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This study was undertaken among 100 randomly selected bus conductors from 2 routes. A questionnaire study
based on the modified Nordic musculoskeletal questionnaire, assessment of physical and physiological param-
eters, analysis of working postures and a detailed work study were performed. The analysis revealed that con-
ductors had a work schedule of 16—18 h each day; the duration of work could vary from 15 to 20 days at a
stretch. Discomfort leading to musculoskeletal disorders mainly affecting the leg (93.3%), knee (83.3%),
shoulder (80%) and back areas (56.7%) had the highest 12-month prevalence rates and increased day by day.
The conductors also suffered from extreme physiological stress due to prolonged working hours in hazardous
standing posture conditions, excessive work pressure and minimum rest between trips. Consequently, all those

Jactors affected their health and work performance.
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1. INTRODUCTION

Transport or transportation is the movement of
people and goods from one place to another. The
term is derived from the Latin words trans (across)
and portare (to carry). In India, many forms of
public transportation are available for passengers.
Among them, buses play a significant role. The
safety of the general public both within the bus and
on the road is given little priority [1].

Work-related musculoskeletal disorders (WMSDs)
affect workers in many occupations including
those related to operating large vehicles. Urban bus
transportation workers have been found to have
high prevalence rates of musculoskeletal problems.
Kolkata, India, is a densely populated city with

numerous public buses that constitute a major
means of public transportation. Both physical and
psychosocial risk factors affect WMSDs. There are
many physical factors that may contribute to
increased physical loading in the bus conductors’
musculoskeletal system, resulting in discomfort
and pain. The most commonly identified physical
factors are prolonged standing, whole-body vibra-
tion, strenuous workload and prolonged working
time. In terms of individual factors, age, gender,
weight and height, the body mass index (BMI) as
well as the general health status of the conductors
are also important risk factors associated with
WMSDs [2, 3, 4].

In India, the working conditions of bus conduc-
tors are poor and stressful. However, this problem
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has not been investigated. The purpose of this
study was to investigate the prevalence and char-
acteristics of WMSDs and the extent of stress
among urban bus conductors in Kolkata.

2. METHODS

2.1. Public Buses and Conductors

Among the different types of buses in Kolkata,
public buses are significant. There are primarily
two types: the Bangla Body bus (the older type)
and the Euro bus. This study was conducted in
those buses. They seat 38 passengers each.

These buses are staffed by two conductors and
a driver. The conductors operate at the front and
rear doors of the bus. Since these buses constitute
the backbone of local transportation, they run
throughout the city on various routes. Conse-
quently, many people work as conductors.

The regular work schedule of these conductors
is alarming. They work continuously up to
16-18 h each day and there is no system of
weekly time off for them. They work as long as
their body permits and the duration may vary
from 15 to 20 days at a stretch followed by a
break of 4-5 days. They begin their work in early
morning and end almost at midnight. They under-
take 5-6 trips each day, where one trip means a to
and fro journey, i.e., starting at the depot, going
to the final destination and returning to the depot.
They do not get a fixed salary. Rather, their
income depends on the number of passengers,
i.e., it is commission-based, whereby every rupee
they collect earns them 24 paise. The conductors
do not work at a fixed door. They alternate at
both doors of the bus.

Moreover, the bus conductors perform a
number of tasks when they are on duty. In addi-
tion to selling tickets to passengers by approach-
ing them, they are also involved in other tasks.
Initially, just after the bus begins its journey from
the depot, the conductor stands on the stairs of the
front door of the bus and constantly screams out
the exact route that the bus will cover, particu-
larly mentioning the important locations to draw
the commuters’ attention. Usually, to attract more
passengers, he even communicates individually
with people on the road to find out their exact
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destination. The conductor also performs another
significant function: he announces loudly the bus
stops at very frequent intervals, thereby making it
easier for passengers to get off the bus at their
destination.

Assisting the driver when passing through con-
gested roads and junctions is an additional source
of stress. The conductor has to be very careful
when people are getting on or off the bus and he
has to remain at the door for this purpose, particu-
larly for children, women and aged people. In
between, he has to strictly monitor that all the
passengers have bought tickets. He also has to
maintain periodic communication with his fellow
conductor at the other door. After conducting
such hazardous tasks involving constant standing
for hours, he most often gets into arguments with
passengers on different issues, e.g., tendering
exact fares and the slow speed of the bus. All this
makes the conductor’s work extremely hectic and
stressful.

2.2. Selection of Subjects

One hundred male conductors, with over 5 years
of experience each, participated in this study.
They were selected randomly from two short-
distance buses.

One of the buses (No. 30C/1) traversed from
Hatiara to Babughat covering 18 km within Kolk-
ata. Thus, one full trip of the bus involved 36 km.
The origin and the destination of the other bus
(No. 30C) were identical, however, the routes
were different. The total distance was 20 km
within the city. Thus, one full trip of the bus
involved covering 40 km.

2.3. Questionnaire Study

A detailed study based on the modified Nordic
questionnaire [5] was performed on the experi-
mental group. The questionnaire consisted of a
series of objective questions with multiple-choice
responses. A face-to-face interview was thought
to be more reliable in obtaining accurate informa-
tion from the bus conductors as they were from a
wide range of backgrounds with different educa-
tional levels. The questions were grouped in three
major sections:



e general information on the workers, i.e., their
age, years of experience, etc.;

e work organization and work behaviors;

e assessment of stress at work and detailed
questions on physical disorders caused by the
working environment.

2.4. Physical Parameters

The height and weight of the bus conductors were
measured with a Martin anthropometer (Takei,
Japan) and a Crown weighing machine (Raymon
Surgical, India), respectively. The body surface
area (BSA) [6] and BMI [7, 8] of all the subjects
were also computed.

2.5. Physiological Parameters

Heart rate was measured before and just after a
trip with a 10-beats method from the carotid pulse
[9]. The subjects’ blood pressure was measured
with a Diamond (India) sphygmomanometer and
a Diamond stethoscope before and just after a
trip.

2.6. Working Posture

The bus conductors’ working postures were ana-
lyzed with REBA (rapid entire body assessment)
[10] to assess posture for risk of WMSDs.

The critical tasks of the job were analyzed and
posture factors were assessed for each task by
assigning a score to each region. The scores for
group A (trunk, neck and legs) and group B
(upper arms, lower arms and wrists) postures for
the left and right sides were worked out. For each
region, there was a posture scoring scale plus
adjustment notes for additional consideration.
Then, the load/force and coupling factors were
evaluated. The scores from table A for group A
postures and from table B for group B postures
were assigned. Score A was the sum of table A
score and the load/force score. Score B was the
sum of table B score and the coupling score for
each hand. Score C was read from table C, by
entering it with scores A and B. The REBA score
was the sum of score C and the activity score.
The degree of risk was found in the REBA deci-
sion table.
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2.7. Subjective Musculoskeletal Symptoms

In this part of the questionnaire, the subjects were
interviewed about any kind of discomfort felt in
the body, such as hands, shoulders, lower back
and legs, etc. The intensity of pain or discomfort
was measured with the body part discomfort scale
[11]. Body parts were rated on a scale from 1 to
10 to indicate the level of discomfort. The 14
workers with no feeling of discomfort were not
including in this rating.

2.8. Work Study of Entire Work Process

A work study of the entire process of a bus con-
ductor was performed and analyzed in the form
of a flow process chart and a string diagram [12].

In the work process method, a period of 10 min,
from the total of 1 h 20 min that the journey from
the depot to the final destination took, was
recorded. For the flow process chart, the normal
activities of bus conductors (operation, transport,
delay, inspection) were plotted in connection with
respective descriptions of work in the 10-min
period analyzed. Finally, the number of different
activities was calculated to evaluate the working
conditions.

2.9. Statistical Analysis

Means and standard deviations of the selected
physical and physiological parameters were cal-
culated. A one-tail Student 7 test was also used to
find out whether there was a significant differ-
ence between the physiological parameters before
and after work for the chosen level of signifi-
cance (p <.05) [13].

3. RESULTS

One hundred subjects successfully completed the
questionnaire and physical assessment. The ques-
tionnaire showed that the bus conductors worked
16-18 h a day and rested for ~10—15 min between
each trip. They worked 20-22 days a month. The
bus conductors’ experience ranged from 5 to
28 years.

The results showed that the bus conductors’
mean (SD) age was 34 (11.57) years, height 163.4
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(6.29) cm and weight 59 (7.50) kg (Table 1). The
mean values of BSA and BMI were 1.66 m” and
20.3 kg/mz, respectively, which showed that all
conductors had a normal range of BSA and BML

TABLE 1. Physical Characteristics of Bus
Conductors (N = 100)

Bus Conductors
Characteristic M SD
Age (years) 34.0 11.57
Height (cm) 163.4 6.29
Weight (kg) 59.0 7.50
BSA (m?) 1.66 0.15
BMI (kg/m?) 20.3 2.20

Notes. BSA = body surface area, BMI = body mass
index.

Table 2 lists mean blood pressure (before and
after a trip) and heart rate (before and after a trip).
The analysis of physiological parameters showed
that blood pressure increased after a trip, fol-
lowed by heart rate.

The questionnaire study showed that all work-
ers complained of discomfort in different parts of
the body. The subjects reported most discomfort

at rest and at work (Figure 1). In this study,
86.6% workers suffered from severe pain at rest
and 66.7% at work.

Figure 2 shows that the predominant type of
discomfort was pain throughout the body (100%)
followed by tingling (83.3%), numbness (50.0%),
stiffness (33.3%) and swelling (10%). According
to the respondents, pain was greatest at work and
also at rest. Due to prolonged standing, they also
experienced tingling and numbness mainly in the
leg region, followed by the hand region.

In the questionnaire study, most bus conductors
reported experiencing discomfort mainly in the
legs (93.3%). They experienced more pain in the
left leg than in the right one as their prolonged
standing posture in the buses exerted excessive
pressure on the left leg. The other regions that
were affected included the knees (83.3%), ankles
(83.3%), feet (83.3%), shoulders (80%), wrists
(70%), hands (63.3%) and lower back (56.7%).
Because of carrying heavy side bags (2.0-2.5 kg)
on their left shoulders, the discomfort in body
parts located on the left side of the body seemed
more predominant. Amongst the different body

TABLE 2. Physiological Characteristics of Bus Conductors (N = 100)

Bus Conductors
Before Trip After Trip
Physiological Characteristic SD M SD t
Blood pressure (mm/Hg) systolic 119 5.53 136 6.24 10.19
diastolic 80 3.50 97 3.91 6.86
Heart rate (beats/min) 6.90 96 11.35 4.51

Notes. All parameters show significant difference at p < .05.
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Figure 1. Discomfort (pain) at different times among conductors.
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Figure 3. Discomfort (pain) among conductors affecting different body parts.

TABLE 3. Discomfort Feeling (Pain) According
to Borg Scale (Whole Body) in Bus Conductors
(N =100)

Scale Range Conductors (%)
1-3 4
4-7 62
8-10 34

j.USt moderate intolerable
noticeable f .
ain/ pain/ pain/
P discomfort discomfort
discomfort

parts, the leg region was the most affected,
whereas the neck was the least affected (Figure 3).
For the major areas of discomfort, the age factor
and work experience factors showed that younger
age groups or those with fewer years of experi-
ence experienced less discomfort than those who
were older or had more experience; discomfort
(pain) increased year by year.

In this study, the overall average rating among
the conductors was 8, which indicated that they
experienced great discomfort in different body
parts (Table 3).

According to individual rating of body parts on
the discomfort scale, the leg region was the most
affected (Figure 4). The subject reported more
discomfort on their left side than on the right one.

It was evident from the analysis of posture that
most postures adopted at work were awkward
and hazardous and required immediate corrective
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Figure 4. Discomfort (pain) according to Borg’s scale in different body parts (SD).
TABLE 4. Analysis of Bus Conductors’ Working Posture.
| Figure REBA Score Risk Level Action Category
? 7 medium necessary
\@ 9 high necessary soon
8 high necessary soon
? 10 high necessary soon
7 9 high necessary soon
?tl\/ 7 medium necessary

Notes. REBA = rapid entire body assessment [10].
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TABLE 5. Work Study of the Entire Activity of a Bus Conductor

TWO-CONDUCTOR SUMMARY TWO-CONDUCTOR
PROCESS METHOD PROCESS
ACTIVITY ACTIVITY

CONDUCTOR 1 CONDUCTOR 2
ACTIVITY OF | oPERATION |O 3 3 O| OPERATION ACTIVITY OF
FRONT-DOOR REAR-DOOR
CONDUCTOR 1 |TRANSPORT|S®) 3 4 ©)| TRANSPORT | CONDUCTOR 2
DELAY |D 2 1 D DELAY
LOCATION INSPECTION |[] 1 1 [ ]| INSPECTION LOCATION
COMBINA- |1 (j| COMBINA-
LOCAL SHORT- TION L 2 2 ©, TION LOCAL SHORT-
DISTANCE BUS DISTANCE BUS
TOTAL TIME (s) 11 11 TOTAL TIME (s)

WORK olle WORK
DESCRIPTION TIVE o|=2|bUgodb =|o TIME DESCRIPTION
CONDUCTOR 1 ) (s) CONDUCTOR 2
(FRONT DOOR) (REAR DOOR)
MOVE TOWARDS MOVE TOWARDS
DOOR 65.2 '\ & 92.0 DOOR

\ . *
INSPECT BUS AND \ INSPECT BUS AND
SEATS 423 \’ ¥ 317 SEATS
CALL / A CALL
PASSENGERS 148.2 )4 f 3 917.0 PASSENGERS
STAY IN DOOR 150.0 ‘ 170.9 STAY IN DOOR
MOVE FROM DOOR| 108 N\ 154 MOVE FROM DOOR
TO PASSENGERS : \ ’ . TO PASSENGERS
ASK FOR TICKET 55 , = 8.9 ASK FOR TICKET
SEARCH FOR 172 / ¥ . - SEARCH FOR
BALANCE : . BALANCE
RETURN BALANCE 150 " 209 RETURN BALANCE
AND TICKET : N : : AND TICKET
N
RETURN TO DOOR 15.5 \ ’ 14.0 RETURN TO DOOR
INSPECT AND K INSPECT AND
INSTRUCT DRIVER 89.8 < 82.8 INSTRUCT DRIVER
TO STOP A RS TO STOP
A
STAY IN DOOR 40.3 ’ » 54.9 STAY IN DOOR
TOTAL 10.0 min 3l3l21]2]2]1]1 ﬂ 3 10.0 min TOTAL

measures (Table 4). The bus conductors fre-
quently adopted these types of work postures
throughout the day and they maintained them for
10 s to 3 min at a time.

The flow process chart of the work study
showed that the bus conductors performed differ-
ent types of activities (Table 5). This chart illus-
trated a period of 10 min out of the total work of
1 h 20 min that the journey from the depot to the
final destination involved. Such work of 10 min
was done almost 8 times in the period of 1 h
20 min. The bus conductors repeated the same
tasks day in and day out.

It was observed that the existing procedure of the
bus conductors at the front door involved 3 opera-
tions, 3 transports, 2 delays, 1 inspection and 2

combinations. On the other hand, the conductor at
the rear door performed 3 operations, 4 transports,
1 delay, 1 inspection and 2 combinations.

Figure 5 shows the design of the interior of a
Bangla Body bus, including the arrangement of
the seats. The work areas of front-door and rear-
door conductors are marked.

The string diagram, which shows the move-
ment activity of short-distance bus conductors,
revealed that they traversed a considerable dis-
tance each trip at a very high frequency (Table 6).
The rear-door conductor covered a distance of
almost 585 m; whereas, the front-door conductor
covered almost 582 m during every trip.
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Figure 5. Interior of a Bangla Body bus.

TABLE 6. String Diagram: Study of the Movements of Bus Conductors

TWO- SUMMARY TWO-
CONDUCTOR CONDUCTOR
PROCESS | MOVE- METHOD MOVE- | pROCESS
MENT MENT
POINTS CONDUCTOR 1 CONDUCTOR 2 POINTS
MS-I\-/LIJEEI:/IYEﬁ"I:' DIS- FRE- | TOTAL | s | FRE- TOTAL MS-(/LIJE[K/IYE?.\I)'II:'
O o S TANGE | QUENCY [DISTANCE 1anie | quency | DISTANCE O o S
CONDUCTOR (m) | (timesftrip) | (m) (m) CONDUCTOR
1 A-B 0.9 113 101.7 120 %8 117.6 A-B 2
B-C 1.2 142 170.4 30 118 35.4 B-C
LOCATION c-D 0.6 80 48.0 60 102 61.2 Cc-D LOCATION
LOCAL D-E 0.3 180 54.0 120 202 2424 D-E LOCAL
SHORT- SHORT-
DISTANCE E-A 1.2 173 207.6 90 142 127.8 E-A DISTANCE
BUS TOTAL 4.2 688 581.7 420 662 584.4 BUS
WORK AlB|c|D|E|E|D|C|B]|A WORK
DESCRIPTION DESCRIPTION
CoNDUCTOR1 | TME(S) TIME (s) CONDUCTOR 2
(FRONT DOOR) (REAR DOOR)

[ §
65.2 N ‘ 91.0
423 ~ < 31.2
// ‘ .._‘
148.2 W o7
0"
150.0 / - 170.2
#
1“
10.8 14.4
- »
55 et 8.4
/‘ "‘
17.2 @ BT 223
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4. DISCUSSION

The questionnaire used in this study was formu-
lated to function as a sensitive, rapid screening
tool to identify work-related activities and other
factors. The analysis of the questionnaire showed
that the bus conductors’ work required skill.

From the observation of the working conditions
of the bus conductors, it was evident that, at work,
the conductors were usually exposed to a noise
level of ~90-100 dB(A). They also experienced
high ambient temperature and high humidity in
summer with a radiant heat level of ~40-42 °C.

The bus conductors worked when there was a
demand; more work provided them with the
opportunity to earn more. It was evident that all
conductors suffered from great discomfort in dif-
ferent body parts, mainly in the leg region. This
can be attributed to their prolonged working
hours that involved repetitive work.

The statistical analysis of blood pressure and
heart rate measured before and just after a trip,
using Student’s ¢ test, showed that there was a
significant difference between those two physio-
logical parameters (Table 2). The enhanced post-
activity heart rate and blood pressure can be the
result of severe physiological stress generated by
enormous workload.

When age was examined as a factor for the areas
of musculoskeletal discomfort or pain, it was
found that the older age groups tended to show
higher prevalence rates. This study examined the
bus conductors’ musculoskeletal discomfort in all
body areas. The results showed that, in addition to
the leg and knee regions, the shoulder and back
areas were also affected. Some of the discomfort
or pain experienced in the leg region may possibly
be referred pain caused by prolonged standing
hours. It may have a local origin in the mechanical
loading of these joints associated with sustained
postures and repetitive movements. The preva-
lence rates for these four major body areas in this
study can be considered high or comparable to fig-
ures reported in previous studies from other coun-
tries. The high prevalence rates of musculoskeletal
discomfort in the leg, knee, shoulder, back and
neck areas may be related to occupational factors
contributing to undue stress on the various body
parts. The results also showed that a large propor-
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tion of these complaints had been experienced for
over one year, with many subjects experiencing
prolonged discomfort for 5 years or more. How-
ever, most of those with discomfort were still able
to continue with their work.

The problem of mechanical vibration has often
been reported as a major factor affecting profes-
sional transportation workers [14]. This problem
may also be prevalent in Kolkata buses because
of improper or poor engineering designs.

Awkward working posture is mainly associated
with the development of musculoskeletal disor-
ders [15]. The analysis of the bus conductors’
posture during work reveals for most postures
correction is necessary soon, as indicated by
REBA action categories. Thus, it is evident that
these conductors, who work in awkward postures
for a prolonged time throughout the day, suffer
from musculoskeletal disorders.

An analysis of the flow process chart shows
that the conductors at the front and rear doors of
the bus do the same work (Table 6). However, in
addition to the regular activity, a front-door con-
ductor also carries out certain activities that make
his job even more strenuous. He has to maintain
constant contact with the driver and instruct him.
Unlike the rear-door conductor, he also has to
scream to attract passengers. At the same time he
has to be cautious while collecting fares and issu-
ing tickets. He also has to be aware of the road
conditions, the amount of traffic on the road and
other obstacles. The distance covered by the bus
conductors is very long, and it is multiplied many
times during the several trips that they make each
day. Thus, it is clear that they have highly strenu-
ous jobs and all the factors mentioned here make
their jobs even more stressful.

5. CONCLUSION

From this study, it can be concluded that the bus
conductors work continuously for long periods and
their severe workload may result in the develop-
ment of musculoskeletal disorders. Further exami-
nation revealed that the musculoskeletal problems
are generated primarily by constant standing, pro-
longed working hours and excessive job stress
caused by performing multiple tasks at the time.
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Thus, the conductors suffer from pain in different
parts of their body, particularly the leg, knee,
ankle, shoulder and back regions, which hinders
their normal work activities. The entire work pro-
cedure was also analyzed with a work study. This
study provided a fair indication of the causative
factors behind the onset of musculoskeletal disor-
ders among the bus conductors. Thus, it can be
concluded that the bus conductors are highly
stressed in their occupation due to the hazardous
working condition and work behavior, which also
affects their health and overall work performance.

The limitation of this study is that it examined a
sample of 100 bus conductors and it is not known
whether this actually represents the true charac-
teristics of the larger population of bus conduc-
tors on the whole. It is possible that such a study
may have attracted more of those who have prob-
lems rather than those who do not. There are also
other factors that have not been investigated, such
as psychosocial factors, a more comprehensive
posture analysis and whole-body vibration. These
factors may also have an impact on the workers’
musculoskeletal health.
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