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Basic Information 

Author    Malloy, T.F., Sinsheimer, P.J., Blake, A., & Linkov, I. 

Year Published   2012 

Chemical(s) of Focus  Pb-based (lead) bar solder 

Alternatives Considered SnPb (solder alloy composed of 64% Sn/37% Pb); SnAgCu (Solder 
alloy composed of 95.5% Sn/3.9% Ag/0.6% Cu; water quenching is 
used to cool and harden solder); SnAgCu (Solder alloy composed of 
95.5% Sn/3.9% Ag/0.6% Cu; air is used to cool and harden solder); 
SnCu (Solder alloy composed of 99.2% Sn/0.8% Cu; water quenching 
is used to cool and harden solder); SnCu (Solder alloy composed of 
99.2% Sn/0.8% Cu; air is used to cool and harden solder) 

Sectors    Consumer electronics 

Technical Function Other: lead solder is used to attach components in printed wiring 
board during the manufacture of electronics 

 

Methodology 

Framework   UCLA Multi-Criteria Decision Analysis 

Attributes Considered Chemical Hazard, Exposure, Technical Feasibility, Cost/Benefits & 
Availability, Lifecycle Impacts 

Chemical Hazard Endpoints Human Health: Acute toxicity; Carcinogenicity; Developmental 
Toxicity; Reproductive toxicity; Endocrine disruption; Epigenetic 
toxicity; Genotoxicity; Organ, tissue or cellular toxicity not otherwise 
described 

Environmental: Aquatic, animal or plant species; Aquatic and 
terrestrial ecosystems; Endangered or threatened species; 
Persistence; Bioaccumulation; Adverse air quality impacts; Adverse 
water quality impacts; Adverse soil quality impacts; Natural resource 
use 

Tools Used to Assess Chemical Hazard Decerns SDSS - software used to conduct multi-criteria 
decision analyses (MCDA) 

Other Tools Used  Cannot be determined 

 



Goal, Summary, Findings, and Impact 

Purpose/Goal To: (1) explore alternatives assessment methodology for use in a 
regulatory setting; and (2) determine whether MCDA methods may 
be useful in evaluating alternatives. 

Report Summary Using the case of Pb-based bar solder and its non Pb-based 
alternatives, the authors of this study developed a workable 
alternatives assessment model and applied MCDA methods to assist 
in analysis. Specifically, in conducting their alternatives assessment, 
the authors identified key criteria for comparison (e.g., technical, 
health and safety, environmental, and economic attributes) and the 
metrics for measuring performance on those criteria, identified 
potentially viable alternatives, and collected and compiled data 
regarding performance of the regulated product and alternatives for 
each criterion. The next step was alternatives evaluation, which 
involved the development of weights for the relevant criteria and 
the balancing of the performance of the regulated chemical or 
product and the alternatives, respectively, across the criteria to 
develop a ranking. Various scenarios were considered with the 
balancing being completed through application of the MCDA 
methods multi-attribute utility theory (MAUT) and outranking 
decision analysis. 

Key Findings/Impact In the alternatives assessment, SnCu (cooled in air or water) 
outperformed both SnPb and SnAgCu on human health impacts and 
ecological hazards, with SnPb performing the worst on most 
measures. In terms of environmental impacts, SnPb performed 
better than the alternatives with respect to impacts on 
environmental media whereas SnCu and SnPb performed best 
concerning natural resource use. SnAgCu outperformed SnPb and 
SnCu on technical feasibility. Regarding economic feasibility, SnPb 
was the least expensive in terms of solder cost. However, given the 
small contribution that solder cost makes to the overall cost of 
production of the electronic component, a manufacturer using any 
of the solders would achieve a positive return on equity. 

The use of MCDA methods provides transparency, enabling 
interested parties to understand how inputs and weightings affect 
outcomes. The methods also permit decision makers to adjust the 
MCDA method's assumptions regarding the nature of their 
preferences. For instance, by altering the shape of utility functions, 
MAUT can capture situations in which a user is less concerned about 
a criterion where performance on that criterion is above or below 
certain ranges. Outranking methods are nonlinear and typically 
allow flexibility in incorporating user values by varying preference 
thresholds. 

Overall, MCDA methods can play an important role in emerging 
prevention-based regulatory programs as they provide transparent, 



objective, and rigorous analyses of products and processes. These 
methods supply regulators and stakeholders with a common 
baseline to understand the relative performances of alternatives 
and the trade-offs they may present. 


