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ABSTRACT

Objectives: The purpose of this study is to analyze the exposure characteristics of inorganic acids.

Methods: We analyzed exposure data (n = 363,146) for six inorganic acids (hydrogen fluoride, hydrogen
bromide, hydrogen chloride, phosphoric acid, nitric acid, and sulfuric acid) collected between 2017 and 2019 in
South Korea. Measurement characteristics and exposure levels (ELs) were analyzed by inorganic acid, industry
category, enterprise size, and measurement year.

Results: Measurement percentage dominated in time-weighted average (TWA, 91%) compared to short term
exposure limit (STEL) and Ceiling. Most of the measurements (79.7%) were collected from the manufacturing
category of industry. Medians of ELs were mostly low (<3% of the threshold limit), with the exception of
sulfuric acid (4.6% of TWA and 10.5% of STEL). The percentages of exceeding 1% of the occupational
exposure limits (OELs) in TWA were relatively high for sulfuric acid (35.8%) and hydrogen chloride (16.5%)
compared to the other acids (4.2%-6.6%). In addition, the percentages of exceeding 1% of OELs in STEL or
Ceiling were higher for sulfuric acid (22.9%), hydrogen chloride (12.3%), and nitric acid (8.2%) compared to the
other acids (1.2%-1.9%). The small-sized enterprises showed higher ELs in TWA; contrarily, the large-sized
enterprises had higher ELs in STEL or Ceiling.

Conclusions: The measurement characteristics and ELs identified in this study could be useful for establishing
safety and health policies for inorganic acids.
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Figure 1. Number of exposure data for inorganic acids
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Figure 2. Proportions of Exposure levels for 8-hour time weighted average (TWA), Ceiling, and short term exposure (STEL) as
compared to occupational exposure limit (OEL)

Table 1. Exposure levels of inorganic acids by occupational exposure limits (OELs)

Exposure level (%)

Classification Inorganic acid OELs Number - .
Median G.M. Range
Hydrogen fluoride 0.5 ppm 2,858 0.82 0.82 0.00~501.10
Hydrogen chloride 1 ppm 35,289 0.60 0.55 0.00~123.95
TWA Phosphoric acid 1 mg/m* 4,394 0.89 0.74 0.00~93.84
Nitric acid 2 ppm 25,824 0.25 0.24 0.00~188.89
Sulfuric acid 0.2 mg/m* 48,687 4.63 3.91 0.00~174.50
Ceiling Hydrogen fluoride 3 ppm 2,435 2.06 1.68 0.00~235.91
Hydrogen bromide 2 ppm 186 2.59 1.57 0.00~64.79
Hydrogen chloride 2 ppm 134 0.69 0.81 0.00~67.07
STEL Phosphoric acid 3 mg/m’ 8 0.66 0.62 0.20~1.97
Nitric acid 4 ppm 31 1.30 0.65 0.00~40.19
Sulfuric acid 0.6 mg/m’ 126 10.49 8.39 0.02~55.48

"G.M.: Geometric Mean
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Table 2. Median exposure levels of 8-hour time weighted average by large category of industry”

Inorganic acid Higher group

Lower group

Hydrogen fluoride Others (1.85%)

PS (0.68%)

Hydrogen chloride WR (0.60%). EG (0.63%)

Mf (0.65%), PS (0.56%), WS (0.62%),

HS (0.41%), Co (0.37%), PD(0.36%)

Phosphoric acid Mf (0.90%)

BM (0.14%)

Nitric acid Mf (0.27%), WS (0.28%)

PS (0.17%), HS (0.14%), BM (0.18%), PD (0.15%),
EG (0.13%), Others (0.15%)

Sulfuric acid Mf (5.00%), WS (5.00%)

PS (3.50%), HS (3.65%), Co (3.00%), BM (4.00%),
PD (3.35%), WR (3.55%), EG (3.67%), Others (3.63%)

"Mf(Manufacturing), PS(Professional, scientific and technical activities), WS(Water supply; sewage, waste management,
materials recovery), HS(Human health and social work activities), Co(Construction), BM(Business facilities management
and business support services; rental and leasing activities), PD(Public administration and defense; compulsory social
security), WR(Wholesale and retail trade), EG(Electricity, gas, steam and air conditioning supply)

Table 3. Median exposure levels of 8-hour time weighted average by manufacturing category of industry”

Inorganic acid Higher group

Lower group

Hydrogen fluoride OM(2.90%), Me(1.73%), BC(1.50%)

Se(0.68%), EC(0.60%), OC(0.52%)

Hydrogen chloride OF(1.60%), PS(1.01%), BC(0.91%)

MC(0.43%), Me(0.35%), SM(0.30%), Se(0.16%)

Phosphoric acid EC(1.34%), PS(1.37%)

0C(0.81%), Others(0.90%), BC(0.65%), SM(0.43%),
Se(0.49%), MC(0.41%), Me(0.55%)

OF(0.40%), OM(0.35%), BP(0.29%),

Nitric acid BC(0.30%), BI(0.24%)

PS(0.16%), Se(0.13%), SM(0.14%), Me(0.13%), MC(0.13%)

OF(8.00%), BP(7.80%), OM(6.05%),

Sulfuric acid BC(5.44%) PS(5.00%)

Others(4.00%), OC(4.00%), MC(3.70%), Me(3.73%),
SM(2.75%), Se(1.60%)

"OF(Manufacture of other fabricated metal products; metalworking service activities), Se(M. of semiconductor), EC(M. of
electronic components), OC(M. of other chemical products), BC(M. of basic chemicals), Me(M. of medicaments), BI(M. of
basic iron and steel), SM(M. of special-purpose machinery), OM(Other manufacturing n.e.c.), PA(M. of parts and
accessories for motor vehicles(new products)), BP(M. of basic precious and non-ferrous metals), PS(M. of plastics and
synthetic rubber in primary forms), MC(M. of medicinal chemicals, antibiotics and biological products)
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Table 4. Exposure Levels of inorganic acids by enterprise size (worker)

TWA STEL or Ceiling
e DALl Number Median p-value NT Median p-value
(5 162 0.87 128 1.49
5~49 733 0.99 654 1.86
Hydrogen fluoride 50~299 745 0.80 0.002 603 1.91 0016
»= 300 1,218 0.73 1,050 2.35
Total 2,858 0.82 2,435 2.06
(5 3 1.62
5~49 42 0.28
Hydrogen bromide 50~299 Not applicable 58 5.14 (0.001
»= 300 83 3.33
Total 186 2.59
(5 2,203 1.31 3 0.31
5~49 12,770 0.87 22 0.29
Hydrogen chloride 50~299 11,072 0.54 0.0071 41 0.24 0.001
»= 300 9,244 0.39 68 1.48
Total 35,289 0.60 134 0.69
(5 277 0.89
5~49 1,646 0.88 5 0.55
Phosphoric acid 50~299 1,383 0.91 0407 3 0.78 0.655
»= 300 1,088 0.91
Total 4,394 0.89 8 0.65
(5 2,150 0.38
5~49 10,572 0.32 3 0.50
Nitric acid 50~299 7,383 0.20 0.001 19 0.47 0457
»= 300 5,719 0.19 9 6.50
Total 25,824 0.25 31 1.29
(5 2,815 7.00 1
5~49 18,202 5.62 27 18.60
Sulfuric acid 50~299 16,022 438 0.0071 38 19.63 0.028
»= 300 11,648 3.45 60 7.36
Total 48,687 4.63 126 10.49
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Compound Year TWA STEL or Ceiling
. Number Median p-value Number Median p-value
2017 1,279 0.62 1,149 1.78
. 2018 835 1.14 608 2.73
Hydrogen fluoride 2019 a4 113 0.001 678 933 0.001
Total 2,858 0.82 2,435 2.06
2017 75 1.18
. 2018 ) 77 3.92
Hydrogen bromide 2019 Not applicable 3 63 0.043
Total 186 2.59
2017 10,968 0.76 52 1.32
. 2018 12,226 0.62 58 0.50
Hydrogen chloride 2019 12,005 0.48 0.001 o4 0.79 0.197
Total 35,289 0.60 134 0.69
2017 1,952 0.69 3 0.55
. ) 2018 1,451 1.04 -
Phosphoric acid 2019 991 102 (0.001 5 0.78 0.881
Total 4,394 0.89 8 0.65
2017 8,418 0.25 - -
L . 2018 8,833 0.26 21 0.21
Nitric acid 2019 8,573 0.24 @001 10 1.64 0499
Total 25,824 0.25 31 1.29
2017 8,573 0.24 70 13.33
. ) 2018 25,824 0.25 48 9.39
Sulfuric acid 2019 16.194 475 0017 g 979 0.280
Total 16,888 4.75 126 10.49
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