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ABSTRACT 1.0 INTRODUCTION

Littering is a rampant problem and rooted in human 
behaviour. This study aims to record, categorise, and 
examine spatial patterns between pieces of litter and 
trash and recycling bins across the University of the 
West Indies, St. Augustine Campus. The geographic 
location of pieces of litter and bins (trash and 
recycling) were recorded and georeferenced to a 
campus base-map. A total of 10, 889 pieces of litter 
were recorded over the 7-day survey. The majority of 
litter was plastic (47.6%) and cigarettes (24.1%). The 
litter on campus was not evenly distributed. The 
kernel density estimation demonstrated that there was 
an obvious hotspot in the south-east of campus at the 
student activity centre (SAC), where there were more 
than 5 pieces of litter per sq. meter. The total of 182 
bins were recorded and the mean distance between 
bins was 13.0 meters. Most of the bins were clustered 
in the southwest end of the hotspot, near the SAC. In 
addition, there were no recycling bins placed in this 
location. A recycling bin should be located in the SAC, 
as there are the most littering offenses, and recycling 
success with plastic items can be improved. Using a 
uniform colour for trash bins may increase proper 
solid waste disposal and reduce littering. 

Municipal solid waste management is particularly 
important in small island developing states (SIDs), 
such as Trinidad and Tobago. With a fixed area and an 
increasingly urban population, socio-economic and 
environmental impacts are reliant on land and waste 
management trends. Treated and untreated solid 
waste deposition at government-owned disposal sites 
and illegal dumping are the primary methods of waste 
management in Trinidad and Tobago. Most of the 
solids waste facilities are operational for approximate-
ly 70 years, surpassing their 20-year lifespan. Addi-
tionally, leachate produced contaminates its environs 
as there is improper drainage in some of these areas. 
The application of a national integrated solid waste 
management system would benefit the country as 
there are inefficiencies in both the private and public 
sectors.

Studies showed that the average Trinbagonian 
citizen-generated 1.4 kg of waste daily [1]. A 2009 solid 
waste characterization study assessed four of the 
country’s landfills [2]. The study revealed that of the 
700,000 tonnes of solid waste that was recorded at the 
landfills in Trinidad; Approximately 84.0% of all items 
were recyclable or compostable. Similarly, the landfill 
in Tobago contained 52.0% recyclable or compostable 
materials. More recently, surveys conducted between 
2013 and 2015 indicated that many citizens generated 
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between 0 to 50 kg or litres of waste including organ-
ics, paper, or beverage containers annually [3,4]. When 
considering the recycling programmes alone, approxi-
mately 321 million dollars was invested in facilities 
management, and extra labour was required for 
sorting and cleaning recyclables items and then trans-
porting these items. As most waste in Trinidad and 
Tobago is recyclable or compostable, there are many 
opportunities for waste recovery [5].

A few studies have examined solid waste on universi-
ty campuses. There are many reasons for examining 
solid waste in this niche environment. Universities 
and colleges typically have young adults between the 
ages of 18 to 23, with different demographic, social, 
and environmental ideals. Armijo de Vega et al., 2008 
notes that “colleges and universities have the moral 
and ethical obligation to act responsibly towards the 
environment, they would be expected to be leaders in 
the movement for environmental protection”. The 
university environment is one that is geographically 
small and adoption of potential ideals, such as 
recycling and ‘waste to energy’ opportunities are 
easier than in a municipality or cooperation. One 
study conducted at Mexicali I campus estimated that 
approximately 1 ton of solid wastes is produced per 
day, with more than 65% of these wastes were recycla-
ble or potentially recyclable [6]. It was determined that 
during the 2007–2008 academic year, the Prince 
George campus of the University of Northern British 
Columbia (UNBC), Canada produced between 1.2 and 
2.2 metric tonnes of solid waste per week, the majority 
(70%) were recyclable or compostable materials [7]. In 
many cases, it would take little effort to separate waste 
or implement changes as the solid waste is usually 
concentrated. At the University of Ghana, the mean 
distance between litter and trash bins was 50 meter, 
with most of litter was clustered in student activity 
areas and food courts [8].

This study characterises the improperly disposed 
solid waste or litter at the University of the West 
Indies, St. Augustine Campus. The geographic 
location of the trash and recycling bins and each piece 
of litter within the perimeter of the campus was 
recorded. Hub distance and nearest neighbour analy-
ses were then conducted to examine the clustering of 
litter and infer patterns pertaining to littering 
behaviour. 

Examining Solid Waste Practices and Littering 
at the University of the West Indies, St. Augustine Campus

The methodology employed comprised of data 
collection, georeferencing and cluster analyses.

2.1 DATA COLLECTION

Solid waste surveys were done over a 7-day period in 
March 2019 at the University of the West Indies, St. 
Augustine Campus. The mobile application, Litterati 
was used to photograph, record the geographic 
location and metadata. A dataset was then imported 
into excel and each entry comprised an identification 
number, geographic coordinates, the time recorded, 
and category of litter. There were eight categories of 
litter (Table 1). Two other datasets were also 
completed for the trash and recycling bins. The three 
datasets were then saved as CSV files. 

2.0 METHODOLOGY
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2.2 GEOREFERENCING

The litter, trash, and recycling bins datasets were 
imported in QGIS (QGIS 3.4.6 ‘Madeira’), then 
georeferenced to a campus base-map retrieved from 
OpenStreetMap. All layers were then saved in World 
Geodetic System (WGS84) reference coordinate 
system.

2.3 CLUSTER ANALYSES

The mean distance between the pieces of litter and 
trash bins was determined in a preliminary analysis to 
see if the littering behaviour was consistent 
throughout campus. Then three additional tools were 
used: the nearest neighbour analysis, nearest hub 
algorithm, and the distance matrix analysis. The 
nearest neighbour analysis measured the distance 
between pieces of litter in the same category. This 
computation was also done to examine the distance 
between adjacent trash and recycling bins on campus. 
The nearest hub algorithm created thyessen polygons 
for the trash and recycling bins. The pieces of litter 
were then weighted per polygon. A kernel density 
estimation was then used to examine the density of 

Table 1: Survey of the relative number of pieces of litter and 
percentage (%) 

Examining Solid Waste Practices and Littering 
at the University of the West Indies, St. Augustine Campus

Pieces of litter during the 7 days in March 2019 were 
recorded and classed into eight categories (Table 1). A 
total of 10,889 pieces of litter were recorded during the 
time period. Textiles (0.5%) and organic (0.7%) 
categories accounted for less than 1.0% of the total 
litter. Glass (1.0%), other miscellaneous items (1.1%) 
and metal (4.1%) accounted for a small portion of the 
litter. The majority of litter was paper (20.9%), 
cigarettes (24.1%) and plastic (47.6%).  Plastics were 
visually dominant (Figure 1). Although plastics 
dominated the St. Augustine Campus, it was the fifth 
most abundant at Trinidad’s landfills in 2010 [2].

Figure 1: Individual pieces of litter recorded during the 
7-day survey at the University of the West Indies, St 
Augustine Campus.

3.0 RESULTS AND DISCUSSION

litter and hotspots, where the maximum litter is 
found. Heat maps were used to illustrate the hotpots 
relative to the location of trash and recycling bins. The 
distance layer analysis determined the distance 
between pieces of litter and trash and recycling bin on 
campus. All results are expressed in meters.

Vol. 3, Issue 1, 2020 doi.org/10.33277/cesare/003.001/02

Category Number of Pieces of Litter Percentage (%)
Textile

Organic
Glass
Other
Metal
Paper

Cigarette
Plastic
TOTAL

51
68
102
110
414
2111

2429
4804
10089

0.5
0.7
1.0
1.1
4.1
20.9

24.1
47.6
100
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Litter on campus was not evenly distributed (Figure 
2). There was the highest number of pieces of litter in 
the south of campus, where numbers were greater 
than one thousand. A total of 2,569 pieces of litter were 
recorded at the student activity centre (SAC). In the 
general area of the JFK quadrangle, 1,133 pieces of 
litter were recorded. The football playing field was the 
only place in the north end of campus that had greater 
than one thousand pieces of litter (Figure 2). 

The 10,889 recorded points were observed to be 0.60 
meters from each other, where the expected mean 
distance if the litter was uniformly distributed was 3.0 
meters. The kernel density estimation demonstrated 
that there was an obvious hotspot in the south-east of 
campus, where there were more than 5 pieces of litter 
per sq. meter (Figure 3). There were a total of 182 
recorded bins and the mean distance between bins 
was 13.0 meters. From the nearest hub analysis, the 
mean distance from a piece of litter and a bin was 21.8 
meters. The minimum distance of solid waste from the 
bin was 0.0 meters while the maximum was 102.2 
meters. Most of the bins were clustered in the 
southwest end of the hotspot, at the SAC. There were 
no bins in the north or east ends of campus (Figure 4). 
In addition, there were no recycling bins placed in this 
location. A recycling bin should be located in the SAC, 
as there are the most littering offenses, and recycling 
success with plastic items should improve. 

Most of the campus’ trash bins were green coloured 
in the sports areas and high traffic areas.  However, 
black and red general trash bins were observed in the 
food court and student activity centre. Indiscriminate 
use of colours may confuse passers-by and not 
facilitate easy appropriate disposal of litter. Other 
studies showed that solid waste management 
improved with having uniform coloured trash bins 
[9]. Bins should be redesigned to consider aesthetics, 
daily capacity, and utility. A colour-coded bin system 
would allow the seamless management of recycling 
and composting without the risks of contamination. 

The factors influencing the littering behaviour at the 
University of West Indies, St Augustine Campus were 
not examined and outside the scope of this study. 
However, many other studies have established 
aesthetics, positioning, the use of graphics and video 
games increase appropriate litter disposal [10, 11, 12, 
13]. Incorporating video gaming and increasing 
signage should increase success, especially in a 
campus environment, where most students are young 
adults. Education is also an important part of any 
long-term litter prevention and solid waste manage-
ment strategy. 

Figure 2: Clusters generated based on the 7-day survey at 
the University of the West Indies, St Augustine Campus

Figure 3: Clusters generated based on kernel density 
estimation
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A total of 10,889 pieces of litter were recorded during 
the 7-day survey on the campus of the University of 
the West Indies, St Augustine. Plastic (47.6%) and 
cigarettes (24.1%) accounted for the majority of litter. 
This litter was not evenly distributed. The density of 
litter was highest in the south of campus. Most of the 
bins were clustered in the southwest end of the 
hotspot, at the SAC. There were no recycling bins in 
the SAC, where most of the plastic litter is generated.  
Indiscriminate use of colours may confuse passers-by 
and not facilitate easy appropriate disposal of litter. 
Incorporating video gaming and increasing signage 
should increase successful disposal on campus 
settings. 

4.0 CONCLUSION
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Figure 4: Clusters generated based on kernel density 
estimation and trash and recycling bin locations 
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