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LD, BB 348

Ak LD,
55 (super toxic) <5 mg/kg
fii 55 (extremely toxic) 5 ~50 mg/kg
=15 (highly toxic) 50 ~ 500 mg/kg
25 (moderately toxic) 0.5 ~ 5.0 g/kg
ez (slightly toxic) 5 ~ 15 g/kg
it (practically nontoxic) >15 g/kg
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K EZR KE8 0.1
H( R oy 0.001
RNBEIRET A K Bl 0.00001
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LD, BB 348

Ak - LD,
5 (super toxic) <5 mg/kg
fii 55 (extremely toxic) 5 ~50 mg/kg
=15 (highly toxic) 50 ~ 500 mg/kg
FZ£5F (moderately toxic) 0.5 ~ 5.0 g/kg
iz (slightly toxic) 5 ~ 15 g/kg

fit 5 (practically nontoxic)

>15 g/kg
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i) % FR, 10,000
DDT KER 100
Eral KE8 1
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H( R oy 0.001
RNBEIRET A K Bl 0.00001
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Aok PR PR & &R ok

4% K4 : 0.046ppm _Ee 61

pH1{E : 6.7 | #Es/H s E : 153°C

hmtt (EIM AM): — B3 K X : 58.0C

TRARE  — AMEF % (AR EH): B

B ME K :445C 1B PR ¢ 2.2% (100°C)~15.2% (1007C)
#A#A & : 2.7 mmHg (201C) AREA 251 (Z48-1)

FE 1095 (K=1) BARE I E2EMRK

¥ 85k k# (log Kow) @ -1.01
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A Practical Approach to Control Chemical Exposures of the Screen
Washing Task in A Printed Circuit Board (PCB) Manufacturer

M
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Description

Cleaning the ink residues on the screen printing
template is a manual task in this PCB manufacturer.

» Solvent mixtures were (1) toluene, n-butyl acetate and cyclohexanone

and (2) 2-butoxyethanol.

To reduce the workers' solvent exposures

» Improved the local exhaust ventilation (LEV) system in the screen
washing room

» Evaluated the protection efficiency of chemical protective gloves

Both reduced the workers' exposures via inhalation and
skin contact significantly.




Solvents

 The printing inks are composed by aliphatic, aromatic, ketones, esters, alcohols
and ethers, mostly hydrophobic chemicals.

» Toluene-based organic solutions are selected as the cleaning solvents to remove
the ink residues on the screens, scrapers and other tools usually. (Lin, 2011)

« Benzene, toluene, and xylenes - the most common solvents in the screening
printing process. (White et al, 1995)

76




Exposures vs. Syndromes

 The highest exposure area - the printing ink preparation area and the
screen washing room

 Those with high chronic exposure demonstrated significantly poor
performance on visual memory tasks and mood.

 The solvent mixtures being used in this process might not induce a

significant clinical disease but would affect the central nervous system
function

(White et al., 1995)
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Situation/Problem

Evaluation \ Control \ \
Management

(Measurement) (LEV & PPE)
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A Manual Task

« Task:

« Workers removed the ink residuals from the screen templates by scrapers on the printing site and
delivered them to the washing room once the printing process was completed

« Each template was wiped 3 to 5 times by the cloth, saturated with cleaning solvent, till all of the
residuals were removed for both side.

« Duration and frequency:

« ~ 5 minutes to clean a screen template

« 7 ~10 screen templates were cleaned by 1 or 2 workers per shift
. PPE:

 Natural rubber gloves, charcoal masks, and goggles
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Concerns and Recommendations

Efficiency of the LEV 1

« According to the reported toluene concentration, inspection
of the LEV system was required.

Dermal Protection

* No permeation behavior parameters of the gloves they were
using, evaluations were recommended.
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Modification of the LEV System

« Opened 3 exhausted slots at the heights of 82 cm, 107 cm and 137 cm to evacuate
the organic vapors near the workers’ breathing zone

« A one-day work to complete this project without interrupting the production too
much

@ EH

I ‘ 8" fe
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Protective Gloves Evaluation — Tested Gloves

Test Strategy

Size
Type of Glove Manufacture Thickness

Natural Rubber Jan Fu, Taiwan 9" ~ 10"
Butyl Rubber 10" Samples were
(B131) North, USA 0.33mm collected every 5 min
at the first 30 min and
Nitrile Solva-Gard®, 10" EVery 10 min from.the
(SG-133) Malaysia 0.28 mm 30 min till 1220 min.
Neoprene ® : 9"
(NS-4,50) MAPA®, Malaysia 0.76 mm
10" Samples were
Silver Shield® North, USA 0.0 tmm collected every 15 min
o7 forghrs.




Glove Selection Recommendations

Natural
Butyl Rubber Nitrile Neoprene Silver Shield®
Rubber Y P
Banana oil 40 min 15-20 mMin 15 min 20 — 25 min > 240 mMin
2-Butoxyethanol >120 mMin >120 min 110 min >120 mMin > 240 mMin

Silver Shield gloves provide the best protection but were not recommended
Expensive, uncomfortable and inflexible
The natural rubber gloves can prevent these organic solvents for 40 minutes

As the ink-cleaning is a short-term task, natural rubber gloves could be an appropriate
hand protection choice.

Workers should change the gloves often and should not reuse the gloves.
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Conclusions

 Engineering control is always the first priority to reduce the workers' exposures
from the occupational hygiene aspects.

« Skin contact is another significant and unavoidable route for this particular group.

e This is a feasible solution for this multi-exposures routes work group.

« The recommendations were proposed based on the current facilities, no significant
changes were made.

« The on-site OH technicians/specialists were trained concurrently to inspect the
performances of all exposure controls.
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Uses of 1-Bromopropane

e In the past
 Solvents for fats, waxes or resins

« Intermediate in the synthesis of pharmaceuticals, insecticides, quaternary
ammonium compounds, flavors, or fragrances

e In recent years

« Solvent cleaner in degreasing operations to clean optics, electronics, and
metals

« Aerosol-applied adhesives

« Dry-cleaning industry — replacing ozone-depleting chemicals or suspected
carcinogens
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Occupational Exposure — Aerosol Spray

[Cz:%ir:::;’n\(ear] 1-BP Concentration (ppm) NSlJanr‘:1bF:elre§f N
Adhesive Spray Application [NIOSH, 2003]
[USA, 1999] 8-hr TWA Foam cushion fabrication
[USA, 2001] Range 18 — 254 16 Sprayers
[USA, 2001] Range 7-281 13 Sprayers
Range 0.1 - 4.9 27 Unexposed workers
Adhesive Spray Application [Hanleyetal,,
2006] 8-hr TWA Foam cushion fabrication
[USA, NR] Range 45—200 26 Sprayers
Range 0.6 — 60 34 Non-sprayers
Qgiefllesive Spray Application [Toraasonetal, Cushions for upholstered furniture
workers
[USA, 2001] 8 —10-hr TWA
Range 0.2 —271 41 Sprayer: 8385 (n = 13)
Non-sprayer: 2+2
Range 4 —27 22 Sprayer: 2145 (n = 6)
Non-sprayer: 5+1
ﬁ)gﬂ]'\esive Spray Application [Majersiketal,, 7-hr TWA Foam cushion fabrication workers
[U7SA, NR] Range 92 —127 6 .




Occupational Exposure — Cleaner

&Fz)ir:::;,nYear] 1-BP Concentration (ppm) N;an;b;;gf

Degreasing [Hanely etal., 2010] 8-10 hr TWA

[USA, NR] Range 0.56 — 14.4 22 Workers near degreasers
Range 0.077 —1.33 9 Workers away from degreasers

Dry Cleaning [Blando et al., 2010] 8-hr TWA

[USA, NR] Range ND — 54 8 Machine operator

Range ND — 22 6 Clerk

Metal Cleaning [Wangetal,, 2015] 8-hr TWA

[Taiwan, 2013] Range 97.3-188.6 3 Area sampling

Adhesive Manufacturer [Hanely etal,, 2010] 8-10 hr TWA

[USA, 2005 - 2008] Range 0.264 —3.79 3 Directly used 1-BP
Range 0.072 —1.59 8 Did not use 1-BP
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Occupational Exposure — Production

. Number of
1-BP Concentration (ppm) Samples
1-BP Manufacturer [Ichihara et al. 2004a] 8-hr TWA
[China, NR] Range 0.9 —170.5 24 Operators (Female)
ND - 43.3 13 Various (Male)

1-BP Manufacturer [Ichihara et al. 2004b] 8-hr TWA
[China, NR] Range 0.34 —49.2 23 Material/Product handlers

(Female)
1-BP Manufacturer [Lietal. 2010] 8-hr TWA
[China, NR] Range 0.07 —106.4 60 Material/Product handlers

(Female)

Range 0.06 —114.8 26 Material/Product handlers (Male)
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Health Effects

« Carcinogen

« Reasonably anticipated to be a human carcinogen (2-yr animal study - adenoma of large
intestine, skin carcinoma, and alveolar/bronchiolar adenoma and carcinoma (NTP, 2013)

2B - possibly carcinogenic to humans (IARC, 2018)
« A3 —animal carcinogen(ACGIH, 2014)
» Neurotoxicity
e CNS impairment
« Peripheral neuropathy

« Hematologic effects

 Reproductive and development toxicology
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Exposure Assessment

Walkthrough, Sampling, and Quantitative Measurements




Company &

Location

Plant Backgrounds

Process

No. of Samples
[Sampling Dates]

[Plant 1] 10-15 workers were responsible for cleaning, drying golf clubs as well as 10 personal samples
Golf-Club inspecting the products. 49 area samples
Cleaning 1-BP was kept in the washing tank, which was maintained at -10°C to minimize
Kao Hsiung the vaporization of 1-BP.
City Workers manually immersed the basket into the tank, took it out, and shook

to dry manually.
[Plant 2] An enclosure degreaser machine operating operated in a semi-opened area 11 personal samples
Electronic 1-BP as the cleaning solvent 15 area samples
Manufacture 1 or 2 operators put the basket with electronic parts into the cleaner, leaved
Kao Hsiung and came back to pick up the basket.

City

He/she stayed in the area for about 10 minutes for each task.
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Hand Protection Solution for Plant 1

Glove Permeation verifications and recommendations
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Gloves for Permeation Test

Type of Glove Manufacture Size Thickness
Natural rubber latex (NRL) North 9" 0.46 mm
USA
. North |
Nitrile (NR) USA 9 0.28 mm
North |
Butyl rubber glove (BR) 10 0.33mMm
USA
Neoprene rubber glove (NP) MFAIEA M 0.9 mm
Silver Shield® glove (SH) NUOSth 10" NA




Permeation Test Results
By ASTM F739 Method

« Neoprene glove
« Nitrile glove

« NRL glove

« Butyl glove

IARC: Among workers, the monograph notes that “"dermal
exposure can be a significant source of 2-bromopropane
absorption and most common glove and chemical protective
materials do not provide adequate skin protection.”

« Silver Shield: no breakthrough was detected with the 8-hr test
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Enclosure Recommendation for Plant 2
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Ventilation System

Inspection Improvement
A non-totally enclosed local « Sealed the open slots underneath
exhausted system — 1-BP the washing machines

diffused to the workplace
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