Appendix A. Supplementary Data

Initiatives to Reduce Lead from Electronic Devices: Evidence of Success from

the Toxicity Characteristic Leaching Procedure

Vicharana Intrakamhaeng *°, Kyle A. Clavier®, Timothy G. Townsend **

“Department of Environmental Engineering Sciences, University of Florida,

PO Box 116450 Gainesville, FL 32611 — 6450, USA

"Hazardous Substance Management Bureau, Pollution Control Department, Ministry of Natural
Resources and Environment, 92 Soi Phahon Yothin 7, Phahon Yothin Road, Phayathai District, Bangkok

10400, Thailand

Supplementary Data Contents:
15 pages (including cover page)
Number of Figures-11

Number of Tables-3

* Corresponding author: Phone: 352-392-0846; Fax: 352-392-3076; Email: ttown@ufl.edu


mailto:ttown@ufl.edu

Supplementary Data

The supplementary information section contains:

Average component weight percent composition for all devices

Mercury analysis for select samples of each device

Analysis of variance for various products manufactured during different time periods

Results of the TCLP or modified large-scale TCLP for lead, cadmium, chromium, copper, iron, antimony,

and zinc from 9 electronic devices manufactured during different time periods,



Table A.1 Comparing previous study in 2004 electronic device composition by component

weight percentage (average) for devices manufactured 2000-2005, 2006-2007, and after 2008

Devices Cell Remote  Computer Smoke Keyboards  Personal  Laptops Computer Printers
Phones  Controls Mice Detectors Computers Monitor
(PCs) Flat
Screens
Original Study in 2004 (Manufactured 1987-2003)
Plastic 45 82 52 65 55 8 38 24 44
Ferrous 8 1 5 15 27 68 7 25 43
Metal
Non- 3 0 0 2 0 5 11 9 5
ferrous
Metals
Printed 40 17 11 17 11 16 16 10 7
Wire
Boards
(PWBs)
Wires 0 0 32 1 7 3 1 4 1
Other 4 0 0 0 0 0 27 28 0
Average Manufactured (2000-2005)
Plastic 50 81 50 76 87 15 47 16 41
Ferrous 6 0 15 7 1 61 9 34 47
Metal
Non- 10 0 0 0 0 7 14 11 0
ferrous
Metals
Printed 23 19 7 16 1 13 17 7 8
Wire
Boards
(PWBs)
Wires 1 0 28 1 11 4 2 20 2
Other 10 0 0 0 0 0 11 12 2




Table A.1 Comparing previous study in 2004 electronic device composition by component

weight percentage (average) for devices manufactured 2000-2005, 2006-2007, and after 2008

(Cont’d)
Devices Cell Remote  Computer Smoke Keyboards  Personal  Laptops Computer Printers
Phones  Controls Mice Detectors Computers Monitor
(PCs) Flat
Screens
Average Manufactured (2006-2007)
Plastic 50 80 49 64 69 11 33 58 60
Ferrous 10 1 6 17 25 65 9 26 34
Metal
Non- 5 0 0 2 0 8 24 8 0
ferrous
Metals
Printed 19 19 11 13 1 13 16 7 4
Wire
Boards
(PWBs)
Wires 1 0 33 4 5 3 3 1 1
Other 15 0 0 0 0 0 16 0 1
Average Manufactured (after 2008)
Plastic 44 81 64 72 88 12 44 50 51
Ferrous 14 1 0 12 1 62 10 36 39
Metal
Non- 8 0 0 1 0 8 12 2 1
ferrous
Metals
Printed 21 18 14 15 1 14 15 7 4
Wire
Boards
(PWBs)
Wires 1 0 22 0 10 3 1 0 1
Other 12 0 0 0 0 0 18 5 4

Table A.2 Test results for mercury in every electronic device

Electronic devices Average mercury concentration (mg/L)
Cell phones (n=3) <0.002

Keyboards (n=3) <0.002

Laptop computers (n=3) <0.002

Computer monitors without fluorescent lamp <0.002

(n=3)

Computer mice (n=3) <0.002

Personal Computers (PCs) (n=3) <0.002

Printers (n=3) <0.002

Remote controls (n=3) <0.002

Smoke detectors (n=3) <0.002




Table A.3 Summarized ANOVA (analysis of variances) and t-test (pair test) results. Average
TCLP lead concentrations from 9 electronic devices were compared among each manufactured

period and to the original study

Devices/Comparing periods

Results

Cell phones

Original study vs 2000-2005
2000-2005 vs 2006-2007
2006-2007 vs 2008+
Keyboards

Original study vs 2000-2005
2000-2005 vs 2006-2007
2006-2007 vs 2008+
Laptop computers

Original study vs 2000-2005
2000-2005 vs 2006-2007
2006-2007 vs 2008+
Monitors

Original study vs 2000-2005
2000-2005 vs 2006-2007
2006-2007 vs 2008+
Computer mice

Original study vs 2000-2005
2000-2005 vs 2006-2007
2006-2007 vs 2008+

PCs

Original study vs 2000-2005
2000-2005 vs 2006-2007
2006-2007 vs 2008+
Printers

Original study vs 2000-2005
2000-2005 vs 2006-2007
2006-2007 vs 2008+
Remote controls

Original study vs 2000-2005
2000-2005 vs 2006-2007
2006-2007 vs 2008+

Smoke detectors

Original study vs 2000-2005
2000-2005 vs 2006-2007
2006-2007 vs 2008+

Significant difference
Significant difference
Insignificant difference

Insignificant difference
Insignificant difference
Insignificant difference

Significant difference
Significant difference
Insignificant difference

Significant difference
Insignificant difference
Significant difference

Insignificant difference
Insignificant difference
Significant difference

Significant difference
Insignificant difference
Insignificant difference

Significant difference
Insignificant difference
Insignificant difference

Insignificant difference
Significant difference
Insignificant difference

Insignificant difference
Insignificant difference
Insignificant difference

Remark: A normal distribution was assumed and the hypothesis was rejected when the p-value <
alpha (0.05)
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Fig. A.1 TCLP lead concentrations for a smaller electronic devices manufactured during
different time periods: (a) keyboards, (b) computer mice, (c) remote controls, and (d) smoke

detectors. Error bars represent standard deviations.
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Fig. A.3 TCLP concentrations for other metals (Cd, Cr, Cu, Fe, Sb, and Zn) for cell phones

manufactured during different time periods. Error bars represent standard deviations.
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Fig. A.4 TCLP concentrations for other metals (Cd, Cr, Cu, Fe, Sb, and Zn) for keyboards
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Fig. A.5 TCLP concentrations for other metals (Cd, Cr, Cu, Fe, Sb, and Zn) for laptop

computers manufactured during different time periods. Error bars represent standard deviations.
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Fig. A.6 TCLP concentrations for other metals (Cd, Cr, Cu, Fe, Sb, and Zn) for computer mice

manufactured during different time periods. Error bars represent standard deviations.



100

10 ]

oCd
BCr
8Cu
mFe
BSb
BZn

0.1 FR

Concentration (mg/L)

0.01 R

.
3
SSSSSSS&SESSSESS&ES&SSSSSESS&iSSSESSSSS&KESSﬂ_____4

G L G G B GG L0 G 0 0 665550 (E00EY
G
1353
bt

oG b e e G0 G A0 G 000045555550 49.045

H500000AE0ERLEE LA AL ALLRELR0LR04G

)
e
fanar
et
e
i
o

Original study 2000-2005 2006-2007 after 2008
(1996-2003)

0.001

Manufacturing Date

Fig. A.7 TCLP concentrations for other metals (Cd, Cr, Cu, Fe, Sb, and Zn) for remote controls

manufactured during different time periods. Error bars represent standard deviations.
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Fig. A.8 TCLP concentrations for other metals (Cd, Cr, Cu, Fe, Sb, and Zn) for smoke detectors

manufactured during different time periods. Error bars represent standard deviations.
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Fig. A.9 TCLP concentrations for other metals (Cd, Cr, Cu, Fe, Sb, and Zn) for computer
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monitors manufactured during different time periods. Error bars represent standard deviations.
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Fig. A.10 TCLP concentrations for other metals (Cd, Cr, Cu, Fe, Sb, and Zn) for PCs

manufactured during different time periods. Error bars represent standard deviations.
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Fig. A.11 TCLP concentrations for other metals (Cd, Cr, Cu, Fe, Sb, and Zn) for printers

manufactured during different time periods. Error bars represent standard deviations.



