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Abstract: Demand for light sources increases with the increasing energetic, technologic 

and economic requirements of society. The lifetime hours of lamps are longer; however, 

such a waste still makes up a portion of waste production. The content of toxic metals is 

one of the factors that influences the environmental impact during their life cycle.  

Discharged light sources are separated, recycled or disposed. The sorted material can be 

reused as a secondary raw material, or the waste can be energetically recovered in an 

incinerator. One of the most disadvantageous options is landfill deposition. The separated 

fractions of such waste can be reused in terms of lowering the amount of waste and 

enhancing the circularity. Although compact fluorescent lamps and LEDs are energetically 

more convenient, their material requirements are more demanding. 

Purpose: The aim of the study, was to evaluate the heavy metal composition regarding 

environmental factors, considering the lifetime hours and luminescence. 

Design/methodology/approach: The content of heavy metals of fluorescent lamp, LED 

lamp and incandescent light bulb was studied using the XRF analyser. The illuminance of 

the light sources was measured by a lux meter. 

Findings: Based on the results, the LED light sources seem to be the most convenient. From 

the analysis, these light sources contain the lowest amount of copper and lead, also from 

the perspective of the lifetime hours and already existed collecting system. 

Keywords: light sources, heavy metals, X-ray fluorescence, LED, CFL, the incandescent 

lightbulb 

Introduction 

Light sources, as energy-related products, figure with a significant potential 

regarding lowering environmental impact and have a positive achievement in 

energy. According to the EC directive 2009/125/EC, there are certain parameters to 

be followed to improve their life cycle impacts on the environment (Directive EU). 

Due to the directive requirements, gradually manufacturers and consumers have 

been converting from incandescent light bulbs to compact fluorescent lamps (CFL) 

or light-emitting diodes (LED). These can use 70 % to 85 % less energy compared 

to incandescent light bulbs. Their lifetime represents 10 to 50 times longer period 

(Lim et al., 2012). Annexe 1 of the European directive sets, among others, expected 

parameters in terms of waste generation, material recovery and pollution in each 

environmental element, such as soil, water or atmosphere.  

In the Czech Republic, light sources undergo regulation 542/2020 Sb. dealing 

with a takeback waste collection. In 2019 the number of electronic products 
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undergoing takeback system was 236 297 tons, whereas the amount of those that 

were recollected was 101 319 tons. These numbers represent all types of electronic 

devices, where light sources take their part too (Cenia, 2019). According to one of 

the biggest recycling companies in the Czech Republic, Ekolamp, in 2020 there were 

587 tons of light sources handed over for recyclation. From these 93 % was 

materially recovered. The total amount of municipal waste produced in 2019 was 

around 5,76 million tons. This waste includes the waste from a separate waste 

collection system (Cenia, 2019). Recycling is based on a volunteer action, although 

every consumer pays for recyclation via purchase price. Several legislation 

documents and policies have been applied in terms of lowering the energy 

consumption regarding the environmental impact and climate change, such as the 

Directive 2009/125/EC of requirements for eco-design or the European Regulation  

2017/1369 of eco-labelling or the Directive 2012/19/EC on waste electrical and 

electronic equipment. 

 In Europe, light consumption in households represents around 20 % to 30 % of 

the overall domestic consumption. Compact fluorescent lamps (CFL) represent a 

light source that has a longer lifetime cycle and consumes less energy than the 

equivalent of the incandescent bulb. These light sources have been replacing the 

incandescent and halogen light sources because of their higher capacity to fulfil the 

EU targets set up for energy consumption (2005/32/EC). However, the number of 

hazardous components, such as toxic metals mean a possible threat, when being 

disposed improperly, mainly as a part of municipal waste being disposed at the 

landfill. Moreover, the recyclation and copper recovery not only from incandescent 

light bulbs, can contribute to the primary ore conservation and save up to 85 % of 

production energy, therefore decrease the negative environmental impact of 

production processes (Isildar et al., 2018). In the case of a function, 100 W 

incandescent lamp can be represented by 23 W CFL, which lasts 8 to 10 times longer 

period and consumes from 2 to 5 less energy power (Khan et al.,2011).  

In developed countries, 40 % of electronic waste that includes light sources, ends 

up in landfills. In some countries, e.g. Iran, certain light sources become a part of a 

municipal waste stream (Taghiopur et al., 2014). According to Ghosh et al. (2015) 

illegal sites can contain 100 times more heavy metal or polycyclic aromatic 

hydrocarbon pollutants (Cucchiella et al., 2015; Gosh et al., 2015).  

In general, recycling electronic waste represents a strategy to support 

environmental protection by proper disposal and thus avoiding contamination. Waste 

from LEDs and CFLs has a higher potential risk in human health effects and impact 

on the environment while being disposed. Therefore, this study aims to compare 

different types of light sources from the perspective of the content of heavy metals 

and illuminance. 

Methodology  

For the purpose of this study, three types of light sources were used: incandescent 

light bulbs, compact fluorescent lamps (CFL) and light-emitting diodes (LED). 

LEDs and CFL were claimed to be equivalent to 100 W incandescent light bulb by 



ICOM 2021                                                Zero Waste Management and Circular Economy 

 

 
 

18 
 

the producer. Three samples of each type of light sources were homogenized and 

prepared for X-ray fluorescence (XRF) analysis. Parameters such as luminescence 

and heavy metal content were measured, using lux meter Tesla PU150 and XRF 

analyser Niton XL3t Goldd+, respectively. Also, lifetime hours and economic 

aspects were considered. The lifetime hours of CFLs and LEDs presented by the 

producer were 8 000 and 25 000 hours. For this study, household conditions were 

taken into account and the used XRF analyser was calibrated by a producer. The 

samples of each light sources were measured three times.  Fig. 1 describes the 

measurement of illuminance. A lightbulb was placed in a table lamp at a height of 

1 m, with incident rays pointing down to the lux meter.  

 

Figure 1. The principle of illumination measurement, where the table lamp was 

used to imitate the office environment.   

(1) studied light source, (2) lamp-shade and (3) lux meter. 

Results and discussion  

The content of heavy metals determined from the XRF measurements (see Fig. 

2) is presented in Table 1.  These results show, that even though the incandescent 

lightbulbs contain the lowest amount of copper, considering the lifetime hours of one 

LED vs. lifetime hours of one incandescent bulb, disposing one incandescent 

lightbulb would produce 0,129 g of Cu, whereas one LED, lasting the same time 

would produce only 0,012 g of copper waste. From this point of view, LED light 

sources seem to be more convenient. Another advantage is the price when 

equivalently one LED is cheaper than equally time lasting classic incandescent 

bulbs. The same occurs in the case of CFL light sources when the amount of Cu rises 

to 2,62 g comparing with one LED. Similar contents of copper were compared in the 

study by Zamprogno Rebello et al., (2019), where the authors claimed Cu to be the 

second most abundant metal analysed in LEDs and CFLs, after aluminium. Copper 

is represented from 0,021 % to 0,031 % in LEDs, which is the amount, comparable 
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only with the incandescent light bulbs from the analysis. CFLs were claimed to 

contain from 0,0005 % to 0,111 %. The differences may be caused by a different 

way of leaching Cu from a sample, a method of analysis, but also the research does 

not provide information about power consumption (Zamprogno-Rebello et al., 

2019). 

The highest amount of Pb was analysed in the incandescent light bulb. Since Pb 

is an element that occurs in the environment naturally, the higher levels can be 

caused by e.g. old plumb systems, mining or industrial activities. Leaded fuels are 

decreasing in their use, but their remains are still detectable in certain sites. Its 

occurrence is detected up to 8 inches in soil and since it is naturally immobile and 

accumulates in biological systems, elimination of Pb without direct remediation 

means a long-term environmental exposure (Tangahu et al., 2011).  

In the case of Pb, the other factors might determine the choice of light source one 

can use. One of the factors may be energy, which can be lowered by the uptake but 

also other material demand such as aluminium or gallium. Comparing LED and CFL 

light sources, LEDs are 40 % more energy-efficient and mercury-free. From this 

point of view, it is more convenient to consider LED usage (Liu et al., 2020)  

 

 

Figure 2. An example of the XRF spectrum of the incandescent light bulb   

 

The measurement of illumination shows that the results for CFL and LED are 

consistent with each other, within the errors. However, the results in the case of 

incandescent lightbulb show, that the illumination is significantly higher than in the 

case of the other light sources using in this study. These discrepancies could be 

caused by the bulb shape, and also due to the values did not match the information 

on the package. The second reason could be explained by the different techniques of 

photometric quantities.  
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Table 1. Results of measuring the lighting sources 

Power 

consumptio

n 

Lifetime 

hours 

Illumination 

[lux] 

Weight 

of the 

light 

source 

[g] 

Content 

of Cu 

[10-1 %] 

Content 

of Cu1 

[g] 

Content 

of Pb 

[10-2 %] 

Content 

of Pb1 

[g] 

Incandescen

t lightbulb 

100W 

1000 320±32 
28.61±1

.42 

0.18±0.

024 
0.129 

76.4±4.

7 
5.463 

CFL 

21W 
8000 200±20 

77.29±1

.33 

11.30±1

.37 
2.620 

3.5±0.0

53 
0.081 

LED 

11W 
25000 165±17 

35.18±0

.15 

2.78±0.

365 
0.098 3.3±0.1 0.012 

1This value is equivalent to 25 000 lighting hours 

Conclusion  

The study was focused on the comparison of different types of light sources from 

the perspective of the content of heavy metals. The main results could be summarised 

as follows: 

-  The results show, that in the case of Cu, the compact fluorescent lamps contain 

the largest amount of this metal, with respect to lifetime hours. In the case of 

Pb, the highest content was analysed in incandescent lightbulb waste, also 

considering the lifetime hours. 

- The measurement of illumination shows that the results for CFL and LED are 

consistent with each other, within the errors. On the other hand, the results in 

the case of incandescent lightbulb show, that the illumination is significantly 

higher than in the case of the other light sources used for this study. 

- From the point of view of the consumer, the CFL are in retreat, mainly due to 

its recycling is laborious and costly.   

Based on the presented results, it can be concluded, that the LED light sources seem 

to be the most convenient. From our measurement, these light sources contain the 

lowest amount of copper and lead. Considering their lifetime hours, the amount of 

waste should be the lowest, also incandescent lightbulbs happen to be a part of 

municipal waste, whereas the separate collection system for CFL and LEDs has been 

already set up. LED sources can be also collected separately from other light sources, 

with electronic waste.  
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