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Abstract

This research examines the challenge of hazardous waste management from Used Lead Acid Batteries (ULABs) in Mauritius, a pressing public
health and environmental concern due to the risks of lead exposure. To the best of our knowledge for two decades now, there has not been any
research about the level of lead poisoning contamination from the ULABs in the Mauritian environment. Thus, research or efforts to cautiously
eliminate ULABs, which are one of the main causes of lead poisoning, are missing in the literature. This paper focuses on the analysis of a
survey on the ULAB disposal system and probes the need to establish a new ULAB collection system. The research describes the analysis of a
questionnaire dataset and contributes a novel clustering method to identify and interpret the clusters of respondents. The new method ascribes a
numerical value to the best choice of the number of clusters k, when using the k-median hamming distance metric. To the best of our knowledge
this is usually the most complex decision when clustering data using either the k-means or its variant the k-median. There is a need to be sure of
the optimum number of clusters that give the best value of the k. The novel method uses the k-median clustering method, which is a popular
choice because of its robustness and resistance to outliers. The best choice of the number of clusters is explored through an iteration of different
values of k, obtaining a numerical value in each iteration thus enabling a comparison among the iterations. This value determines the measure of the
best clustering performance. The data in each iteration is visualized using silhouette plots. The new method uses the Average silhouette width
numerical value to simplify the choice of the best number of clusters k. The R Language was used to develop the new method. The results showed

that 55% of the respondents strongly agreed that there is a need to develop a new collection system.

Keywords: k-median problem, Clustering, Silhouette value, Hamming distance.

INTRODUCTION

The vehicle population in the Republic of Mauritius is
574,772.00 [2], that is 45% of the population, which is
1,265,711 [4]. These demographics clearly show that the
vehicle to person ratio on the island is high at 1:2.2 compared to
many developing countries on the African continent, such as
Liberia 1:3.9, Nigeria 1:12, South Africal:5 and Tanzania 1:47
[3]- On one end, this echoes prosperity as members of the
community have easy access to services that require vehicles.
However, on the other hand, this raises concerns about the
environment. Mauritius being an island state, a part of non-
continental Africa, a tropical heaven in the Indian ocean,
which derives a great measure of its wealth from the tourism
industry, would do well to comply to national and international
protocols on environment protection. Given that Mauritius is a
signatory to numerous conventions on environment protection,
it has an obligation to assess the impact of the disposal of Used
Lead Acid Batteries (ULABs). The Basel Convention classifies
ULABs as hazardous waste [5]. Years of importation of
vehicles, resulting in a large population of vehicles, this in turn
results in many parts which are disposed of in the environment,
among which are vehicle batteries. 17,000—18,000 tons of
Hazardous Wastes (HW) are generated annually [6], of these
ULABsS constitute 1100 tons. The annual 1100 tons of ULABs
that are generated each year are a very dangerous health risk to
the community and the environment if they are not safely
collected and properly disposed. A long distance to collection
facilities increases the risk of spillage or leakage to the
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environment and increases the risks associated with long term
storage. If there is no ULAB collection facility nearby, users
store the dangerous waste in their garage, or in the back yard
for the whole year, where children might play with the harmful
ULABs. Section 75(1) of the Environmental Protection
(Hazardous Waste Standards) Regulations 2001 of the
Environmental Protection Act 1991 of the Republic of
Mauritius, provides that no individual shall use, store, transport
or otherwise deal with hazardous waste except when that
hazardous waste is stored in a container or package - (a) built
and constructed to prevent spillage or leakage into the
environment (b) materials from which the waste is not
susceptible to attack or which are liable to form harmful
compounds with the waste; and (c) materials from which the
waste is not susceptible to attack; and (d) materials designed to
ensure safe, full or partial emptying of the waste [7]. The law
has provisions to ensure the safety of the environment and
reduces the pollution that results from the handling of all
hazardous waste, including ULABs. However, the absence of
an appropriate collection system does not help in the
enforcement of the regulation.

The atrocious dangers and the adverse health problems
associated with ULABs developed the need to study where and
how they are being disposed of, in the Republic of Mauritius,
to reduce or eliminate the contamination of the environment,
and to avoid the harmful health effects associated with lead
exposure.

Thus, the following objectives were formulated for this
research study:
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e To investigate the disposal of ULABs in Mauritius
e To investigate the impact of the disposal of ULABs on the
Mauritian environment.

LITERATURE REVIEW

The impacts of lead exposure from ULABS in the Republic
of Mauritius

A survey conducted [8] evaluated the lead burden of the
Mauritian population. A sample of 312 people were chosen as
selected occupational and residential subgroups. Blood
samples from these individuals showed a high blood lead in
certain population groups in Mauritius, such as traffic
policemen, paint sprayers and petrol station attendants, with
levels averaging 12-15 mcg dl ~(-1) [8]. High blood lead
results were detected in the vicinity of a lead battery factory on
the outskirts of the capital city Port Louis in which 4 children
living adjacent to the battery factory were found to have blood
lead in the range 30-66 mcg dl ~(-1) [8]. This research was
conducted in the early nineties; however, the survey proved the
dangers that some members of the population were facing due
to the ULAB contamination then. 30-66 mcg dl ~(-1) is very
high and at a level harmful to the developing brain of young
children. Since [8] there is a wide gap in research and not much
data on the subject. Journal articles and reports on this danger
are scarce.

Hamming Distance

A name is an important symbol of any person or any object’s
individual distinctive identity. The upsurge of the modern
ubiquitous computing environments, interactive Artificial
Intelligence, quantum computing and many global trends in
communication technology, have resulted in extremely large
volumes of data from which meaningful information must be
obtained. There is now more than ever a need to be innovative
in terms of how we derive meaning from all this data. There is
an impending need to develop new methods of analyzing the
new types and large volumes of data that have become
available across multiple social media platforms in response to
surveys. At times, there is a need to know who is saying what?
about a topic or specifically from which group or cluster or
class of respondents do they belong to, so that we can verify
their credibility towards the subject matter. This is where the
clustering of data with names or string labels becomes more
significant.

The emergence and popularity of e-governance and various
online social media platforms like X, LinkedIn, WhatsApp and
Facebook offer unique opportunities for people to interact and
share their opinions, voice their concerns regarding public
policy decisions, shaping social and economic policies in their
society and in the global community. In cases such as the
voters’ role for online elections, names and string data can be
found to be of crucial importance. Clinical documents data
such as medication labels or symptom names all these platforms
demand the need of analyzing strings or named or labeled data.
The hamming distance is the number of points between two
strings of equal length where the corresponding letters of the
strings are different [1]. This is the distance between the
strings datatype or simply the difference between the
characters of two string words of equal length. For example,
when names are grouped into clusters, the distance between
two names is the difference in the number of letters within the

names that are identical or similar in the same corresponding
position. When four names Mvere, Mwire, Ponsly and Consly
are clustered into two clusters for k = 2. The names Mvere and
Mwire form a cluster because they have the letters M, r and ¢
that are identical and in the same corresponding position,
grouping them into a cluster. The hamming distance between
the name Mvere and Mwire is closer than the distance between
Mvere and Consly or Mvere and Ponsly. However, the
hamming distance between Ponsly and Consly is closer than
the distance between Mvere and Mwire because, Ponsly and
Consly have only one word character which is different in the
same corresponding position, the P or the C. The two names
Ponsly and Consly have the letters o, n, s, 1 and y that are
identical and in the same corresponding position, so they have
a closer hamming distance and form a second separate cluster.
All the names in the data-set are divided into groups or
clusters, then the median names become the center of each
cluster. That is how the k-median algorithm minimizes the
hamming distance between two strings of equal length.

k-median problem

The k-median algorithm is a variant of the k-means clustering
technique. The aim of the K-means algorithm is to minimize
the sum of squared distances between the data points and their
respective cluster centroid. The data collected in many real-
world applications may be contaminated with outliers, which
can make traditional clustering methods such as K-means
sensitive to their presence. Thus, robust clustering algorithms
such as k-medians are used to produce more reliable outcomes
[9]. Clustering is a popular form of unsupervised learning [10].
Unsupervised learning deals with unlabeled data, neither an
example is given to the model, nor an output is given; only
input data is given and based on that the model makes
predictions.[12]. k-Median is perhaps the most well-studied
clustering objective in finite general metrics.[13]. In metric k-
median clustering, we are given as input a set of »n points in a
general metric space, and we have to pick k centers (median
points) and cluster the input points around these chosen
centers, so as to minimize the median objective function [12].
This paper describes the analysis of a survey questionnaire
dataset to identify clusters of named respondents and
understand what these clusters are. The need of a new system
of ULAB collection in the Republic of Mauritius is
investigated. The main objectives are to investigate the disposal
of ULABs in Mauritius, and to investigate the impact of the
disposal of ULABs on the Mauritian environment. A novel
data analysis method, the ESMvere-R-hamming-k- median
clustering method, is developed to analyze the data. The novel
method is based on the hamming distance variant of the k-
median clustering technique. The R Language was used to
develop the new method. Survey research was conducted
which involved raw data collection and statistical analysis

METHODOLOGY

Research Approach

The quantitative research approach was adopted for this study.
Numbered data was analyzed using statistical procedures and
techniques. However, there were also some qualitative findings
from the face-to-face interviews, which were compared and
analyzed. Survey research was conducted which involved raw
data collection and statistical analysis on published health data
from the Mauritius Institute of Health and Metrics Evaluation.
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Research Questions

To achieve the objectives, the following research questions
were devised:

o Isthere a system in place to carefully collect and dispose of
ULABs?

e What is the existing structure and network for the life cycle
of a vehicle battery in the Republic of Mauritius?

e To what extend is lead exposure from ULABs a health
concern in Mauritius?

e How has the environment and the community been affected
by exposure to lead poisoning or Sulphuric acid poisoning
from the ULABs?

e Is there any related health research that has been
conducted to analyze the risk of lead poisoning and its
effects?

e Are there any health records that are related to the exposure
of lead poisoning from ULABs?

e Have samples been collected prior to the research, from the
community, from the soil, from animal life, from the plants
that could assist in capturing the extent of the pollution?

e Could the results from the samples be related to inadequate
ULAB disposal?

Research Design and Data Sources

Descriptive research which sought to describe the existing
structure and network of the ULAB life cycle, from
importation to the disposal, including a study of the effects of
the inadequate disposal of ULABs was chosen. Primary data
sources included information collected and processed directly
from observations, face-to-face interviews, paper, and email
questionnaires.

Population Size

Data was collected from a population of 91 authorized dealers
in the importation and sale of motor vehicles [15], 31
authorized dealers in the importation and sale of vehicle
batteries [2] and from a population of 10 registered exporters of
ULABs. Five other members of various industries were
selected, including the Ministry of Health and Wellness. This
made a total population of 137 companies or their chosen
representatives. This was an adequate size population
considering that Mauritius is a very small island with a total
population of less than 1.2 million people.

Sample size

A sample size of 40 was chosen to represent the population.
Stratified sampling was used to divide the members of the
population into subgroups. The subgroups comprised of 26
authorized dealers in the importation and sale of motor vehicles,
9 authorized dealers in the importation and sale of vehicle
batteries, 3 registered exporters of ULABs and 2 members
from the Ministry of Health and Wellness. Primary data
sources included data from the Solid Waste Management
Division of the Ministry of Environment, Solid Waste
Management and Climate Change of Mauritius, the Ministry of
Health and Wellness and the Mauritius Institute of Health and
Metrics Evaluation. Primary data was collected from the
Interim Storage Hazardous Waste Facility at La Chaumieére,
Bambous were face-to-face interviews were conducted, and

paper questionnaires were filled. Data collection also involved
a trip to the Mare Chicose Landfill area were face-to-face
interviews were conducted, and paper questionnaires were
filled. Data collection also involved a trip to the company
Edasich Metals Ltd in Triolet, which is a registered ULAB
exporter, were face-to-face interviews were conducted, and
paper questionnaires were filled in.

Data was also collected from the company Eclair Batteries Ltd
in the Plaine-Lauzun industrial zone Port Louis, which is an
industry leader in the vehicle battery business in Mauritius,
with over 60 years’ experience, Eclair Batteries Ltd imports,
resells, repairs, and exports the ULABs. Data collection also
involved a trip to the company Companies Mauricienne de
Commerce CMC were face-to-face interviews were used to
collect data from the personnel of this company which is an
automotive industry leader in vehicle tire retreading.
Secondary data on prior research related to the objectives of this
study was collected. Secondary data sources included data from
the website of the Trade Division of the Ministry of Industry,
Commerce and Consumer Protection. Sources of the data
included the Internet and library searches. Secondary data was
also collected via emails from the Central Statistics Office
(CSO) and the National Transport Authority.

Data was also collected from the author of [1], who was
consulted via email to verify the use, discovery, innovation,
and invention of the novel method of data analysis. His work on
applying the k-median algorithm to perform marketing data,
customer segmentation in the R Language was modified and
reconstructed through innovations on the dataset data questions
realignment, to develop a new method which segments the
specific ULAB dataset, both the results and the modifications
of this method are novel and unique to this study. However,
the model developed is replicable in other contexts for other
type questionnaires as it simply involves rewriting the
questionnaire questions on the data csv excel data sheet.

Questionnaire Design

A questionnaire was developed for the purpose of data
collection (Appendix B). The questions were structured in
relation to the objectives of the study. It was designed to
measure if ULABs were being adequately, safely disposed of
in the Republic of Mauritius. Both closed and open-ended
questions were used to test the accuracy of the ULAB disposal
methods. Respondents gave their knowledge, observations,
views and opinions regarding the disposal, the impact of the
disposal, and whether developing a new system of ULAB
disposal was the key solution. The same questionnaire was
used to target the distinct categories of the population. A
Likert-type scale ranging from 1 (strongly disagree) to 5
(strongly agree) was used to rank the responses of five key
questions (See Appendix B). The questionnaire was designed
in such way that it would give an overview of the history of
ULAB collection in the Republic of Mauritius. The current
situation around the collection of ULABs was also investigated
so that it would give room to the proposed suggestions of a new
collection system if the need for it was determined. The main
purpose of the questionnaire was to investigate if the current
collection systems were adequate for the safety and health of
the people, and the environment in general. Thus, questions of
whether there were direct health impacts from the current
collection systems in place?
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The target population consists of all those who were involved
in the vehicle battery industry including importers, the users,
the collectors and the senior health officials. The information
was going to be used to investigate if the current collection
network of disposal was sufficiently safe and healthy for the
people and the environment or if a new collection, new
collection network was needed? The questionnaire was to find
out if there was a need to develop a reverse collection network
for ULABs. The questionnaire was adequate because it had a
few very clear questions that were specific to the investigation
of the old, current and suggestions for the future if there was a
need to develop the network.

Data Analysis Software Methodology

The R language code that follows is a detailed series of steps
that were used to analyze a data-set of questionnaire responses,
gathered for the survey of this study. The k-median method
was to cluster the data using the hamming distance metric. The
series of steps that processed the data-set were already existing
before they were used for this study [1]. However, the purpose
for which they were used was changed from marketing
segmentation to the Data analysis of questionnaire responses.
The series of steps that were being used to analyze marketing
data for market segmentation, were reconstructed to perform
Data analysis. A deep study was made on the series of steps
before they were refocused, and the marketing dataset was also
thoroughly analyzed. A deep study of the data-set led to the
discovery that the method could be modified and reconstructed
to process questionnaire type questions. A careful study of the
excel csv spread sheet revealed that the layout of the variables
could be reconstructed to develop a binary Matrix from a data-
set of questionnaire responses. This discovery led to a series of
tests on the new data analysis method. The results of the tests
proved successful. The success came from how the
questionnaire questions were laid out on the excel csv spread
sheet. Expert opinion was used to verify the method and to also
analyze the results on the innovation. The author of [1],
confirmed the innovation and further explained the results and
offered key advice. The method can be used in many other
cases where there is a data-set of questionnaire responses. It
simplifies the process of obtaining the silhouette value that
reflects the best choice of the number of clusters in a hamming
distance metric, string type dataset of questionnaire responses.
It is a method which groups the names of the respondents and
clusters their responses. The responses of the method could be
extended by further work to artificial intelligence because it
affords the median sentence like responses to questions from
each cluster. While the largest cluster is the most meaningful
representation of the data. It gives groups of clusters as
silhouette plots.

The R Language

R’s skmeans package was used to perform k-medians
clustering [1] used the k-medians clustering technique to
perform customer segmentation with R and visualize the data
as clusters, using silhouette plots. The method of data analysis
used by [1] was modified and the k-medians clustering
technique was used to perform segmentation of the responses
to the questionnaire. Using the Esmvere hamming k-median
clustering method, respondents with similar answers were
grouped together to form a cluster, their names were used to
distinguish and identify to which cluster they belong, The
largest cluster would give the best representation of the dataset.

The k-median algorithm was used to partition the data into
clusters, and to analyze the characteristics of each cluster. The
median of the k-median clustering technique is a statistic that
is highly resistant to outliers, as opposed to the mean of the k-
means clustering technique, which is a measurement that is
highly vulnerable to outliers. Even just one drastic outlier can
pull the value of the mean away from the majority of the data
set, which can be a high concern when operating on very large
data sets [14]. Silhouette plots, were used in describing the
data and presenting the characteristics of each cluster. The
respondents were grouped into clusters from k2- meaning 2
clusters to k5 meaning 5 clusters. The silhouette can help
identify the value of k which produces the best clustering
performance from the data. The average silhouette value acts
as a measure of the overall clustering performance, the higher
the value, the closer it is to 1, the better. Thus the data was
clustered repeatedly from k2 to k5, to achieve the highest value
from the average silhouette widths, this needed to be done
because it was a comparison of them that would give the best
value of k. The value of the average silhouette widths which
was closest to 1, gave the best value of k and the best
description of the characteristic qualities of the data. Responses
from the questionnaires were analyzed using R version 4.0.0
(2020- 04-24) — “Arbor Day”.

The list that follows, is a list of R commands used to partition the
data into clusters : Responses from the questionnaires were used
to develop a comma separated values dataset Figure 1.

o ulab <-read.csv(".ulabdata.csv") was used to read the
csv file from the documents library [1]. The data was read as a
data frame and brought to the R application for processing.

F1 x fe || Isthere asystem in place which carefully collects and disposes ULABS?

s IS G e e i Dk Gl Ol Bk T A L (LA
1 [ouestionnaises e Number Wnere alismere Jia what ULBs ar There is The pudi There is-There is PoliEcoD: Spare SAMAD'S Ministy NTA  CNC  iarachi €
2 U3 importer

1 1 i i 1

5 30 years and below i 1

10 310 yers 1 1 1 1 1 1
11 50y

12 Siyearse

1) D-Syears 1 1 1
u E10years 1

18 1115 yeors 1

16 15-20vears

” ayezrs

2 aitneyzre
2 aTheyare calisctes bygri

to dispose, in house, parage, backyard
VBLE TecyClErs and (EpBites 1 1

o
3 d) it s noxthat bie @ conce and there is no data 1
3] #) There are seripusiy o icums of mis

2 Swongly sgree 1
3 e

£ Neural 1

3% Disagree 1 1 1 i 1
3 Swongly disagies

37 Strongly agres 1

ulabdata | ® i

Figure 1. Dataset

The R libraries skmeans, cluster, and dplyr were called.
The skmeans library is required for the k-medians algorithm.
The cluster library is required for calling the silhouette
function. The library dplyr is required for summarizing,
ordering and filtering data features

Metadata columns were removed. The metadata columns are
the innovative idea behind the invention of the new data
analysis method. The questions are arranged in the metadata
column in such a way that the answers can be converted to
binary form. This method is usable on all questionnaires ,
however, to use it there has to be a thorough, careful study of
the metadata arrangement of the questionnaire questions.
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Figure 2 shows the metadata columns that were removed to
create a matrix from the data set.

Al T o Questionnaire
- A s [ o = - e H 1 a L

i [Cissuonnalses  Age  Aumbar:Whers =iis thers : To wnat|ULAGS a7 THars [5 Tha AUEI Thare 12 Thars =
2 [ULAB impoter

3 |ULAB reselicr

4 |ULAS garage repairs

5 |ULAS disposal

6 |Heatth Personnel

7, Female

& Male

9 | 30 years and below

10 31-40 years

i1 £1-50 years

12 Stymarer

13 0—sysars

14 §-20 years

15 13-15 yaars

15 16-20 years

17 Fayears =

18 | BiThey are being collected by local govemnment and Bumped at land fill M;
19 b)They are sent to Interim Hazan waste faciling?
20 £]They are 1ML Lo INS Arivals CiTliZens 1o dISPOSe, In NOUSE, Barags, Backyan
21 diThey sre collected by privete recytiers and repeirers
2 =)They are collecied ana sxpored
2z a) Yes there is a good system
Sa B) Yes there 1=  system
25 <} Mo there is & very bad Sysiem
25 =) o there is no system at atl
27 a}iT is 3 very BIg concern many patients, deatns, and rep
23 B} 10is 8 big coneern Bt IUs difficule to rack the effects
23 ciitis not that big @ concern and there is dato
30 d} it is not that big @ concern and there is no data
31 ) There are seriously no victims of this

az Strongly Bgres

33 Agren
34 Heuwai
35| Disagree

35 Strongly disagres

Figure 2. Metadata
e ulabUB < t(ulab, —c(12,3,4,56,7.8.9,10,11,12)])

declares a new variable ulabUB, metadata columns are
removed, and the data frame is transposed.

Blank entries were removed to create a 0 and 1 matrix.

e ulabUB][is. na(ulabUB)] <- 0 replaces blank entries with
Zeros

e ulabMatrix<-as. matr(ulabUB) converts the data frame to
type matrix The variable partition was used repeatedly to
partition the dataset into clusters from k2 for 2 clusters to
k5 for 5 clusters. This needed to be done because it was a
comparison of them that would give the best value of k.

e partition <- skmeans(ulabMatrix, 2) Segments the
respondents into clusters looping from 2 clusters to 5
clusters skmeans(ulabMatrix, 5) . Figure 3, 4, 5 show
the outcome of the segmentation. partition returns a
summary statement of the segmentation [1]

> partition <- skmeans(ulabMatriz, 2)
;\ gz;;l::rl:::xlcal k-means partition of 40 objects into 2 classes.

Class sizes: 22, 18
Call: ‘simeans(x = ulabMatrix, k = 2)

Figure 3: Partition of k2.

> partition <- skmeans(ulabMatrix, 3)

> partition

A hard spherical k-means partition of 40 objects into 3 clasass,
Class sizes: 10, &, 22

Call!.: skmeans (x = ulakMacrix, k = 3)

Figure 4. Partition of k3

e Create a vector of respondent names for each cluster. The
vector, partitioncluster contains the information on which
cluster each respondent has been assigned to Figure 5

e Print the respondent names for each respondent in their
cluster, Figure 5.

1 <- names (Dartitic
es (Daxrticio
ames (particio

ter[parcition
ter [parciti:
r[parriri

"Ministry.cf.Environment®

nopo
[5] "Mare.chicosse.Landfili" "Bennect®

[7] "Brooks" "Brown™

[%] "Butlez"

> clustexr 2

[1] "DJ.Spare.parts” "Campbell™ "Carter" "Clark"

[5]1 "Collins" "Cook"” "Cooper"™ "Cax"

[91 vCruz" "Davis"

> clustex 3

[1] "SAMAD.Silencers®™ “Dizz" "Edwards"™ "Evans"
{51 "Fisher" "Flores™ "Fostexr™ "Garcia®”

Figure 5. Vector of names

Examine the characteristics of each cluster using the
aggregation function, the range [,2: 56]) informs R that it is
reading from row 2 to row 56, which is the last row of the csv
dataset excel spread sheet.

e clusterCounts <- t(aggregate(ulabUB,
list(partitioncluster), sum)[,2: 56])

by =

The range ul[, c(1: 12)] informs R that it is adding back the
meta data columns from column 1 to column 12 of the csv
dataset excel spread sheet.

e clusterCounts <- cbind(ulab[, c(1: 12)], clusterCounts)
add back the meta data columns

o jJe(arrange(clusterCounts, —clusterCounts"1"),12)
The arrange function in the dplyr package is used to view
the characteristics of the different clusters [1]. Results are
arranged by cluster

Figure 6 shows that the cluster center is from the ULAB
disposal, male respondents in their 31-40 years who have spent
about 0-5 years in the automotive industry. These cluster
responses were displayed per each cluster, for k2 they were 2
clusters and for k5 they were 5 clusters. The median responses
for each question in the questionnaire for the cluster were
displayed. The most relevant responses were from the value of
k which had the highest average silhouette widths.

The highest average silhouette widths was from the k3 clusters
of 0.35 for 3 clusters, Figure 10. Therefore the responses for
each questionnaire question, for each of the 3 clusters were
studied, these defined the characteristics of the data. The
differences between the responses per each question of the
questionnaire for each of the 3 clusters, as well as the size of
each cluster gave an accurate representation of the data.

> head(arcange (cluscterCounts, -clustesr
Questionnaire Sex

V¢ ULAS disposal

I Male

e 31-40 yeaza

viz2 O - Syeazs

Vi1

V23

V24

V21

v3e

V3

ViE

Vg

mEsSTLY), 12)

Rkge Number.of.years.in.the.Automotive.industry

Wnere.are.ULaSs.being.disposed.of.in.Mauritius,
va
w7
e
iz
V17 a)They are bsing callectsd by losal geverament and Dumped at land £ill Mare Chicase
VIl =) They aze collested and cxported
V24
V27
Vi
vie
V45
veE
Is.there.a.system.in.place.which,carefully.collects.and,disposes.ULABs.
vé
w7
k]
viz2
vi7
w21
vze €} Ho There 18 a very bad Syscem
V34
W3g
V45
V4E
To.whas.cxtend.is.exposure. 0. ULABs. 4. health .concern, in.Maurizivs .

Figure 6. Characteristics of Cluster1

The wvariables silhoutte k2, silhoutte k3, silhoutte k4,
silhoutte k5 were created to perform the silhouette function on
the partition variable. The variables silhoutte k2,
silhoutte k3, silhoutte k4, silhoutte k5 were then used to
display a summary of the clustering at each k.
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* silhoutte_k2<-silhouette(partition)
» summary(silhoutte k2)

The silhouette function silhou() was used to produce a
summary of the silhouette clusters. The closer the value is to 1
the better [1]. The mean value of 1 means that the responses
within the cluster are so close together towards the cluster
center that they are almost identical.

rouette (parcicion)
- k2)
Ts in 2 clusters from silhoustte.skmeans(x = parcition) :
sizes and average silhoustte widths:
18 22

0.2192964 0.38559765
Individual silhouette widths:

Min. 1sc Qu. Median Mean 3rd Qu. Max.
O.F‘EQTS 0.2457% 0.29%441 0.31087 0.39813 0.49411

Figure 7. Summary of k2

> silhouette_k3 <- silhoustte (partition)
> surmary(silhouette_k3)
Silheuecte of 40 units in 3 clusters from silhouetce.skmeans(x = partition) !
Cluster sizes and average silhoucstte widchs:
22 10 8

0.3582610 0.2540336 0.4410298
Individual silhouette widths:

Min. lsc Qu. HMedian Mean 3zd Qu. Hax.
0.03267 0.28548 0.36139 0.34876 0.44020 0.50812

Figure 8. Summary of k3

The silhouette clusters were displayed as plots using the plot
function p().The average silhouette width is displayed as part
of the plot. A summary of 2 clusters Figure 7 produces the
silhouette plot Figure 9. A summary of 3 clusters Figure 8
produces the silhouette plot Figure 10. A summary of 4
clusters produces the silhouette plot Figure 11.

Sllhouette plot of (x = partidon)
n= 49 2 custars

T T T C T
10 oz D4 a.6 oa 1.0
Silhouate width =,

Awarage shouetie width © 0.34

Figure 9. Silhoutte plot of k2

The average silhouette widths for 2 clusters is 0.31 on Figure
9, for 3 clusters is 0.35 on Figure 10, for 4 clusters is 0.30 and
for five clusters is 0.31. The values report that the best value of
k was 3 for 3 clusters. 3 clusters were then used to describe the
data, because the highest average silhouette width of 0.35 was
from the k3 cluster.

Silhouatte plot of (% = partition)
n= 40 % ohustars: )
I: ylave.g 5

1 10 | 0.25

2. B 044

322|036

t =T i T P

o 0z L} 0.6 ek} 1.0
Silwuate widih g

Avagrage Sihovetie width | 035

Figure 10. Silhouette plot of k3

Sensitivity testing and validation

To test the validity and reliability of this novel method of data
analysis, a dummy CSV dataset was used. The 30 respondents
of the dummy data set were grouped into 6 groups of 5
responses. Each of the 6 groups had five identical responses
from 6 questionnaires. This was done to test if:

e The method would identify the 6 clusters of size 5 each

e The method would expose that the responses within the 6
different clusters are all identical with a silhouette width of
only 1

e The method would be able to produce the six different
responses and distinguish which cluster they belong

The method was able to cluster the dummy data set of 30
respondents into 6 well separated clusters, Figure 11. The
silhouette width of each cluster was 1, Figure 12.

> surma:y(siita:e::egké)

Silhouette of 30 units in € clusters from silhouette.skmeans(x = partition) :
Cluster sizes and average silhouette widchs:

556855855
111111
Individual silhouette widths:
Min, 1st Qu. Median Mean 3rxd Qu. Max.
1 1 1 1 1 2
Figure 11. Test of k6.
L IR sy b=

Silhouette plot of (x = partition)

n=30 G clusters G

J Ayl @By S

Evans 17 5] 100
Foste

NTA 2: 5 100
Brown

Butle 3: 5100
Clark

Call 4: 511400
Cax

Garci 5: 5 100
Gray

Cruz 6. 5100
Edwar

r T T T T 1
0.0 02 04 0.6 0.8 10
Silhouette width s;

Average sihoueelle widh 1

Figure 12. Silhouette plot of k6

The same data set of 30 respondents was grouped into 2 groups
from the 6 questionnaires. This was done to test if:

e The method would create the 2 clusters

e The method would expose that the responses within the
different clusters are different as opposed to the previous
example.

e The method would be able to classify the 6 different
questionnaires of 5 each to create a test dummy data set of
30, into 2 clusters

k2 <- silhoustte (partition)
> Ty(silhouette_k2}
Silhouette of 30 units in 2 clusters from silhouette.skmeans(x = partition) :
Cluster sizes and average silhouette widths:
15 1s

0.4892829 0.4193574
Individual silhouette widths:

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.3695 0.4129 0.4741 0.4543 0.4975 0.4978

Figure 13. Test of k2

The tests ULAB-ko6test Figure 11 and ULAB-k2test Figure 13
from the 6 different questionnaires of 5 each, which was used
to create a test dummy data set of 30, brought out the
differences between the identical responses with a silhouette
width of 1 for each cluster, which means the responses are
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exactly the same. The same data set was partitioned into two
clusters. The results clearly showed that the responses from the
two clusters have silhouette widths of 0.49 and 0.42 for
clusters 1 and cluster 2 respectively, Figure 14.

The data from the k6 was well separated with an average
silhouette width of 1 which means the groups are identically the
same. The data from the k2 was not well separated, the clusters
are not quite clear with an average silhoutte width of 0.45.
Thus the groups are not exactly the same, the two groups don’t
have the same values, there is a difference between the groups.

Silhouette plot of (x = partition)
n=30 2 cluslers C;
it mlaveg s

Cook 1 15| 042

Campb 2:15] 042

I T T T T 1
0.0 02 04 06 08 1.0
Sithouette width 5,

Averane silhoustte width : 0.45

Figure 14. Silhouette plot of k2

The differences from the two tests from the dummy dataset,
clearly spell out how reliable the k-median can be in analyzing
and grouping the similarities of the datasets.

To verify this method [1] was consulted via email, the response
revealed:

¢ Inusing k-medians, one has the freedom to specify the
number of clusters (k).

e The silhouette can help identify the value of k which
produces the best clustering performance from the data.

This is the strength of the new method; this statement also
coincides with [10] who propose the choice of the optimal
number as the minimization of a risk function via penalization.

e The average silhouette value acts as a measure of the overall
clustering performance, the higher the value the better.

The new method is an improvement to the conventional

The new method of data analysis gives direct sentences like
responses that are clearer in their meaning. Figure 6, Figure 15,
to Figure 23 demonstrate the interactive sentence like
responses from each cluster. This makes interpretation of the
responses extremely easy. The use of Silhouette plots is
another advantage of this method. The Silhouette plots make it
easy to identify were the larger percentage of responses from
the data are grouped together. Figure 9, Figure 10 demonstrates
how k=3 produces the best clustering performance of the data
with an average Silhouette value of 0.35. Cluster 3 of Figure 10
groups 22 out of 40 respondents together then the

characteristics of this large cluster are analyzed in Figure 15 to
Figure 23.

RESULTS AND DISCUSSION

Data Analysis of the questionnaire responses

The most relevant responses were from the value of k which
had the highest average silhouette width. The highest average
silhouette width was from the k3 clusters of 0.35 for 3 clusters,
Figure 10. Therefore the responses for each questionnaire
question, for each of the 3 clusters were studied; these defined
the characteristics of the data. The differences between the
responses per each question of the questionnaire for each of the
3 clusters, as well as the size of each cluster gave an accurate
representation of the data. The largest of the 3 clusters grouped
22 respondents together with a silhouette width of 0.36 . The
second and third largest clusters grouped 10 and 8 respondents
with silhouette widths of 0.25 and 0.44 respectively. This shows
that the largest cluster, cluster 3, Figure 10 grouped more
respondents, 22, than the two other clusters combined, cluster 1
and cluster 2 which grouped 18 respondents together. Figure
15 shows the outcome of the questionnaire responses for the
largest of the 3 clusters. The first section displays the
demographic characteristics of the respondents and from which
area of the ULAB industry they are from. In this case the
cluster consists of respondents from the ULAB garage repairs.
It is composed of both male and female respondents. The age
of the respondents is 31-40 years.

> head(arrange (clusterCounts, -—-cluatserCountcsina®y, 12)
Questionnaize Sex Age

1

2

3

4

5 ULRE garage repailrs

-]

r

B

g Male

10 31-40 years

1 Femals

[
[

Hunkber.of.ysars.in.the Avtomotive. industry

|l e S T BN ¢ B TR R Y R I 8

M= O

Whers.zre.ULABs.being.disposed.of.in.Hauritius.

2)They azre collacted and zxported

= M U s L B

Figure 15. Characteristics of cluster 2 for k3

The second section shows that there was an error in the
response to the question of the number of years in the
automotive industry, the results did not display the median
response of the cluster. The software results showed that only
this response from the largest cluster was not properly filled.
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This question displayed a blank response. Further analysis and
testing on the use of this method and the software is to be
done, so as to answer why some responses were not displayed.

For the third section of the largest cluster, the dominating
response for those in this cluster, for the questionnaire
question: Where are ULABs being disposed of in Mauritius? is :
e) they are collected and exported. From this response it is clear
that the cluster answered that ULABs are being collected and
they are being exported. The outcome of the questionnaire
responses for the fourth section Figure 16, from the largest
cluster, in response to the question: Is there a system in place
which carefully collects and disposes of ULABsS is: ¢) No there
is a very bad system.

Is.there.a.system. in.place.which,carefully,collacts.and,disposes.ULABs,

€) Mo there 13 a very bad system

To.what.extend.is.exposure.to.ULEBs.a.health.concern.in. Mauricius.

b) It 13 2 big concern but it’s difficult to track the effscts of lead poisoning

ULABs.are.safely.disposed.in.Mauritius,
1 Disagree

Figure 16. Characteristics of cluster2 for k3b

This response is coming from the largest of the three clusters
which groups 22 responses Figure 10. The outcome of the
questionnaire responses for the fifth section, Figure 16, from
the largest cluster, in response to the question: To what extent
is exposure to ULABs a health concern in Mauritius is: b) It is
a big concern but it’s difficult to track the effects of lead
poisoning. This means the hazard of exposure to lead from
ULABs is a concern to members of this industry but it is
difficult to track those who have been affected. The outcome of
the questionnaire responses for the sixth section, Figure 16,
from the largest cluster, in response to the question: ULABs are
safely disposed in Mauritius? is: Disagree. This means the
largest cluster of those in this industry is saying ULABs are
not safely disposed of in Mauritius.

There.rz.no.one, suffering. from.che.harmful .effecca.of (ULAS:=

1

2 Hzutral

3

2

5

=

T

g

=)

0

i1

a2
The.public.is.very.awsic.of. the.dangeza. of JULASS

1

2

3

L |

s

(3

i

=

10

1l

12 Disagree
There.is.the . need.To. develop sa.collsction, SYSTEMm. of .ULABS.

1

2

3 Sctzongly agzes

2

=3

&

T

8

2

Figure 17. Characteristics of cluster2 for k3c

The outcome of the questionnaire responses for the seventh
section Figure 17, from the largest cluster, in response to the
question: There is no one suffering from the harmful effects of
ULABES is: Neutral. This question is from a Likert- type scale
ranging from 1 (strongly disagree) to 5 (strongly agree),
neutral is the medium answer. This could mean it is not clear
how to define a victim of the effects of ULABs so the median
response is neutral. Some qualitative responses to the question,
from the interviews, were it is a medium to long term problem it
can take years before some members of the community even
know that they have been poisoned. The results of the
questionnaire responses for the eighth section Figure 17, from
the largest cluster, in response to the question: The public is
very aware of the dangers of ULABs? is: Disagree. This means
the largest cluster of those in this industry is saying there is no
public awareness on lead exposure from ULABs. The outcome
of the questionnaire responses for the ninth section, Figure 17,
from the largest cluster, in response to the question: There is
the need to develop a collection system of ULABs? is:
Strongly agree. The response for this cluster to the question:
There is a need to develop a collection system of ULABs?,
Figure 17 showed they strongly agreed from the Likert-type
scale. Figure 18 shows that the question was rephrased and
asked whether there is a need to establish a CLSC of ULABs
to which the cluster, strongly agreed.

Thers.1s.the.nzed.to.develop.a.collecrion.systen.of JULABa,

1
2
3 Strongly agres
F]
5
E
T
8
5
10
11
12

Thers.is.the.need.to.establish.a . CLEC.of .ULASs 1 2 3
1 03210
2 0218
3 020 0
4 Strongly agres 0 20 0
5 6187 |
[ Tl 5
T 4 16 4
B 4 13 3
5 6 12 3
10 21z 3
11 4 105

Figure 18. Characteristics of cluster2 for k3d

The largest cluster proved all the positive and accurate results
of this method of data analysis. Figure 15, 16, 17 and 18
showed the outcome of the questionnaire responses for the
largest of the 3 clusters and their explanations above.

Figure 19 shows the results of the questionnaire responses for
the second largest of the 3 clusters, Cluster 1. Cluster 1 grouped
10 responses with a silhouette width of 0.25 Figure 10. The
first section displays the demographic characteristics of the
respondents and from which area of the ULAB industry they
are from. In this case again, the cluster consists of respondents
from the ULAB garage repairs. It is composed of both male
and female respondents. The age of the respondents is not
displayed. The second section again shows that there was an
error for the response to the question of the number of years in
the automotive industry, the results did not display the median
response of the cluster. However this also being a trivial
question, it can be ignored. For the third section of this cluster,
the dominating response for those in this cluster, for the
questionnaire question: Where are ULABs being disposed of in
Mauritius?, is : e) they are collected and exported. However this
particular question has two dominant responses, the other
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response is: d) They are collected by private recyclers and
repairers. From these responses it is clear that the cluster
answered that ULABs are being collected by private recyclers
and repairs and they are being exported.

> head(azrange (clustezlounts,; =-clusterCounca2"lM), 12)
Questionnaire Sex Ags Number,of,y=ars.in,ths,Automstive.industry

1

P

3

4 TULAB garage zepaira
5

[3 Hala
-

g8

] Female

Where.are.ULiAs.being.disposed.of . in.Mauriting.

&) They are collected and exporced

[ T R T R

wn

10 dyThey axzs collected by private recyclers and repaizers
11 :
12
Is.chere.a.syscem.in.place.which.carefully.collecca.and.disposes.TLAEs,

b) Yes thers 183 a system

[ T R R

Figure 19. Characteristics of cluster1 for k3

Figure 20 shows that the response of this cluster to the
question: Is there a system in place which carefully collects
and disposes ULABs. The cluster again displays two responses:
b) Yes there is a system and ¢) No there is a very bad system.
To what extent is exposure to ULABs a health concern in
Mauritius?, The cluster again displays two responses:

d) It is not that big a concern and there is no data and b) It is a
big concern but it’s difficult to track the effects of lead
poisoning. This combined becomes there is no data and its
difficult to track the effects of lead poisoning.

To.what.extend.i3.exposure. to.ULABa, a.health.concern. in. Hauritivs.

d) It is moc that big a concern and thers i3 no daca

12 B} It is a big concern but it's difficultv to track the effects of lead poiscning
ULABS.are.safely.disposed, in.Mauritius,

I I T, I SR

]
1
12

Thers.is.no.one.suffering, from, the,hareful,effects.of, ULASs

B b A0 ED el @ EE A L R R

[ =

Figure 20. Characteristics of cluster1 for k3b

Figure 21 shows that the questionnaire question: The public is
aware of the dangers of ULABs? displayed: Strongly Disagree.
The response for this cluster to the question: There is a need to
develop a collection system of ULABs? Figure 21 showed they
were neutral from the Likert-type scale. Figure 21 shows that
the question was rephrased and asked whether there is a need to
establish a CLSC of ULABs? to which the cluster strongly
disagreed. These, however, are the questionnaire responses from
the medium smaller of the three clusters which groups 10 out
of 40 responses.

The.public.is.very.avare.of.the.dangerz.of [ULARS
Strongly disagree

Je A0 OO =] R L oals G BT e

e e
(R =1

There.is.the.need.to.develop.a.collection. system.of . ULARS,

Heuczral

Por fet et 000 OO0 =3 o EN i da [ g

[ R =

There.is.the. nesd. to.esvablish.a.CL3C, of . ULABES

g e

Strongly disagree

=1 oA op
el el
[ e e K |

M =1 3 Ll sl baoam
(o SR e BT CRRS SR PR R B T =R s

(RN SR ¥ = T I, ST, EET S T R
= a
11 S S A T
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Figure 21. Characteristics of cluster1 for k3c

Figure 22 shows the results of the questionnaire responses for
the smallest of the 3 clusters, Cluster 2. Cluster 2 grouped 8
responses with a silhouette width of 0.44, Figurel0. The first
section displays the demographic characteristics of the
respondents and which area of the ULAB industry they are
from. In this case again, the cluster consists of respondents
from ULAB garage repairs. It is composed of Female
respondents. The age of the respondents is not displayed.

The second section again shows that there was an error in the
response to the question of the number of years in the
automotive industry, the results did not display the median
response of the cluster. However, this also being a trivial
question, it can be ignored. For the third section of this cluster,
the dominating response for those in this cluster, for the
questionnaire question where are ULABs being disposed of in
Mauritius? is : e) they are collected and exported. However this
particular question has two dominant responses, the other
response is d) They are collected by private recyclers and
repairers. From these responses the cluster answered that
ULABs are being collected by private recyclers and repairs
and they are being exported. The responses are exactly the
same as cluster].
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> head(azzange (clustexCounts, -clustexCouncai®iv), 1)
Questionnaire Sex Zge Wumber.cf.years.in.the,Automotive.industcy

ULAD garage repaira
Female

[ = TR L R R S P S R

[
B3 o

Whegs, 2z, ULADS. baing. disposed. of . in. Hauzitiug,

[ R T BT ST R

£} They ars collected and exporved
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L R A TR R
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o

b} ¥es there is a system
Figure 22. Characteristics of cluster3 for k3

Figure 23 shows that the questionnaire question: The public is
aware of the dangers of ULABs?: displayed: Neutral. The
response for this cluster to the question: There is a need to
develop a collection system of ULABs? Figure 23 showed they
were neutral from the Likert-type scale. Figure 23 show that
the question was rephrased and asked whether there is a need
to establish a CLSC of ULABs to which the cluster, again gave
a neutral response. These however are the questionnaire
responses from the smallest of the three clusters which groups
8 out of 40 responses. This cluster grouped a few neutral
responses, the clearest picture of the data is from the largest
cluster. The most accurate representation of the data is from
the largest cluster. The median responses from this cluster are
more reliable and trustworthy information

Recommendations

The need has been communicated by many members of the
automotive industry and those of the health industry, of a new
and safer system for the collection of ULABs. A system can be
developed which is country wide, which uses all the safety
measures, such as the UN approved safety containers for the
collection of ULABs. Locations to place bins for the safe
collection of the ULABs can be calculated using the UFL
problem, and these locations, the entire network, can be
optimized to reduce the costs of collection and drive prices low
so that those who are in the business of buying them can buy
them at the same price or a lower price for their exportation.
This is also done so that the waste can be treated first, for the
safety of the public. These safety bins and selected collection
points can be the places that the public is informed of the
dangers of the ULABs. For example if a few calculated service
stations are the selected collection points, safety bins for the
ULABsS are placed there, and these areas, are where the public
will be informed, using banners and bill boards that inform the
public of the dangers of the ULABs. Companies that are in the
business of buying these items will supply the necessary

finance, to buy the ULABSs at these safely constructed location
points, and will provide the necessary collection logistics and
transportation of these hazardous materials. Since this is a
whole country wide business, many companies that are
registered and qualified can contend to have their collection
points calculated according to their logistics, location and
budget. Public awareness was also highly recommended by
many members of the automotive industry.

In face to face interviews many members of this industry
disclosed that the public is not informed of the dangers of this
industry, some would confess that many dealers venture into
the ULAB industry as a business, not knowing the risk of
environmental contamination and the dangers that are involved.
This information, of the risks that the public is facing is critical
and should be communicated country wide. The public has a
right to know of the dangers of the hazardous materials they
are using such as ULABSs, they should be informed of how to
safely keep them when used up and how to safely dispose
them.

Every new vehicle battery should be traceable from the day it
is imported to the day it is disposed, this is done to ensure that
it is safely disposed at the end of its life cycle. Those
interviewed are convinced that ULAB information is not as
readily available in the Republic of Mauritius as is should be.
Qualitative findings proved that many members of the
automotive industry, recommended that strict regulations on
who can buy or who can collect the ULABs from the homes of
the private users, must be placed and enforced. They reported
that there are many unregistered dealers, who are not authorized
to do the collection and who are not obeying any standards. The
unregistered dealers are not complying to all the required
health and safety regulations, placing their employees and their
families at risk. Some will continue to do this work because it is
their livelihood, however enforcing some regulations, that
ensure the collection is conducted with high safety standards,
and regulations by the law, that the people who are in the
business of collecting the ULABs are qualified and
knowledgeable, will do more in terms of the safety of the
environment and the community.

The Key findings of the survey were:

e Respondents strongly agreed that the collection system in
place is not safe and risks the lives of the employees
collecting them and their families.

e The public is also at risk from the yearly collection system
because of the lengthy in-house storage before the
collection and exportation.

e Members of this industry disclosed that the public is not
informed of the health dangers of this industry, thus there is
a lack of public awareness.

e Qualitative findings proved that many members of the
automotive industry recommended that strict regulations on
who can buy or who can collect the ULABs from the
homes of the private users, must be placed and enforced.

e During face-to-face interviews and in the questionnaires,
many members of the automotive industry and those of the
health industry disclosed the need for a new and a safer
system for the collection of ULABSs.

e The results showed that 55% of the respondents strongly
agreed that there is a need to develop a new collection
system.
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A summary of the quantitative results from the ESMvere
method

The highest, best clustering of the k-median algorithm was
from 3 clusters k=3, this had a silhouette width of 0.35. The
best cluster grouped the questionnaire responses into 3 clusters
of size 22, 10, 8.

Questionnaire responses from the largest cluster of 22:

Is there a system in place which carefully collects and disposes
ULABs?

e No, there is a very bad system ULABSs are safely disposed
in Mauritius?
e Disagree

There is the need to develop a collection system of ULABs?
e Strongly agree

There is a need to establish a CLSC of ULABs?
e Strongly agree

The public is very aware of the dangers of ULABs?
e No

To what extent is exposure to ULABs a health concern in

Mauritius?

e Itisabig concern but its difficult to track the effects of lead
poisoning There is no one suffering from the harmful
effects of ULABs?

e Neutral

The results showed that 55% of the respondents strongly
agreed that there is a need to develop a safer collection system.
Stronger emphasis has been placed by the Ministry of
Environment, Solid Waste Management and Climate Change
of Mauritius, on collection with the intention to export as
opposed to collection with the intention to recycle,. The safe
collection of the ULABs should be a nationwide government
project as every person’s health is at risk. Accurate planning is
required which minimizes or eliminates lead exposure from
ULAB:.

Conclusion

A new data analysis method was developed that uses the
hamming distance variant of the k-median clustering technique
to cluster the responses of questionnaires. The method uses the
silhouette plots value to determine the best choice of k. The
main innovation of the new data analysis method is how the set
of questionnaire questions are structured on the dataset, which
is a Microsoft excel spread sheet with a comma separated values
(CSV) file extension. The method is derived from a marketing
segmentation method; however, it has been remodified with
some complex modifications to suit the analysis of data. It
gives a hamming distance median sentence like responses from
each cluster. The study’s key contribution is the practical
adaptation of theoretical k-median frameworks to address
environmental challenges, offering a replicable model for data
analysis and hazardous waste management in other contexts. It
highlights the potential for mathematical modelling to drive
practical solutions to global environmental challenges. The

results gave valuable information that proved the need for a
new ULAB collection system.
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interest regarding the publication of this paper.

REFERENCES

1. Cunningham, G. (2015). Data smart, ch2, customer
segmentation with r using k-medians clustering.
https://rstudio.pubs.static.s3.amazonaws.com/75036b3e839
52e88e4c98ad4fftbee571260f html pp. 2019-02—-12.

2. NTA, N. L. T. A. (2019). National land transport authority
vehicles registered 2008 - 2019. http://nta.govmu.org/
English/Documents/Statistics2019/0ct202019/Website20-
20Vehicles20Registered202008- 201920September202019).
pdfpp. 2020-01-04.

3. BeForward (2019). Which African countries have the most
cars on the road? https://blog.beforward.jp/regional-
topics/africa/cars-capita-africa-country-cars-road.html pp.
2020-01-06.

4. Statsmauritius (2019). Estimated resident population by
geographical district and sex - republic of Mauritius 1,
2011 - 2019(mid-year estimates). http://statsmauritius.
govmu.org/English/CensusandSurveys/Pages/census/Censu
s- 2011.aspx pp. 2020-01-04.

5. Voynick, S. (2011). Trade and environment a teaching case:
The Basel ban and batteries. [Institute for trade and
commercial diplomacy.

6. Kowlesser, P. (2017). Overview of solid waste management
in Mauritius. Environment.

7. PAGE, (2017). Industrial Waste Assessment in the Republic

of Mauritius: Opportunities for Industrial Symbiosis.

Partnership for Action on Green Economy.

9. Phoolchund, H. (1995). Occupational and environmental
health in Mauritius: a review of trends and recent studies.
Elsevier Science Ltd pp. pp.251-255.

10. Baggioni, A. G., and Surendran, S. A penalized criterion for
selecting the number of clusters for K-medians Journal of
Computational and Graphical Statistics, 2024<Taylor &
Francis

11. Moshkovitz, M., Dasgupta, S., Rashtchian, C. and Frost, N.,
2020, November. Explainable k-means and k- medians
clustering. In International conference on machine
learning (pp. 7055-7065). PMLR.

12.Manish Suyal, Sanjay Sharma (2024). A Review on
Analysis of K-Means Clustering Machine Learning
Algorithm based on Unsupervised Learning. Journal of
Artificial Intelligence and Systems,0, 8-95.
https://doi.org/10.33969/A1S.2024060106.

13. Anand, A. and Lee, E.,(2024) Separating k-Median from the
Supplier Version University of Michigan, Ann Arbor arXiv
preprint arXiv:2401.13819v[csDS]24 Jan 2024.

14. Whelan, C., Harrell, G. & Wang, J. (2015). Understanding
the k-medians problem. International Conference Scientific
Computing pp. pp.219-222.

15. Ministry of industry (2019) Authorized Dealers in
Importation and Sale of Second-hand Motor Vehicles.
Retrieved October 27,2020, www.commerce.govmu.org/
Documents/Departments/TradeDivision/List200f20Showroo
ms.pdf

*®



9124 International Journal of Science Academic Research, Vol. 06, Issue 01, pp.9113-9126, January, 2025

Appendices Appendix A

The R language code that follows is a detailed series of steps

that were used to analyze a data-set of questionnaire
responses, gathered for the survey of this study.

The R Language Code
1. //Read data from the csv file:
* ulab<-read.csv(".ulabdata.csv")

2. //Remove meta data.
* ulabUB<- t(ulab[,—c(1,2,3,4,5,6,7,8,9,10,11,12)])

3. //Replace blank entries with zeros.
* ulabUBJis.na(ulabUB)]<-0

4. //Convert data frame to a Matrix.
* ulabMatrix<-as.matrix(ulabUB)

5. //Partition the data into clusters.
* partition<-skmeans(ulabMatrix,2)

6. //Print respondent names.
* clusterCounts<-

t(aggregate(ulabUB,by=list(partitioncluster),sum)[,2:56])

7. View the characteristics of each cluster.
* clusterCounts<-cbind(ulab[,c(1:12)],clusterCounts)

8. Print the silhouette clusters.
+ silhoutte k2 <-silhouette(partition)
+ summary(silhoutte k2)

Appendix B Questionnaire

SECTION A: DEMOGRAPHIC INFORMATION: (Tick the appropriate)

1. Where are ULABS being disposed of In Mauritius?
a) Theyare being collected by local gavernment and dumped at Landfill Mare Chicose
b} They are sent to Lachaumire bambous Hazardous waste facility

by?
¢} They are left ta the private citizens to dispose, in house, garage, backyard
d) There collected by private recyclers and repairers

B

They are collected and exported

2. Isthere a system in place which carefully collects and disposes ULABs?

a) Yesthere isa good system
b} Yes thera isa system
¢) Nothere is a very bad system
d} No there is no system at all
e) We have no idea
3. Towhat extend is lead exposure form ULABs a health concern in Mauritius?
a) Itis avery big concern many patients, deaths, and reports annually
b} Itisa big concern but it's difficult to track the effects of lead poisoning
¢) It1s not that big a concern and there [s data
d) ItTs not that big a concern and there is no data
e) There are seriously no victims of this

4. How many ULABS are brought to the hazardous waste collection facility each
year?
5. Are there currently any recycling companies for failed or used up vehicle batteries?

6. Does Mauritius have an excessive importation of vehicle batteries?

7. What Is the average number of vehicles Iimported every year?

8. What is the average number of vehicle batteries imported every year?

For the questions to follow, may yon rank your opinion on a Likert scale of 1-5 as

guided below:
Strongly agree | Agree Neutral Disagree Strongly disagree
Female Male ! 2 3 4 s
ULABEs, health, Pollution
2. Ape
30 years and below 31-40 years 41-50 years | Slyears+ ! 2 3 4 3
‘ ULABS are safely disposed in Mauritius

3. Number of years in the Automotive Industry

0 Syears 6-10 years 11-15 years 16-20 years 2lyears +

4. Area of Occupation (Tick on closest description)

ULAB importers
ULAB reseller

ULAR garage repairs
ULAB disposal

Health personnel

Other (s) - specify

The is no one suffering from the harmful effects of ULABs

The public is very aware of the dangers of ULABS

There is the need to develop a collection systermn of ULABs

There is the need to establish a CLSC of ULABs

Recommendations ULABs Research

A A A R AR AR R R R R AR A AR BRI R AR R
T T T T T T T T T R T T R T T T R T PP TP TT P Y PR TR T
T T T T T T T P I T L I T T
T T T T T T T L T T T TP T TPy P T T P T PR IO T PP TY PP PR FIT O TS
T T T T T LT T T T TP T T Y T T T T R T T TP T TP AT e T

T DT L P P P P PP P T T TP P PT PP T R PP PR PR PP
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Appendix G Dataset

Crucstinnmn Sex
ULAB imposier
ULAB rewcller
ULAB Era e u.n.—tm-ﬁ
ULAB dipasal
Healik Persanne
Femule
Make

Ape

Muimber o Where are 15 ihere a 5 Toowhat e ULABs anThere i5 o The pubilie There is th There i th Polyleo Mink ol Mase ohioc Wemnbover Fdatich M D) Spare p 3ARMAL 5 Folabe BaonCRIC

30 yemrs and belos:
40 vears
21 -30 pears

Alyears+

0 = Sipcar
&= 10 years

11-15 years
1620 ycars

2l years #

ay Theey aure: beingy collecied by loca) government amd Dunageed at Eosd G Mare Chicose
by They are semn i Lachawmine Bambous Taverim Hazandoas aasoe Gecilin?
€ They aure leli o tlhe privane citizons oo dispuee, in howse, gamge, beckyan
A They ane colbocwed by privane recyclers and repudeers
ﬂu_n.-.-._.a.. are crillocicd arad n.u—....u_._“ﬂ..w
a) Yen there in a poexl symicm
b} Yes there i3 a2 sustem
) B there is @ very bad syssem
&) M thene is oo sysiem an all
w)le is a very big concemn muany patkonts, deahs, and eopaorts annuslly
b B s @ big comycern bt iCs il oo reck e effoces ol lead po
Jlnis nox thar big & concern and dheee is dana
all) Bt ie rwar thai big a conocrn nnd there is nao daia
) There are serinusdy ma vietims of this

Ao
Mgustral
Disappec
Soroagly disagros
Strongly agnee
Agpree
Bacaarcal
[keagroe
Sercmply disagree
Sarongly agroe
Agrec
Moutrad
Dsagree
Saronply disagree
Suronly agroc
Agree
Meurral
Driragree
Surunply dinsgree
Surungly =
Ayroe
Meutral
Drisagroe
Soronghs disagros

1

1
1
1
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