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(Abstract \

Uzbekistan has replaced much of the machinery in its cotton-ginning plants over the past decade, but it is far from clear that the
work itself has become safer. We examined working conditions and workers' health at the G'ijduvon cotton-ginning plant in the
Bukhara region, which was fully re-equipped in 2019, and read the results through the Job Demands—Resources (JD-R) model.
Microclimate, dust, noise, lighting, airborne pesticide residues and bacterial contamination were measured in the production
units during the warm (September—October) and cold (November—January) seasons, and work density and physical load were
assessed by time-and-motion observation. Health data came from in-depth periodic medical examinations of 240 workers
and from temporary work-incapacity records; 269 workers answered a questionnaire on pay, hazard information, perceived
working conditions, health and leisure. Dust exceeded the permissible concentration of 4.0 mg/m?® by 2.0-3.8 times in every
production unit, noise exceeded 80 dBA by 6—-16 dB, and air temperature ranged from 38—42 °C in the warm season to 3—6
°C in the cold season. Workers were occupied for 86—96% of the shift, and five of the six units were rated harmful class 3.2.
Respiratory diseases caused 28.9% of sickness-absence cases, musculoskeletal diseases the largest share of lost days (26.5%),
and morbidity in bunching, cleaning and pressing was 1.30—1.42 times that of administrative staff. Job resources were scarce:
59% of workers considered their pay too low, 22% had never been told about workplace hazards, and 36.2% did not see a
doctor when ill. New equipment has not removed the main hazards. Dust and noise control needs to go together with hazard
communication, sensible work—rest scheduling, risk-based medical surveillance and easier access to care, and these tasks sit at
the centre of human resource management in agro-processing enterprises.

Keywords: Cotton ginning; Occupational health; Working conditions; Sickness absence; Job demands—resources; Workforce
health management; Uzbekistan )
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Introduction

Cotton remains one of Uzbekistan's strategic crops, and the
ginning plants that turn raw cotton into lint, seed and linters
feed the textile, oil and chemical industries [1]. Since 2020 the
sector has moved to market pricing and cluster-based produc-
tion, and many ginneries have been rebuilt with new equip-
ment [2]. Mechanization has cut the amount of manual labour,
yet a good deal of physically demanding work is still done by
hand: raw cotton is stacked into bunches, machines are cleaned
manually, and pressed bales are handled at the end of the line
[3.4].

The hazards of this work are well documented. Cotton dust
is an organic mixture of plant debris, soil, endotoxin, bacteria
and fungi, and long exposure leads to byssinosis, chronic bron-
chitis, asthma and loss of lung function [5—10]. Gins, cleaners

and linters produce continuous high-frequency noise and vi-
bration [11], and because processing is seasonal and buildings
are poorly climate-controlled, workers face heat in autumn
and cold in winter. Pesticides and defoliants applied during the
growing season travel with the raw cotton into the plant, and
chronic pesticide exposure has been linked to neurotoxic ef-
fects [12,13]. Cross-sectional studies from Ethiopia and India
found more respiratory symptoms and poorer lung function in
ginning workers than in unexposed controls [14,15].

These exposures are also a management problem. In the job de-
mands—resources model, physical, environmental and organi-
zational demands drive health impairment, while job resources
such as information, fair pay, support and time to recover soft-
en their effect [16,17]. Hazardous work raises sickness absence
and presenteeism and lowers productivity [18-20]. Writers
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on sustainable and well-being-oriented human resource man-
agement (HRM) argue that employers should treat employee
health as something to be maintained and renewed rather than
used up [21,22]. Safety climate research makes a similar point
from a different angle: where managers visibly commit to
safety, inform workers about hazards and enforce protective
practice, injuries are less frequent [23,24]. Hazard awareness,
satisfaction with pay, access to medical care and opportunities
for recovery therefore shape both health and retention [25,26].
In low- and middle-income countries, many textile and cotton
workers also farm at home after their shift, which leaves little
room for recovery [27].

Little is known about working conditions in Uzbekistan's re-
constructed ginneries, and we found no study that linked mea-
sured exposures with sickness absence and with workers' own
view of their jobs. Using the JD-R model as a frame, we set
out to (i) measure the physical, chemical and biological haz-
ards and the intensity of work at a recently re-equipped cot-
ton-ginning plant; (ii) classify working conditions by hygienic
criteria; (iii) describe morbidity and temporary work incapac-
ity among production workers; (iv) assess the job resources
available to workers and how they perceive their work; and (v)
identify the workforce health-management measures that fol-
low from these findings.

Materials and Methods

Setting

The study was carried out at the G'ijjduvon cotton-ginning
joint-stock company in the Bukhara region. The plant opened
in 1962 and is one of the oldest and largest ginneries in the re-
gion. It occupies 6.5 ha, employs 620 permanent staff and was
fully reconstructed and re-equipped in 2019. Raw cotton ar-
rives by tractor trailer and is unloaded onto TLKh-18 and KIP-
650 conveyors, which carry it to the bunching yard. From there
it passes through saw-type cleaners, DP-130 and DB-1M gins,
linters and a DA8237 hydraulic press, and the bales and seed
are stored on site. The line runs continuously. Most operations
are mechanized, but bunching (10-20 workers per bunch), the
cleaning of machines and several steps of the pressing cycle
are done by hand.

Fieldwork took place in the warm (September—October) and
cold (November—January) seasons of [2024-2026], togeth-
er with specialists of the sanitary-hygienic laboratory of the
Bukhara Regional Department of Sanitary and Epidemiologi-
cal Welfare and Public Health. Administrative and auxiliary
staff (economists, accountants, engineers, cashiers, guards and
laboratory assistants), who are not exposed to production haz-
ards, served as the comparison group.

Workplace measurements

Air temperature, relative humidity and air velocity were mea-
sured with TKA-PKM (66) and MES-200A meteometers at
1.3-1.5 m above the floor, at permanent and non-permanent
workplaces, at the beginning, middle and end of the shift. Re-
sults were compared with SanPiN RUz No. 0324-16, which
sets optimal values of 22-24 °C in the cold season and 23-25
°C in the warm season, relative humidity of 40-60% and air
velocity of 0.1 m/s.

Dust was determined gravimetrically: air was drawn through
pre-weighed AFA filters with a MOD-822 aspirator at no less
than 10 L/min, and the filters were reweighed on an analyti-

cal balance. Samples were taken at 08:00, 12:00, 16:00 and
21:00 in the bunching, cleaning, ginning, linting and pressing
units, in the seed and bale stores, and on the open plant site.
Concentrations were compared with the maximum permissible
concentration (MPC) of 4.0 mg/m? for cotton dust.

Noise was measured with a VShV-003-M3 sound level meter
at three points per unit in each shift (the work zone, the per-
manent workplace and a non-permanent workplace) in accor-
dance with SanPiN RUz No. 0325-16 and GOST 12.1.050-86;
the permissible level was 80 dBA. The daylight factor and ar-
tificial illuminance were measured with an Argus-01 luxmeter
following SanPiN No. 0331-16 and assessed against SanPiN
No. 0327-16 (1.5% and 200 Ix, respectively).

To decide which pesticides to look for, we followed the treat-
ment records of the 28 farms that supplied the plant. During
the season the fields had received deltamethrin (Decis 12%, 0.5
L/ha, twice), lambda-cyhalothrin (Karate 5%, 0.4 L/ha, three
times), phosalone (35%, 2.0 L/ha, twice) and imidacloprid
(Confidor 20%, once); nine farms had also used magnesium
chlorate as a defoliant. Residues of these compounds were de-
termined in work-zone air by the regional sanitary laboratory
and compared with their MPCs. Total bacterial count, cocci
and Escherichia coli (CFU/m?) were determined in air samples
taken at the start, middle and end of the shift on nutrient agar,
blood agar and selective media and assessed against SanPiN
No. 0053-23; actinomycetes were recorded as a share of the
isolated microflora. In all, we made 1,815 microclimate, 380
dust, 380 noise, 230 pesticide and 320 lighting measurements.

Workload and classification of working conditions

Work density, defined as the share of shift time spent on opera-
tions, was obtained by time-and-motion observation. Physical
load was assessed from working posture, the number of ste-
reotyped movements, bending and the loads moved; intensity
was assessed from monotony, sensory and visual strain and re-
sponsibility for continuous machinery. Each factor was graded
separately under SanPiN No. 0141-03, and the overall class of
a workplace was set by the highest factor grade.

Health data

Morbidity was assessed from in-depth periodic medical exami-
nations carried out under Order No. 200 (2012) of the Ministry
of Health by the family polyclinic of the G'ijjduvon district cen-
tral hospital, and from the outpatient records (form 025/u) of
the examined workers. The examination group comprised 240
production workers (205 men and 35 women; mean age 45.2
+ 7.3 years; mean length of service 10.2 &+ 5.9 years). Preva-
lence was expressed as the percentage of examined workers
with at least one diagnosis in a given ICD-10 class. Temporary
work incapacity was analysed from form 16-VN reports and
sickness certificates and expressed as cases and days per 100
workers per year, by disease class, production unit and length
of service.

Questionnaire

A standardized questionnaire recommended by the Research
Institute of Occupational Hygiene was completed by 269
workers. It covered age, length of service and commuting;
satisfaction with pay and occupation; whether the employer
had informed the worker about workplace hazards; perceived
harmfulness, heaviness and intensity of work; self-rated health
and health complaints; health-care seeking; physical activity;
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and use of free time. In the JD-R frame, hazard information,
adequate pay, access to medical care and leisure-time recovery
were treated as job and personal resources.

Statistical analysis

Workplace measurements are given as mean + standard error
of the mean (M + m), except noise levels, lighting and pesticide
concentrations, which are given as mean =+ standard deviation
(SD); categorical data are given as percentages. Means were
compared with Student's t-test and associations were examined
with Pearson's correlation coefficient; p < 0.05 was taken as
significant. Exceedance ratios were calculated as the measured
value divided by the hygienic standard. For each production
unit we calculated the crude rate ratio (RR) of morbidity rela-
tive to administrative staff and the etiological fraction, EF =
(RR — 1)/RR, and graded work-relatedness by EF as low (<
33%), medium (33-50%), high (51-66%), very high (67-80%)
or almost complete (81-100%) [28]. Calculations were done in
Microsoft Excel.

Results

Physical work environment

The microclimate was outside hygienic norms in both seasons
(Table 1). In September and October the air in the production
units reached 38.1-41.5 °C, 13—17 °C above the upper opti-
mal limit, while relative humidity fell to 26-32%. Air moved
at only 0.1-0.2 m/s, which gives no cooling at such tempera-
tures. In winter the picture reversed: temperatures dropped to
3.2-6.1 °C, 16-19 °C below the lower optimal limit, humidity
in the bunching, ginning and linting units rose to 80-90%, and
air velocity increased to 0.3—0.7 m/s, producing draughts. The
main cause was poorly working air exchangers and deflectors.

Dust exceeded the MPC everywhere except the bale store (Ta-
ble 2). The heaviest dust was on the open plant site (15.2 and
14.1 mg/m? in the warm and cold seasons, 3.8 and 3.5 times
the MPC) and in the cleaning (3.6 times), pressing (3.5-3.6
times) and bunching (2.6-3.5 times) units. It came mainly from
unloading raw cotton into bunches and from the multicyclones,
and the site was never cleaned wet. Noise was above 80 dBA
in all units and highest in cleaning (95.7 dBA), pressing (93.9

dBA) and linting (91.2 dBA).

Lighting fell short of the norms in every unit. The daylight fac-
tor was 1.07-1.21% against the required 1.5%, and artificial
illuminance ranged from 145.4 + 35.2 Ix in the seed store to
179.4 + 40.3 Ix in the pressing unit, against 200 Ix. Both reflect
the design of the buildings rather than the new equipment.

Chemical and biological hazards

All five pesticides were found in workplace air, and four of
them exceeded their MPCs in at least one unit (Table 3). Del-
tamethrin reached five times its MPC in the pressing unit and
four times in bunching; lambda-cyhalothrin was two to three
times above its MPC in every unit except linting. Phosalone
(1.2—1.4 times the MPC in cleaning, ginning and pressing) and
imidacloprid (1.2—1.4 times in bunching and cleaning) exceed-
ed their limits less often. Magnesium chlorate stayed far below
its MPC.

Bacterial contamination followed the dust (Table 4). Total
bacterial counts were highest in the cleaning (18,980 CFU/m?)
and bunching (18,960 CFU/m?) units, 3.9 and 3.7 times the hy-
gienic standard, and in pressing (14,615 CFU/m?; 3.1 times). E.
coli counts in these three units were 2.2-3.6 times the standard.
Actinomycetes made up 49.4-50.6% of the microflora isolated
in the processing units, which points to irregular cleaning of
the shop floors.

Work intensity and hygienic class

Workers were occupied for most of the shift in every unit
(Figure 2): 96% of shift time in cleaning, 94% in ginning and
pressing, 92% in bunching, 88% in the seed store and 86% in
linting. Machines and floors were cleaned by hand. Bunching
workers spent 67 hours of the shift in forced postures, and
workers in bunching, cleaning and pressing made up to 1,000
working movements per shift, with heavy loading of the arms,
shoulders and lower back. Running the gins and linters also
meant constant visual strain and the emotional load of being
responsible for machinery that never stops.

Taking all factors together, working conditions in bunching,

Hazards accumulate along the ginning line; five of six units are class 3.2

Process stage

Reception and unloading

Main measured hazards

Class

Raw cotton fed from trailers to conveyors

Dust and noise around conveyor operators

Dust 10.3-14.1 mg/m?; air 41.5 °C (warm season)

Bunching ) 3.2
Forced posture -7 h per shift; manual stacking
. Dust 14.3-14.5 mg/m?; noise 95.7 dBA
Cleaning Work density 96%; bacteria 18,880 CFU/m* 32
Ginnin Noise 90.1 dBA; dust 10.8-11.8 mg/m* 1.2
9 Visual strain; constant walking between gin stands ’
. Fiber dust 12.2-12.6 mg/m®
Linting High-frequency noise 91.2 dBA 3.2
— 3. i
Pressing Dust 13.9-14.3 mg/m?; noise 93.9 dBA 3.2

Deltamethrin 5 x MPC; manual press operations

Seed and bale storage

Seed store dust 8.2-8.4 mg/m?®
Bale store within the dust limit

31

Figure 1: Technological process of the cotton-ginning plant, the main hazards measured at each stage and the
hygienic class of working conditions (SanPiN No. 0141-03).
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Table 1: Microclimate in the main production units (M = m).

. Temperature, Temperature, Relative humidity, | Relative humid- | Air velocity, | Air velocity,
Unit warm season (°C) | cold season (°C) | warm (%) ity, cold (%) warm (m/s) | cold (m/s)
Bunching 415+1.2 6.1%1.1 30.0£1.9 85.0+1.2 0.1 £0.01 0.6+£0.2
Ginning 38.1+0.9 32+1.0 323+1.1 90.1 +3.6 0.1 +0.01 04+0.1
Linting 392+1.9 42+24 282121 80.1+44 0.1 £0.02 0.3£0.1
Pressing 40.1£ 1.8 48+1.9 262+23 60.1 £5.6 0.2 £0.03 0.5+0.2
Seed store 41.1+2.1 48+1.9 29.2+2.6 40.1+£2.2 0.1 +0.02 0.7+0.3
Optimal norm | 23-25 22-24 40-60 40-60 0.1 0.1

Table 2: Dust concentration and noise level at workplaces.

. Dust, warm season | Dust, cold season | Exceedance of | Noise (dBA, | Exceedance of 80
Unit (mg/m?*, M £ m) (mg/m?* M + m) MPC (times) M + SD) dBA (dB)
Bunching | 14.1 £ 1.2 103+ 1.1 2.6-3.5 87.2+2.1 7.2
Cleaning | 14.3 £ 1.5 145+14 3.6 95.7+4.4 15.7
Ginning | 11.8+1.6 108+ 1.4 2.7-3.0 90.1 £3.2 10.1
Linting 126+ 1.6 122 +1.7 3.0-3.1 91.2+42 11.2
Pressing | 139+ 1.8 143+ 1.9 3.5-3.6 93.9+5.7 13.9
Seed store | 8.2 + 1.4 84+1.8 2.0-2.1 86.2+£2.2 6.2
Bale store | 3.9+ 0.9 3.6+0.8 <1.0
Plant site | 15.2 2.1 141+£1.6 3.5-3.8 83.9+29 3.9

Table 3: Pesticide residues in workplace air (mg/m? M + SD).
Unit Deltamethrin | Lambda-cyhalothrin | Phosalone | Imidacloprid | Magnesium chlorate
Bunching | 0.4 £ 0.02 0.3+0.05 0.1+0.01 |0.6+0.1 0.2 +0.01
Cleaning | 0.3 +0.04 0.2 £0.02 0.6 £0.2 0.7+0.3 0.3+0.03
Ginning | 0.2 +0.05 0.3 +£0.03 07+03 |04+0.1 not detected
Linting 0.1 +0.02 0.1 +0.02 0.4+0.01 |02+£0.1 not detected
Pressing | 0.5+0.1 0.3+0.1 06+02 |02+0.1 not detected
Seed store | 0.1 £ 0.02 0.2 +£0.04 02+0.1 [03+£0.1 not detected
MPC 0.1 0.1 0.5 0.5 10.0

Table 4: Bacterial contamination of workplace air (mean CFU/m?).

Unit Total bacteria | Cocci | Escherichia coli
Bunching | 18,960 6,986 | 6,819
Cleaning | 18,980 6,990 | 7,610
Ginning | 14,210 1,468 | 6,215
Linting 13,285 1,238 | 5,440
Pressing | 14,615 1,448 | 5,910
Seed store | 10,920 1,165 | 4,115

Production workers are occupied 86-96% of every shift

Work density by unit, % of shift time (range 86-96%)

g [ -

Ginning

Pressing

Bunching

Seed store

Linting

94%

92%

88%

86%

Figure 2: Work density (share of shift time spent on operations) in the production units.
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cleaning, ginning, linting and pressing were rated harmful class
3.2 (second degree), and in the seed store class 3.1 (Table 5).
Dust, noise, work intensity and physical severity set the class;
bacterial contamination exceeded the standard in all units.

Morbidity and sickness absence

At the periodic examinations, diseases of the respiratory sys-
tem were by far the most common, found in 40.1% of the ex-
amined workers (Figure 3). They were followed by muscu-
loskeletal diseases (19.2%), diseases of the ear (16.2%), the
nervous system (14.1%), the digestive system (11.2%) and the
circulatory system (10.8%).

Sickness absence came to 277.9 cases and 2,238 lost days per
100 workers per year, an average of 8.1 days per case (Table
6). Respiratory diseases produced the most cases (80.3 per 100
workers; 28.9%), and within this class chronic lower-airway
disease (bronchitis, emphysema; 32.3 per 100) and asthma-like
conditions (22.5 per 100) dominated. Musculoskeletal diseases

produced the most lost days (592.4 per 100 workers; 26.5%),
because each episode lasted longer (10.7 days on average);
deforming dorsopathies and spinal osteochondrosis alone ac-
counted for 42.4 cases and 510.2 days per 100 workers.

Morbidity differed by unit (Table 7). It was highest in bunch-
ing (65.9%), cleaning (62.4%) and pressing (60.3%), which is
1.30-1.42 times the level among administrative staff (46.3%),
with etiological fractions of 23-30%. In ginning and linting the
excess was small (RR 1.06-1.07; EF 5-7%). By the EF scale,
work-relatedness was low in all units.

Morbidity also rose with length of service (Figure 4). Between
workers with 1-5 and 1519 years at the plant, registered cir-
culatory disease increased from 20.1 + 2.0 to 35.2 + 2.6 cases
per 100 workers, musculoskeletal disease from 28.1 + 2.0 to
36.9 £ 4.1, eye disease from 5.9 to 14.8 + 2.0 and respiratory
disease from 70.4 + 3.2 to 74.4 £+ 2.8. Overall morbidity cor-
related positively with length of service (r = 0.65; p < 0.05).

Table 5: Hygienic classification of working conditions by factor (SanPiN No. 0141-03).

Unit Micro-climate | Dust | Chemicals | Microbial | Noise | Work intensity | Work severity | Overall class
Bunching | 2 32 |31 + 3.1 3.2 3.2 32
Cleaning |2 32 |31 + 3.2 3.2 3.2 32
Ginning |2 3.1 |31 + 3.2 3.2 3.2 32
Linting 2 3.1 |2 + 3.2 3.1 3.2 32
Pressing |2 32 |32 + 3.2 3.2 3.2 32
Seed store | 2 31 |31 + 3.1 2 3.1 3.1

Note: + bacterial contamination above the hygienic standard (SanPiN No. 0053-23).

Respiratory disease is twice as common as any other class

Prevalence among examined production workers, % (respiratory 40.1% vs 19.2% next)

Musculoskeletal system

Ear and mastoid

Nervous system 141%
Digestive system N.2%
Circulatory system 10.8%

19.2%

Figure 3: Prevalence of the six leading ICD-10 disease classes among production workers at periodic medical
examination (n = 240; % of examined workers).

Table 6: Temporary work incapacity by ICD-10 disease class (per 100 workers per year).

Disease class Cases | Lost days | Share of cases (%) | Share of days (%) | Days per case
Respiratory system 80.3 |525.1 28.9 23.5 6.5
Musculoskeletal system | 55.3 | 592.4 19.9 26.5 10.7
Ear and mastoid process | 26.6 | 195.9 9.6 8.8 7.4
Nervous system 234 |151.2 8.4 6.8 6.5
Injury and poisoning 224 |210.1 8.1 9.4 9.4
Circulatory system 213 | 1722 7.7 7.7 8.1
Digestive system 21.1 | 1554 7.6 6.9 7.4
Genitourinary system 11.9 964 4.3 4.3 8.1
Other classes 156 1393 5.6 6.2 8.9
Total 277.9 | 2,238.0 100 100 8.1
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Table 7: Morbidity by production unit compared with administrative staff.

Unit Morbidity (%) | Rate ratio (RR) | Etiological fraction (%)
Bunching 65.9 1.42 29.7

Cleaning 62.4 1.35 25.8

Pressing 60.3 1.30 23.2

Seed store 54.9 1.19 15.7

Linting 49.6 1.07 6.7

Ginning 48.9 1.06 53

Administrative staff | 46.3 1.00

Circulatory disease rises 75% from 1-5 to 15-19 years of service

Cases per 100 workers by length of service (years)

&0

60

40

Respiratory 70.4 > 74.4

Musculoskeletal 28.1 > 36.9

// Circulatory 20.1 35.2
20

5-9

10-14

Eye 5.9 14.8

15-19

Figure 4: Registered cases of selected chronic disease classes per 100 production workers by length of service.

Table 8: Selected questionnaire results (n = 269).

Domain Indicator

Workers (%)

Pay and occupation

Satisfied with pay / consider pay too low

41.0/59.0

Pay and occupation

Satisfied with occupation / dislike it / no answer

56.0/29.0/15.0

Hazard information

Informed by employer / not informed / do not remember

60.0/22.0/11.0

Perceived conditions

Work rated harmful / very harmful / harmless

62.0/3.2/16.0

Perceived conditions | Main burden named: heaviness / intensity 55.0/34.0

Perceived hazards Dust / gases / injury risk / noise 44.0/39.0/37.0/26.0
Health Self-rated health good / satisfactory / poor 12.8/60.2/26.9
Health Link worsening health to working conditions 89.3

Health-care seeking | See a doctor when ill / do not 44.7/36.2

Health-care seeking | Of those who do not: for financial reasons 21.2

Recovery No regular physical activity 88.7

Recovery Farm household plot in free time (administrative staff: 24%) | 79.0

Note: where figures in a row do not add up to 100, the remaining respondents gave other answers or did not answer.
What workers reported matched what we measured. Dust, gases and noise were the hazards they named most often;
42.4% reported respiratory complaints, 30.1% hearing problems and 29.2% digestive complaints, and only 5.5% said

they had no health problems at all.

Job resources and workers' perceptions

Most respondents were 40-49 years old, and two-thirds
(66.9%) had worked at the plant for 10—14 years. They lived
in villages 5-15 km away, and 76% cycled to work, a journey
of 40—60 minutes each way. All had permanent contracts, and
the plant provided changing rooms, showers and a rest room.
Beyond that, the resources that the JD-R model treats as pro-
tective were thin (Table 8). Fewer than half of the workers
were satisfied with their pay, one in five had never been told by
the employer what hazards they faced, and more than a third
did not see a doctor when they fell ill, in one case out of five
because they could not afford it. Recovery time was short: 79%
spent their free time working on household plots, against 24%
of administrative staff, and 88.7% took no regular exercise.

What workers reported matched what we measured. Dust, gas-
es and noise were the hazards they named most often; 42.4%
reported respiratory complaints, 30.1% hearing problems and
29.2% digestive complaints, and only 5.5% said they had no
health problems at all.

Discussion

The main lesson of this study is that new machinery did not
bring safe work. After reconstruction, dust in the production
units was two to four times the permissible level, noise was
up to 16 dB above the standard, and workers moved between
summer-like heat in autumn and near-freezing air in winter.
Five of the six units fell into harmful class 3.2. Similar dust
levels, with more respiratory symptoms and poorer lung func-
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tion, have been reported from ginneries and textile mills n
Ethiopia, India and Pakistan [14,15,29,30], and dose—response
data from Karachi [31] suggest that exposure of this order car-
ries real long-term risk. Pesticide residues added a chemical
load that is easy to overlook in a plant that does not use pes-
ticides itself; they arrive with the raw cotton and are released
when it is cleaned, ginned and pressed.

The health data broadly follow the exposure profile. Respira-
tory disease led both the examination findings and the sick-
ness-absence cases, with chronic bronchitis and asthma-like
conditions most common, as expected from organic dust and
endotoxin [5,7,9,32]. High bacterial counts and a large share
of actinomycetes are consistent with the bioaerosol exposure
described on cotton farms [33]. Musculoskeletal disease cost
the most working days, in line with the forced postures, manual
cleaning and repetitive movements we observed, and the high
rate of ear disease is what one would expect where four of the
six production units exceed 90 dBA. Circulatory disease rose
steadily with years of service, which agrees with the higher
prevalence of hypertension reported among textile workers
[34].

The link between exposure and morbidity was not uniform,
however. Ginning and linting, with dust about three times
the MPC and noise above 90 dBA, had morbidity only 6-7%
higher than among administrative staff. A healthy-worker ef-
fect may explain part of this, since workers who become ill are
often moved away from the most demanding jobs; differences
in age and length of service between units, and the small com-
parison group, may explain the rest. The etiological fractions
(5-30%) indicate low work-relatedness at unit level, so the ex-
cess morbidity is best read as a pointer for targeted prevention
rather than as proof that the work caused each case.

Seen through the JD-R model, the plant combines high de-
mands with few resources, and that combination points to three
tasks for management. The first is to lower the demands at their
source. Sickness absence is concentrated in a few units and
disease groups, so prevention can be targeted: local exhaust
and wet dust suppression at bunching and cleaning, properly
maintained cyclones and filters [35,36], enclosures around gins
and cleaners, and climate control in bunching and pressing. A
cluster-randomized trial in Pakistani textile mills showed that
such workplace measures do reduce the respiratory effects of
cotton dust [37]. The second is to strengthen resources. One
worker in five had never been told about the hazards of the
job, most considered their pay too low, and many did not seek
care when ill, partly for financial reasons. Regular hazard brief-
ings, the supply and enforced use of respirators and hearing
protection, and paid time for medical visits are part of a safety
climate that management has to build; they cannot be left to the
plant's medical service [23-25,38]. The third is to protect re-
covery. With 86-96% of the shift spent on operations and most
workers farming at home in the evening, fatigue accumulates.
Planned short breaks, rest rooms with a controlled microcli-
mate and workplace health promotion would reduce muscu-
loskeletal strain [18,26] and fit the sustainable HRM view that
employee health should be renewed, not used up [21,22].

Medical surveillance should follow risk. Workers with more
than five years in class 3.2 units should have an annual in-
depth examination that includes spirometry, audiometry and
assessment of the spine and joints, as Order No. 200 allows,

and those with early signs of disease should be transterred to
lower-exposure tasks before the condition becomes chronic.
Linking these examination results with sickness-absence re-
cords by unit would also let the plant see whether the measures
it introduces are working.

The study has several limitations. It covers one plant, so the
results may not apply to all ginneries in the country. The de-
sign is cross-sectional and does not allow causal conclusions,
and a healthy-worker effect may have led us to underestimate
the risk. The comparison group of administrative staff was
small and differed from production workers in sex, tasks and
probably age, and we had no data on smoking, an important
confounder for respiratory disease. Rate ratios were calculated
from aggregated data, without confidence intervals or adjust-
ment for age and service. Morbidity data came from routine
records, and survey answers were self-reported. Finally, we
did not measure lung function, endotoxin, personal exposure
or the actual use of protective equipment. Multi-site studies
with personal sampling, spirometry, multivariable analysis and
follow-up over time are needed to confirm these findings and
to test the effect of the measures proposed here.

Conclusion

Workers at a recently modernized cotton-ginning plant in Uz-
bekistan remain exposed to dust, noise, an unfavourable mi-
croclimate, pesticide residues and airborne bacteria well above
hygienic standards, and they work at high density under heavy
physical load. Conditions in the main production units corre-
spond to harmful class 3.2. This burden shows up as frequent
respiratory, musculoskeletal, ear and circulatory disease, about
2,240 lost workdays per 100 workers a year, and morbidity
that grows with length of service. At the same time, hazard
information, satisfaction with pay, access to care and time for
recovery are limited.

Re-equipment has therefore solved only part of the problem.
A workforce health-management programme for ginneries
should combine engineering control of dust, noise and mi-
croclimate with hazard communication and personal protec-
tion, work—rest scheduling and recovery facilities, risk-based
medical surveillance, and attention to pay, access to care and
healthy lifestyles. Multi-site and longitudinal studies are need-
ed to confirm these findings and to evaluate such a programme
in practice.
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