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Van-rickshaw is a popular mode of transport of people and merchandise in developing countries. The purpose
of this study was to assess the effect of age on cardiovascular load of van-rickshaw pullers in the summer sea-
son (March—June) in real situations. In 142 participants, divided into 2 age groups (25—40 and 41-55 years),
cardiovascular load was assessed on the basis of working and partial recovery heart rate (HR), predicted
maximal HR, working maximal HR, average working HR, percentage of reserved HR, sum of recovery heart
beats, percentage of recovery, relative and net cardiac cost, etc. Except for percentage of recovery, all param-
eters differed significantly between the groups and were significantly correlated with age. As this activity is
very stressful, it places a heavy demand on the cardiovascular system. Therefore, age is an important factor
Jor sustainability of the work, especially in a hot environment. Some ergonomic interventions are necessary to

reduce cardiovascular load.
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1. INTRODUCTION

In spite of the technological advances, a large
number of people in developing countries, espe-
cially in rural areas, use rickshaws or van-rickshaws
for transport; it is also a livelihood for many people.
The word rickshaw comes from Asia, where this
vehicle was mainly used as a means of transporta-
tion for the social elites. The word derives from the
Japanese word jinrikisha (jin = human, riki = power
or force, sha = vehicle), which literally means
“human-powered vehicle”. In some streets and nar-
row lanes in Asian countries, where heavy vehicles
are not able to pass through, rickshaws are the only
option. They are perfect for short-distance travel-
ling; many people prefer them when they want to
reach their destination that is not very far.

Various types of rickshaws are found in different
countries. In India, there are three main types:
hand-pulled rickshaws, cycle-rickshaws and van-
rickshaws. The tricycle van-rickshaw is a modified
rickshaw, propelled by pedalling with both legs
(Figure 1). It is a popular mode of transport for car-
rying passengers, luggage and merchandise in cit-
ies, suburban towns and villages in India and other
Asian countries. Like the cycle-rickshaw [1], the
van-rickshaw has certain overriding advantages:
both are very cheap, do not require fossil fuel and
do not pollute the air (unlike auto-rickshaws).
Van-rickshaws can be used as emergency ambu-
lances, as a patient can travel in them in a supine
position. They can also be readily used for carry-
ing loads (up to ~330 kg), but they are usually used
for carrying passengers (up to seven). In contrast,
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Figure 1. A van-rickshaw for carrying passengers or merchandise. Notes. Photo by Santigopal Maity.

the cycle-rickshaw does not carry heavy loads
and carries two passengers only. Rickshaws pro-
vide self-employment to a large proportion of
Indian rural populations. Vehicles like buses,
cars, taxis, motor vans, etc., cannot travel through
remote areas but van-rickshaws are suitable for
transport even on unpaved roads.

Pedalling the tricycle van-rickshaw is a most
stressful job; it requires extensive muscle force
and is linked with heavy workload, which
increases in summer because of higher tempera-
ture and humidity [2, 3]. Exposure to heat also
causes dehydration of the workers working out-
doors [4, 5]. In West Bengal, mean air tempera-
ture during summer ranges between 28 and
44 °C, and the hottest months are April and May.

There are some reports on the energy expendi-
ture of pullers of hand-pulled rickshaws [6, 7]
and the design of those rickshaws [8]. Other
reports cover various aspects of cycle-rickshaws,
such as design, brake system, mechanical effi-
ciency [9] and the energy expenditure of the pull-
ers [10]. Pradhan, Thakur and Mukherjee studied
the anthropometric characteristics of Indian
cycle-rickshaw pullers [11], but so far there has
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been no published study on the physiological cost
of work of van-rickshaw pullers of different age
groups in a hot environment. So, this study was
mainly aimed at assessing cardiovascular load
and the effect of aging of van-rickshaw pullers
working at a high ambient temperature.

2. MATERIALS AND METHODS

2.1. Participants

The study group consisted of 142 van-rickshaw
pullers aged 25-55 years, with at least 5 years
of working experience in this occupation.
They were randomly selected as participants and
divided into two groups depending on their
age. The mean (SD) age of one group of partici-
pants was 31.8 (4.9) years (range: 25-40) and
48.1 (3.9) years (range: 41-55) of the other.

2.2, Study Period and Task Design

This study was done in the summer season
(March—June) from 9:00 to 13:00, between the
pullers” working periods. For the first 1.5 h, they
were acquainted with the study and some data
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were collected about the job, physical profile,
resting heart rate (HR), etc. Next, the van-rickshaw
pullers were asked to perform the experimental
task, i.e., to pull the van-rickshaw with four pas-
sengers for 30 min.

2.3. Physical Profile

Body height and weight were measured with a
standardized anthropometric rod and properly
calibrated weighing machine, respectively. From
those data, body mass index (BMI) and body sur-
face area (BSA) were calculated with Weisell’s
[12] and Banerjee and Sen’s [13] methods,
respectively.

2.4. Physiological Parameters

2.4.1. Resting, working and partial recovery
HR

HR was constantly controlled with a monitor
(Polar Accurex Plus, Polar Electro Oy, S810i,
Finland). Resting HR was measured before the
participants performed their task. Working HR
was recorded every minute up to 30 min of work,
and partial recovery HR was recorded up to
20 min after cessation of work.

2.4.2. Predicted maximal HR

Predicted maximal HR of the participants was
calculated from their respective ages with
Londeree and Moeschberger’s equation [14]:

HR_ . =2063-(0.711 x age), (D)

where HR,,, = predicted maximal HR.

2.4.3. Average working HR

Average working HR was derived from the value
of the fourth minute of work onwards [15].

2.4.4. Percentage of reserved HR

Percentage of reserved HR for average working
HR and working maximal HR was calculated
from predicted maximal HR for respective ages:

% of reserved HR for X
=[(HR, .« — X)/HR ] x 100%, 2)

max.

where X = average working HR or working maxi-
mal HR (HR

max) *

2.4.5. Cardiac strain

Net and relative cardiac cost (CC) were consid-
ered as two derived indices of cardiac strain [16];
they were determined with Equations 3—4:

net CC = sum of working heart beats
— (resting HR) x working time, 3)

relative CC = net CC/[(working HR,,,
—resting HR) x working time] x100%, (4)

where CC = cardiac cost, HR = heart rate,
HR,_ .. = working maximal HR.

2.4.6. Work strain or sum of recovery heart
beats (SRHB)

SRHB is a measure of work strain, which was
calculated by summating the values of HR during
the partial recovery period of 20 min for each
participant.

2.4.7. Percentage of recovery (PREC)

PREC was calculated from Pradhan, Thakur,
Mukherjee, et al.’s equation; it is expressed as the
ratio of fall in HR during the recovery period as a
percentage of the increment of working over rest-
ing HR [10]:

PREC =[(a-b)/(a—c)] x 100%, (5)

where PREC = percentage of recovery, a = HR of
last minute of work, b = HR of last minute of
recovery recorded, ¢ = resting HR.

2.5. Thermal Environment

Dry bulb temperature, natural wet bulb tempera-
ture and globe temperature were recorded hourly
during study periods with dry bulb, wet bulb and
globe thermometers. Next, the wet bulb globe
temperature index in outdoor conditions was cal-
culated with Equation 6 [17]:

WBGT,, =0.7nWBT + 0.2 GT
+0.1 DBT, (6)
where WBGT,,, = wet bulb globe temperature

index in outdoor conditions, nWBT = natural wet
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bulb temperature, GT = global temperature,
DBT = dry bulb temperature; all in degrees
Celsius.

2.6. Statistical Analysis

Means and standard deviations were calculated
for the physical and physiological parameters.
Unpaired Student’s ¢ test for unequal sample size
between groups was performed to analyse the dif-
ferences in the physical characteristics of the par-
ticipants (age, height, weight, BMI, BSA); work
experience and physiological parameters, includ-
ing cardiac strain parameters. Correlation analy-
sis was also performed among physiological
parameters to find the degree of their interde-

pendence. Levels of significance were taken as
p <.001, p<.01, and p < .05 [18].

3. RESULTS

The study was conducted in the summer season;
mean (SD) WBGT, varied from 30.20 (1.30) to
32.29 (0.92) °C. According to Dey, Samanta and
Saha [19], the World Health Organization [20]
and the American Conference of Governmental
Industrial Hygienists [21], WBGT over 25 °C is
stressful. This is bound to increase cardiovascular
load and physiological stress [22].

Table 1 presents the participants’ physical char-
acteristics, work experience, daily working time

TABLE 1. Physical Characteristics, Work Experience, Daily Working Time and Daily Distance
Travelled in 2 Age Groups of Van-Rickshaw Pullers (N = 142)

Young Pullers (n =92)

Older Pullers (n = 50)

Parameter M+SD Range M+SD Range t
Age (years) 31.75 +4.90 25-40 48.07 + 3.94 41-55 16.38***
Height (cm) 165.95 + 5.44 155-176 167.00 = 7.30 155-181 0.52
Weight (kg) 56.65 + 6.52 48-72 54.40 = 4.52 47-63 1.30
Body surface area (m?) 1.62 + 0.08 1.44-1.82 1.60 + 0.08 1.44—1.73 0.71
Body mass index 20.62 +2.71  16.84-15.59 1958 £+2.17  17.04-23.30 1.34
Work experience (years) 8.80 + 3.08 5-15 24.85 + 6.89 14-39 9.75***
Daily working time (h) 9.90 + 2.51 4-14 7.05+232 2-10 3.727**
Daily distance travelled (km) 57.20 + 15.47 15-80 35.70 + 15.83 10-60 4.34***

Notes. ***p < .001; two-tailed unpaired ttest.

TABLE 2. Resting Heart Rate, Predicted Maximal Heart Rate and Cardiac Strain Parameters in 2 Age

Groups of Van-Rickshaw Pullers (N = 142)

Young Pullers (n =92)

Older Pullers (n = 50)

Parameter M+SD Range M+SD Range t
Resting HR (beats/min) 80.20 + 6.06 68-88 81.60 + 14.96 58-98 0.27
Predicted HR,,4

(beats/min) 183.95 + 3.60 178-189 171.45 + 2.81 167-176 12.22***

Average working HR

(beats/min) 132.92 +13.92 117.88-148.40 157.85+ 1255 147.51-169.22 5.69***
Working HR, .«

(beats/min) 141.50 + 17.73 132-174 170.90 + 21.76 162—-186 4.85"
SRHB 1591.80 + 113.64  1443-1776 1815.30 + 186.41  1588-2197 3.55**
PREC (%) 72.32 £11.97 53.84-88.00 56.25 + 21.99 28.57-88.88  2.03
Relative CC (%) 70.96 + 4.65 63.64—77.06 76.54 + 3.96 72.11-85.82 —2.89**
Net CC (beats) 1485.00 + 260.77  1102-1734 2165.30 +499.64  1536—2952  —-3.82***

Notes: **p < .01, ***p < .001; two-tailed unpaired t test; HR = heart rate, HR,,,, = working maximal heart rate,
SRHB = work strain, sum of recovery heart beats, PREC = percentage of recovery, CC = cardiac cost. Values

in parentheses indicate ranges.

JOSE 2013, Vol. 19, No. 4



WORKLOAD OF VAN-RICKSHAW PULLERS IN SUMMER 661

and daily distance travelled. Student’s ¢ test was net CC were significantly higher in the older

performed to compare these characteristics in the group (Table 2). No significant difference was

two age groups. The results show highly signifi- observed for resting HR or PREC. Percentage of

cant differences (p < .001) in age, experience, reserved HR for average working HR and work-

daily working time and daily distance travelled. ing HR,, was lower in older workers than in
Predicted HR,,,, was significantly (p < .001) their younger counterparts (Table 3).

higher in the young group, while average work- All cardiac parameters were positively corre-

ing HR, working HR .., SRHB, and relative and lated with one another except for relative CC and

TABLE 3. Percentage of Reserved Heart Rate (HR) for Average Working HR and Working Maximal HR
Calculated From Predicted Maximal HR in 2 Age Groups of Van-Rickshaw Pullers (N = 142)

HR,,.x Average Working HR Working HR,,,,

M=SD M=SD as % of Reserved M=x=SD as % of Reserved
Pullers (beats/min) (beats/min) HR From HR ., (beats/min) HR From HR,,,.,
Young (n=92) 183.95 + 3.60 132.92 + 13.92 2717 141.5+17.73 23.36
Older (n=50)  171.45 + 2.81 157.85 + 12.55 7.60 170.9 + 21.76 0.58

Notes. HR = heart rate, HR,,,, = working maximal HR.

TABLE 4. Coefficients of Correlation Between Parameters of Cardiovascular Load Assessment and
Participants’ Age (N = 142)

Average Working Net
HR,,.x Working HR HR,,.x SRHB PREC  RelativeCC  CC

Age 63" 517 43" 40 19 .33** .34
HR .« 70" g2% 57 .34 .26" 56"
Average Working HR .93 53 27 A9 .63
Working HR,,,., 50" 32" .29* 73"
SRHB 45™* .25* 41
PREC .20 55"
Relative CC .38**
Net CC

Notes. *p < .05, **p < .01, ***p < .001; two-tailed unpaired ttest; HR = heart rate, HR,,,, = working maximal heart
rate, SRHB = work strain, sum of recovery heart beats, PREC = percentage of recovery, CC = cardiac cost.
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Figure 2. Predicted maximal heart rate (HR), calculated for respective age; average working HR
and working maximal HR in 2 age groups of van-rickshaw pullers. Notes. HR = heart rate, HR, ., =
working maximal heart rate; error bars denote SD.
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Figure 3. Comparison of mean working and partial recovery heart rate (HR) in 2 age groups of

van-rickshaw pullers. Notes. Error bars denote SD.

PREC (Table 4). There were significant correla-
tions between age and all cardiac parameters
except PREC, too.

Mean values of predicted HR
ing HR and working HR
cantly between the two groups (Figure 2).

max> average work-

nax did not differ signifi-
Figure 3 compares mean HR during 30 min of work
and 20 min of partial recovery in the two groups.

4. DISCUSSION

In this study, van-rickshaw pullers were divided
into two age groups because age is the most
important factor for any type of strenuous activity
[23, 24]. HR,, declines with increasing age [14],
so assessing cardiovascular indices is crucial in
evaluating physiological workload, but studies in
real situations are limited.

No significant changes in BMI were observed
between the age groups and the values (i.e., 20.62
+ 2.71 versus 19.58 + 2.17) were within the nor-
mal limits [25]. This indicated that the pullers did
not have any chronic energy deficiency. Duration
of their daily work varied significantly (p < .001)
between the groups. The older group failed to
sustain the workload for a long period; therefore,
the number of their daily trips was much lower
than in their young counterparts.

JOSE 2013, Vol. 19, No. 4

An analysis of cardiac parameters shows that
cardiac efficiency was much lower among the
older workers for that specific and similar work-
load. According to Maritz, Morrison, Peter, et al.,
the average working HR standard for 8-h indus-
trial jobs should be 105 beats/min (range:
95-115) [26]. According to Brouha, HR in indus-
try should not exceed 110 beats/min, as cumula-
tive fatigue could ensue beyond this HR level
[27]. Later, Saha, Datta, Banerjee, et al. proposed
that the acceptable workload for sustained physi-
cal activity might be estimated as 35% of the
maximal aerobic power for Indian male workers,
which corresponded to working HR of 110
beats/min [28]. Figure 2 shows that mean (SD)
average working HR greatly exceeded this value:
132.92 (13.92) and 157.85 (12.55) beats/min in
the young and older groups, respectively. Mean
(SD) working HR,,,, for the two groups was
141.50 (17.73) and 170.90 (21.76) beats/min,
respectively; therefore, according to Astrand and
Rodahl, their work was very heavy [29]. As this
work is very stressful and very heavy [30], it
requires extreme muscle force and strength, and
more cardiac efficiency. With advancing age,
muscle and cardiovascular strength decreases
[31]; moreover, exposure to environmental heat
increases stress [32, 33]. SRHB, used as a meas-
ure of work strain [1], was higher in the older
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group (1815.30 + 186.41 versus 1591.80 + 113.64
beats/min among the younger pullers). This indi-
cates that to recover from exhaustion after work,
their hearts had to beat faster. The net and relative
CC were also higher among the older workers.
This indicates that there was excessive physiolog-
ical load on the cardiovascular system among the
older workers.

In the young group, the percentage of reserved
HR for average working HR and working HR,,
reached 27.17% and 23.56%, respectively, com-
pared to only 7.60% and 0.58% in the older
group. This indicates that the workload was much
heavier for the older participants, probably due to
the effect of age on the metabolic functions of the
body and reduced muscle strength. The correla-
tion coefficients, which best described the associ-
ation between cardiac stress indicators and age,
reflected this, too. According to Standards No.
EN ISO 9886:2004 [34] and No. EN ISO
8996:2004 [35], HRy;,,,;; in the workplace should
not exceed the maximal value for the person
reduced by ~20 beats/min [36]. Figure 3 shows
that mean working HR was much higher in the
older group than in their young counterparts. So,
exposure to heat increased the load experienced
by the older van-rickshaw pullers because of their
poorer metabolism [37, 38]. Consequently, they
were unable to work for a long period. This, in
turn, reduced the number of trips, which ulti-
mately affected their earnings.

5. CONCLUSIONS

Results of this study confirm that van-rickshaw
pulling is a very strenuous job, especially in hot
environmental conditions. Pedalling requires
extreme muscle force, which can increase cardio-
vascular load. Mean values of all parameters in
both groups of workers showed that cardiovascular
load was very high and increased with age. So, the
older participants reduced the number of trips and
lost some of their earnings. Global heating due to
climate changes will pose an additional threat to
this occupation. The workload could be minimized
by implementing some ergonomic interventions,
e.g., redesigning the vehicles, establishing a fixed
weight carrying limit for different age groups of

pullers, maintaining the vehicles properly, estab-
lishing proper rest pauses. Besides, regular re-
hydration between trips is recommended.
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