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I would like to discuss what is perhaps the major volume generator in the academic setting, 
namely the instructional laboratory. I want to describe an educational experiment that we ran 
some years ago in the mid 1970's. This experiment was entitled Zero Effluent Laboratory (ZEL), 
and its purpose was to see to what extent we could recycle solvents in an organic teaching 
laboratory. Our effort was to minimize the volume of waste material by running our introductory 
organic laboratory in a mode that minimized effluent.  Today's talk will be a distillation of our 
recycling efforts. It is not realistic to expect that we could have run a laboratory with absolutely 
zero effluent, and I use "zero" to designate the asymptote that we were trying to approach in our 
efforts. This project was run while I was on the chemistry faculty of Brown University in 
Providence, Rhode Island, at a time when awareness and legal structures were on a much 
different level than today. Our recycling effort focused principally on solvents. 
 
There was another important consideration, namely to balance the requirements of teaching with 
the necessity that the students not expose themselves to excess hazards in the laboratory. We 
wanted to address the question of whether recycling and trying to make the laboratory safe were 
compatible with our teaching goals. 
 
I want to discuss the ground rules and the constraints under which we operated. The particular 
laboratory course was introductory organic chemistry, which, at the time, was offered in the 
second semester of the freshman year. The students with which we dealt had completed only one 
prior semester of college chemistry. The laboratories in which this course was given were built in 
the 1930's and, although there had been some subsequent remodeling, the facilities were limited. 
The hoods were not dependable. Consequently, all reactions had to be worked on the bench top. 
The plumbing was also quite unreliable, so we were obligated to limit the quantity of waste that 
was to be flushed down the drain. 
 
In recycling solvents, one major question was whether it is preferable for each student to recycle 
his own solvent individually or whether wastes should be collected and redistilled in one large 
batch. This question of individual versus collective responsibility pertained to other aspects of 
the lab as well. With regard to safety, is it the instructor's responsibility to make sure that hazards 
don't exist, or can we ask the students to take some aspect of the responsibility upon themselves? 
In our own case, we required something akin to informed consent from our students.   
 
The students were required to show in writing in their lab notebooks that they had checked all 
the pertinent references to the hazards of the chemicals with which they were working in the 
Merck Index and the CRC Handbook of Chemical Safety.  Lab notebooks were inspected during 
pre-lab lecture by the Teaching Assistants, and students were not permitted to enter the 
laboratory unless their notebooks showed that they had, in fact, done the requisite background 
research. Students were also required to write a flow chart for the fate of every reagent and every 
solvent that they used. 
 



Every student was issued a couple of hundred milliliters of each of the solvents he or she was 
going to use most during the course: Freon 113, cyclohexane, hexanes, and acetone. Students 
were expected in the course of the semester to use these solvents, to recover them by recycling, 
and to return them to the bottle in which they came. Part of our objective over several years 
during which this educational experiment was run was to find out if solvents recovered at the end 
of one semester were really reusable the next year. Freon 113 is a particular solvent in question, 
because although it is extremely hazard-free from the standpoint of day-to-day laboratory 
operations, it is also quite expensive. Recycling was, in fact, a cost-saving measure, not only 
from the standpoint of disposal cost but also from the standpoint of the capital cost of buying 
additional solvent. We found, after several years, that the Freon 113 was perfectly adequate for 
instructional labs even though it had been recycled repeatedly. 
 
For safety, we did not want to have open flames in the laboratory. We chose to use infrared heat 
lamps connected to variable power supplied as a heat source for distillation. Now, given a choice 
between generating solid waste and liquid waste, we chose to recycle the liquid as much as 
possible even at the expense of creating additional solid waste. We found that this was possible 
and really quite successful, and we drew several conclusions from our experience. 
 
Our first conclusion was that recycling not only is not an impediment to teaching, it is, in fact, a 
good teaching tool. Second, making the laboratory safe for the students is not incompatible with 
high pedagogical standards. Finally, in regard to the question of students doing individual versus 
batch recycling, we found that it was preferable to assign the task to the individual student to 
deal with his own individual waste rather than to collect a large batch of material for 
redistillation. The same holds true for waste treatment. 
 
Let me give an example. One of the problems we had to deal with was disposal of cyanide left 
over from a benzoin condensation. Students could render the cyanide suitable for disposal by 
oxidizing it with hypochlorite. We chose to investigate doing this disposal procedure as a batch 
operation, having a large jug of calcium hypochlorite into which students dumped the cyanide 
wastes. This worked perfectly well as a collective operation. However, in the same lab period, 
students were also doing an oxidation of the benzoin to benzil, a procedure that used acetic acid 
as a solvent. A small amount of acetic acid needed to be disposed of following the experiment. 
One student accidentally disposed of her acetic acid into the jug of hypochlorite. The jug did not 
survive. The student did, however, owing to fast action by a teaching assistant. But this 
exemplified the difficulty with any kind of recycling or disposal procedure that involves 
collective responsibility. Namely, the error of one can propagate to vitiate the collective effort of 
many. 
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