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Abstract
Over the academic year 2019-2020, Eco-reps with the Bin Pairing and Waste Diversion

Project worked with the Penn School of Medicine to evaluate the level of contamination in the
bins within the Clinical Research Building. The primary goal of the project was to improve waste
diversion by rolling out new signage above the bins. The project took a more quantitative
approach whereby the students took trash audits of the waste in the Clinical Research Building.
The waste was weighed and recorded before and after the new signage according to 4 different
buckets: trash in recycling, recycling in trash, recycling in recycling and trash in trash. The data
collected were evaluated according to five distinct metrics: diversion, real recycling, potential
recycling, contamination, and capture Rates. Findings from the trash audits revealed that the new
signage had the most observable influence on the contamination and capture Rates, whereby on
average, the rates decreased and increased respectively.

Introduction

The University has a partnership with a recycling firm, JP Mascaro & Sons, that handles
the sorting and reselling of all recycled material collected on campus. JP Mascaro & Sons hauls
weekday trash from campus to a waste-to-energy facility. Weekend trash is hauled to landfill by
another organization. For these activities to take place effectively, trash and recycled waste need
to remain distinct from each other in their respective bins without contamination.

The waste bins in the Clinical Research Building exhibited occurrences of contamination
from recycling and trash streams. On further investigation, it was found out that the bins in the
building bore outdated or no signs and were ineffective in giving directions for proper waste
disposal. The overall goal of the project was to examine and monitor the effects of the
implementation of new signage on the contamination levels in the building.

Project Overview / Methodology

During the start of the project, the trash bins in the Clinical Research were inspected to
determine the most efficient way to approach the audits. It was observed that the trash bins were
primarily located outside breakrooms on either sides A and B. A decision to sample Floors 3 and
4 for the project was made due to the fact that sides 3A and 4B bore no signs, whereby sides 3B
and 4A had outdated signs. Auditing these floors would allow for analysis of contamination
levels in cases with a) no sign vs new sign and b) old sign vs new sign.



Figures 1a - 1d show the outdated signs.

Fig 1a: Recycling sign Fig 1b: Recycling sign

Fig 1c: Trash sign Fig 1d: Trash sign

Trash audits before new signage - The first round of audits began during the first week of
November 2019 and were concluded during the third week of December 2019. Audits were
conducted twice a week on Wednesdays and Thursdays in the late afternoons. The trash was
collected by Housekeeping in the early afternoons in order to include food material disposed
during lunch hours. The waste was sorted according to trash in recycling, recycling in trash,
recycling in recycling and trash in trash. The sorted waste was then weighed and data were
recorded. The sorted waste was finally disposed of according to their waste streams.

New signage: The new signage was rolled out during the first week of February 2020. The signs
were more descriptive and contained more information about groups of recyclable and trash
materials. These new signs were installed above the trash bins on Floors 3 and 4.

Figures 2a and 2b show the new signs.



Figure 2a: New recycling sign Figure 2b: New trash sign

Trash audits after new signage: Trash audits resumed during the second week of February 2020.
The audits were performed twice a week in the late afternoons on Tuesdays and Wednesdays.
This second round was conducted similar to the first round following the sequence of sorting,
weighing waste and collecting the data. The last audits were done during the first week of March
2020.

Research Findings

a) Quantitative
Once the data was collected from both semesters, analyses were run based on several

metrics using the four categories: Trash in Trash, Recycling in Recycling, Recycling in Trash,
and Trash in Recycling. The goal was to compare the average rates from the fall semester, before
the new signs were put in place, to the rates from the spring semester after the new signs were
put in place. The average for each metric was calculated for each side of the two floors for each
semester. There were seven data points from the preliminary audits and seven from the
secondary audits. Therefore the averages were each based on seven total data points.

The first metric analyzed was the average diversion rate. This represents the amount of
all the material that ended up in the recycling, that is, what would have been sent to the recycling
firm before intervention and sorting for research purposes. Figure 2 shows the results. It
demonstrates that the effect of the new signs varied based on the floor and side. Floors 3A and
4A saw a decrease in the amount of material ending up in the recycling bin, while 3B saw a
slight increase. Floor 4B did not appear to have any significant change in the diversion rate.



Figure 2. Average Diversion Rate

The next metric analyzed was the real recycling rate. This represents the percentage of all the
material that was recycling that ended up in recycling. Once again, as shown in Figure 3, these
results depend on the location. However, in no cases did the real recycling rate increase with the
new signs. In fact, Floors 3A and 4A saw a significant drop in real recycling rate.  Floors 3B and
4B stayed approximately the same.



Figure 3: Average Real Recycling Rate

Next was the potential recycling rate. This is the percentage of all the material that was
recyclable, no matter its location. This includes recycling in recycling as well as recycling in
trash. This rate was usually between 6 to 10 percentage points higher than the average real
recycling rate. It is clear from Figure 4 that the potential recycling rate decreased in the spring
semester. This indicates that there was less recyclable material in the waste stream in the spring
semester, so the drop in real recycling rate cannot be wholly attributed to erroneous waste habits
in the break rooms or incompetence of the new signs. However, the potential recycling rate was
still higher than the real recycling rate, which means there is still room for improvement beyond
the signage.



Figure 4: Average Potential Recycling Rate

Another mode of analysis was the contamination rate. This is the amount of all the material in
recycling that is actually trash. In general, this rate was low, usually below 15% and always
below 20%. As shown in Figure 5, the results depend on the floor and side. In all cases except
for Floor 3B, the contamination rate decreased after the new signs were placed.



Figure 5: Average Contamination Rate

The last metric was capture rate. This is the amount of the total recyclables that ended up in
recycling. Once again, the data is not very conclusive because the results depend on location
(Figure 6). The capture rate was always greater than 50%, though this still left much room for
improvement.



Figure 6: Average Capture Rate

b) Qualitative
Throughout both rounds of the trash audits, it was observed that the majority of the waste

material came from plastic cutlery, coffee cups, napkins, and cardboard boxes. In some cases,
recyclable material such as plastic plates and pizza boxes was sorted as trash due to the
contamination from the trash. It was useful to note that the majority of the waste was brought
into the building (such as food) rather than waste coming from the materials within the building.
This helps to understand that contamination can be reduced by segmenting and targeting the
wastes coming from outside the building.

Results and Evaluation

Based on the several metrics described above, it seems as though the new signs did not
make a significant difference. In all cases, they did not conclusively increase or decrease the
rates. However, there are still several takeaways from the project.

The relatively low contamination rate compared to the less acceptable capture rate
indicates that occupants had a better idea of what belonged in the trash versus what belonged in
the recycling. More often, they were throwing out recyclable material rather than putting trash in
the recycling. This is likely due to the ambiguity that accompanies recyclable material. At times
the size, flexibility, or appearance of plastic items leaves confusion about its recyclability. What



is recyclable also depends on the preference of the specific recycling firm and what they believe
will be profitable to take. The grey area in recycling means that new signage can only go so far.
Efforts to optimize waste habits and improve the capture rate through signage reach a ceiling.
People may care enough to read signs and be conscientious about their behavior. However, these
people may still make mistakes. The new signage does not specifically address every type of
plastic; this would be very difficult to do in an effective, clear sign. Therefore it can be difficult
to surpass the ambiguity of recyclable materials.

Additionally, along similar lines, new, clear, detailed signs will not impact those that will
not read them in the first place. Some efforts need to be made to encourage those people to care
about their waste habits, such as an awareness campaign.

Also, it became clear that several objects are routinely thrown in the wrong bin. These
include recyclable plastic utensils ending up in the trash or wax-lined coffee cups ending up in
recycling. These must be highlighted on the signs or perhaps indicated in a more creative
manner, such as taping the physical objects to the bins. It is important to note that the audit data
did not go towards the new signs. For future projects, the preliminary trash audit data should
contribute to the format and contents of the new signs.

Conclusion

The project explored the effects on new and detailed signs on the level of contamination
of waste bins in the Clinical Research Buildings. While quantitative findings were drawn from
the data collected and some positive results were observed from the new signs, part of the
metrics analyzed remained inconclusive. This indicates that new strategies may be necessary to
improve the quality of waste streams in the building. Further steps could be taken to ensure that
the occupants of the building are aware of the sign and follow the directions of waste disposal.
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