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ABSTRACT For more than a decade, farming has been rated one of the most hazardous occupations in the
developing countries. Many risk factors associated with the development of musculoskeletal disorders are common
place in agricultural tasks. Occupational risk factors include static positioning, forward bending, heavy lifting and
carrying, kneeling, and vibration. The present study was conducted in villages of Mawali tehsil of Udaipur on a
sample of 30 agricultural workers (15 male and 15 female) engaged in agricultural tasks from last.ldegars

rate data were collected for determining physiological workload before and after intervention of self -designed
technology namely Single Wheel Hand Truck (SWHT) and Double Wheel Hand Truck (DWHTI was
concluded that Double Wheel Hand Truck and Single Wheel Hand Truck were better option for carrying loads than
the traditional method of carrying load and also that DWiWAS better than SWHT

INTRODUCTION fetching water and firewood, preparation of food
and caring for dependants. The responsibility of
Agriculture is an occupation framed within obtaining fresh water for drinking, cooking, clean-
the context of family and communifjhe farm  liness, and hygiene, often from long distances in
family is the central entity in agricultural produc- heavy containers, is almost exclusively that of
tion involving every member be it children, women women and girls. In many countries trips to col-
or the elderlylt is carried out in a rural environ- lect firewood and water are predominantly made
ment and there is no clear-cut distinction betweerby women (and children). In some countries,
working and living conditions. The symbiotic women providing food for the family through
relationship between home and work allows allsubsistence farming are often allocated the poor-
family members to be exposed to occupationakst fields farthest from the village. This increases
hazards of the farm operations. Thus, agricultheir daily travel distance (Bryceson and Howe
tural worker is subject to the health hazards notLl995). Small-scale studiesAsia andAfrica in-
only of the rural environment but also of those dicate that women and girls spend an average of
inherent in the work processes. 5-17 hours per week in collecting and carrying
For more than a decade, farming has beenvater (UN 1991). Carasco (1994), Hatcher Rob-
rated one of the most hazardous occupations ierts and Law (1994) stated that many of the tradi-
the developing countrieé. considerable num- tional responsibilities of women in the develop-
ber of adverse health conditions, including mus-ing world are load-associated: women often ¢arry
culoskeletal disorders, are linked to agriculturallift, and transport heavy loads in their daily ac-
work. Many risk factors associated with the de-tivities. Butler et al. (1997) reported that when
velopment of musculoskeletal disorders are comzhe trip to a water source is facilitated by other
monplace in agricultural tasks. means of transport (such as a bicycle, donkey
Occupational risk factors include static posi- wheelbarrowor oxcart), some men may become
tioning, forward bending, heavy lifting and car- involved.
rying, kneeling, and vibration. Unfortunatgly Rural communities often lack access to ap-
there has been limited application of researctpropriate technologies which may result in vari-
related to ergonomics and musculoskeletal disous health hazards. Farm workers often view pain
orders, although farmers frequently report signsas a normal part of work and seek care when the
and symptoms of musculoskeletal problems.condition becomes severe or disabling. This same
Women in rural areas spend most of their timeissue carries over to preventive measures de-
meeting the basic needs of the fam#iych as signed to reduce the incidence of muscutbsk
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etal injuries or other hazardous work exposuresphysical work is common and loads carried on
Frequently workers do not understand the as-the head were found to have a detrimental effect
sociation of a problem with its source because obn the vertebrae of workers (especially in the
cultural misunderstandings. neck region). Carrying heavy loads, such as large
Manual Material Handling (MMH) is defined containers of watecan also lead to a prolapsed
as the unaided moving of objects, often com-uterus (Labour Resource Centre 1995) and is as-
bined with twisting and awkward postures, andsociated with menstrual disorders, miscarriage,
contributing to musculoskeletal disorders. Trau-and stillbirth (NCSEW 1998).
matic occurrences (slips, trips, falls, and blows The biomechanical stresses of material han-
to the body) cause other bodily injuries, pains,dling have been studied in sophisticated labora-
and disabilitiesTypically, not one specific oc- tory conditions but one area which lacks research
currence but rather the awkward body positionsbackup is assessment of physiological workload
repetition, force, and duration associated within MMH tasks particularly carrying, lifting etc.
movement lead to back, neck, and other probManual vehicles, such as carts, hand trucks,
lems like Cumulative Trauma Disorders (Anony- wheelbarrows, etc., have been of great advan-
mous 2007) tage to the transportation of materials due to the
According to Dufault (1998), often head load- presence of wheels. Over decades, many studies
ing is the only means of moving goods aroundhave shown that the use of manual vehicles is
the farm or village. It is an inefficient and slow less stressful and more efficient than their non
means of transport, often causing spinal injuriesuse in manual material handlings (Banerjee et al.
and other health hazardghe lifting and carry- 1959; Haisman et al. 1972; Jager et al. 1984 and
ing of loads in subsistence and agriculture onSchibye et al. 200I)hus in the present investi-
small landholding are unavoidabM/ith the  gation the physiological cost of work was as-
prevalent levels of poverty in rural areas and thesessed ttestthe effectiveness of the designed
lack of infrastructure, many people are carryingMMH technology (hand truck).
loads of 30 kg or more on their heads, shoulders
and backs for long distances. In developing METHODOLOGY
countries the lack of automation in agricultural
fields necessitates the increased prevalence of The present study was conducted in five vil-
manual materials handling tasks. lages of Mawali tehsil of Udaipur District. Farm-
Thereare various health effects due to carry-ing is the main occupation of the people, maize
ing heavy loadsWater is carried on the head, and wheat are the main crops grown and dairy is
the back, the shouldeor the hip, depending on the subsidiary occupation of 60 percentof the
the region of the world, and each method maypopulation.
create health problems for wom&omen who Heart Rate Data Collection for Determin-
carry water on their back often walk in a stoopeding Physiological Workload Before and After
position. Asymmetric shoulder carrying may |Intervention of Self -designed Technology: The
cause the body to develop more loads on ondeart rate data was collected from 30 workers (15
side. Hip damage can result from carrying watemale and 15 female agricultural workers) before
on the hip (APDC 1990), and the carrying of wa-and after self designed technology intervention.
ter on the back using a head strap may lead ttn order to collect data the subjects were asked
severe headachd&heAsian and Pacific Devel- to lift vegetable loads of various capacities (5kg
opment Centre (APDC) also pointed out thatto 20kg) in traditional methothvolving head
women are exposed to skeletal problems, whicHoadingand byusing self -designed Single Wheel
could lead to deformity and disabilit@arrying  Hand Truck (SWHT) and Double Wheel Hand
heavy loads over long distances is physicallyTruck (DWHT) andvalk while carrying load to a
demanding and exhausting work. In addition todistance of 400 m.
fatigue, heavy weights can cause an increased Recording Heart Rate: For the purpose of
incidence of back strains, lower-back pain, frac-obtaining a measure of cardiac strain, Polar Heart
tures, chronic and debilitating back and leg prob-Rate monitor was used. The Polar Coded Trans-
lems, damage to the knees, and other physicahitter, which measures the hearélectrical ac-
damage (ILO 1989 and Haile 1995). tivity, was fitted around the subjexthest with
According to Nag (1995), Miet Nam heavy an elastic strap at the level of the inferior border



ASSESSMENT OF PHYSIOLOGICAL WORKLOAD 295

of the pectoral muscles and in line with the leftrpg Psycho-physical
ventricle situated slightly to the left of the mid- scale workload

centre of the chesA receiver worn as a wrist- 7 Very light

watch recorded the heart rate responses at 1%- Light

second intervals during the field testing ses-3 Moderately heavy
sions. 4 Heavy

. .5 Very heav
The agricultural workers who were not famil- y y

iar with such technologwnticipation could have
distorted resting heart rates.habituation pe- RESULTS AND DISCUSSION
riod was therefore arranged during which the
experimenter explained the technology to thePhysiologicalWorkload
workers, fitted them with the heart rate monitors.
After preparing the subject for the experiment The use of heart rate monitors is a popular
the subject was asked to sit in shade in a relaxetheans to determine the degree of physical exer-
position for 10 minutes. This was followed by tion. Vuori (1998) found that the constant fluc-
taking resting heart rate for 5 minutes. Then thetuations in heart rates occur due to changes in
subject was asked to perform the activity of trans-breathing rate, blood pressure, hormones, vari-
porting various loads of vegetables to a distanceus actions of the sympathetic and parasympa-
of 400m. During performance of activity working thetic nervous systems and emotional states, as
heart rate was taken which varied from 15-20 min-well as working postures, environmental influ-
utes in covering standard distance of 400m. Im-ences and health status, complicating the analy-
mediately after the termination of the activity the sis of heart rate responses due to a specific ac-
subjects was given rest and recovery heart ratévity alone. Kapitaniak (2001) explained that de-
was recorded for 5 minute duration. Heart ratespite the great variations in heart rates due to
(HR) for every minute was recorded. intra-individual differences, the majority of
In order to collect heart rate data the subjectpeople display average resting heart rates be-
were asked to lift vegetable loads of various catween 60 and 90 beats per minute (bHin
pacities (5kg to 20kg) in traditional method in-  An overview ofTable 1 depicts that average
volving head loading and walk while carrying working heart rate was higher when load of 5 kg
load to a distance of 400m. (male 136.14 bmihand female 138.18 bmij) 10
During intervention with hand truck they were kg (male 137.16 bmihand female 138.45 bmij
asked to carry loads of various capacities (5kg tdl5 kg (male 137.93 bmiand female 138.50 bmin
20kg) and fill bag of SWHT and basket of DWHT 1) and 20 kg (male 138.43 britiand female 140.38
and then push the hand trucks to a distance dbmin?) was carried by traditional method using

400 m. head mode by both the genders in comparison
Physiological Cost of Work: Heart rate data to when newly designed technologies i.e. hand
was used to calculate- trucks were used. This fact is confirmed by data
Total Cardiac Cost of  which shows that there was maximum change in

Physiological Cost ofvork = work (TCCW) heart rate values of work over rest depicted by

Total time of activities  HR when traditional method of carrying load of

chgx\é;vecr?,rd(@é%w owork (CCW) + Cardiac Cost  arjous weights was used as compared to when

CCW = Average Heart Rate (AHR) X Duration SWHT and DWHT were used by both the gen-

ﬁHR t= F:\vterageWorkmg Heart Rate Average Resting  ders.The attraction of the implementation of carts
ear ate H H

CCR =Average Recovery Heart Raté\verage Resting is that a WE|I'deS|gned cart can be used to move

Heart Rate X Duration heavy loads with forces that are acceptable to

Rating of Perceived Exertion (RPE) Scale  the majority of the workforce, thereby reducing
for Assessing Perceived Discomfort: Painisthe the demands on the musculoskeletal system of
indicator of discomfort. The perceived discom- the operator (Ciriello 2004).
fort was recorded in terms of pain feltin various  TheAWHR of both male and female respon-
parts of the body by the subjects while perform-dents was higher when SWHT was used for car-
ing the activity The RPE scale developed by rying 5kg (male 128.58 bmirand female 128.72
Vamghese et al. (1994) was used to subjectivelyomin?), 10 kg (male 128.85 bmimand female
assess the exertion perceived. 129.96 bmirt), 15 kg (male 131.28 bmtand fe-
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male 131.28 bmit) and 20 kg (male 134.01 bmin and female 128.90 bmij 15 kg (male 129.80 bmin
tand female 134.96 bmijin comparisonto when *and female 131.33 bmipand 20 kg (male 132.16
DWHT was used. The underlying reason mightbmin® and female 133.17 bmih
be SWHT required more effortin balancing load  Straker et al. (1996) found the physical limits
while DWHT had two wheels which required less for pushing and pulling to be more than double
human effort to balance the load. the limits for lifting, lowering and carrying, as
Despite the obvious attractions of manualwell as being subjectively rated as being less
materials handling devices to reduce the risk ofstrenuous than lifting. The classification of
the development of musculoskeletal problemspsycho-physical workload &jhese et al. 1994)
and the now widespread use of trolleys in allof the activity based on Rating of Perceived Ex-
types of industrial organizations. Mack et al. ertion (RPE) Scale in thi@able 1 showed that the
(1995) argued that little attention has been giverphysiological workload was ‘Light’ when the tra-
to the ergonomics aspects of their design. Thalitional method of carrying load on head was
same risks that apply to the assessment of liftingadopted by male respondents to carry load of
tasks still remain when using handling devices,5kg and 10 kg while the female respondents per-
as they still require the operator to exert force.ceived ‘Light’ physiological workload when they
Mack et al. (1995) caution that the use of me-carried 5 kg of load. The male and female respon-
chanical aids without the appropriate attentiondents found the load carrying activity ‘Moder-
to ergonomic factors may result in their causingately Heavy’ when they carried 15kg and 10 kg
more problems then they were intended to solveload respectivelyl he psycho-physical workload
The data also show that tA®VHR of male fell in the category of ‘Heavy’ when they carried
respondents was always lower than female reload of 20 kg using traditional method whereas
spondents when they carried 5 kg, 10 kg, 15 kfemale respondents experienced ‘Heavy’ physi-
and 20 kg load by any mode whether it be tradi-ological workload when they carried 15kg of load.
tional method, SWHBnd DWHT On an aver The male and female respondents found that
age working heart rate was higher when the loadvhen they carried load of 5kg, 10 kg and 15 kg
was carried using traditional method of head load-using SWHT they felt it ‘Light’. The male and
ing than using improved technology for material female respondents perceived 20 kg of load as
handling, that is, SWH&nd DWHT Itis clear  ‘Light’ and ‘Moderately heavy’ respectively
from the AHR data in the table that both malewhen they carried it using SWHTable 1 clearly
and female respondents found DWHT a betterdepicts that when both the male and female re-
mode of carrying 5 kg, (male 122.05 brhand  spondents used improved technology DWHT
female 125.07 bmif), 10 kg (male 128.73 bmin  for carrying load ranging from 5 to 20 kg they

Table 1: Heart Rate data of respondents when carying load of various weights, using traditional
method, single and double wheel hand truck (N=30)

Load Respondent ARHR* (bmint) AHR"  (bmin?) AWHRA? (bmirt) Average rating
of perceived
exertion

™ SWHT DWHT TM SWHT DWHT TM SWHT DWHT TM SWHT DWHT

5Kg Male (n=15) 77.52 77.57 77.73 58.62 51.00 44.3136.14 128.58 122.08. L L
Female (n=15y8.09 77.87 77.28 60.09 50.86 47.7938.18 128.72 125.07L L L
10Kg Male (n=15) 77.68 77.55 76.77 59.48 51.31 51.9837.16 128.85 128.73 L L
Female (n=15)y6.64 77.39 76.96 61.81 52.57 51.9838.45 129.96 128.90MH L L
15Kg Male (n=15) 76.79 76.80 77.52 61.14 54.48 52.2837.93 131.28 129.80MH L L
Female (n=15)y7.60 77.95 78.37 60.90 53.39 53.4238.50 131.33 131.7H L L
20Kg Male (n=15) 77.36 77.29 76.69 61.07 54.87 57.3238.43 132.16 134.81H L L
Female (n=15)y7.92 77.52 71.87 62.46 55.65 57.1040.38 133.17 134.9€H MH L

TM- Traditional Method

SWHT Single Wheel HandTruck
DWHT- Double Wheel HandTruck
*ARHR=Average Resting Heart Rate
+AHR =Average Heart Rate
"AWHR=AverageWorking Heart Rate
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Table 2: Total cardiac cost of work and physiological cost of work of @spondents carying loads of
various capacity using traditional method, single and double wheel hand truck (N=30)

Load Respondent AWHR (bmin-1) TCCW (beats) PCW (beats)
™ SWHT DWHT ™ SWHT DWHT ™ SWHT DWHT

5Kg Male (n=15) 136.14 128.58 122.05 547.79 426.95 360.47229.97 24.82 21.72
Female (n=15) 138.18 128.72 125.07 642.44 541.06 500.982.67 27.99 26.18
10Kg Male (n=15) 137.16 128.85 128.73 607.52 443.80 431.0B1.64 25.22 24.58
Female (n=15) 138.45 129.96 128.90 664.05 633.80 561.38B3.77 30.37 28.54
15Kg Male (n=15) 137.93 131.28 129.80 628.04 527.64 494.082.48 28.54 26.95
Female (n=15) 138.50 131.79 131.33 739.97 621.32 620.135.01 30.36 30.01
20Kg Male (n=15) 138.43 134.81 132.16 734.32 568.64 565.4134.86 29.93 29.76
Female (n=15) 140.38 134.96 133.17 834.84 666.84 661.887.38 32.16 31.92

perceived ‘Light’ psycho-physical workload. DWHT and SWHT It can be concluded on the
From this it is clear that DWHT and SWHT are basis ofAWHR, TCCW and PCWthat DWHT
better option for carrying loads than the tradi-for carrying load is better substitute of carrying
tional method of carrying load and also thatload than SWHT and SWHT is better option than

DWHT was better than SWHT traditional method.
Chaffin et al. (2001) identified two types of
hazards relating to pushing and pulling which CONCLUSION

are likely to lead to injury or musculoskeletal com-
plaints. Firstlyif there is a mismatch betweenthe  This research is important because with rela-
task demands and the worker capabilities it istively low cost technology interventions some
likely that the musculoskeletal system may be-MSD risk factors that are inherent in the tool
come physically overexerted. Secondlye to  design, working environment, and the task itself
the nature of pushing and pulling tasks, they arecan be remedied. This clearly establishes that
associated with an increased likelihood of slip,the designed technology for material handling
trip and fall accidents, which can cause injurieswas much better than the traditional method of
to the musculoskeletal system. head loading and DWHwWas better than SWHT
TheAWHR, TCCWand PCWilata inTable 2 Thus, it can be concluded that use of mechanical
demonstrates that the use of SWHT and DWHTaids reduces discomfort and physiological cost
for carrying load of 5kg, 10 kg, 15kg and 20kg of work.
was better option than carrying it using tradi-
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