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Introduction. Kawah [jen is the main volcano sulfur-producing in Indonesia. There is still a lot of conventional Sulfur mining going on there. Every day, Sulfur
miners work walking about 8.5 km to transport Sulfur weighing 70— 100 kilograms using simple transporters that are only held on one shoulder to the Sulfur
collection site. The health problem that is the focus of this study is the incidence of low back pain (LBP) in volcano sulfur miners.

Aims and objectives. This study aims to determine the magnitude of the risk of low back pain in sulfur miners to prevent occupational diseases..

Materials and methods. This research was carried out for three months. This study adopted a retrospective cohort study design. The research sample amounted
to 140 respondents taken by simple random sampling. The data collection technique was carried out by interview and lasegue test and Patrick’s test to see the
respondents’ positive or negative of low back pain. Data analysis was carried out using rank spearmen test.

Results. The results showed a relationship between the incidence of low back pain in the community and work (p-value < 0.000). Indonesian volcano sulfur miners
are 5,032 times more at risk of low back pain than other public workers.

Conclusion. Volcano Sulfur Miners are more at risk of experiencing low back pain than other occupations.
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Axbap K.A.

Puck gopcanrum y ropHIKOB CEPHbIX LIAXT BynKaHOB B UHpoHesuum:
PeTpocneKTMBHOE KOropTHOE UccnegoBaHue

®DakynbTeT 3gpasooxpanenms, Ixembepckuin ynmsepcutet, Oxembep, 68121, Muponesus

Beeodenue. Kasa Hoxcen — ocnosnoi gyakan, ede doowvigaiom cepy ¢ Hudoneszuu. Jlo cux nop 30ech pazmeuyeHo MH020 00biuHbIX waxm, ede dobbigarom cepy.
Kaoncovlii Oenb 20pHAKU CEPHBIX WAXM, UCHOABb3YS NPOCHIble 00bIMHbIE KOP3UHbBL, KOMOPble OHU NePeHOCM Ha 00HOM naede, npoxoosam 8,5 kM 045 mpaHchopmu-
poexu 70— 100 ke cepbl k mecmy c60pa pyobi. Imo uccaedo8anue NOCEAUEHO U3YHeHUI 00PCaneull y 20PHIKO08 8YAKAHUMECKUX CEPHbIX Waxm.

Lleas uccaedosanusn — onpedeaums cmenens pucka 0opcanuu y 20pHAKOE CePHbIX wlaxm 045 RPOPUAGKMUKYU IMOil NPOPeCCUOHANbHOL NAMOA0UU.
Mamepuaast u memoodst. B meuenue mpéx mecsuee npogedeHo pempocnekmusHoe KoeopmHoe ucciedosanue. 1100 Habarodenuem Haxodunruce 140 pecnonoen-
moe, OMoOPaHHbIX cAYHaliHbIM 00pa3zom. [lanHble noayuersl nymém uHmMepebloUpo8anus, ¢ npumenernuem mecmog Jlaceea u Ilampuxa oas evisénenus dopcan-
euu. Ilpu o6pabomke dannvix Uchoab308aau paneoswiii mecm Cnupmena.

Pesyavmamui. O6Hapyscena 83aumocenss mexcdy uacmomoi dopconamuu y naceaernusi u pabomoii (p < 0,000). Y unoone3uiicKux eOpHAKO8 YAKAHUYECKUX
cepHbiX waxm puck dopcaaeuu 6 5,032 paza eviuie, uem y pabouux opyeux npogheccuil.

3akarouenue. Puck pazsumus dopcaneuu y 20pHAK08 8YAKAHUYECKUX CEPHbIX WAXM Gblule, YeM y pabouux opyeux cneyuanbHocmell.

Karouegvie caosa: eopvi Ha akmueHom 8yakane; eopuaku MHOOHe3uu; apeoHoMuUKa; cepras pyoa; cepa
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Introduction

Indonesia is an archipelagic country consisting of many active
and non-active volcanoes [1, 2]. With many active volcanoes
in Indonesia producing several natural resources useful for the
surrounding community and the Indonesian people, one of the
natural resources produced is sulfur. These minerals are helpful
for a mixture of cosmetics, medicines, bleach,. Most of the sulfur
mining products in Kawah Ijen will be deposited in factories in
Banyuwangi district. Due to the sublimation process, sulfur is an
unlimited mineral. With Indonesia being rich

In natural sulfur resources, imports are still being carried
out. This is due to the lack of being able to explore more of the
sulfur in Indonesia to meet the growing demand for sulfur every
year [3, 4].

Kawabh Ijen is the main sulfur-producing volcano in Indonesia.
Information from the management of Alas Purwo National Park,
which oversees, among others, the Kawah Ijen area that at least
14 tons of sulfur per day are successfully mined. Meanwhile, the
Center for Volcanology and Geological Hazard Mitigation analysis
stated that this value was only about 20% of the actual potential
provided by nature [5, 6]. The main obstacle causing the lack of
results is the rugged terrain and technology [7].

Various writings and coverage on television discuss the lives
of sulfur miners in Kawah Ijen and admit that they are concerned
and very impressed with the work they do. The daily work of sulfur
miners is walking about 8.5 km to transport 70—100 kilograms of
sulfur with a simple means of transport that is only held on one
shoulder to the sulfur collection point. For every kilogram of sulfur
he brought, he was paid 800 rupiahs. So each work will get around
Sixty thousand rupiah or equal to 4.13 USD [8, 9].

Sulfur miners face many risks in carrying out their work, one of
which is the risk of health problems [7]. The health problem that
is the focus of this study is the incidence of low back pain. Low
back pain (LBP) is a pain in the back area between the lower costal
angle (ribs) to the lumbosacral (around the tailbone). Pain can
also radiate to other areas such as the upper back and groin. LBP,
or low back pain, is one of the musculoskeletal disorders caused by
poor body activities [10, 11].

Ijen crater sulfur miners risk suffering from low back pain due
to poor work activities and heavy loads carried while working. The
risk of low back pain in sulfur miners is still unknown. Therefore,
this study seeks to determine the magnitude of the risk of low back
pain in sulfur miners to prevent occupational diseases in the Ijen
community, Banyuwangi District.

Material and methods

This study was a retrospective cohort study. A retrospective
cohort is a study design in which groups that have previously had
the same exposure are now seen for their incidence of illness. This
research will be conducted in Kawah Ijen Volcano, Banyuwangi
district, Indonesia.

The research sample used was 70 sulfur mining workers and
70 other sector workers, so the total sample was 140 respondents.
The sampling method used in this research is systematic random
sampling. The sample in this study is an object that represents
sulfur miners in the Kawah Ijen. The inclusion criteria of this
research sample are:

1. work as a sulfur miner from Kawah [jen

2. Male

3. Willing to be a respondent in a research

As for the non-mining worker group, the inclusion criteria are
as follows:

1. I never worked as a sulfur miner from Kawah Ijen

2. Male

3. Willing to be a respondent in a research

Research data were collected in two ways, namely through
questionnaires and also LBP test.

Sociodemographic. The research data was obtained through
interviews related to sociodemographic aspects, including occupation,
age, years of service, complaints of LBP, frequency of LBP, and
history of injury from respondents who were the research sample.

Low Back Pain (LBP). Lasegue test. The Lasegue test is a test by
carrying out the activity of lifting the leg in an extended state. Positive
if the patient cannot lift the leg less than 60° and pain along the sciatic
nerve. Pain and limitation of movement often accompany radiculopathy,
especially in lumbar disc herniation / lumbosacral [12, 13].

Indonesian Volcano Sulfur Miners. Source: Bombastis.com (accessed 2 December 2021).
[OpHAKM BYNKAHNYECKNX CepHbIX WaxT B iHaoHe3uu. Mo matepnanam Bombastis.com (ot 02.12.2021 r.).
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Table 1 / Tabnuuma 1

Cross-tabulation between sociodemographic variables and low back
pain (140 respondents)

IlepekpécTHas Tadauna couuoaeMorpagmyecKuX XapakTepucTuK
nopcairnu (140 pecnioHeHTOB)

OpurnHanebHasi cratbsi

Table 2 / Tabnuma 2
Relationship and odd ratio between all variables and low back pain

CooTHoIIEeHNEe ¥ OTHOIIEHHE HIAHCOB MEK/y BCeMH XapaKTepUuCTHKAMHU
M Aopcajruei

CI95% of OR
Low back pain Variabl S R OR JloBepuTe.IbHbIii
Variable Boab B nosicunme | Total ariable pearman ,  Ornomenne murepsar OLLI
Xa iti i Beer XapakTepucTHKA R LIAHCOB Lo U
PAKTEPUCTHKA positive | negative cero Crpyena (OI1I) wer pper
€eCTh HET HUIKHEE | BEPXHEe
Job: / Mpodeccus: Job / Ipodeccus 0.368 0.000* 5.032  2.372 10.673
sulfur miner 39 31 70 Age (y.0) —0.036 0.676 N/A — -
TOPHSIK CEPHOM IIaXThI Bospacr (ronpr) Her naHHbIX
non-sulfur miner 14 56 70 ‘Work experience 0.070 0.411 N/A — -
He CBsI3aHa ¢ paboToii Ha CEPHOM 11axTe Crax paboTbl Her nanHpIx
Age (y'o): / Bospacrt (ronbr): Complain’[s of LBP 0.438 0.000* 20.718 4.741 90.530
ZKanoObl Ha 60711
17-25 1 5 6 B CLITHE
26-35 9 21 30 Duration of LBP 0.372  0.000* N/A - -
36—45 31 28 59 JIINTENBHOCTD HeT naHHBIX
46-55 8 20 28 nopcajirun
History of back injury ~ 0.194  0.022*  2.241 1.117  4.498
56—65 3 8 11
TpaBMbl MO3BOHOYHMKA
> 65 1 5 6 B aHaAMHe3e
Work experience, years: Note: * — significant with a =0.05. — blank table, those variables don't
Crax, JieT: have OR. N/A — no data available. Age (y.0), Work Experience and
Duration of LBP cannot calculate OR because not on 2x2 mode.
<10 15 28 43 _
[Mpumevyanue. ¥ — 3Hauumo npu a =0,05. — MyCTBIMU OCTaBJICHBI
10 5 12 17 SUEHKK TTapaMeTpoB, I KOTOpBIX HeT 3HaueHwmit OILLl. Beramciaenume
> 10 33 47 30 OIII nns Bo3pacTta (Toabl), CTaxa M MPOIOJIKUTEIbHOCTHA TOPCAJITUA HE
NPEeaCTaBIACTCA BO3ZMOXHBIM, ITOCKOJIbKY 3TH ITapaMETPhl HEJIb3s1 COIO-
Complaints of LBP: CTaBUTh B (hopMaTe 2X2.
ZKayioOb1 Ha 001U B MOSICHULIE:
yes / na 51 48 99
no / Her 2 39 41 frequencies. This is directly proportional to the length of a
Duration of LBP: person’s work. This is because the length of work is one indicator
TIpONOIKHTETBHOCTh HOPCAITHIL: of workers carrying out repetitive movements for a long time,
/ ) 39 41 with most respondents claiming to have worked for 10 years or
no /wer more. Repetitive and static movements in one place can increase
have Less than 3 months 2 0 2 tension in specific muscles and reduce muscle flexibility, which
GecrokosT MeHee 3 Mec will lead to various movement disorders in the future. One of the
have More than 3 months 49 48 97 consequences of repetitive and static work is low back pain [15].
Oecrokot Gosee 3 Mec So it is necessary to observe the length or period of work with
History of back injury: complaints and the frequency of pain the respondent recognizes.
TpaBMBI I03BOHOYHUKA B AHAMHESE: Low back pain can also be seen or observed from the length of
es/ na 30 3 62 prolonged back pain [16, 17], so in this study, the length of back
yes/ pain was used as a measuring tool. The results showed that the
no / Her 23 55 78 duration of pain felt by most respondents was more than 3 months

Patrick’s test and anti- Patrick. Patrick’s and anti-Patrick’s tests
are tests by doing Flexion-abduction-external rotation-extension
of the hip joint. Positive if involuntary movement is limited, often
accompanied by pain. Positive in hip-joint disease, damaging in
ischialgia [14].

Statistical analysis in this study used a computer program
through the Spearman rank statistical test with = 0.05. The
selection of the Spearman rank test is used because the research
data is ordinal.

Results

Based on the study results, it was found that the number
of respondents was 140, with a distribution of 70 miners and
70 non-miners. The study was conducted on a group of male
workers. The majority of respondents are of productive age
and have a working period of 10 years or more. This shows the
vulnerability of a worker to be exposed to work-related hazards,
either in the form of workloads or additional work-related burdens.

The study results in table 1 explain that the majority of
respondents complain of low back pain with varying pain

(Table 1). This indicates the result of repetitive and static activities
for a long time followed by complaints of prolonged back pain.

This study also asked about the history of back injury, aiming
to minimize the incidence of low back pain experienced by
respondents not because of work but because of injury. From the
study results, it is known that the majority of workers have never
experienced back injuries. This shows that research bias regarding
the causes of low back pain can be minimized.

Diagnosis of low back pain can be made in various ways,
starting from MRI, X-ray, and lasegue and Patrick tests [18, 19].
In this study, the tests used to diagnose low back pain were
the lasegue and Patrick tests, which had good sensitivity and
specificity. In addition to the two tests, history must be taken by
the examining doctor.

The results of the anamnesis examination showed that the
majority of workers experienced low back pain (Table 2). Doctors
carry out the history itself for each respondent to build an initial
diagnosis of a patient. The high tendency of respondents in the
history of low back pain examination is closely related to the
subjectivity of the respondents. Therefore, further tests were carried
out to strengthen the anamnesis as the doctor's initial suspicion.

The Lesague test is a test by carrying out the activity of lifting
the leg in an extended state. The examining physician performs
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this test. Based on the test results above, it is known that most
respondents, both miners, and non-miners, did not feel pain
when the lasegue test was performed. The research continued
on the Patrick's test; it is known that the respondents, from
140 respondents, 59 of them experienced pain in carrying out
Patrick's test.

Based on the lasegue test, Patrick's test, and anamnesis, which
doctors carried out, the examining doctor determined a positive
diagnosis of low back pain in 53 respondents. The final result of
the diagnosis of low back pain is done by observing the test results
and the respondent's spontaneous reaction, and the respondent's
ability to indicate where the pain is felt when the test is carried out.

Discussion

The study results in table 1 and table 2 are used to calculate the
risk analysis of low back pain in sulfur miners in Mount Kawah
Ijen, Banyuwangi District, with a control group of residents who
do not work as sulfur miners in Mount Kawah Ijen. Spearmen's
statistical results in table 2 show a significant relationship between
the work variables Complaints of LBP, Duration of LBP, History
of Back Injury, and the incidence of low back pain.

Statistical calculations are carried out after knowing the
relationship between variables is to see the direction of the
relationship and the magnitude of the risk. Statistical results show
that miners have a greater risk of being diagnosed with low back
pain than respondents who work not as miners, with a value of

5.032. This figure shows that the risk of miners experiencing low
back pain is 5.032 times greater than in other occupations.

The results of the risk analysis are closely related to the workload
and working methods and the work attitude of miners in carrying
out sulfur mining at Mount Kawah Ijen, Banyuwangi district. The
workload of sulfur miners who are carried out manually is hefty,
between 70—100 kilos per batch with a distance of 8.5 km. Such
a workload causes the shoulders and upper body to experience
significant pressure to withstand the heavy load of sulfur. The spine
gets a significantly heavy load due to the weight of the sulfur being
lifted for too long over a relatively long distance. In addition, the
way of working and work attitude also aggravate the risk of low
back pain in sulfur miners. This can be observed by looking at the
working position of miners in transporting sulfur, namely by using
the lower back as support when lifting sulfur and placing a basket
full of sulfur on the shoulders; as a result, the heavy pressure affects
the muscles and bones of workers who work beyond the threshold.

Conclusion

Based on the research, it is known that the work factor is one
of the factors in the occurrence of low back pain. Volcano Sulfur
Miners are more at risk of experiencing low back pain than other
occupations. To reduce the risk of low back pain on Volcano Sulfur
Miners, we recommended to conduct further research related to
engineering to obtain modern, more ergonomic tools for use by
Volcano Sulfur Miners in Indonesia.
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