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ABSTRACT 

The principles of pollution prevention (P2) in the analytical laboratory have not been 
addressed sufficiently. Although the amount of reagent used per sample is often only a few 
milliliters, the aggregate of many routine tests each day in thousands of laboratories becomes 
significant Effective P 2 will require operational or even fundamental changes in the methods 
employed. "End-of-pipe" recycling is not practical with small streams. 

Routine analytical methods for environmental and waste samples are quite prescriptive and 
often do not include the principles of waste minimization and P 2. Many methods require 
preparation of a great excess of sample (1,000-fold or more) prior to the instrumental 
determination. Many methods use reagents mat are not now considered environmentally safe. 

Microscale chemistry is loosely defined as the application of chemical principles and 
apparatus at a scale much smaller than that currently employed by most bench chemists, thereby 
reducing the volume of reagents and product by several orders of magnitude. "Green" chemistry is 
an umbrella term addressing such related terms as waste minimization, P 2 , solvent substitution, 
environmentally conscious manufacturing, maximum use of atoms, technologies for a sustainable 
future, environmental security, and industrial ecology. The primary focus of green chemistry over 
the past decade has been within the chemical industry; adoption by routine environmental 
laboratories has been slow because "regulatory methods must be followed." Green and microscale 
methods are increasingly required by-the environmental analytical community as regulations 
tighten, the cost of waste disposal escalates, and public scrutiny increases. 

We have adapted the principles of microscale chemistry, along with other modern analytical 
approaches, to develop routine analytical methods that significantly curtail waste but still maintain 
acceptable analytical figures of merit and achieve cost savings through reduced reagent 
consumption and reduced labor costs. 

• In a separate effort, we developed new procedures for preventing or minimizing 
primary and secondary waste generation in chemical laboratory analyses for 
polychlorinated biphenyls (PCBs). 
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• We used the principles of P 2 and waste minimization to develop and test microscale 
adaptations of regulatory-approved analytical procedures for the analysis of Resource 
Conservation and Recovery Act (RCRA) elements in soil. 

INTRODUCTION 

The chemical industry has embraced and implemented P 2 practices over the past decade. 
Conversely, adoption by routine environmental laboratories has been slow, because "regulatory 
standard methods must be followed." Adoption of P 2 practices by the environmental analytical 
community is increasingly necessary as regulations tighten, waste disposal costs escalate, and 
public scrutiny increases. It is important for analytical chemists "to take a lead towards the 
preserving of our environment rather than to [merely] measure its deterioration" (de la Guardia and 
Ruzicka, 1995). 

Regulatory-approved analytical methods are generally prescriptive and often do not include 
principles of waste minimization and P 2 . Toxic and/or hazardous solvents are used; many reagents 
are for one-time use; the amount of sample prepared is often 1,000 or more times the amount 
needed for the instrumental detection system. 

We are developing and demonstrating techniques for routine environmental analysis that 
incorporate P 2 principles. These methods represent adaptations of commonly used routine 
Environmental Protection Agency (EPA) methods for PCBs in water, solids, and oils and for 
metals by atomic emission techniques (inductively coupled plasma and inductively coupled plasma 
mass spectrometry). 

RESULTS 

Polychlorinated Biphenyls 

We have developed miniature extraction and cleanup methods feeding into standard gas 
chromatographic analyses for PCBs. Solvent substitution for PCB analysis can achieve 
comparable results and eliminate environmentally less desirable solvents (e.g., methylene 
chloride). A wide variety of soivents^are used as extractants (Erickson, 1986), generally without 
significant comparative evaluations among potential solvent systems. Our results indicate that 
many common solvents (e.g., hexane) or solvent mixtures (e.g., 10:1 toluenermethanol) can yield 
quantitative extractions. 

Microscale extractions can cut the scale of the analysis by at least a factor of ten without 
degrading figures of merit. We can better match the amount of sample used with the amount 
needed for the gas chromatography determination step. The techniques discussed above can cut 
the volume of waste generated by at least a factor of ten. This is increasingly important as we 
move toward full cost accounting, including waste disposal costs, in the analytical chemistry 
laboratory. 



Instrumental analysis time has been reduced by using new techniques, such as high-speed 
gas chromatography. We were able to decrease analysis time for PCBs (Aroclor 1248,1254, 
1260) to less than 7 min per chromatogram. This reduced cost allowed for duplicate analysis for 
quality control purposes. 

The practical impact of these P 2 techniques is manifested in cost savings. Costs are 
reduced significantly for apparatus, reagents, and labor. For oils, apparatus and reagent costs are 
estimated to be reduced from $6 to $3 per sample, and sample analysis labor times have been 
reduced from 4 hr to 2 hr. For soils, apparatus and reagent costs are estimated to be reduced from 
$15 to $3 per sample, and sample preparation elapsed times have been reduced from 24 hr to 0.5 
hr. Details are presented in Erickson et al. (1996). 

Resource Conservation and Recovery Act Metals 

We have adapted currently approved methods for analysis of RCRA metals in soils to P 2 

techniques. We used two different methods of acid digestion, three different methods for sample 
introduction, and two different analytical instruments to investigate whether smaller samples can be 
used for environmental characterization of soils without a loss of precision or accuracy. A number 
of advances in the sensitivity and versatility of analytical instrumentation over the last two decades 
facilitate investigation of these improvements in methods. In addition, the size of the sample 
prepared in the laboratory (as required by regulatory-accepted procedures) and the size needed for 
the instrumental characterization often differ by a factor of 1,000 or more. 

The general trend observed is that the effectiveness of a method increases as the sample size 
decreases. Smaller samples produce less secondary waste, reduce the quantity of hazardous 
chemicals used, and decrease the overall cost of the analysis. The conclusions presented here are 
based on analyses using the inductively coupled plasma atomic emission spectrometer and the 
inductively coupled plasma mass spectrometer with pneumatic nebulization, ultrasonic 
nebulization, and direct-injection nebulization. The analytical cost savings are directly proportional 
to the reduction in waste volume. Details are presented in Erickson et al. (1996). 

CONCLUSIONS 

We have demonstrated«savings.in both wastes and costs by applying P 2 principles in the 
laboratory through the modification of commonly used routine EPA methods for soils and oils with 
relatively straightforward, existing techniques. We have developed miniature extraction and 
cleanup methods feeding into standard gas chromatographic analyses for PCBs and have 
demonstrated that smaller sample sizes are preferable for RCRA metals. The P 2 techniques applied 
include the following: 

• Solvent substitution 
• Minimization of reagent consumption 
• Use of microscale glassware to reduce apparatus costs 
• Use of smaller sample sizes that match the instrument's consumption needs 
• Reduction of energy consumption 



These P 2 techniques are directly applicable to routine PCB and RCRA metals analyses; 
the applications can be used now without awaiting regulatory approval. The results reported 
here demonstrate the potential for P 2 in routine analytical laboratories. 
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