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Self-reported Irritation Symptoms among Workers Exposed to
Ultra-low Relative Humidity and Thionyl Chloride

Yoo Mi Chae'
Department of Occupational and Environmental Medicine, College of Medicine, Dankook University

ABSTRACT

Objectives: An ultra dry air environment of nearly <2% RH is often required in lithium battery factories. The
objective of this study is to evaluate the subjective eye, pulmonary, nose, and skin symptoms of workers exposed
to ultra-low relative humidity and thionyl chloride.

Methods: We recruited 274 workers using a self-reported questionnaire in March 2014. Those who worked in
ultra-low relative humidity and with thionyl chloride were identified and their prevalence of symptoms was
compared with that of other workers. We excluded white collar workers, researchers and other workers who were
exposed to various hazard factors, and finally included 164 workers.

Results: There were significant differences in the rate of self-reported eye and skin symptoms between exposure
group 1 and exposure group 2. Exposure group 2 experienced more frequent eye, and skin symptoms.
Multinomial logistic regression analysis for experience of dry eye symptoms and skin symptoms in exposure
group 2 showed that dry eye symptoms (odds ratio [OR], 6.33, 95% confidence interval [CI], 2.19-18.24,
p<0.001), and itchiness (OR, 6.45, 95% CI, 1.94-21.43, p<0.01) were the significant variables. The complaints
of workers experiencing ultra-low relative humidity and thionyl chloride were high compared with other
workers.

Conclusion: These findings suggest that exposure to ultra-low relative humidity and thionyl chloride may be
associated with more frequent eye and skin symptoms than exposure to ultra-low relative humidity alone. The
current precautions to protect workers from the adverse effects of ultra-low relative humidity and thionyl chloride
appear to be insufficient, indicating that additional management plans to reduce symptoms should be considered.

Keywords: Dry eye symptom, self-reported irritation symptom, thionyl chloride, ultra-low relative humidity
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Fig. 1. Schematic flow diagram for selecting participants
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Table 1. Exposure assessments on site according to exposure groups*®

Ultra-low humidity®

Exposure factor Exposure limit Control group
Exposure group 1  Exposure group 2
Thionyl chloride* NIOSH 5 me/m’ - - ([
OSHA none
Hydrogen chloride* 1 ppm - - 0.0629-0.1817
Sulfur dioxide 5 mg/m’ - - 0.4278-0.8505
Toluene 50 ppm 0.1434-0.1921 1.0747-5.05440 -
Welding fumes 5 mg/m’ 0.23386-0.77596 0.32373-0.36831 -
Noise 95 dB(A) 83.8-87.7 74.8-86.8 86.3-89.6

*Working environment assessment findings in 2013 and 2014.

Relative humidity <2% and temperature 21-23°C

*No measurement methods available

SHydrogen chloride is a proxy indicator of thionyl chloride exposure

NIOSH, National Institute of Occupational Safety & Health; OSHA, Occupational Safety and Health Administration; dB(A), A-
weighted decibels; Exposure group 1, Ultra-low humidity exposure group; Exposure group 2, Ultra-low humidity and thionyl
chloride co-exposure group
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Table 2. General participant characteristics (N,%)

Control group

Ultra-low humidity*

Variable (n=52) Exposure group 1 Exposure group 2  p-value
n=77) (n=35)
Sex 0.002
Female 48(92.3) 58(75.3) 21(60.0)
Age (year, meantSD) 48.618.3 42,1115 38+13.1 0.000
Educational level 0.435°
High school 49(98.0) 63(91.9) 31(93.9)
Current smoker 3( 6.0) 16(21.1) 15(48.4) 0.000
Duration of employment (year, mean+SD) 5.4%5.7 5.7t6.1 41152 0.389
Average working hours a day (hours, mean+SD) 54.8+5.8 55.9%8.0 57.6%7.6 0.211
Average working hours a week (hours, mean+SD) 9.810.6 10.1+1.1 9.910.6 0.240
Clinical history
Ocular disease* 7(13.5) 14(18.2) 3( 8.6) 0.406
Dry eye disease 19(36.5) 32(42.1) 16(45.7) 0.715
Atopic disease’ 18(34.6) 29(37.7) 10(28.6) 0.653
Chronic disease' 20(38.5) 11(14.3) 6(17.1) 0.003
Asthma 5(6.7) 4(11.4) 0.043

*Relative humidity <2% and temperature 21-23°C
Fisher's exact test

iSoft contact lenses, laser in situ keratomileusis or laser epithelial keratomileusis, ocular trauma
SAllergic rhinitis, atopic dermatitis, or allergic rhinoconjunctivitis

HHypertension, diabetes mellitus, hypercholesterolemia

Exposure group_1, Ultra-low humidity exposure group; Exposure group_2, Ultra-low humidity and thionyl chloride co-exposure
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Table 3. Use of personal protective

equipment and perception of health status among participants (N,%)

Control Ultra-low humidity”
Characteristics group Exposure group 1  Exposure group 2 p-value
(n=52) (n=77) (n=35)
Perception of health status 0.397°
Good 9(17.3) 18(23.4) 8(22.9)
Average 38(73.1) 52(67.5) 20(57.1)
Bad 5( 9.6) 7( 9.1) 7(20.0)
Perception of worksite hazard (Yes) 41(80.4) 66(86.8) 30(85.7) 0.638
Adverse health effects due to worksite hazard (Yes) 51(98.1) 74(96.1) 32(91.4) 0.276
Personal protective equipment
Disposable mask 15(28.8) 70(90.9) 33(94.3) 0.000
Gas mask 2( 3.8) 3(3.9) 3( 8.6) 0.571°
Respirator device 0 3(3.9) 3( 8.6) 0.073"
Dustproof cover 2( 3.8) 60(77.9) 33(94.3) 0.000
Gloves 37(71.2) 69(89.6) 34(97.1) 0.001
Earplug 21(40.4) 30(39.0) 15(42.9) 0.936

*Relative humidity <2% and temperature 21-23°C
Fisher's exact test

Exposure group_1, Ultra-low humidity exposure group; Exposure group_2, Ultra-low humidity and thionyl chloride co-exposure

group
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Table 4. Comparison of adverse symptoms among control and exposure groups* (N,%)

Control group

Ultra-low humidity"

Adverse symptom (n=85) Exposure group 1Exposure group 2 p-value
(n=130) (n=49)
OSDI score (mild to severe) 19(22.4) 24(18.5) 21(42.9) 0.031
Respiratory symptom
Cough 26(42.6) 66(61.1) 58(90.6) 0.000
Phlegm 20(35.1) 50(49.5) 50(83.3) 0.000
Hoarse voice 16(29.1) 30(33.0) 28(58.3) 0.003
Throat pain 26(43.3) 60(57.1) 50(87.7) 0.000
Chest tightness 12(22.2) 22(25.6) 26(54.2) 0.001
Chest discomfort 12(22.2) 22(25.6) 24(51.1) 0.002
Breathlessness 12(22.2) 20(23.3) 40(72.7) 0.000
Nose
Watery rhinorrhea 17(20.5) 37(32.7) 24(52.2) 0.000
Sneezing 22(28.2) 44(40.0) 27(62.8) 0.000
Nasal obstruction 12(13.6) 41(38.3) 26(59.1) 0.000
Itchy nose 17(20.5) 36(31.6) 21(42.9) 0.007
Red itchy eyes 32(44.4) 49(46.7) 28(66.7) 0.045
Symptoms persisting >4 days 17(13.9) 32(19.2) 26(49.1) 0.000
Symptoms persisting >4 weeks 13(10.0) 19( 9.8) 15(20.0) 0.077
Skin
Itchiness anywhere 32(22.9) 78(40.6) 60(80.0) 0.000
Itchiness face 8(5.3) 10( 9.0) 22(23.4) 0.000
Itchiness hand 22(15.2) 64(32.2) 50(62.5) 0.000
Itchiness at other part 8(5.3) 12( 5.3) 18(18.8) 0.001

*Chi-square test for trend (linear by linear association)
Relative humidity <2% and temperature 21-23°C

OSDI, Ocular Surface Disease Index; Exposure group_ 1, Ultra-low humidity exposure group; Exposure group 2, Ultra-low

humidity and thionyl chloride co-exposure group
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Table 5. Multinomial logistic regression analysis for assessment of adverse symptoms among control and exposure
groups*

Ultra-low humidity'

Adverse symptom ropose growp. 1) (meonol goup (ool group)
aOR 95% CI aOR 95% CI aOR 95% CI
OSDI score (mild to severe)* 6.33 2.19-18.24% 3.76 1.22-11.59" 0.59 0.25-1.42
Respiratory symptom
Cough 3.65 0.92-14.51 5.83 1.24-27.32" 1.59 0.54-4.77
Phlegm 2.85 0.86-9.37 3.05 0.71-13.13 1.07 0.34-3.42
Other symptoms® 0.88 0.24-3.23 1.01 0.23-4.39 1.14 0.41-3.19
Nose'
Watery rhinorrhea 1.38 0.42-4.61 1.70 0.39-7.49 1.23 0.39-3.93
Sneezing 1.15 0.30-4.36 0.89 0.17-4.52 0.77 0.21-2.78
Nasal obstruction 1.21 0.38-3.87 5.29 1.37-20.45" 4.36 1.50-12.62"
Itchy nose 0.99 0.31-3.13 1.08 0.26-4.52 1.09 0.34-3.47
Red itchy eyes 1.40 0.412-4.78 0.98 0.23-4.22 0.69 0.24-2.01
Symptoms persisting >4 days 2.83 0.83-9.64 4.50 1.06-19.06" 1.59 0.52-4.86
symptoms persisting >4 weeks 1.21 0.37-3.92 1.03 0.24-4.40 0.85 0.25-2.87
Skin'"
Itchiness anywhere 6.45 1.94-21.43" 12.19 3.24-45.83% 1.89 0.83-4.32
Itchiness face 3.38 1.03-11.15" 4.48 1.03-19.54" 1.32 0.36-4.94
Itchiness hand 3.04 1.16-7.98" 6.39 2.02-20.21" 2.10 0.86-5.11
Itchiness at other part 4.95 1.28-19.13" 4.74 1.00-22.43" 0.96 0.23-3.92
*Commonly included variables in the multinomial logistic regression model are age, sex, current smoker, and duration of
employment.

Relative humidity <2% and temperature 21-23°C

*Additionally, included ocular disease, dry eye disease and atopic disease.

SHoarse voice, throat pain, chest tightness, chest discomfort, breathlessness

”Additionally, included history of atopic disease.

IAdditionally, included history of atopic disease and gloves

*%0.05, 70.01, #0.001

1, reference group; aOR, adjusted odds ratio; CI, confidence interval

OSDI, Ocular Surface Disease Index; Exposure group 1, Ultra-low humidity exposure group; Exposure group 2, Ultra-low
humidity and thionyl chloride co-exposure group
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