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ABSTRACT

Objectives: The study aim was to evaluate the application of a chemical exposure assessment tool for the Korean
workplace. The Ministry of Employment and Labor in Korea (KMOEL) introduced the need for workplace risk assessments
in 2011, requiring the Korean chemical industry to consider both domestic and international chemical regulation policies
(e.g., estimations of exposure scenarios). Exposure scenarios are required in the European Union as part of material safety
data sheets (MSDS) under the Registration, Evaluation, Authorization, and Restriction of Chemicals (REACH) system.
Methods: Although many programs for the estimation of exposure have been developed worldwide, to date there is no
standard for the Korean workplace. To develop programs suitable for the Korean workplace, we examined the applicability
of the European Center for Ecotoxicology and Toxicology of Chemicals target risk assessment (ECETOC TRA), which is
recommended by the European Chemical Agency (ECHA).

Results: To investigate the applicability of the ECETOC TRA to Korean industry, this study simulated 15 industrial
processes. The predicted respiratory exposures for four processes using origin input parameters were underestimated
compared to the measured respiratory exposure. Using calibrated input parameters, results for two processes were
underestimated compared to the measured respiratory exposure. This result suggests that the use of calibrated input
parameters reduces the differences between predicted and measured respiratory exposure.

Conclusions: we developed applicable exposure estimating method by modifying the ECETOC TRA program; one
suggested the development of exposure estimating program that explains Korea domestic workplace exposure scenario.This
study will support the introduction of exposure scenario in MSDS system and protect health of worker from hazardous
chemical.

Key words : REACH, Risk Assessment, Exposure Scenario, Exposure Estimation Tool, ECETOC TRA
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Table 1. Input parameters of chemical substance for predicting worker exposures

Input parameters
Substance Name TCE IPA Toluene TDI Pb Oxidized Iron
CAS Number 79-01-6 67-63-0 108-88-3 584-84-9 7439-92-1 1309-37-1
Molecular Weight 131.4 60.1 92.1 174.16 207.2 159.7
Indicative Reference
Value(Inhalation) mg/m3 270 480 188 0.04 0.05 3
Basis of the Inhalation OEL OEL OEL OEL OEL OFEL
Indicative Reference Value
Solid No No No No Yes Yes
Dustiness - - - - High / Medium Low
Volatility(Pa) 7,800 4,200 3,800 10.67 - -
Table 2. Categories of dustiness of solid materials
General description Relative dustiness potential Typical materials TRA Values
Not dusty 1 Plastic granules®, pelleted fertilizers L
ow
Slightly dusty 10 - 100 times dustier Dry garden peat, sugar, salt
Dusty 100 - 1,000 times dustier Talc, graphite Medium
Very/extremely dusty 1,000 - 10,000 times dustier Cement dust, milled powders, plaster flour lyophilised High

powders,(process fumesb)

* Exposures to materials where a substance is contained and bound in a matrix(e.g. pigment within a plastic, filler within paint)
should also be included in this categoriy. Although the real exposure is actually determined by a combination of physical form and
the bioavailability of the substance within the matrix, because the bioavailability is very low under such circumstances, then thes

will result in a low exposure potential.

® Process fumes (e.g. rubber, welding, soldering) behave like gases and would be considered within this category if exposure to such

complex mixtures are considered in any risk assesment.
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Table 3. Input information for working condition of company using chemicals

Company  Substance Process Use ou tdoor/ Ventilation Working ];?Zrt);rcitigrny Mixture Coqtent in
name name indoor hour . Mixture
& Efficiency

A TCE Wash Industrial Using indoor Yes > 4hours No No 100%
IPA Mix Industrial Using indoor Yes 1 ~4hours Yes & >90% Yes 5~25%

B O"I‘r‘gfd Mix Industrial Using  indoor Yes 1 ~4hours Yes & >90%  No 100%

C IPA Laboratory  Industrial Using indoor Yes 1~4hours Yes & >90% Yes > 25%

D Toluene Paint Expert Using indoor No > 4hours No Yes > 25%

E Toluene Repare Expert Using outdoor Yes > 4hours No Yes 5~25%

F Toluene Paint Industrial Using  outdoor Yes 1 ~4hours No Yes > 25%

G TDI Punch Expert Using indoor No > 4hours No Yes 1~5%
TDI Adhesive  Industrial Using indoor Yes 1~4hours Yes & >90% Yes 1~5%

H Pb Dissolve Industrial Using indoor Yes > 4hours  Yes & >90% No 100%

I Pb Dipping  Industrial Using  indoor Yes 15‘?}‘1‘;‘;?“ Yes & >90%  No 100%

] Pb Mix Industrial Using indoor Yes 1 ~4hours Yes & >90% No 100%

Pb Press Industrial Using indoor Yes > 4hours  Yes & >90% No 100%

K Pb Mix Industrial Using indoor Yes 1 ~4hours Yes & >90% No 100%

Pb Paint Industrial Using indoor Yes > 4hours  Yes & >90% No 100%

Table 4. Predicted respiratory exposure as a result of simulation

Predicted Risk Characterisation

Company name/

Predicted respiratory

Process Category respiratory -respiratory
Substance name exposure (ppm) exposure (mg/m3) Margin of Exposure”

A/TCE-1 13-Treatment of articles by dipping and pouring 50.0000 273.7500 1.0139

B/IPA-1 4-Use in batch ant_l other process(syn_thems) 0.0360 0.0902 0.0002
where opportunity for exposure arises

B/Oxidized Tron-1 5—M1x1pg or blendmg‘ m.batch processes } 0.0015 0.0003
(multistage and/or significant contact)

9-Transfer of chemicals into small containers

C/IPA-1 (dedicated filling line) 3.0000 7.5125 0.0157

D/Toluene-1 11-Non industrial spraying 25.0000 95.9375 0.5103

E/Toluene-1 10-Rollerapplicationorbrushing 2.1000 8.0588 0.0429

F/Toluene-1 7-Industrial spraying 105.0000 402.9375 2.1433

G/TDI-1 11-Non industrial spraying 20.0000 145.1333 3628.3333
G/TDI-2 10-Roller application or brushing 0.1200 0.8708 21.7700
H/Pb-1 25c-Hot work operations w1_th metals ) 0.0250 0.0500
-pt>mp- High Fugacity

[/Pb-1 13-Treatment of articles by dipping and pouring - 0.1000 0.2000
25c-Hot work operations with metals

J/Pb-1 -pt>mp- HighFugacity - 0.0050 0.6000

1/Pb-2 5-M1x1r}g or blendlng. 1n'batch processes ) 0.0025 0.1000
(multistage and/or significant contact)

K/Pb-1 5—M1x1pg or blendmg‘ m.batch processes } 0.0025 0.0500
(multistage and/or significant contact)

K/Pb-2 7-Industrial spraying - 0.0500 0.0500

value > 1 : underestimation, value < 1 : overestimation
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Table 5. Comparison of predicted and measured exposure excluded respiratory protection efficiency

AT 195

Predicted  Predicted respiratory =~ Measured Comparison of measured
Company name/ Process Category respiratory exposure excludgd respiratory  and predicted re;plratory
Substance name exposure  respiratory protection  exposure exposure
(mg/ms) efficiency (mg/m3) (mg/m3) (measured/predicted)
A/TCE-1 13-Treatment of articles by 273.7500 273.7500 236.1707 0.8627
dipping and pouring
4-Use in batch and other
B/IPA-1 process(synthesis) where 0.0902 1.8030 0.0397 0.0220
opportunity for exposure arises
5-Mixing or blending in batch
B/Oxidized Iron-1 processes (multistage and/or 0.0015 0.0300 0.0397 1.3233
significant contact)
9-Transfer of chemicals into
C/IPA-1 small containers 7.5125 7.5125 26.6677 3.5498
(dedicated filling line)
D/Toluene-1 11-Non industrial spraying 95.9375 1918.7500 7.4772 0.0039
E/Toluene-1 10-Roller application or brushing 8.0588 161.1750 0.1657 0.0010
F/Toluene-1 7-Industrial spraying 402.9375 402.9375 5.2699 0.0131
G/TDI-1 11-Non industrial spraying 145.1333 145.1333 0.0005 0.0000
G/TDI-2 10-Roller application or brushing 0.8708 0.8708 0.0000 0.0000
H/Pb-1 25¢-Hot work operations with 0.0250 0.5000 0.1864 0.3729
metals -pt>mp- HighFugacity
I/Pb-1 13-Treatment of articles by 0.1000 0.1000 0.0000 0.0000
dipping and pouring
1/Pb-1 25¢-Hot work operations with 0.0050 0.0050 0.0110 2.2000
metals -pt>mp- HighFugacity
5-Mixing or blending in batch
J/Pb-2 processes (multistage and/or 0.0025 0.0250 0.0310 1.2400
significant contact)
5-Mixing or blending in batch
K/Pb-1 processes (multistage and/or 0.0025 0.0500 0.0164 0.3280
significant contact)
K/Pb-2 7-Industrial spraying 0.0500 1.0000 0.0196 0.0196
* value > 1 : underestimation, value < 1 : overestimation
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1. 2. 3. 4. & 6. 7. 8.
PROC SU Codes Initial Exposure EM2 EM3 EM4 Final
Codes Exposure Modifier 1 Exposure Respiratory Preparation Predicted
Estimate Ventilation Duration Protection Exposure
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List to industrial the same for presence account for account for Raoult’s Bgoure sain
reflect activities modified or absence duration in the actual Law Togeher uith
nature of (SU3) or EASE of extract line with Protection to be rdeat
IR & CSA E> public Q model but E> Ventilatin. Table H of I:> Factor(PF) E> applied E> Relevant SU
TGD ie. domain extended to Assumed TR93 rather than and PROCs
metals (SU22) to account for Efficiency to assumed Finel predicted
process inform the #1&H#2 be exposure
assumption Displayed including
behind likely *If ventilation.
efficiency of N e %
RMMs diidaty ’
APF of any
RPE specified
*Cs such as
athity, dretion
and % in
preparation
Fig. 1. Structure for predicting worker exposures based on simulation.
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Table 6. Factors applied to duration of activity.

Duration of activity Exposure modifying factor
> 8 hours 1.5
4~8 hours 1
1~4 hours 0.6

15 minutes ~ 1

hour 0.2

< 15 minutes 0.1
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Table 7. Comparison of predicted and measured exposure
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Predicted  Predicted respiratory = Measured Comparison of measured
Company name/ Process Category respiratory exposure excludgd respiratory  and predicted re§p1ratory
Substance name exposure  respiratory protection  exposure exposure
(mg/m3) efficiency (mg/m3) (mg/m3) (measured/predicted)
A/TCE-1 13-Treatment of articles by 273.7500 273.7500 236.1707 0.8627
dipping and pouring
4-Use in batch and other process
B/IPA-1 (synthesis) where opportunity for 0.1803 3.6060 0.0397 0.0110
exposure arises
5-Mixing or blending in batch
B/Oxidized Iron-1 processes (multistage and/or 0.0030 0.0600 0.0397 0.6617
significant contact)
9-Transfer of chemicals into
C/TIPA-1 small containers 15.0250 15.0250 26.6677 1.7749
(dedicated filling line)
D/Toluene-1 11-Non industrial spraying 95.9375 1918.7500 7.4772 0.0039
E/Toluene-1 10-Roller application or brushing 16.1175 322.3500 0.1657 0.0005
F/Toluene-1 7-Industrial spraying 805.8750 805.8750 5.2699 0.0065
G/TDI-1 11-Non industrial spraying 145.1333 145.1333 0.0005 0.0000
G/TDI-2 10-Roller application or brushing 1.7416 1.7416 0.0000 0.0000
H/Pb-1 25¢c-Hot work operations with 0.0500 1.0000 0.1864 0.1864
metals -pt>mp- High Fugacity
I/Pb-1 13-Treatment of articles by 0.2000 0.2000 0.0000 0.0000
dipping and pouring
J/Pb-1 25¢c-Hot work operations with 0.0100 0.0100 0.0110 1.1000
metals -pt>mp- High Fugacity
5-Mixing or blending in batch
J/Pb-2 processes (multistage and/or 0.0050 0.0500 0.0310 0.6200
significant contact)
5-Mixing or blending in batch
K/Pb-1 processes (multistage and/or 0.0050 0.1000 0.0164 0.1640
significant contact)
K/Pb-2 7-Industrial spraying 0.1000 2.0000 0.0196 0.0098

value > 1 : underestimation, value < 1 : overestimation
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