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Chemicals currently used in industries: 79,000

Chemicals with GHS classifications: 19,000

Chemicals with PELs: 491

Chemicals required for EM: 117
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(Others?)
49148 ¢ 37 R PELSZ $ B % — 23 Bl s d7 i3 > k2777
THEITERRR E P (|f monitoring => acceptable?)
# PELsz 4 4% 2 5 R34 (including both quali- and
guantitative)
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(Goals ?)

FiT ¥R B % Pl(other methods?)
FRFTTERSE K P (cost?)

BE (TITETRB TP 0 Bl T4k A EcF & (required

sample size?)

iR T gy~ 7 MO R BT T (fixed monitoring

frequency?)



Bl F AR 75 4 47 (Data analysis?)

S
TERBE LTRSS AR I L 2% (EM Report?)
¥ % & (Manpower?)

%8 % % ¥ (Professional Engineer vs. Technician)

7 ik 4 (Market vs. Ethics?)
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» ¥ #x > 2 2 (Industrial Safety and Health Law)

-~

» FEx s 2% 74 (Enforcement Order of the Industrial Safety
and Health Law)

¥ IR B R Lzéﬁ (Working Environment Measurement Standards)

v
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» ITEEB TG A ® (Working Environment Evaluation Standards)

» 7 83 & ¢ & Fg 1 R (Ordinance on Prevention of Organic
Solvent Poisoning)

» 4-¢ & 7p [# 3P| Ordinance on Prevention of Lead Poison

y FE LB 5 E L3R 2 2 (Ordinance on Prevention of Hazards
Due to Specified Chemical Substances)
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Substances listed below may be measured using a
detector tube.

Acetone Carbon tetrachloride
Cyclohexanone

1,2-Dichloroethylene (otherwise
known as acetylene chloride)

N, N-Dimethylformamide

Isoprovpyl alcohol

Isopentyl alcohol (otherwise
known as isoamyl alcohol)

Ethyl ether Styrene
Xylene Tetrachloroethylene (otherwise
Cresol known as perchlorethylene)

1,1,1-Trichloroethane
Trichloroethylene

Chlorobenzene

Chloroform
Tolune
Isobutyl acetate Carbon disulfide
Isopropyl acetate 2-Butanol
Ethyl acetate Methyl cyclohexanone

n-Butyl acetate
11



» AP B E AR
» & > fFd p AP (The Management of Health and
Safety Regulations)
» EE BT 4B (The Control of Substances
Hazardous to Health Regulations, COSHH)
y iR BT I FIRR]F 5 R4 (Approved Codes of
Practice, ACOP)

» & {4 Fipl 2K % (Monitoring Strategies for Toxic
Substance )
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» The monitoring shall be conducted on a regular basis

Workplace atmospheres —Guidance for the assessment of exposure by
Inhalation to chemical agents for comparison with limit values and
measurement strategy

01 64 weeks if the occupational exposure concentration does not

exceed 1/4 limit value;

0 32 weeks if the occupational exposure concentration exceeds 1/4
limit value but does not exceed 1/2 limit value;

01 16 weeks if the occupational exposure concentration exceeds 1/2
limit value but does not exceed the limit value.



» B > fF2 2 (Occupational Safety and Health Act,
OSH Act)
» £ R B =%+ 4. (Code of Federal Regulations) :

29CFR1910
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E-aEs SR D:
» Chemicals?

» Frequency?



» 1 T x >4 2 (Workplace Safety and Health

(General Provisions) Regulations)

» B RE E A A 732 3R &) (Guidelines on
sampling strategy and submission of toxic substances

monitoring/sample analysis report)
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T RAR 5
Concentration Frequency
< 10% of the PEL * No air monitoring is required

10 - 50% of the PEL At least once a year
> 50 - 100% of the PEL At least once every six months

> PEL At least once every three months, until
the exposure Is reduced to below the
PEL by appropriate control measures

*A re-assessment should be carried out if there is any change in the process.
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posure hazard rankings

posure hazard ratings

Exposure hazard zones

EX
EX
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nosure hazard classifications

posure control categories



AIHA exposure control category

Exposure Control Recommended Control Uncertainty
Category* Rating

0 (<1% of OEL) No action

1 (<10% of OEL) general HazCom

2 (10-50% of OEL) | + chemical specific HazCom

3 (50-100% of OEL) | + exposure surveillance, medical ngh

surveillance, work practices Medium
4 (>100% of OEL) | + respirators & engineering Low

controls, work practice controls

5 (Multiples of OEL;
e.q., based on
respirator APFs)

+ immediate engineering controls
or process shutdown, validate
respirator selection

* - Decision statistic = 95t percentile
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(Chemical Control Banding; CCB)
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W B 54 5 ¥ B (CCB)#iiv

Ministry of Manpower ( Singapore); Guidelines on risk assessment
for occupational exposure to harmful chemical

[nternational Labor Organization: International Chemical Control
Toolkit, CCTK )

Health and Safety Executive: Control of Substances Hazardous to
Health Essentials , COSHH Essentials )

The Minister of Health, Labor and Welfare (Japan) : Guidelines

for Risk Assessment on Chemicals
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( Semi-Quantitative Occupational Risk Prediction
Model for Chemical Exposures )



A Semi-Quantitative Occupational Risk
Prediction Model for Chemical Exposures

» The Exposure Hazard Index (EHI)
EHI = (T1) x (El) x (PDI)

Tl : Toxicity index mssss) T| = 2l416-logOEL-TWA)]
El : Exposure index wmssss) El =0.0023(T)-0.0037 (T : min)

PDI : Protection deficiency index
N : number of

PDI :(1_ MI x p|) ) Ml =0.2IN +0.18  management measures

Pl= Types of eng. control +PPE -2 0~1

Source: Wang et al., Int. J. Environ. Res. Public Health, 2013, 10:3157-3171.
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Example

Control priority Recommended industries EHI

First priority industries (EHI ranking =90t percentile; EHI =32.43)
Plastic products manufacturing (n=37) 43.47
Petroleum products manufacturing (n=7) 35.54
Metal products manufacturing (n=137) 33.17

Second priority industries (90t percentile >EHI ranking =70t percentile; 32.43>EH1=20.61)
Transportation manufacturing (n=17) 31.32
Electrical equipment manufacturing (n=22) 27.23
Electronic components manufacturing (n=34) 23.46
Chemical materials manufacturing (n=94) 21.66
Paper products manufacturing (n=17) 21.44

Third priority industries (70" percentile >EHI ranking =50t percentile; 20.61>EHI1=10.41)
Metalworking manufacturing (n=49) 17.29
Chemical products manufacturing (n=16) 14.06
Non-metallic mineral products manufacturing (n=15) 12.58

Leather products manufacturing (n=9) 12.03




B\ b 'ede s B5N:

( Quantitative Models for Occupational Chemical
Exposures )
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Completely mixing model

Two-zone model

Three-zone model

43



Example:

Completely mixing model



Example: Exposure Estimate

Simple Model:
_ G
Worst Case C= & m%/hour =18 mg/m’
3.6 m /hour

_ 35 mg/hour _ 3
Best Case ~ C= ;5 - =0.005 mg/m



Uncertainty and Acceptability

20

Concentration
(mg/M3)




Example: Exposure Estimate

Statistical Modeling:
Monte Carlo
Uncertainty Analysis

Forecast: Concentration

Generation Rate 10,000 Trials Frequency Chart
045 ;
; ' . 034 $even ‘. ........................................ L
35 65 : | Mean = 0.46
C —_ — 023 frlasmsssmsnsssasna e I
\entilation Rate 011 +---- .......5 ........................................ I

000 — : 3
000 044 088  1.31 1.75

3.6 940 Certainty is 95.30% from 0.00 to 1.75 mg/m3




Uncertainty and Acceptability
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Monte

Carlo
1.75

0.22 1

Concentration
(mg/M3)




Uncertainty and Acceptabllity

2 () s (JEL = 20

Concentration
(mg/M3)

OEL =10
Monte
Carlo
1.75
75 OEL =1

Which To Choose? Acceptable?




Uncertainty and Acceptabillity

2 () [ (JEL = 20
18 ——

Model

OEL = 10

Concentration
(mg/M3)

OEL =1

0.065 0.22

Which To Choose? Acceptable?




Uncertainty and Acceptabllity

20

Concentration
(mg/M3)
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Qualitative | "

Assessment | o

or Validated |37 |
0 05

Model

Frior

Exposure Rating

Exposure Control
Category™*

Recommended Control

0 (<1% of OEL)

No action

1 (<10% of OEL)

general HazCom

52

2 (10-50% of OEL)
3 (50-100% of OEL)

+ chemical specific HazCom

+ exposure surveillance, medical surveillance, work

practices

. 4 (>100% of OEL)

+ respirators & engineering controls, work practice

controls
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( Quantitative Monitorings for Occupational
Chemical Exposures )
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I BB 5 pIFT (Lacking long-term data)

» BERAIERISE (surrogate data)
> EMERBEEE

)y M EEEEN Prior distribution

> EERRBEGEETHE-Modeling

> EERBELEIE-EM

y BARBEIEEHE Likelihood distribution

> HERETEEENE
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Posterior distribution




Example:

Model + EM + Bayesian Decision Analysis



Why do we need Bayesian decision analysis?

Monitoring Results:

0.05
0.14
0.21
0.37
0.78

mg/
mg/
mg/
mg/
mg/

OEL=10 mg/m3

0. 95%ile

4= 02

D-O[?L UTLose, 050 =
0. 16 mg/M3

0 0.5 1.0 1.5 2.0
Concentration (mg/M?)

Exceeding OEL?




Bayesian decision analysis result

Monitoring Results:

Likelihood
0.05 mg/M3 £ 0553
0.14 mg/M3 | & ] [ =
0.21 mg/M3 504

2 1[0 0.01

0.37 mg/M3 g - = T
0.78 mg/M? o 1 2 3 4

Exposure Rating
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2( Frior
Qualitative |£ "
EU.S: m
Assessment | oo — = =
or Validated | 2 {2 o
Cato. SOSH Model G
Ss. 0 1 2 3 4
1.751 lll,l. Exposure Rating
Likelihood
0.05 mg/M3 Monitoring g 3 5553
0.14 mg/M? Results 5.1 | C=
0.21 mgll\/|3 EM; 0 0.01J[ 0000
2024
0.37 mg/M3 S ol

078 mg/M3 ) ’ B 1B<p05ufel%iting3 ) |




1

2 Frior
Qualitative |£ "
30.8: m
Assessment | Zos |
or Validated| £,
calo S8 Model > o
[1];’; l1llll Exposure Rating
Likelihood
0.05 mg/M3 Monitoring £ |
0.14 mg/M? Results S =
0.21 mg/IVI3 éon 0 001 ][00
0.37 mg/M? &l
0.78 m g/ M- ’ 1Bq:murze I%ting:3 )

Fosterior

Integrated

£ 1 0683 'I
Exposure g
Assessment | sosf 0
8024
Q 0:. . -
0 4
BExposure Rating




Frior

Exposure Control
Category™

Recommended Control

0 (<1% of OEL)

No action

1(=10% of OFL)

Geperal Haz Com

=

2 (10-50% of
OEL)

3 (50-100% of
OEL)

+ Chemical specific Haz Com

+ Medical surveillance, work practices

Expasure Rating

£ 14

LEE

S0 [04

£ 064

5049

.0 b

§02]

] 0]
1 2 3
Exposure Rating
Likelihood

a4 |

£ 3 0553 |

.C‘IUE.

399 0436

Py

& 069

c F

S04 001 0.000

902 —

271

0=

1 2 3 4
Exposure Rating
Fosterior

£ 14 {06831

8053 —

[=] ]

5:0_6:

6044

.0 1 0

8024

Q o]

4 (>100% of OEL)

+ Respirators & engineering controls, work
practice controls

Multiples of OEL
(l.e., based on
respirator APFs)

+ Immediate Engineering Controls or Process
Shut Down, Validate Acceptable Respirator




Thanks and please comment.



