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Abstract. In this study, the concentration of some toxic metals in different parts of end-of-life mobile phones was 

assessed. Twenty end-of-life mobile phones of different brands and countries of origin, which were widely in use up to 

the year 2011, were collected from phone repair workshops in Lagos, Nigeria. The collected mobile phones were 

disassembled into the phone screens, printed wiring boards, plastic casings and batteries. Disassembled parts were 

individually milled and pulverized, and digested using HCl, HNO3 and H2O2. Flame atomic absorption spectrometry was 

used to quantify some toxic metals (Pb, Cd and Ni) in the digested samples, and the determined concentrations were 

compared with permissible limits. The average metals concentration in the disassembled parts followed the order: printed 

wiring boards > batteries > plastic casings > phone screens. The concentrations of Pb and Ni exceeded their toxicity 

threshold limit concentration in printed wiring boards, while Ni exceeded the limit concentration in batteries. Based on 

the maximum permissible concentration required by the Restriction of Hazardous Substances (RoHS) Directives, all Cd 

concentrations were below the limit concentration; Pb and Ni in printed wiring boards exceeded their limit concentrations, 

while Ni exceeded its permissible concentration in batteries. The results of this study indicate that printed wiring boards 

and batteries of end-of-life mobile phones are hazardous, and their improper disposal of could cause environmental and 

health problems. However, considering the very high concentrations of Pb and Ni, these mobile phone parts could serve 

as resource reserves for these metals. 

Keywords: toxic metals; end-of-life mobile phones; printed wiring boards; batteries; toxicity threshold limit 

concentration; Restriction on Hazardous Substances Directive. 

1. Introduction  

Mobile phones are multipurpose devices that are now an 

integral part of man’s daily life [1]. They are chiefly 

used for communications purpose, but can provide other 

services such as internet access, calculator, cameras, 

games, e-mailing, etc. [2]. The use of mobile phones has 

increased significantly in the last two decades [3]. It was 

projected in 2009 that 4.7 billion mobile phones were 

subscribed worldwide; majority of which were present 

in third world countries, and more than half the global 

population [4]. By 2019, there were over 7 billion active 

mobile phone subscriptions globally, including 5.4 

billion in developing countries [5].  

In Nigeria, there has been a phenomenal growth in 

the information and communication technologies sector. 

Currently, a larger percentage of Nigerians have access 

to mobile phones; for instance, Nigeria’s teledensity 

increased from less than 1% in 2001 to about 25% in 

2006 [6]. In April 2023, the number of active mobile 

phone subscribers was 223.6 million, with a teledensity 

of approximately 117% [7]. Additionally, the 

introduction of innovative smartphones with better-

quality technologies and functionalities such as 

touchscreens, cameras, music and video players, games, 

higher random access memory and web browsing 

features implied that “mobile phones” had rather 
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shortened lifespans, and became obsolete by the original 

users within a short period of time, even though the latter 

were still in perfect working conditions [3]. One of the 

explanations why phone users purchase phones with 

innovative features much more frequently is because 

such high-tech phones are considered “fashion icons”, 

which convey the holder’s personality [2]. Waste mobile 

phones thus contribute a major portion to the “electronic 

waste” stream in terms of number of discarded units [8].  

A typical mobile phone is made up of a plastic casing 

(which sometimes coexist with metal linings/coatings), 

a wiring board, a screen (liquid crystal display), a battery 

(usually NiCd or Li-ion), a keyboard and sometimes, an 

antenna (especially in older models) [9]. Mobile phones 

also contain several metals and organic chemicals [10]. 

The toxic, special and precious metals content of mobile 

phones are required for the proper functioning of the 

device [3]. On the average, metals reportedly account for 

23% of a phone’s total weight [11], while plastics make 

up more almost half the weight [1]. Mobile phones thus 

have the potential to generate significant environmental 

impact due to their toxic metallic content [12]. For 

example, the amount of Cd from a mobile phone battery 

was reported to be adequate to foul 600,000 litres of 

water [13]. Worries over the deleterious impacts linked 

the manufacture, use and end-of-life (EOL) of mobile 
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phones is on the increase; this is predominantly due to 

huge volumes manufactured, characteristically short 

obsolesce time and increasing metals content [14, 15]. 

Although there is an upsurge in the number of skilled 

artisans involved in repair of used mobile phones which 

lengthens a phone’s lifespan to around 7 years, it is on 

estimate that between 2001–2006, phone batteries and 

chargers were replaced biannually, and this increased 

the total waste generation of these components to 

roughly 3,000 and 9,500 tonnes respectively [6].   

This study was carried out to assess some toxic 

metals concentrations in EOL mobile phone parts, 

including the phone screens (PS), printed wiring boards 

(PWB), plastic casings (PC) and batteries (BT); to 

compare the concentration of these metals with their 

maximum permissible concentrations as contained in 

the Restriction of Hazardous Substances Directive [16] 

to evaluate their safety upon disposal, as well as 

understand their potential as resource reserve for metals. 

2. Experimental 

2.1. Sample description and preparation 

Twenty (20) EOL mobile phones of different models, 

which were in use up to 2011, were obtained from phone 

dealers in the Computer Village in Lagos State, Nigeria. 

Extraneous materials like nuts, screws and metal frames 

were removed. The total weights of the whole phones 

were recorded. The phones were individually 

disassembled into the PS, PWB, PC and BT 

components, respectively (Fig. 1).  

The BT components were disassembled using pliers, 

screwdrivers and hammer, and then separated into the 

electrode and separators. The electrode components 

were unwound and size-reduced using stainless scissors, 

and were subsequently used for analysis. The other 

individual components of the mobile phones were 

separately milled using a locally fabricated stainless 

steel hammer milling machine at the Faculty of 

Technology, University of Ibadan, Nigeria, and were 

passed through a 2 mm mesh sieve. Minimization of 

cross-contamination between samples was done by 

cleaning the milling machine with dried wood chips, 

which had been previously determined to be free of the 

metals of interest. The machine was thereafter inspected 

for leftover chips, and pressurized air was blown 

through the machine to ensure that it was completely 

free of both samples and wood chips. Representative 

sub-samples for analysis were collected from the milled 

bulk samples, placed in polythene bags and taken to the 

laboratory. 
 

 

 

a. 

 

b. 

 

c. 

 

d. 

Figure 1. Pictorial representation of: (a) EOL mobile phones 

used in this study; (b) printed wiring boards; (c) plastic 

casings; (d) batteries. 
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2.2. Metals extraction and analysis 

The EPA SW 846 Method 3050B [17] was used for 

digestion of different components of the EOL mobile 

phones as follows: About 1.00 g of each representative 

sub-sample was weighed and transferred into different 

digestion vessels. Then, 10 mL of 1:1 HNO3 was added 

to each of the samples in the digestion vessel and 

covered. The samples were heated to 95 oC ± 5 oC in a 

digestion block and refluxed for 10 minutes. The 

samples were allowed to cool, after which 5 mL of 67% 

HNO3 was added. The cover was replaced, and heating 

was continued for another 30 minutes. The latter step 

was repeated until brown fumes no longer evolved. 2 mL 

of deionised water and 3 mL of 30% H2O2 were slowly 

added, and a maximum of 10 mL 30% H2O2 was added 

until the general appearance remained unchanged. 

Heating was continued at 95 oC ± 5 oC for 2 hours. 10 

mL of 36.4% HCl was added and covered, and finally 

heated and refluxed at 95 0C ± 5 0C for 15 minutes. The 

sample digests was filtered and the filtrate was collected 

in a 100 mL volumetric flask. The filtrate was then made 

to mark with deionised water.  

For the plastic casings, 0.15 g representative sub-

sample was weighed into a digestion vessel according to 

the US CPSC-CH-E1002-08 Test Method [18]. 

Approximately 5 mL of concentrated HNO3 was added 

to the digestion vessel containing the sample. The vessel 

was covered and heated at 210 oC for 30 minutes until 

effervescence subsided. The sample was then allowed to 

cool. The digested sample was then quantitatively 

transferred to a 50 mL volumetric flask and diluted to 50 

mL mark with deionised water.  

Filtrates from both digestion steps above were 

analysed for Pb, Cd and Ni by  flame atomic absorption 

spectrometry (Perkin Elmer AAnalyst 200, Germany). 

The limits of detection of the analysed metals by the 

measuring instrument were as follows: Pb (0.001 mg L-

1), Cd (0.001 mg L-1) and Ni (0.003 mg L-1). 

2.3. Quality control measures 

All glass and plastic ware were washed before use by 

soaking in 5% HNO3 for 12 hours, rinsed with water and 

stored clean. The reagents used were of analytical grade. 

Milling tools and surfaces were cautiously cleaned after 

pulverization of samples to prevent cross-

contamination. Procedural blanks were introduced with 

20% insertion rate and were used to check for impurities 

in reagent and method. Samples were analyzed in 

triplicates to check for precision of the results obtained. 

The accuracy of the analytical method was validated 

using the matrix spiked recovery study. In this method, 

a known quantity of the analyte was added to an already 

analyzed sample; and all steps taken in analyzing the 

sample were applied to the spiked sample. The recovery 

was calculated using the expression: 

% 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 =
𝑐𝑜𝑛𝑐. 𝑜𝑓 𝑠𝑝𝑖𝑘𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 −  𝑐𝑜𝑛𝑐. 𝑜𝑓 𝑢𝑛𝑠𝑝𝑖𝑘𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒

𝑐𝑜𝑛𝑐. 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑖𝑘𝑒 𝑎𝑑𝑑𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒
 𝑥 100 

(1) 

3. Results and discussion 

3.1. Weight distribution of EOL mobile phones 

Table 1 presents the weight of EOL mobile phones and 

the dismantled components. Out of the 20 mobile 

phones used in this study, only 50% of them had their 

batteries available. The average weight distribution of 

EOL mobile phones showed that Nokia products had the 

greatest weight, while Motorola products had the least 

weight. The average weight distribution followed the 

order: Nokia > Sony Ericsson > Samsung > Sagem > 

Sendo > Motorola. The phone weights ranged between 

47.3 g to 114.8 g, with a mean weight of 80.6 g. The BT 

and PC components generally represented the largest 

components of the disassembled EOL mobile phones. 

The average percent weight distribution (shown in 

Figure 2) indicated that BT component accounted for 

11.1%, 29.5%, 31.4%, 28.5% and 28.6% in Sony 

Ericsson, Nokia, Samsung, Sagem and Sendo, 

respectively (no batteries were available in the Motorola 

products used in this study); while for the PC, the weight 

percent distribution as a function of the total weight of 

the mobile phone were 21.9%, 28.1%, 25.3%, 23.9%, 

26.3% and 30.8% respectively for Sony Ericsson, 

Nokia, Samsung, Sagem, Motorola and Sendo (it should 

be noted that the total weight of PC, PWB, PC and BT 

components were less than the total weight of each 

mobile phone; this was due to the fact that during the 

disassembling process, screws and nuts, which are 

metallic and relatively heavy, were not included in the 

weighing process).  

 

 

Table 1. Weight of EOL mobile phones and their individual dismantled components 

Type Model no. 
Country of 

manufacture 

Weight (g) 

Phone Screen 
Printed 

wiring board 

Plastic 

casing 
Battery 

 Sony Ericsson  J100i France 81.8 3.9 13.7 24.2 16.5 

 Sony Ericsson  S710i Japan 104.4 6.4 16.5 16.4 NA 

 Sony Ericsson  P800 France 114.8 26.4 26.5 26.4 NA 

 Sony Ericsson  T100 Sweden 66.5 4.6 16.3 13.4 23.9 

  Mean  91.8 10.3 18.3 20.1 10.2 

 Nokia  5210 Hungary 91.7 3.2 15.3 21.2 26.3 

 Nokia  1210 Hungary 43.5 4.4 14.2 16.5 NA 

 Nokia  3410i Germany 68.4 4.4 16.5 23.4 NA 

 Nokia  8310 Hungary 81.8 2.3 14.3 16.3 23.2 

 Nokia  3310 Germany 75.9 4.1 16.4 36.5 NA 

 Nokia  RAE- 3N Hungary 239.1 24.6 37.4 54.8 39.0 

  Mean  100.1 7.2 19.0 28.1 29.5 
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Type Model no. 
Country of 

manufacture 

Weight (g) 

Phone Screen 
Printed 

wiring board 

Plastic 

casing 
Battery 

 Samsung  SGH-X480 Korea 74.2 6.3 10.6 24.6 22.1 

 Samsung   SGH-S200 Korea 84.0 6.5 11.9 15.4 25.5 

 Samsung  SGH-E250 Germany 87.6 6.4 13.7 26.4 23.6 

 Samsung  SGH-600C Korea 96.4 3.7 16.6 20.2 36.2 

  Mean 85.6 5.7 13.2 21.7 26.9 

 Sagem  My 700X Hungary 82.4 5.7 16.5 23.5 20.4 

 Sagem  My 3020 China 98.6 5.2 15.7 31.1 26.5 

 Sagem  My X5-2 Hungary 63.4 6.1 16.2 16.4 NA 

  Mean  81.5 5.7 16.1 23.7 23.5 

 Motorola  C168 Japan 47.3 5.4 11.2 14.5 NA 

 Motorola  V220 China 65.1 6.3 16.0 15.1 NA 

  Mean 56.2 5.9 13.6 14.8 NA 

 Sendo  S360 Korea 68.5 3.5 14.6 21.1 26.5 

 Overall mean 80.6 6.4 15.8 21.6 23.3 

 
Figure 2. Average weight percentage distribution of EOL 

mobile phone parts 

3.2. Metals concentration in EOL mobile phone 

components 

A summary of the results of metals concentration in the 

different analysed components of EOL mobile phones are 

presented in Table 2. The determined concentrations 

(mean ± standard deviation in parenthesis) ranged from < 

0.001 – 2,748.0 (468.4 ± 1,116.9) mg kg-1 for Pb, 3.0 – 9.2 

(4.91 ± 1.6) mg kg-1 for Cd, and 17.8 – 432.4 (86.1 ± 95.0) 

mg kg-1 for Ni in the PS. The concentration of metals 

analysed in the PS of the mobile phones were generally 

low for the respective metals except one of the phone 

screen samples (a German-made Nokia phone), 

representing 5% of the total mobile phone samples. The 

PS of this sample had a Pb concentration that exceeded the 

toxicity threshold limit concentration (TTLC) of 1,000 mg 

kg-1 [19]. The increased Pb concentration in this sample 

might be because it was one of the first coloured screen 

mobile phones produced in the first generation network. 

To corroborate these results, metals concentration ranging 

from < 0.001 – 187 mg kg-1 for Pb, 103 – 877 mg kg-1 for 

Ni and < 0.001–4.70 mg kg-1 for Cd in PS of cellular 

phones were reported by [20]. 

With the introduction of smart phones which possess 

touchscreen features, the touchscreen contains a thin layer 

of indium-tin oxide, which is highly conducting and 

transparent [21], and this has largely replaced liquid 

crystal display (LCD) screens. Although this touchscreen 

is inherently disadvantaged due to the ease with which it 

breaks when it falls on a hard surface, as well as the high 

cost of replacement of broken screens, there is still an 

unprecedentedly high demand for such smartphones, 

especially in developing countries. The chemical 

composition of these screens will also pose environmental 

nuisance since they contain polycyclic aromatic 

hydrocarbons in solid forms [22]. They also have no reuse 

option at the moment, and as such, are discarded rather 

indiscriminately.  

The concentration (mean ± standard deviation in 

parenthesis) of the studied metals in EOL mobile phone 

PCs ranged from 4.8 – 1,153.5 (232.9 ± 299.6) mg kg-1  for 

Pb, 3.0 – 12.8 (6.0 ± 2.5) mg kg-1 for Cd, and 14.3 – 1,820 

(294.0 ± 511.3) mg kg-1  for Ni. Only one sample 

(Samsung, made in Korea), representing 5% of the total 

samples, exceeded the TTLC Pb concentration of 1,000 

mg kg-1. The concentration of Cd in all PC samples 

analysed were all below the 100 mg kg-1 Cd TTLC [19]. 

Similarly, Ni concentrations in the analysed samples were 

generally less than 500 mg kg-1 but two samples exceeded 

the TTLC limit of 2,000 mg kg-1 [19]. The reported 

concentrations of Pb, Cd and Ni in the plastic components 

of electrical equipment were 17.4, 5.71 and < 0.001 mg 
kg-1 [23], while a range of 5.0 - 340 mg kg-1 of Pb and a 

mean concentration of 4.6 mg kg-1 of Ni in mobile phone 

plastics were reported by [24]. These results indicate that 

metals concentrations are generally low in plastic e-waste 

components. 

 

Table 2. Concentration of toxic metals in various parts of EOL mobile phones 

Type 
Model 

No. 

Country of 

manufacture 

Metals concentration (mg kg-1) 

Phone screen Printed wiring boards Phone plastic casings Phone batteries 

Pb Cd Ni Pb Cd Ni Pb Cd Ni Pb Cd Ni 

Sony Ericsson J100i France <0.001 9.4 47.9 1,875.8 9.4 15,342.2 512.6 5.0 14.3 20.4 9.0 49772.8 

Sony Ericsson S710i Japan 3.2 12.0 49.4 2,929.0 12.0 58,741.6 4.8 9.3 1,820.0 NA NA NA 

Sony Ericsson P800 France <0.001 8.8 55.4 25,835.8 8.8 17,006.8 44.5 8.3 53.3 NA NA NA 

Sony Ericsson T100 Sweden <0.001 7.4 39.6 27,956.8 7.4 16,810.0 30.0 5.17 197.0 24.6 10.6 16,766 

Nokia 5210 Hungary <0.001 10.6 38.2 24,684.4 10.6 27,470.0 71.8 12.8 86.3 NA NA NA 

Nokia 1210 Hungary <0.001 15.0 47 2,282.6 15.0 19,967.0 657.8 4.8 237.2 NA NA NA 

Nokia 3410i Germany 2748 10.4 110.9 22,543.2 10.4 27,322.4 20.7 4.3 23.0 NA NA NA 

Nokia 8310 Hungary 10.8 9.8 216.6 22,179.6 9.8 44,924.8 189.2 5.7 48.7 146.8 8.0 8,706.2 

Nokia 3310 Germany <0.001 16.0 135.4 22,119 16.0 42,541.1 50.7 5.0 17.7 NA NA NA 
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Type 
Model 

No. 

Country of 

manufacture 

Metals concentration (mg kg-1) 

Phone screen Printed wiring boards Phone plastic casings Phone batteries 

Pb Cd Ni Pb Cd Ni Pb Cd Ni Pb Cd Ni 

Nokia RAE- 3N Hungary 2.2 10.8 34.4 27,956.8 10.8 31,518.0 39.2 7.0 24.0 47.6 14.4 34,946 

Samsung 
SGH-

X480 
Korea <0.001 8.8 36.6 24,462.2 8.8 21,582.2 155.5 4.0 456.0 20.6 14.0 10362.6 

Samsung  
SGH-

S200 
Korea <0.001 7.4 19.6 17,331.6 7.4 17,911.8 

1,153.

5 
4.7 186.7 38.6 12.6 11493.8 

Samsung 
SGH-

E250 
Germany <0.001 8.6 20.6 10,524.2 8.6 39,551.6 35.5 3.0 368.7 21 11.0 5,918.6 

Samsung 
SGH-

600C 
Korea 43.0 8.0 17.8 25,169.2 8.0 39,369.8 642.7 10.2 21.8 77.2 12.0 31,734.2 

Sagem My 700X Hungary 3.2 10.4 77.4 5,999.4 10.4 20,073.6 322.3 4.3 35.2 50.2 11.0 42,581.6 

Sagem My 3020 China <0.001 8.4 57.6 25,027.8 8.4 12,127.8 295.0 3.5 450.8 32.8 7.2 12,362.4 

Sagem My X5-2 Hungary <0.001 8.8 130.4 34,703.6 8.8 17,318.4 157.8 3.7 22.3 NA NA NA 

Motorola C168 Japan <0.001 8.8 432.4 13,210.8 8.8 28,691.8 13.8 6.3 162.0 NA NA NA 

Motorola V220 China <0.001 10.8 93 10,807.0 10.8 21,270.8 13.5 7.2 1,632.0 NA NA NA 

Sendo S360 Korea <0.001 10.0 61.4 19,756.6 10.0 21,557.8 246.5 5.5 23.2 NA NA NA 

Mean 468.4 4.9 86.1 18,367.7 10.0 27,054.9 232.8 6.0 294.0 47.9 11.0 22,464.4 

SD 1,116.8 1.6 95.0 9,707.7 2.23 12,206.1 299.6 2.5 511.3 39.1 2.4 15,834.4 

Min. <0.001 3.0 17.8 1,875.8 7.40 12,127.8 4.8 3.0 14.3 20.4 7.2 5,918.6 

Max. 2,748.0 9.2 432.4 34,703.6 16.0 58,742.0 1153.5 12.8 1,820 146.8 14.4 49,772.8 

TTLC 1,000 100 2,000 1,000 100 2,000 1,000 100 2,000 1,000 100 2,000 

< 0.001 – below limit of detection by the measuring instrument; NA – not available 

In the PWB, the concentration (mean ± standard 

deviation in parenthesis) of the studied metals ranged 

from 1,875.8 – 34,703.6 (18,367.8 ± 9,707.7) mg kg-1 

for Pb, 7.4 – 16.0 (10.0 ± 2.2) mg kg-1 for Cd, and 

12,127.8 – 58,741.6 (27,054.9 ± 12,206.1) mg kg-1 for 

Ni. The concentration of Pb and Ni in 100% of the 

samples exceeded their respective TTLC limits of 1,000 

and 2,000 mg kg-1 [19] by several orders of magnitude, 

while Cd was within its TTLC concentration limit of 100 

mg kg-1. In related reports, high concentrations of Pb 

exceeding the TTLC limit for Pb in the PWBs of cathode 

ray tubes [25, 26] and central processing units of 

computers [27] were observed. Similarly, high Pb 

concentration in PWBs of mobile phones, ranging from 

14,300 – 27,770, 8,222 – 11,600 and 1,000 – 355,000 

mg kg-1, respectively, were reported by [20, 28, 29]. The 

high levels of Pb is attributed to its use in soldering parts 

of the wiring boards in mobile phones in the form of Sn-

Pb solders [30]. It is commonly known that Pb is 

extremely toxic. It not only causes cancer and affect the 

hormonal system, but also impacts the nervous system, 

can hinder development, can cause behavioural 

problems and impact reproduction [12].  

In the BT components, the concentrations (mean ± 

standard deviation in parenthesis) ranged from 20.4 – 

146.8 (48.0 ± 39.1) mg kg-1 for Pb, 7.2 – 14.4 (11.0 ± 

2.4) mg kg-1 for Cd, and 5,918.6 – 49,772.8 (22,464.4 ± 

15,834.4) mg kg-1 for Ni. The determined concentrations 

of Pb in mobile phone batteries were all within the 

TTLC concentration limit of 1,000 mg kg-1. The low 

level of Pb in the mobile phone batteries can be 

attributed to the fact that rechargeable batteries used in 

mobile phones contain little amount of Pb as against the 

non-rechargeable sealed lead batteries. High Pb levels 

are thus not expected to be found  in smartphones, rather, 

the batteries of these modern phones contain Li-ion and 

NiMH. For Ni, the determined concentration in 100% of 

the studied battery samples exceeded the TTLC limit 

2,000 mg kg-1, and the mean concentration exceeded the 

TTLC limit by about 11 orders of magnitude. In a related 

study, the concentration of metals in waste portable 

rechargeable batteries were < 0.001 – 7.9 mg kg-1 for Cd 

and 3,589 – 24,594 mg kg-1 for Ni [31]. Ni is described 

as a toxic and carcinogenic metal and as such, mobile 

phone batteries are not regarded as being 

environmentally friendly [6]. The low level of Cd in the 

batteries in this study can be attributed to the fact that 

Li-ion and NiMH batteries rarely contain Cd; and the 

better performance offered by Li-ion batteries as against 

NiCd batteries has led to a subsequent replacement of 

NiCd batteries with Li-ion batteries [31]. Although Li-

ion batteries are reportedly free of most known toxic 

metals, Li metal has a high degree of activity, and 

environmental issues such as pollution of groundwater, 

emission of greenhouse gases and damage to 

ecosystems, are commonly associated with mining and 

processing of Li [32]. Li-ion in batteries uses cobalt 

oxide in most cases, and the latter has a tendency to 

undergo “thermal runaway”, i.e. it can attain a 

temperature at which it begins to self-heat, which 

advances into fire and explosion [33]. Additionally, Li-

ion batteries contain metals such as Nd and La, which 

have limited data on their toxicology and ecotoxicology 

[34]. The use of such new metals in batteries production 

could be associated with uncertainties in their EOL, and 

the consequence could be a case of  changing from a 

known problematic metal to another metal with 

unknown toxicological profile, which may/may not be 

problematic [35].   

The TTLC is a California requirement that classifies 

a substance as being hazardous if a determined analyte 

concentration in that substance exceeds the TTLC limit. 

This implies that the PWBs and BT components of EOL 

mobile phones are hazardous wastes with respect to Pb 

and Ni in the former, and Ni in the latter. Additionally, 

the general toxicity of many components of electronic 

wastes led to the formulation of various Directives, 

which were aimed at restricting the content of toxic 

substances commonly used in electronic devices. In the 

European Union, there is the Restriction of Hazardous 

Substances Directive (RoHS Directive, 2002/95/EC), 

which limits the content of Pb, Hg, and Cr6+ in any 

homogeneous material, parts or sub-assemblies used in 

the manufacture of electrical and electronic equipment 

to 0.1% [16]. The maximum permitted concentration of 

these elements is 1000 mg kg-1 each, except for Cd, 

where it is 100 mg kg-1 [36]. Based on the above 

Directive, all PWBs tested in this study did not meet the 

requirements with respect to Pb and Ni; while the BT 

components did not also conform to the requirement of 

http://www.ehow.com/list_6975050_metals-used-mobile-phones.html
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this Directive with respect to Ni concentration. 

However, at the same time, the toxic metallic 

components of these mobile phone parts can be 

harnessed and extracted using environmentally sound 

methods, making them useful waste products and 

potential resource reserves for these metals. 

3.3. Comparison of metals concentration across 

brands of EOL mobile phones 

Figure 3 is a comparison of the average distribution of 

metals in the dismantled EOL mobile phone parts across 

brands. Nokia phones had the greatest average Pb and 

Cd concentrations in the PS component, with values 

ranging between 460.2 mg kg-1 and 12.1 mg kg-1, while 

Motorola had the greatest Ni content. In the PWB, the 

Pb concentration in all phone brands ranged from 

14,649.4 – 25,169.2 mg kg-1, with Samsung having the 

greatest concentration, while Sony Ericsson had the 

least concentration. The mean concentration of Ni in the 

BT component followed the order by brand: Sony 

Ericsson > Sagem  > Nokia > Samsung, with 

concentrations ranging from 14,877 – 33,269.4 mg kg-1. 

3.4. Matrix spike (recovery studies) 

Results for recovery study in validating the chosen 

analytical procedure is shown in Table 4. Recovery 

study was conducted on one sample each from the 

disassembled phone parts, i.e. the phone screens, printed 

wiring boards, plastic casings and battery components. 

The percentage recovery for the determined metals fell 

within the recommended 100 ± 10% [37], and the values 

ranged as follows: 94.9% - 100.9% for Pb, 96.1% - 

100.7% for Cd, and 95.4% - 104.2% for Ni.

          
a.       b. 

         
c.          d. 

Figure 3. Average metals concentration in different phone brands in: (a) phone screen; (b) printed wiring boards; (c) phone casings; 

(d) phone batteries 

Table 4. Results for matrix spikes and recovery study 

Metal Sample 

Concentration of 

metal in unspiked 

sample  

(µg L-1) 

Expected 

concentration of metal 

in spiked sample  

(µg L-1) 

Determined 

concentration of metal 

in spiked sample  

(µg L-1) 

Recovery of 

metal  

(%) 

Pb Printed wiring board 125.8 225.8 226.1 100.9 

Phone screen 12.4 112.4 107.4 95.0 

Plastic casing 3.9 103.9 99.2 95.3 

Battery 0.1 100.1 95.0 94.9 

Cd Printed wiring board 0.06 10.1 9.7 96.1 

Phone screen 0.02 10.0 9.9.8 97.7 

Plastic casing 0.08 10.1 10.1 100.7 

Battery 0.07 10.1 9.8 97.3 

Ni Printed wiring board 85.0 185.0 189.3 104.2 

Phone screen 2.2 102.2 99.7 97.6 

Plastic casing 0.3 100.3 95.6 95.4 

Battery 61.8 161.8 165.0 103.2 

4. Conclusions 

Metals concentration in disassembled components in six 

different brands of 20 EOL mobile phones  were 

evaluated in this study. Both Pb and Ni exhibited 

extremely high concentrations in the printed wiring 

board of all tested samples, with concentrations 

exceeding their TTLC limits, indicating that this 

component is hazardous with respect to these two 

metals. The battery component also displayed 

exceptionally high concentrations of Ni above TTLC 

limit. The printed wiring board and battery components 

of EOL mobile phones are thus hazardous. Therefore, in 

order to prevent the associated impact these metals 
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might cause on the environment and human health, 

measures can be put in place to recover these toxic 

metals from EOL mobile phone components, thereby 

rendering these waste products as potential resource 

reserves for these metals.  
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