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ABSTRACT
Introduction: The kind of work performed and the environmental condition in which the work is performed 
contribute significantly to Work-related Musculoskeletal Disorder. The objective of this study was to assess the 
work-related musculoskeletal disorders among the pesticide sprayers in tea plantations.
Methods: A cross-sectional study was conducted among 290 chemical sprayers in selected tea plantations in 
South India from September to October 2018. Simple random sampling was done to select the sprayers for 
the study, written informed consent was taken and face–to–face interview was done with the sprayers. Socio-
demographic factors and work profiles were noted. The Nordic Musculoskeletal Questionnaire was used for the 
evaluation of musculoskeletal complaints.
Results: Among the 290 sprayers in the study, all of them were males and the mean age of the participants was 
45.6±8.5 years. More than half of the study participants 152 (52.4%) suffered from at least one musculoskeletal 
complaint and most of them 104 (35.8%) had pain in more than one body part. Among them, more than one-third 
101 (34.8%) suffered from knee joint pain in the past twelve months. Shoulder problems (27.6%), lower back 
(22.8%) and upper back pains (19.3%) were the other major work-related musculoskeletal disorders that the study 
participants faced in the past year. Knee pain (31.7%), low backache (20.7%) and shoulder pain (24.1%) were the 
musculoskeletal problems that were related to their absence from work.
Conclusion: More than half of the sprayers had at least one musculoskeletal complaint. Most common issues 
included knee joint pain, shoulder pain and back pains.
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injuries or disorders of the muscles, nerves, tendons, 
joints, cartilage, and spinal discs. The kind of work 
performed and the environmental condition in which 
the work is performed contribute significantly to Work-
related Musculoskeletal Disorder (WMSD). MSD 
does not include disorders caused by slips or falls. 
It includes sprains, strains, tears, back pain, carpal 
tunnel syndrome and hernia.1,2,3

Tea is one of the most popular beverages all over the 
world. India is the second-largest producer of tea in the 
world next to China, with a production of 1267 million 
kilograms of tea annually. Indian tea is one of the most 
popular beverages globally and South India contributes 
to almost one-third of the total production.4  India is also 

INTRODUCTION

According to the Center for Disease Control and 
Prevention (CDC) report on workplace health 

promotion, Musculoskeletal disorders (MSD) are 
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the world’s largest consumer of tea with three- fourth of 
its total production consumed locally. The tea exports 
have reached 837 million dollars in 2017-2018 and 
contribute to five percent of the national income in 
agriculture.5

The plantation industry is composed of a complex chain 
of workers whose functions often overlap. The main 
workforce in the plantation industry includes people 
involved in various activities like spraying, weeding, 
tree cutting, pruning and plucking.6  Sprayers working 
in tea plantations are primarily engaged in pesticide 
spraying for the tea plants. They will be involved in this 
activity at regular intervals throughout the year.

The plantation workforce is among the most 
underprivileged people in the organized sector – low 
wages, poor working and living conditions, work in 
remote and isolated areas, and are mostly illiterate. 
There are migrant workers with no awareness or 
information about their rights.7,8  Hence, there are 
chances of increased incidence of musculoskeletal 
disorders among them.9

While there are a few studies done among plantation 
workers, very few are done to date on the sprayers of 
tea plantations; hence there is scope to explore this 
area of work further. The current study was undertaken 
using reliable screening and diagnostic tools to assess 
the work-related musculoskeletal injuries among the 
pesticide sprayers in selected tea plantations in South 
India.

METHODS
A cross-sectional study was conducted among 290 
chemical sprayers in selected tea plantations in South 
India after approval from Institutional Ethics Committee 
of St John’s Medical College, Bangalore (Approval 
number:272/2017) and permission from the plantations. 
Sample size was calculated using the formula:

n = {z2(pq) / d2}    = 354
z = relative deviate (at 95% confidence interval) i.e. 
1.96
p = prevalence taken as 36% (study by M Fareed et 
al)10

q = 100-p
d = precision (taken as 5%)
Finite population correction = (√N-n/N-1) * Calculated 
sample size
N= Known sample population (here the total number of 
sprayers was 750)

n= calculated sample size
Finite population correction = 0.721
Corrected sample size = 0.721 * 354 = 255 

However, in this study, we were able to interview all the 
sprayers who attended the annual health appraisals on 
the days of data collection. Totally 290 sprayers were 
included in our study.

Written informed consent was taken and the sprayers 
were interviewed either in the muster or at the Estate 
Hospital after their working hours.

A mutually agreed date was fixed for the health 
appraisals of the sprayers and the investigators 
visited the estates on these agreed dates to conduct 
the interviews with the sprayers. With the help of the 
Medical Officer, Estate Hospital and the managers of 
the consenting estates, a list of all sprayers working 
in their estates was made. From the total list, simple 
random sampling was done to select the sprayers 
for the study. A structured interview schedule was 
administered by face–to–face interviews with the 
sprayers.

Sociodemographic details were included. Modified BG 
Prasad classification for 2019 was used to categorize 
the subjects into five socioeconomic classes taking 
Consumer Price Index as Rs. 307. 

Modified BG Prasad 
Social Class 

Monthly Per capita 
income 

I (Upper) 7008 and above
II (Upper Middle) 3504 – 7007

III (Middle) 2102 – 3503 
IV (Lower Middle) 1051 – 2101 

V (Lower Less than 1050

Medical history included the current illness (past 2 
weeks), chronic illness, regular medications, past 
medical or surgical history, consumption of alcohol and 
tobacco. Type of work and duration, hours of pesticide 
exposure, methods used in spraying, other activities 
done were included in the work-related history.

The Nordic musculoskeletal questionnaire is an 
internationally accepted tool designed to standardize 
studies on the evaluation of musculoskeletal 
complaints. It is a reliable and valid tool used in 
different occupational settings to identify the different 
musculoskeletal problems among the workers.11,12

The questionnaire had a picture showing the anatomy 
of the human body   including nine body parts – neck, 
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shoulders, upper back, lower back, elbow, wrist/hands, 
thighs, knees, ankle/feet. The study participants were 
asked if they had trouble in any of the shaded areas one 
by one during the preceding 12 months and 7 days. If 
it prevents them from going to work was also enquired. 
Each participant could give a response of “yes” or “no” 
to each of the nine parts and one confirmatory answer 
was allowed.13,14,15,16

Data were entered into Microsoft Excel and analyzed 
using IBM SPSS version 21.

RESULTS
Sociodemographic profile of the study population

Among the 290 sprayers in the study, almost half of 
them (47.6%) were in the age group of 41 to 50 years. 
All of them were males and the mean age of the 
participants was 45.6±8.5 years. In this study, 45.5% 
had completed high school and 29.7% had middle 
school education. The majority of them were married 
and 18% of them were migrants coming mostly from 
the Northeastern parts of India. Half of the study 
population belonged to class three of modified BG 
Prasad socioeconomic classification. In this study, 
modified BG Prasad’s scale for socio-economic status 
classification was used taking Consumer Price Index= 
307.

It was seen that more than half of the study population 
had worked for over 20 years as sprayers on the 
plantation. The most common devices used for 
spraying were high volume sprayer and the knapsack 
sprayer.

The mean duration of work was 22.74±7.12 years. 
Nearly half of the study population 129(44.5%) had 
work experience as sprayers of 21 to 30 years in the 
tea estates. Spraying activity was carried-out for five-
six hours a day for  six days in a week for almost eight 
to ten months in  a year.

Apart from spraying, the other activities done by the 
study population were plucking, weeding and pruning. 
The study showed that 10.6% had availed sick leaves 
in the past three months which was confirmed from 
their records.

More than half of the study participants 152(52.4%) 
suffered from at least one musculoskeletal problem 
and most of them 104(35.8%) had pain in more than 
one body part.

Among the 290 study participants, more than one-
third (34.8%) suffered from knee joint pain in the past 
12 months. Shoulder problems (27.6%), lower back 
(22.8%) and upper back pains (19.3%)  were the other 
major work-related musculoskeletal disorders that the 
study participants faced in the past year.

About one-third (31.7%) of the sprayers were absent 
from the work in the past year due to  knee-related 
problems. Low backache (20.7%) and shoulder pains 
(24.1%) were the other musculoskeletal problems that 
were related to their absence from work.

Table 1: Socio-demography of the study population 
(n=290)

Age group (Years) Number of respondents (%)
<21 4(1.4)
21-30 17(5.9)
31-40 50(17.2)
41-50 138(47.6)
51-60 79(27.2)
≥61 2(0.7)
Education
Illiterate 19(6.6)
Primary school 38(13.1)
Middle school 86(29.7)
High school 132(45.5)
PUC 14(4.8)
Degree 1(0.3)
Marital status
Married 282(97.2)
Unmarried 8(2.8)
Socioeconomic class 
(Modified BG Prasad)
Upper 4(1.4)
Upper middle 73(25.2)
Middle 141(48.6)
Lower middle 70(24.1)
Lower 2(0.7)
Total 290(100)

Table 2: Methods used for spraying (n=290)

Methods Frequency (%)
High Volume Sprayer 113 (39)
Knapsack (manually operated) 
sprayers

106 (36.6)

Power machine – Lu-shyong 
(operated by petrol)

71 (24.5)

Total 290
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Figure 1: Distribution of musculoskeletal pain in past 1 year among the study population

Table 3: Duration of work done as sprayer (n = 290)

Duration (Years) Frequency (%)
0-10 46(15.9)
11-20 69 (23.8)
21-30 129 (44.5)
≥31 46 (15.9)

Total 290

Table 4: Details of musculoskeletal pain prevented study participants from going to work

Parts of the Body involved
Sprayers with absence from work 

anytime in last one year
Sprayers who had trouble in the 

past seven days
Neck 20(6.9%) 13(4.5%)

Shoulders 70(24.1%) 45(15.5%)
Elbow 8(2.8%) 3(1%)

Wrist/hand 8(2.8%) 6(2.1%)
Upper back 45(15.5%) 33(11.4%)
Lower back 60(20.7%) 46(15.9%)

Hip/thigh 6(2.1%) 2(0.7%)
Knees 92(31.7%) 68(23.4%)

Ankle/feet 16(5.5%) 5(1.7%)

DISCUSSION
The finding that all the sprayers in this study were 
males was obviously due to the selection of only males 
for the activity of spraying, considering it strenuous 
and exhaustive. Other reasons could be due to social 
issues, tradition and the use of heavy machinery which 
might be difficult for the females. Similarities were seen 
in other studies conducted in Lucknow among pesticide 
sprayers which reported that only male sprayers were 
included in the study which could be obviously due 
to the employment of predominantly males for this 
activity in those areas also.16 But the employment in tea 

plantation as such do not have any gender preferences 
and females are usually employed more and involved 
in activities like plucking, weeding, transportation, 
pruning and nursing young plants.17

More than half of the study participants had at least 
one musculoskeletal problem. More than one-third of 
them suffered from knee joint pain in the past twelve 
months. Shoulder problems (27.6%), lower back 
(22.8%)  and upper back pains (19.3%) were the other 
major work-related musculoskeletal disorders that the 
study participants faced in the past year. The most 
common musculoskeletal problems that prevented 
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them from going to work in the past seven days were 
knee pain and low-back pain.

These musculoskeletal problems were attributed to the 
weight of the equipment carried at the back and the 
climbing of steep slopes for spraying. Some of them 
even reported that the machines had large pipes that 
had to be pulled for long distances causing aches in 
the upper and lower limbs.

In a study done to assess the prevalence of 
musculoskeletal disorders and occupational health 
problems among groundnut farmers of West Bengal, 
it was shown that lower back (99%), knee (92%) and  
ankle (66%) problems were most common.6  The 
subjects in this study also had complained of pain in 
similar sites, but the proportion of sprayers with the 
complaints were much lesser.

Another study done among the tea leaf pluckers in a 
tea plantation in Tamil Nadu showed the prevalence 
of musculoskeletal pain in the last one  year and last 
seven days as 83.6% and 78.5% respectively. The 
most common site of pain in the last year was the 
shoulder (59%) and the last seven days was the lower 
back (52.8%).8  The reason for shoulder pain is more 
prominent in this category as compared to our study 
group could be the plucking activity they do and the tea 
leaves being carried by them.

A similar study among agricultural workers in Korea 
showed that 97.2% of workers had pain in at least one 
site- shoulder, knee and lower back  which were the 
most common areas of work-related musculoskeletal 
pain.18  These were similar to the findings in our study.

CONCLUSION
The study found that work-related musculoskeletal 
disorders were common among the tea plantation 
sprayers and many of them had involvement of more 
than one body part. Knee pain and lower backache 
were the most common issues identified. These issues 
had also prevented them from going to work on multiple 
occasions that can indirectly affect the productivity in 
this sector.

Ergonomics are to be followed during the spraying 
activity. It is important to ensure that the machines 
carried by the sprayers fit them correctly and the 
right postures are adopted by them while spraying. 
Training and health education sessions for the same 
are to be arranged for the employees. This can help 
to decrease the burden of musculoskeletal disorders 
among sprayers.
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