 depending of immersion time. 

 

Unlike Cr, Mn the migration rates of Fe increased in the first 24 hours for metal cans 

C1 and C3 series. After first 24 hour they incrised linearly in the range of 24 to 240 hours. 

For C1 the migration rate is 0.0335 mg/dm2 and for C3 - 0.069 mg/dm2. These results allow 

us to make a conclusion, that when determining the migration of Fe with procedures shorter 

than 24 hours can be leads  misleading high values for this element. 

 

Conclusion: 

The migration of Cr and Mn increases in linearly compliance to the duration time of 

the test procedure. 

The migration gradient of Fe into first 24 hour significantly exceeds than those 

obtained in the range of 24 to 240 hours.  The duration time of test procedure for migration 

of Fe should not be less than 24 hours. 

As can be seen the migration levels of Cr, Mn and Fe are different for the tested 

metal cans. The highest value was observed for Fe, followed by Mn and Cr. 
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