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ABSTRACT 
Heavy metals emissions associated with municipal solid waste (MSW) incineration is a 
point of discussion and care due to the known harmful effects of these metals on humans 
and environment. Batteries are appointed as one of the main contributors for those 
emissions, particularly for mercury, cadmium, zinc and lead. In this paper, results for heavy 
metals emissions from alkaline batteries obtained in a laboratorial incinerator are presented. 
The incineration process took place in a tubular oven where batteries were heated at 
1000°C with a constant airflow. Heavy metals on released gas were collected with 
concentration by absorption on a set of serial bubblers, and, following, quantified by atomic 
absorption spectroscopy. The results obtained estimate the potential contribution of alkaline 
batteries to heavy metals emissions in a municipal solid waste incinerator. 
 
INTRODUCTION 
In Portugal, Municipal Solid Waste (MSW) destinations are landfilling and incineration, 
except materials collected separately or separated after collection that are recycled. 
Presently, there are two incineration plants in the two major urban centers. For some 
material streams as small spent domestic batteries, recycling processes are not foreseen, 
thus they are included in global MSW stream or collected and stored until an environmental 
acceptable option is available. 
The goal of the project where the work presented on this paper is included is assessing the 
environmental impact resulting from incineration and landfilling of domestic spent alkaline 
batteries (AA format), the most representative ones in terms of market share not only in 
Portugal but also in most of countries (Xará et al, 1999). This evaluation is based on Life 
Cycle Assessment (LCA) technique, an objective technique for environmental impact 
evaluation of systems (product, process or activity) by: (i) compiling an inventory of 
relevant inputs and outputs of the system; (ii) evaluating the potential environmental 
impacts associated with those inputs and outputs; (iii) interpreting the results of the 
inventory analysis and impact assessment phases in relation to the objectives of the study 
(ISO 14040, 1997). 



Inventory step involves data collection and calculation procedures to quantify relevant 
inputs and outputs of the system in terms of materials and energy consumption and 
emissions produced. Concerning the incineration emissions, a distinction can be made 
between product-derived emissions and process-derived emissions (Lindfors et al, 1995). 
Product-derived emissions are derived from the products being incinerated and examples of 
them are heavy metals. However, as required data is not available for batteries, it must be 
obtained by simulating the burning process on laboratory scale. With this objective, 
incineration takes place in a set including a tubular oven where batteries are heated. 
Particles and gases are collected for heavy metals determination.  
The work done in the scope of this project intends to be a small contribution for creation a 
database to support this kind of environmental analysis with domestic alkaline batteries, not 
only for evaluating management options, but also for studies including production, use and 
discard of batteries. 
 
 
METHODS 
In the experiments carried out under the subject of this work, an incineration process was 
simulated in a laboratory tubular oven made with refractory steel where each battery was 
loaded and heated at 1000ºC for 1 hour under a constant flow of air. The batteries tested 
were AA alkaline batteries. Before loading them, both the plastic jacket and the paper disc 
under the anodic collector were removed. Batteries were opened, too, to avoid explosions 
due to inner part vaporization during burning. Gases produced, after passing through a 
0,45m filter are collected by concentration on a series of 2 bubblers with 100ml of 10% 
nitric acid solution. Following 10 batteries combustion experiments, fitting tubes, filter 
support, tubular oven and bubblers, all were washed with fresh acid nitric solution. Using 
the solutions obtained, heavy metals as zinc, copper, cadmium, manganese and lead were 
quantified by flame atomic absorption spectroscopy. Mercury was determined by cold 
vapor atomic absorption spectroscopy.  
A prior blank experiment was also performed in order to evaluate the heavy metals at the 
solutions obtained with the same conditions used at the further burning experiments. 
Furthermore, in order to evaluate the environmental impact of batteries after combustion 
when landfilled, a leachate test was carried out using distilled water in a proportion of 100g 
of burned batteries for 1liter of water, in a flask continuously mixed in a up to bottom 
rotational movement with a speed of 21rpm for 24 hours. The resulting solution was 
filtered and heavy metals determined. Similar tests with non-burned batteries, either entire 
or transversally opened were also carried out to assess its comparative pollutant potential. 
 
RESULTS AND DISCUSSION 
The results obtained for heavy metals quantification on gases in batteries incineration are 
presented on Table 1, expressed as milligrams per battery (mg/bat.) for all metals except for 
mercury that is expressed as micrograms per battery (g/bat.). Filter+tubular oven solution 
includes all the solution used to wash filter and filter support (50ml) and oven (100 ml) 
following burning process. Bubblers solutions include solution used in gas collection (100 
ml) and washing solution (50 ml). 



Results from leaching tests are presented in Table 2. 
In both tables, the results expressed as less than a given amount were obtained using the 
detection limit of the equipment for each metal. 
 
Table 1. Heavy metal contents on gases resulting from alkaline batteries (AA) incineration 

in a tubular laboratorial oven at 1000C 
 Zn 

(mg/bat.) 
Cu 

(mg/bat.) 
Cd 

(mg/bat.) 
Mn 

(mg/bat.) 
Pb 

(mg/bat.) 
Hg 

(g/bat.) 
Filter+tubular oven 256.8 0.08 0.01 2.8 0.4 0.3 

Bubbler 1 4.1 <0.06 <0.0005 0.002 0.06 0.4 
Bubbler 2 0.01 <0.06 <0.0005 0.0008 <0.001 0.07 

Total 260.9 0.08 0.01 2.8 0.46 0.77 
 
 

Table 2. Heavy metals contents on leachate obtained with burned, entire and  
transversally opened alkaline batteries (AA) leaching tests. 

 
Metal 

Batteries 
Burned Entire Opened 

Zn (mg/bat.) 1.3 0.8 1.7 
Cu (mg/bat.) 0.01 <0.01 <0.009 
Cd (mg/bat.) <0.006 <0.007 <0.007 
Mn (mg/bat.) 2.4 0.06 0.4 
Pb (mg/bat.) <0.018 <0.023 <0.023 
Hg (g/bat.) <0.21 <0.28 0.8 

 
 
Zinc powder is the main anode constituent on alkaline batteries, contributing to about 14% 
per weight on AA batteries format (Xará et al, 1999). Since the boiling point of this metal is 
about 908C it has a great ability to vaporize and be present at incineration released gases. 
However it will not be there as a metal, since it easily combines with oxygen to form ZnO. 
These experiments shown zinc mainly at the filter and tubular oven, despite it was also 
transported to the first bubbler. These results are meaningful since at preliminary blank 
experiment, zinc is only detected at the washing solution of stainless refractory tube under 
an insignificant amount, i.e., as traces. Zinc is also present at the burned, entire and open 
batteries solutions resulting from leaching tests.  
Cooper is present on alkaline batteries both on cathode and anode. On the blank 
experiment, copper was detected as trace at the stainless refractory tube washing solution. 
Copper at the filter and stainless refractory tube solution referred in Table 1 is looked as not 
significant, since it has the same order of magnitude than with the blank test. As metal and 
oxide, Copper is not significantly vaporized at the temperature of the tests that explaining 
to be not found at the bubblers solutions. 
Cadmium is present on the anode of alkaline batteries. At the blank test this metal was not 
detected in any of the solutions. In the burning batteries experiments only traces of 
cadmium were found at filter+stainless refractory tube washing solution. 



Manganese dioxide is the main cathodic constituent on alkaline batteries, with a total 
percentage of about 22% per weight on AA format (Xará et al, 1999). Despite that, 
manganese is only significantly present at filter+stainless refractory tube washing solution. 
Lead is present on anodic material composition of alkaline batteries. In consequence of 
batteries burning, lead is found at filter+stainless refractory tube washing solution and at 
the first bubbler solution. Probably, it results from metal vaporization much more volatile 
than its oxide form. 
Mercury is present on the anode material of alkaline batteries at very low levels. These 
experiments found it at the filter+stainless refractory tube washing solution in a total 
amount of about 0,77 g/bat. 
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