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This assessment examined the merits of xylene, alcohol, and formalin distillation within the Medical Research Institute of Chemical Defense (MRICD) as a way to recycle the chemicals for reuse within the lab, reduce waste, and lower associated hazardous material and hazardous waste liabilities. MRICD, a relatively small waste generator, preferred countertop distillation units to handle solvents in the lab. Size and location were not specified for the formalin distillation units. 

The MRICD histology lab conducts tests on animal cell tissue, which entails extensive use of the solvents alcohol and xylene and the preservative formalin, a formaldehyde solution. The lab uses the chemicals in two routine processes that involve an automated tissue processor and an automated stainer, which prepare tissue samples for long-term preservation and further study. During use, the solvents xylene and alcohol accumulate solids, including paraffin and pigments from dyes and stains. Formalin accumulates water, blood, reagents, pigments, and tissue particles. MRICD estimates that, weekly, it generates, on average, 3.5 gallons of xylene waste, 7 gallons of ethanol waste, and 15 gallons of formalin waste. Used alcohol and xylene are disposed as hazardous waste; formalin is discharged into the sanitary sewer system although the lab anticipates that it will eventually have to be handled as a hazardous waste.

Findings

· Recycled xylene and alcohol were determined acceptable for use in the Shandon Stainer.

· Virgin supplies of xylene, alcohol, and formalin would continue to be necessary to compensate for 10- to 20-percent evaporation during distillation.

· Fractional distillation units were found to provide greater efficiency and a higher level of purification than simple distillation units, and they were the only available countertop options, with a unit capacity of under 5 gallons.

· Two units (BR Instruments’ 9300 series and Oceanometrics’ LM5) that met the MRICD size requirement were determined satisfactory for all-purpose distillation for recycling of lab-approved waste streams, including xylene and alcohol, as long as the waste streams are segregated to the maximum extent practicable. The units produce recycled xylene that is 95 percent to 99 percent pure, well within the range of acceptable purity for MRICD. Both units provide sufficient recycling capacity at the lab’s current waste xylene generation rate.

· Two units (a 5-gallon one by B/R Instrument Corporation and a 2.5-gallon one by CBG Biotech) were identified for formalin recycling. They have an 85 percent and 90 percent recovery rate, respectively, and produce a solution with a formaldehyde concentration of from 9 to 12 percent. Both manufacturers advise lab personnel to test the formaldehyde concentration and pH of recovered formalin and to manually adjust concentrations to en-sure compliance with lab procedure specifications. Because the distillation process removes buffering salts from formalin, buffer agents must be added to adjust pH. Formaldehyde-containing zinc tablets are available to adjust formaldehyde con-centrations.

· Distillation would reduce the overall hazardous material inventory and the amount of virgin product purchased.

· Distillation would reduce the volume of hazardous waste generated. 

· The selected distillation unit should minimize the number of times material is manually transferred and, preferably, would accumulate all hazardous waste in a container ready for proper disposal.

· To minimize the risk from dispersion of xylene and formaldehyde vapors when transferring chemicals between containers and/or adjusting a chemical’s characteristics, MRICD should perform such tasks in a hooded area, preferably under hoods with carbon filters.
· Recycling would require the development of new/updated operating procedures and lab emergency management plans.

· A preliminary analysis included capital (equipment) and operating (estimated disposal fees and raw material procurement) costs. The cost of a small fractional distillation unit to recover xylene and ethanol ($9,900) could be recaptured in about 5.5 years. The cost of a formalin recycling unit ($13,000) could be recovered in about 2 years.

Recommendations

· Invest in fractional distillation, as opposed to simple distillation, as the best method for recycling xylene and ethanol.

· Consider stand-alone distillation units that may be superior to countertop models, and further investigate whether allotted space for each unit is adequate.

· Consider testing equipment either through a trial period or by traveling to another site where the equipment is in use.

· Continue to track the chemicals as hazardous materials whether or not they are recovered.

· Provide appropriate training to ensure that employees understand new solvent-handling and storage procedures as well as equipment operation and safety features.

