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The IH Decision-making Framework and Process
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Exposure Assessment vs. Risk Assessment

For the industrial hygienist, exposure assessment and risk assessment are
inextricably mixed such that they cannot be reasonably separated. Consider the

LB B B __§ N N N N _§B _§B &R §B N B | N N S S . .y

|r Health Risk = (Exposure)(Toxicity) :

In the world of inau-sﬁ'ﬁrhyglene, evaluafion of exposure is fully half the
assessment of health risk. The other half is evaluation of the health effects
per unit exposure, or the tﬂxicigz of the agent to which the worker is exposed.
Thus, any exposure in an industrial hygiene sense is only meaningful in its
relationship to the health effects the exposure might cause.

This book will not go into detail on the evaluation of agent toxicity. It is
mentioned here, however, to highlight the important connection and interaction
between the toxicity and the exposure in eventually determining the health risk.

The industrial hygienist’s ultimate goal is to provide reasonable assurance
of worker health. In this regard, what one does about risk is called risk
management. Control of health hazards can be considered a risk management
function. Here again, there is interaction with risk assessment in that good risk
management 1s almost always predicated on good risk assessment, which in turn
is driven by the quality of the industrial hygienist’s exposure assessments. %

Health Risk = (Exposure)(Toxicity)

Occupational Exposures
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Exposure assessment’ s central role in industrial hygiene program management (Mulhausen and Damiano, 1998)
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e Health risk assessment
e Critical work of industrial hygienists (i.e., IHst)

« The essence of health risk assessment:
» Exposure
o Health effect

 Health Risk = f (exposure, health effect/exposure)

e Stock-in-trade
» Toxicologist and Epidemiologist: health effect/exposure
 |Hst: exposure
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« Exposure risk assessment
» Exposure
 Exposure limit

 Exposure risk= f (Exposure/Exposure limit)
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A Semi-Quantitative Method

to

R
Assess Occupational Exposure

to

Harmful Chemicals
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* CNS 1503085 REfEE{L® M (CCB chemicals)

- ST ERFRBEXE(LE M (Modeling chemicals)

- R IBIRIMEE R 2 LR R (EM chemicals)
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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
High
3 (50-100% of OEL) + exposure surveillance, medical surveillance, Medium

work practices

4 (> 100% of OEL)

+ respirators & engineering controls, work
practice controls

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

+ immediate engineering controls or process
shutdown, validate respirator selection

Low

* - Decision statistic = 95t percentile

40
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ontrol of Substances Hazardous to Health

Essentials, COSHH Essentials )

<« C M O www.hsegov.uk/c

() Read tLater @ Amazon

Healtn & Satety Executive
Reducing risks,
HSE protecting peopie

Easy steps to control health risl

t COSHH Essentials
Worked Example

UTI Small Business Service
Environment Agencies

@ Mark As Read O Reading List () Read Later (£) Bookmark on Delici..

emicals

dex.htm

COSHH ESSENTIALS
Easy steps to control health risks from chemicals.
COSHH Essentials provides advice on controlling the use of

chemicals for a range of common tasks. eg mixing. or drying. Click
here for an example of the type of advice you will receive.

For most tasks this website will take you through a number of steps
and ask for information about wyour tasks and chemicals. This
assessment will take several minutes to complete.

But for some processes, tasks or semices you can now get direct
advice. Click here for an example of the type of advice you will

receive.
Click here to get started

() Read with RekindlelT Y Stumble > (T) Pres

COSHHEo ENTIALS

http://www.hse.gov.uk/coshh/essentials/index.htm



COSHH Essentials

1. Assign hazard group

2. How much is used?

3. Determine dustiness [/ volatility

4. ldentify control approach

5. Find appropriate control sheets
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e 1 Assign hazard group

COSHH Essentials

A B C D E S

R36 R20 R23 R26 R40 Muta cat 3 R21

R36/38 R20/21 R23/24 R26/27 R42 R24

R38 R20/21/22 R23/24/25 R26/27/28 R42/43 R27

R65 R21, R23/25 R26/28 R45 R34

R66 R21/22 R24 R27 R46 R35

R67 R22 R24/25 R27/28 R49 R36

All dusts and R25 R28 R36/37

vapours not R34 R40 Carc. Cat. 3, R36/37/38

allocated to R35 R48/23 R36/38

another band R36/37 R48/23/24 R38
R36/37/38 R48/23/24/25 R41
R37 R48/23/25 R42
R37/38 R48/24 R42/43
R41, R48/24/25 R43
R43, R48/25 R48/21
R48/20 R60, R48/21/22
R48/20/21 R61, R48/22
R48/20/21/22 R62, R48/23
R48/20/22 R63, R48/24
R48/21 R64 R48/24/25
R48/21/22 R48/25
R48/22 R66
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COSHH Essentials

e 2 How much is used

S solids  |tiquids

Small Grams millilitres
Medium Kilograms litres
Large Tonnes Cubic metres
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COSHH Essentials

e 3 Determine dustiness/volatility

Solids — How dusty?

Low

Medium

High

Pellet-like solids that don't break up.
Little dust visible during use

Crystalline, granular solids.
When used, dust is seen but settles out
quickly

Fine, light powders.
When used dust clouds remain in air for
some time

Liquids — How volatile?

Graph to select volatility of liquid

300

250

200

150

100

Boiling point of liguid °C

50

20 !i:ﬂ 75 1l.ilﬂ 125 150
Operating temperature °C °*




COSHH Essentials

e 4 |dentify control approach

65



COSHH Essentials

5 Find appropriate control sheets
Control Approach

e
used

Hazard group A
Small 1
Medium 1
Large 1

Hazard group B
Small 1
Medium 2
Large 2

Hazard group C
Small 2
Medium 3
Large 4

Hazard group D

Small 3
Medium 4
Large 4

Hazard group E

For all hazard group E, substances, choose control approach 4

O TS e O

Local exhaust
ventilation

Enginecring control P2 00

¥ Bmbic sccss b tho working ama. 1o sushotsed stff anly

Dresigm and aguipment
¥ Aty e sabumst varsleion LTV et the source of mepsu o capaes the

1o e Pt
¥ Erciema e soros of dest o sEpau e wuch Bs possiie m halp stop i

¥ Wit saposes o dese, you can e-crousis desn (ksrsd ae it B
ecrbemam

Erudoomant Sgoncy. b Gootond conmt 3 * i

- E . M D SEpOsES T AR, FeCRCLNEOn K RN ot

ey CSEPES. Ty wil st e gl Aaintenance

I AT Ay W o Mz e LEY a5 advised by #16 mippien in sfferiva and sficons workeg

AN s i Claniag and dEchagng s 66
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EMKG-1

Step 1: Hazard Group (HG) Inhalation

Start by determining the hazard group (for substances:

by means of occupational exposure limit (OEL) or classification R-phrases/
H-statements and for mixtures by means of classification R-phrases/
H-statements).

See safety data sheet for this information (SDS sections: 2, 8)

OEL according to TRGS 900

R- phrases, H-statements,

TP —— e —— in case there is no OEL in case there is no OEL
Mo H-statement, H319,
1< QEL =10 Mo R-phrase, R36, R37, R65, R67 | A | (350" 1356 H304
0.1 OQEL =1 5 < OEL = 50 R20, R22, R41, Re&/20, Re8f22 B H302, H332, H318, H37 1
R23, R25, R29, R31, R34, R35, H3ol, H331, H314, H334,
0.071 < OEL = 0.1 05 <0OEL=5 R40, R42, R62, R63, REE, R39/23, C H3417, H351, H361f H3&514d,
R39/25, R4 20, R4s 22 H370, H373, EUHO3 T

R26, R2Zs, R32, R61, R39/26,
R39/ 25, R45/23, R45/25

QEL = 000l OEL = 0.05 R45, R46, R49, ReD

H3oo, H330, H3soD, H372,
ELUHO32

H3 40, H350, H350i, H360F

Q.00 = OEL =001 0.05% < OEL = 0.5




EMKG-2

Step 2: Release Group

Mext, select the physical state (solid or liquid) and determine
boiling point/vapor pressure for liquids or dustiness for solids.

See safety data sheet for this information (SDS section: 9)

Solids

(dustiness)

LOW

MEDIUM

granules, pellets,
wWax

coarse powder [e.g.

was hing powder, sugar)

fine powder {e.g. flour,
torer)

Liquids
(boiling poimt® or
VEpor pressure)

Fapplies to work
done at room
temp=rature

mare than 1507C

50 1o 150°C

less than %0°C

less than 0.% kPa

0.5 to 25 kPa

mare than 25 kPa
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EMKG-3

Step 3: Quantity Group
Estimate the quantity used per task.

LOW
ml/g
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EMKG-4

Step 4: Control Strategy Inhalation

By combining the three parameters hazard, release and quantity group you
can derive a control strategy represented by control guidance sheets that
describe measures for typical working activities. Please note that the pro-
tective measures in series 1xx have the meaning of minimum standards,
which must always be implemented also for level 2 and 3.

Lol

HIGH

B M ED LI i

LW _ | Level 3
< ) - Cortal
= — Control Guidance
— = Sheets (CGS) 3xx

D MEDIUM

HIGH
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EMKG-5

Step 5: Hazard Group (HG) Skin contact

Determine the hazard group for skin contact by classification
(R-phrase/H-statement).

If an employee works more than 2 hours in a moist environment or
wears liquid-proof protective gloves or often cleans the hands inten-
sively or disinfects them, please remember that this is ,,wet work" and
therefore the control guidance sheet 250 has to be taken into account.

R-phrases HG H-statements
R&E # HA | EUHOSE

R3& H3T5

R21, R43, R45/21, REE/RZT H312, H317F, H37 1, H373

R24, R34, R40, R39/24, R48/24, R62, RE3, RGE H311, H314 (Skin Com 1B, 1C), H341,
H351, H361, H370, H372

R24 and R34, R2Z7, R35, R39/27, R4S, R4E,

H31o, H314 (Skin Com 14), H34o, H3 50,
RE0, RET

H3&o
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EMKG-6

Step 6: Contaminated area of skin contact
Estimate effective area that will be usually contaminated

by the performed task.
When determining the effective area of skin contact, do

not take protective gloves or other personal protective
equipment into account!

Effective area spots, splashes

Effective area LARGE hands, forearms

Duration of skin contact
Short-term contact Lcrng~term contact

~—
b==ss x.__:
than A1
15 ming dary |

rmors than

N 15 mvimfdday
“m

""'\-\.___ __,_,.,-'

short long

74



EMKG-7/

Step 7: Control Strategy Skin contact

The measures against skin contact as additional
measures are described as low, extended or high

HG

Effective Area

Duration

Control Strategy
Level

o

SMALL Elh‘”" Levely
. ong High need for measures:
LARGE shen substitution, closed system
ong
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EMKG-8

Step 8: Effectiveness check of protective measures

Implementation and effectiveness check of chosen control
strategy:

e Control Guidance Sheets can be used as checklists
@ Documentation of management and inspection results

@ Functional capability of safety equipment and devices
has to be checked on a regular basis

76



EMKG - Exposure assessment part for solids

EMKG-Tool

r frbevinvcbersia
ur=l drkparrrpdine

Definition of duu=stine=s=s hand=s s
| Band [[Descriotion
L | -li 5
High
| Scale of
Band | e scripticn Activity = 15 min. during 3
Small aram uo to 1 kilcoram for solids full 8 b shift?
T Yes Mo
I arme tonnes [ batch sizes of gregter thao 1 tonne for solidsy :
Control stratenies i
C il Type Drescription
Approac
T General ventilation | Good general ventilaticn and good work practice
2 Engineering Local exhaust ventilaticon {e.g. single point extract, partial enclesure, not complete containment) and good work practice
3 Containment Enclosed, but small breaches may be acceptable. Good work praclice.
Exposure potential bands (EP) Predicted exposure ranges: Solids - short term exposure
SecHbyal = - s Description Predicted exposure level for dust, mgim®
EF band| band EJ:_EEI'I‘E' — - Control
1 Rl || s RN e R e KRR Approac | Solids EP Band 1 | Solids EP Band 2 | Solids EP Band 2 | Solids EP Band 4
hMedium |dusty solid h
Srmall High Grames of high dusty {9 D’bﬂ';ﬂ’rﬁumuéﬁ: g D,-:-T;l::-.-c-lji-ﬂ:i'm R [eg n’ﬂmslljjréﬁr;nu_sf_.- :-.-:l"rra-:!;":'-nlé_':l;".dﬁt_.-
2 e solid, Hg /Tonnes of low = E - -
Sl Lovw dusty solid 1 0.004 - 0.0 001 -0.4 I 1 - 10
or Large
2 pfedium, | Mediurn | Hg of rmedasm-f high 2 < 0.001 D.001 - 0.01 0.0 -0.1 0.1-1
or High |dusty solid
hMedium | Tonnes of mediom /
4 L 3 =< 0.001 < 0.001 0.001 - 0.0 0.01 -0.1
29% | ornigh |high dusty solid
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EMKG-Tool

EMKG - Exposure assessment part for liquids el e oy
ured Srpraumedicn
ODefiniticon of wolatility bands 2
| Band At normal temperatyre =205C1 ) Cheerating teeno fe f T AWapnur nressiyre (lkPra ot | Alternative oot of >
L owe boiling point abowe 150%C bp =5 xo.t + 50 < 0.5 boiling point [FC] and cperating
Afedium boiling point between 50 and octher cases 0.5 - 25 [+
High boiling point below 50T b.p =Zxo.t. + 10 = 25 impwrt b, | it oLt
Srale nf y=e bands > | Short teormy s rpmpsipre 0 W Lo rnlicaticens o sirfanes il = i
Band Description Activity < 15 min. during & e.g. painting, applying adhesives etc.
Small millilitres up to 1 litre for liguids full 8 h shift? and more than 1 litre preduct used per
= : - - 3 : iy .
fedivm | litres { batch sizes between 1 and 1000 litres f_'.:.'-r liguids) Vias No Vas No
Large cubic metres { batch sizes of areates than 1 m™ for
Control strategies S
Coontrol e
Type Description
Approac
1 General ventilation | Good general ventilation and good work practice
. Engineering Local exhaust ventilation {e.g. single point extract, partial enclosure, not complete containment) and good work practice
3 Containment Enclosed, but small breaches may be acceptable. Good work practice.
Exposure potential bands (EP) Predicted exposure ranges: Liquids
Solids — Use Violatility Drescription Predicted exposure lewel for vapour, ppm
I EP band! band | band i Control
1 Small Low |Millilires of low Approac | Solids EP Band 1 | Solids EP Band 2 | Solids EP Band 2 | Solids EP Band 4
wvzxlatility liguid h
Medium | Millilitres of mediom / . = (el o mnes J EvRgn WP hald| (e of med. WP Tiopuld or L T E— .
Small {FTiL of dow VI hoRalkd) v : . Eryy. ] I et pctorls [ETE o kg W Tk
= or High |high wvelatility ligquid, or L Fer of dow VP liguid)y | o med. / Fikgh VP Hguid) &
fMedium I litres J n::.l'.::-li: metres of 1 =K 5 - 5 0 - BO0 = BOO
or Large loww wzlatility liguid
Large | Medium |SUubic metres of medium > 0.5 0.5-5 5 - 50 5 - 500
3 wolatility liguid, litres of
RAGI i | T e o et hegh, solntiiy = = 0.05 D.05-0.5 0.5-5 0.5-5
or High | liguid
: Cubic metres of high
4 L High 3
A s wolatility liguid
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R [EEFAHRGHTIML)

HHERE A RA A B
1 “ACGIHELFEY) I F5AS
NI B A HEESHGENE

7R ~ HRIE ~ CIFERGHRRYZE A B1E - MA B SRR SR E RS
2 “ACGIHELREY ) 578 FyAd
¥ Kz i A R BURIRI R M

< NBENY R RE R BV EEE RY) - (BT SR
3 *ACGIHEEY) 731 A3
*IARC /2B
“HIEERME(PHR3-5509-11) - (IR E B - AEEENEETE

“BHEVINE SR - AR REUEY) - BERY) - BEEERY)
*ACGIHEEY) 73 15 A2
4 *|ARCE52A
i Jo e (PH F50-28(11.5-14)
S EEE

S N BEUEY) ~ BB EY) ~ SEEHEY)
*ACGIHEUE ) 73 fH FyAl

5 NTP A
«IARC 1

W EETE

f#§5E © 1.ACHIH(American Conference of Governmental Industrial Hygienist)ZE [ B R T AL ATt e
2.1ARC(International Agency for Research on Cancer) & fERTZE 500
3.NTP(The U.S. National Toxicology Program)EE X HET=

Z{E#A(sodium chloride), T ¥ (butane), BERZ T Bg(butyl
acetate),lifi& 5% (calcium carbonate)

Pl (acetone), T 5t (butane), iz (acetic acid) )£ 10%, $HES
(barium salts),$=EE (aluminum dust)

7K (toulene), — FHZE (xylene), & (ammonia), ] fiE(butanol),
% (acetaldehyde), Z.[i& it (acetic anhydride), Zf#(aniline),
#F(antimony)

A% (formaldehyde), £ (cadmium), — & FHE (methylene

chloride), 7. %14 (ethylene oxide), PN} (acrylonitrile), T
—¥%(1,3-butadiene)

K (benzene),Jii 9% (benzidine), £ (lead), il (arsenic), $7
(beryllium),& (bromine), &2 %% (vinyl chloride), 7k (mercury),
gt EL A — F (RS (crystalline silica)



R B EEEFEFRCIIIE)HR

GERORTFEE | GEERRTER | GEBRERAFER | GEBRRAFER
SERIR (D AT | BBV EE | SERIR (LD ) ZEVU/N | SERIR(LDSo)E00/]N

HREE SERIR(D AT | FRARGEZERE | BRAKERZER
BEZT B
) > 2000 > 2000 > 20 >5
3 >200~<2000 > 400~2000 >2.0~<20 >1~<5
4 > 25~<200 > 50~<400 >0.57<2.0 >0.25~<1
5 <25 <25 <0.5 <0.25

HiEE + (LDso) BB B (R IEHELS0%6 ByPFE L HUZBEMIE -
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=X

“I>

o HIRHERI
E=(FxDxM)/W

E=58 %5 (ppmE mg/m3)
F=18 7% FE KEU(X)
D=5 F= 75 L IIHFE] (HF)
—%Eﬁ@(ppm% mg/m3)
355 TR (40/NHF)

s

P

A

1%

SRET

l

/—-F-E
— 01

AV
DY



K= HEVIREBEFPEROIN)

<0.1 1
0.1<0.5 2
0.5<1.0 3
1.0<2.0 4

>2.0 5

it LPELRARTRIE  ERFERLE -

2 AT WA DL _Ea M IIsE B g > HoDose{H ZETHAI T
Dose;&#r=E,/PEL,+E,/PEL,+E,/PEL,+E,/PEL,+....+E_/PEL_
E=)RfE - PEL-THESE Z BETIRE

B0 - NSRRI R 40/ NEE > HIIPEL{E FESEN fE
f=40/H(168-H)/128
= T (P B
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BB FNETEITA

o JHEEEHIERIT

IR EUHPAE =] A1] FH (Not available)i - &Rl (ER) AT H
TEatr HNZR 2 IR TR R EIAIE

El=(El, XEI, XEl, X.... XEl )1/n




Z2 L

RBEEH
RENR

FERBREIR A NR B E )

% OT/PELEL#

ER==EHIE= i

BRI
FEAAN

BRI
(= BT

Sk TR ELbRAR

iy

<0.1mmHg
TaAE, REREE
<0.1

i P ELE 4

P RIS &
<1Kg

< 8/\HF

>0.1"1mmHg
TEE R EZEYE
0.1~0.5

i E PRI e

VEFEHE
1~ < 10Kg

8~16/\IF

>1.0~10mmHg

B Ko /N AROHL
> 100pm

>0.5"1

i P (B A A

AL
= e

HEEEH
10Kg™~ < 100Kg

16~24/\BF

TEV)SHANZR 2 # B ERSIRTE

T I08RE {55 FH S BRI o

>10~100mmHg

§7 K AR ROHL
10-100pm

>1~2

e ] AHE R

REFEH
100Kg~ < 1000Kg

24~32/\HE

>100mmHg

HZ SR R
<10pum

>
i IR

REFEH
> 1000Kg

32~40/N\iE



o BN - fER iRty EE

el =/ N\IF(El=1) >

"

E1R/V (E1=2) ATER S

1(E1=5) AT
KT

i
it
i

==
S

L

7
Jﬁf

CAERER—/IN

RIS (E1=3)



o BN - fER iRty EE

EH&H 7151/ NI (E

5(EI=5) AP
i A

_1)

fE &RV (E1=2) ATER

ER=(5 x3 x2 x1)1/4
=2.3

P ZE -
15 1 Y EE

= BT

RN

122 (EI=3) >



o JEBHZER (Risk Rating)5 &A1 R
[ f@ (Risk)=(HR xER)/2

HR=1& & F4k
ER=FFEHFH

W4l - HR=4 ; ER=3 - HI
JE\ B3 S 4= (4 x3) V2
=3.5(8 TR H4)




RO AEVIRBEFEIE FE IS AR E I
I 55

1 A28
2 16
3 =
4 &
5 JeHE

%75 HRIZERY J&\ fm b e

1

2 1.4 2 2.4 2.8 3.2
3 1.7 2.4 3 3.5 3.9
4 2 2.8 3.5 4 45
5 2.2 3.2 3.9 4.5 5

B sk 1.0---1.4T 205 ; 1.7---2.4{K ; 2.8---3.2tH
354 ; 455 fR=
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 Example

— The National Toxicology Program (NTP)
FEMERUE (LOAEL)
* ) - FFTLASELRGER
Fga \NB (Exposed population)

Source:
Prioritization of NTP reproductive toxicants for field studies (Moorman et al.,
Reproductive Toxicology, 2000, 14:293-301)

90
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Example
# M2 (LOAEL)

Low: >500mg/kg
Medium: 250~500mg/kg
High: <250mg/kg

91

< N

1|
-
N1

AT J1 I

\

— % # * #c (Exposed population)

* Low: <10,000

* Medium: 10,000~100,000

» High: >100,000

Categorical ranking

Estimated population at risk

Loy

hledium

Higk

Estimaiesd Toxiciby
Lo

Ml edium

High

A -MNitrobenzois acid

Tris{Z-chloroethyl)phosphate
Vinylecyclohexene

Di-n-Pentyiphthalate
Di-n-Hexylphthalape,

Formamide

1.2 3-Trichloropropane
Triethylene glveol dimethyl ether
MN.MN-Methylenebis acrylamide

Sulfamethazine, MUFP cresol

P-Mitrobemneoic acid,
2.2 bhis(BMM) 1 3-propanediol

Acrylamade,
MN-Hydroxymethylacrylamide
A Chloronitrobenzene

Ethyvlene glycol monophenyl ether

2-Butoxyvethanol
Oxalic acid
Bisphenol A
Ethvlene glycol

Dabutyl phthalate

Boric acid

Tricresw]l phosphate

N _MN-Dimethy lformarmads




HAa
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A\

L
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A

— Example

— The Exposure Hazard Index (EHI)
EHI = (T1) = (El) < (PDI)

TI : Toxicity index ) T| — 2[416-109(CEL-TWA)]
El : Exposure index mmmmm) EI1 = 0.0023(T)—0.0037 (T:min)

PDI : Protection deficiency index

M1 021N +0.18 N : number of management
= U. + U. measures
PDI =(1— Ml x P|) m—)

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

Source: Developing a Semi-Quantitative Occupational Risk Prediction Model for Chemical Exposures and Its Application to a
National Chemical Exposure Databank (Wang et al., Int. J. Environ. Res. Public Health, 2013, 10:3157-3171)
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A T1EEZ1E(E (6)

o IERHEEZEIWang et al. Z 2=V -FE =45 5

(R AT ET

Phom/scrubberlcoater/,z?ﬁ%%%/LBO = U
photo/stepper/L50 21 2.92
=76E/L50 8 0.34
=6 E/SEE/LS0 15 0.35
Cell-PI/L30 26 7.02
9 Z|&/L50 15 0.35
TFI&/L50 15 0.35
OLEDI[&/z#Echamber/L10 22 3.71

OLEDI&/L10 17 0.39



P S 17555

o [JSpearman Rank CorrelationZE(i5 - & B2

Correlation Coefficient

A THEEE 0.48 0.36
Wang et al == 0.96 0.03

T4 BRI | EHI=TIXE] - L 2 - BB PM [ = G o
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Case Study-1
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> BAlEZREkRE f seG1 1056 1044 -

Z [
= = 105£EJ: gt ++.1 QA"
l%\& F|-|_ E E:> I qa %083 13 ?;’;%815329 EE ﬁ%wguene Statistics

> IRA | —&35:07323
A — Y OB ER2012 2 = @
ﬁ t. 0.1
> BEE &S :%E;?E;;S;?SQS Soimbz okl
> ... \EREE1281 T =

Sequental Dam Plot

0,08
~------------ 0,03
0.09

Sl

o1
01 Q.
0,08 9
Standard d 3,
Geom: 24
Geometric standare 3
%
Test for dist N
0.03 ‘W-test of log-transf 32 ¢
0.07 Lognormal ( f
|
|
Wt I‘
N “ |
Al [ |
LLLLLLLL [
Estimated Arthm I | i
LCL1,9! |
ucL1,8! |
|
|
Percent above OEL |
LCL1,95% %=0F |
|
|
|
|

Idealized Lognormal Distribution

i EL
\]95%
| uTL
| k‘_“_‘““‘—*ﬁ——h—rAAAA
a1 0z 03 035 04




Industrial Hygiene Statistics

[
o mmililih = ﬁ o
4 0.06 i\ Descriptive statistics
l 0.1 I Mumber of samples (n}
I 0.05 I Maximum {max}
0.1 Minimum {min}
I .01 I Range
I 0.09 ’.r‘ Mean
I 0.04 Median
0.2 I Standard deviation (s)
I 0.04 Geometric mean
l .02 I Geometric standard deviation
I 0.08 I Percent abowve OEL
0.03
| oos | Test for distribution fi
I 0.03 I W-test of log-transformed data
\ 0.07 J Lognormal (a = 0.05) 7
Amm m

VW-test of data)_

Normal (a = 0.058) 7

Lognormal parametric statistics
Estimated Arithmetic Mean - AN est.
LCL1,95% - Land's "Exact”
UCL1,85

Percent above OEL
LCL1,95% %%e=0EL
UCL1,95% %=0EL

N
b
% =

T

Concertration

o1 |

Sequential Data Plot

Concenteahon

2
[ Q. Q ]
AN # : . o
P o ] oo, P
G ’ h‘n. .-"I IIi. [} Ii ! Y A I"l
B Of "I" |I I' .'r "- % ¥
-". [ ‘D b_il kY kY l_.-‘
'.:' I_|' U t}-
. o . , ,
0 z 4 5] g 10 12 14 18
1
Idealized Lognarmal Distribution
12 +
|
L ||
10 [P
I
o]
[ I
il P2
I | [ est. AM
H |
o et
6t | \
- I Y
[ | '
L |
4 || |
I
[ || |
I |
2| |
1 |
'III | uTL
|:|-|I| |||| PR | P I T PR S SR T B I M m—— "
1] 0.0 0.1 0.15 0.z 0.z 03 035 04




Y W oM 22

S HF &

TR ES

D=
008 o= D o

|
|

1

—_
HH<

n

=

S

PUR BRI R =BG

- BIEZEREAEGEREEm aR I RERIVA

SOl o REHREGREESHIEEZ (FREN BT EFRRRERE |
BB o SRR Y FRIB B R AR E R - bR
15 SRR A EAN 2 EREE - SEASKEIASHEY -

« EXRUS LIFERIRERE MIVARTE 2B K HE - BHEAIRE 2
ZRBANL - HERLFHLEM FES - EEZHEENSRTEENR 2 -

98



Exposure Rating

Rating basis :
 Monitoring Data
-personal EM data
-screening measurement
e Surrogate Data
-EM data from other agents
-EM data from similar operation
 Modeling
-based on physical and chemical properties
-based on process information
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> IR
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ZBEEN  BESRSHEERSCER , #1753
§X95§=E'55 BHAFREEETE 6 S aa’ M o

\

gt B ARGHER &

peh =y SRR AR TBRE

¥ AR &1EZWell-mixed
Model

A

Two-zone Model

BT RRUE T
Turbulent Eddy Diffusion

AT
Near-field plume Model

"R ) (worst case)EER IR LB MAEZE R T HY R E R HAAR B E -
E{EREERI T B2 22 R RN AR 22 5 T R B AR AR E]

IS SRR B ZE R A SR ENT 2T - AEVMRELR
R BRI REMAFZESR -

T AFFEZE e B R —(EBEAT &R (BI4T355/%855; Near Field/Far
Field) - A5 (REMENF) RIRGHLEYRAIRMAL 5T R EEE PR
WHYZER - EGENT (HE S, Far Field) RyBRITISGLIIMYZERT -

A A R BRI A R e e R R & TS A TRAVIERE - IR A HHHY
SR N > AE—{E PR R A R E e B R R SRS - S
KRR (% - REEBHVALE A DUDAREEES AR/ D8 F S R AR (BAL Ry
m) » S5 {EEREE N BENVE TR RS R ERT(Cartesian
coordinate position) - DAg#A4 Ry J8E(0,0,0) - i REEE I ER T A(xy,2) «

TR EANEET - %&(R?m%ﬁ’%&@ﬁﬁiﬂ’] BT R LR
NIV R R - 8RB T m A EE -



= B2 ST ER AR
— VEZE G P EBEEE LRI (Zero ventilation model)
— E@%D;i’:bl_*’fﬁ_t ( Saturation Vapor Pressure Model )
- ZERESET ( Well-mixed Room Model )
- _REEEIN(Two-Zone model)
— B EIRERER (Turbulent Eddy diffusion Model )
- HERET ( Near-field plume Model ) Publications (AIHA Press) 1o START (or

Continue) a Successful Career in Modeling
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http://ccb.osha.gov.tw/

EZI5 FrmiE E (G150 (Zero ventilation model)

. B
_ERBERANEEEET TR R SRR S
R -
. AT
—C(™9),2) = M(mg)/V(m?)

N

Bl b (B

(mg):CEmERE

« V(m3)1EEES PR ZE B EE1E B AE




EMZE JEET( ( Saturation Vapor Pressure Model )

e BHY
— HREME oML TSR BENYE - oANRAIEEN B WHEL D E R
AR ZE 5 d 2 =B BR/E (concentration limit)
— B AREL RN Ses]Bln 2=2EE O] DUER N EA R ZBEAE
S
— BRI RE B E R AEBIIETN




EEMZE FJEET( ( Saturation Vapor Pressure Model )

_2P4 106 = C (ppm)
Patm

_VPa 106 . MW _ ~ mg
Patm 10 24.45 C O/ )

(+ VP, BB ERRE(MMHG e 1
* Pom ARE(760mmHQ)

\* MW:nf= .
o CEE(ppm)ak(mg/m3) ﬂ i b B
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= SH A&
5T E i 5

« HHY
— E— ﬂﬁli/j/j/tb 5 ZE [0

EVS=F 1|:/\5F%EJH:"” ok

=3 ( Well-mixed Room Model )

AEEY—BEALZER - MEIMZEBFHNZERST

FRE &L

/

5$t°

P EERNRESSEHNI B REZHENE

TR



_G_I_ i.n'q

E B ALY/
PREEN~AT

Q4+ K,V

Q + HL'v.t)

1:)] + Cqh-exp 7

[1 — exXp
Q + K, .V

G: HRFUHEZR (mg/min)

V: fESEZEE](m3)

K : IBRARE

Cin : A 2B (mg/m3)

t A HRF FE] (min)

Q: 7 JEl #2535 (m3/min)

CO: 45 (mg/m3)

LY
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C()= ;RI;EE Eﬂp[—%- t] —exp(—et) |[+C, -Exp[—%- t]

IEE ST ECE LSRRy
B Ja— L

ﬁ%%%%@ﬁ%w,;%ﬂﬁiykaigﬁfﬁ
Co: A4 R k&
Q: &5 £
V: :F_q—_I% 'Ef'f"
a 3-"*4\4”’#"92 “(0~1)
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_ EEEEI(Two-Zone model)

Y
H%?:%%F‘Z”“Faﬁﬁﬁfi%}\%% - i 22 [ 1% 15 X W 8 32 54 AV (&
o ORHE RO CEmET R ERRES

— 5 (near field)BIZELEmEF RN EEREETRT ZZEH ;
RS EAM & B Ai=F(far field)

Far Field

B B

Near Field
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-VN'E.I&_Q}HI' 2ok o 'H.;.'E-\U'r” +5
|exd 4 t) C‘{ 8 ]_h B-QV, (4 -4,) )

iy e B A NV L
N Q T BT BV —4)
G i-V,+8YBQ+i
Gt —a@ M =
= }=G \ B ]-h B- Q- V(4 —-4) )
-"'?"1 ={]_5 _lﬁuF_uN[ﬁ_G}i
Vii-Ve |
and where:
2 —05| [B-Ve+Vu(B+Q)) _
.II"'II-N'I'I"'FF .r'

andwhere: (8= l7.Fs4 .8

(4 -t

+

Yo

(B-Q+4 Vig(B+Q)

: l_\_ g -0Q- 1'-"'3.-1:'[:-';1 = -""FT) _,f

(B-Q+ A, -V (B+Q))

E!{p[.-?.: t1

lexplizt)

Vi - Ve

&

M-V )

\ﬁf‘ﬁ-w—uﬂ[ﬁ—m}‘f_ ( p-Q ‘i]

\}‘“ﬁ Ve V(B Q)

Vi - Ve

]
y
A

i
4it

£-Q
V- Ve

)

= 2% (@ 12 T (Two-Zone model)

‘iﬁﬁﬂjﬁ

Cae TS (mg/m3)
| Cep R (mg/m?)

—> M AE

(e 5522 ] B ()
Vppéi%zicﬁaﬁz.%$§(m3)
G EE AL AT (755%) 2228 (mg/min)

Q:ZE[EIH5RF (m3/min)
t:H%:nf'a'?l(min)

FSAIT 522 AR IHI T (m?)
\S:T45 B2 5. JELEE (/i)

AT K R A2 SR 2R (m/min)

NNy R Z SRS PR R B B (min)

~
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B E e E R T
(Turbulent Eddy diffusion Model )

« B
- ZRREBERUREER IR RNEBEE
— RN ERERTRAYERURM I & E PR ES FEkEER - BAZ
RESENRNRZBEZNRIEP TRYES FEHEE -
- BREFERAERIENRZZF2MZNNEERE - EEEBREBAREE
HPFRERES -  NItTAEREE &A% -




B E e E R T
(Turbulent Eddy diffusion Model )

o PNI-BERAREERZRNFIKERN - FERAERERERE

G U
C(x,y,2)ssmg/m3 = exp[ VX2 +y2 422 —x ]
S 2Dy x2 + Y2 + 72 2D ( )
N B A B
(" G5T S B EIE % R (mg/min) )

DT:%?/H/MLTFHQT%%Q(mz/m|n)
U 1T ROxEh 75 [ AV S A FE SRR R ZE (m/min)
X,y,Z.fE BB [R & (FEUR, x=0,y=0,z=0) <“|“7EE%’&TH%(X,y,z) AIRBEB SRR ZMEHANUE
Dy= 60(0.08 x ACS x U, X H4)1/3
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5 ERET, ( Near-field plume Model )
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5 ERET, ( Near-field plume Model )

¢ NI

01225.G [y HIAME

near 1.84 ( N
(r ) U GIRHTHEZ (mg/min)

U:JEZE > m/s

rif?%@fﬁ@”?@@@iZEﬁ%& 'y m )

ﬂ BB

CorE(mg/m3)

C




Mid-field plume model

This approximation plume model was developed to
estimate concentrations in the distance approximately 3 to

100 meters from the emission source. Further information
on this model is limited. (0%

0.0502 « G

C = (16-4)
(r1.31) e L

where

C = concentration, mg/m>
G = emission rate, mg/min

r = downwind distance of interest, meters
U = wind velocity, meters/second
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1 4 025
0.166 = MWO53 « P, -[ + —| = A
MW 29 v
L* P,

T0.05

> R R E A
ZE w0 R EERF20°C K21 atmEY ST T~ » T=293K, Patm=101325Pa

X A X
\

/ 1 )0.25

= 0. X MW0833 x p x(00345 —
G 0.393 w v +MW

MW: molecular weight
Pv: vapor pressure of evaporating chemical
A: surface area of liquid pool
V: air speed
K L: surface length of liquid pool
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Transfer Operation

This equation is suitable for any transfer operations like tank car loading and
drumming.

— Equation to predict Inhalation Exposure

_ (1.67x10*)(VPV f)
- Cppm_ 0K

Cppm = airborne concentration at equilibrium, ppm
IV P= vapor pressure, atm

V=volume of container, m3

f=saturation factor, dimensionless

Q=ventilation rate, m3/min

K=mixing factor, dimensionless



Open surface Operation

This equation may be used for processes like furniture stripping in a dip
or immersion tank, degreasing and cleaning of metal parts.

_(720)VP[1/MW+1/29]0'25A

Ceq_ MW 0-165Q ¢ Ax0-25

Ceg=airborne concentration at equilibrium, ppm
VP=vapor pressure, atm

MW=molecular weight, g/g-mole

A=area, cm?

Q=ventilation rate, m3/min

K=mixing factor, dimensionless

Ax=pool length in the direction of air flow, cm



Estimating worker exposures to liquid pool
evaporation or boiling (1)

Released liquids are assumed to form a pool from which chemicals are
released into the atmosphere.

This equation is used to estimate the vaporization rate of volatile from an
open vessel.

m RyTy

Q.,=evaporation rate (kg/s)

M=molecular weight of contaminant (kg/kg-mole)
K=mass transfer coefficient (m/s)

A=area of exposure or liquid pool (m?)

P.,;=saturated vapour pressure of the liquid (Pa or N/m?)
R,=ideal gas constant (8.314 Pa m3/mol K)

T} =temperature of liquid (K)



Estimating worker exposures to liquid pool
evaporation or boiling (2)

* U = BT
g'L

 To find mass transfer coefficient of the contaminants

Mo\ /3
* K =Ko (5)

e Ky=mass transfer coefficient of reference substance, water (0.0083 m/s)

e M-=molecular weight of contaminant (kg/kg-mole)
e Mjy=molecular weight of water (kg/kg-mole)



Dilution Ventilation (1)

Estimating worker exposures to toxic vapours

The average concentration C,  of any volatile liquids or substances in
an enclosure given a source term Q_, and ventilation rate Q,,

It can be applied to workers standing near a pool of volatile liquid, an
opening to a storage tank or an open container of volatile liquid.



Dilution Ventilation (2)

OmRqT
C(ppm) = kalfM 10°

Cppm=average concentration of volatile vapour in the enclosure (ppm)

Q.,=evolution rate of volatile material (kg/s)

K=non ideal mixing factor (k=0.1~0.5); for perfect mixing (k=1)
R =ideal gas constant (8.314 Pa m3/mole K)

T=temperature of the source (K)

M=molecular weight of th escaping vapour (kg/kg-mole)
Q,=ventilation rate (m3/s)



Dilution Ventilation (3)

QmRyT
kQ,PM

e Assumptions

* C(ppm) = 10°

— The vapour concentration calculated is an average concentration in
the enclosure. However, the localized conditions will result in higher
concentrations; e.g. workers directly above an open container will be
exposed to higher vapour concentrations.

— Steady state conditions assuming there is no accumulation of vapours.



Dilution Ventilation (4-1)

e Example

— An open tolulene container in an enclosure is weighted as a function of time and it is determined
that the average evaporation rate is 0.1 gm/min. The ventilation rate is 100 ft3/min. The
temperature is 80°F and the pressure is 1 atm. Estimate the concentration of toluene vapor in the
enclosure and compare to the PEL (Long Term) for toluene of 100 ppm.

— Q,,=0.1 gm/min=2.20x 10~*Ibm/min
— R;=0.7302 ft3atm/Ib-mole R

— T=80°F=540'R

— (Q,=100 ft3/min

— M=92 Ibm/Ib-mole

— P=1atm



Dilution Ventilation (4-2)

e Example
— Q,,=0.1 gm/min=2.20%x 10~*Ibm/min
— R;=0.7302 ft3atm/Ib-mole R
— T=80°F=540R
— (Q,=100 ft3/min
— M=92 Ibm/Ib-mole

— P=1atm
_ kC . (2.20x10~*1bm/min)(0.7302 ft3 atm/lb—mole °R )(540°R) % 106
ppm 100 ft3/min(1atm)(92lbm/lb—mole)

— kCypm = 9.43 ppm
— Since k varies from 0.1 to 0.5, the concentration is expected to vary from 18.9 to 94.3 ppm.
— Actual vapor sampling is recommended to ensure that the PEL (Long Term) is not exceeded.
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Near and mid field plume models (steady

state models)

More details in this model : refer to Chapter 16
Aim

conditions.

The near field equation was developed for distances up to 3 meters. The mid-field form is for distances between 3 and 100

meters.

and limi

- Incorporates Pasquill-Gifford dispersion coefficients for mederate atmospheric stability into the exponent on r.

- Mo plume rise or loss mechanism.

- Gives centerine plume concentrations at steady state.

Parameters

G : emission rate, mg/min
U : wind velocity, meters/second
r: distance from source to breathing zone, melers

Estimate order of magnitude contaminant concentration downwind for a low pressure release on the plume centerline in outduo<

Mid Faeld

0.0502 -G .
Chpia = AW l

Transfer Operation

* This equation is suitable for any transfer operations like tank
car loading and drumming.

— Equation to predict Inhalation Exposure

—C = (1.67x10*)(VPV f1)
ppm QK

. (‘.PP?" = airborne concentration at equilibrium, ppm
* VP=vapor pressure, atm

+  V=volume of container, m?

+ f=saturation factor, dimensionless

* Q=ventilation rate, m*/min

* K=mixing factor, dimensionless

Open surface Operation

This equation may be used for processes like furniture
stripping in a dip or immersion tank, degreasing and

cleaning of metal parts.
_(720)VP[Yp+ V2o A Estimating worker exposures to liquid
AW GIRIEDSE pool evaporation or boiling (1)

* Released liquids are assumed to form a pool from which
chemicals are released into the atmosphere.

* This equation is used to estimate the vaporization rate of
volatile from an open vessel.

Ceq

Ceq=airborne concentration at equilibrium, ppm
VP=vapor pressure, atm
MW=molecular weight, g/g-mole

A=area, cm?

Q=ventilation rate, m*/min . Q — MKAPsq¢
K=mixing factor, dimensionless L RyTy

Ax=pool length in the direction of air flow, cm * (,=evaporation rate (kg/s)

* M-=molecular weight of contaminant (kg/kg-mole)

* K=mass transfer coefficient (m/s)

» A=area of exposure or liquid pool (m?)

*  Pqc=saturated vapour pressure of the liquid (Pa or N/m?)
* Rg=ideal gas constant (8.314 Pa m*/mol K)

+ T,=temperature of liquid (K)




2
/J\ 21
\\‘P

« B IR TFTIRZEZIAAN FF
- AR &S R AZBOELRT - 38 F 5048 £ 6942
X
— S R GE TA B AR AL R FE O S
c B B AR (R 5 R
s FATE R AT AR, (8w A AR
H = k)

145



7

PERCENTILE FROM MODEL RESULTS?

.

How DO WE ESTIMATE THE 95TH

J

o This 1s a GOOD question, one just recently

asked.

o Research on this needs to be done.

’----

» If you have estimates of the parameter

distributions, it is easy to get the 95t percentile

from Monte Carlo simulation results
» Lacking that, use the “rule of thumb” 2 to 4

times the mean and assume the model results are a 1



RV LS BI-RERE for PMIEE

e The two-zone model: Near Field Far Field constant mass emission

G .G . [BQ+4-Vig(B+Q) (B-Q+2-Vig(B+Q))
Gy = =" TG |expla, -t) — G L NF lexpli,-t)
R L F-Q Vil —4) {;E{p[‘i | B-Q- Vg4 —4) {:E{p['* ’
G (4 -Vy Jgﬂ(}+;,,v('g@ *"~21'“'r ﬁ)g[’,}+,¢1‘#”[ﬁcﬂ )
GFF{t;.':Q T ] B-Q Vo —1) ;E‘Kﬂfqﬂ G‘ ] B-QV4 1) ;E‘Kﬂfzﬂ & Far Field &
1T _
2 cos| (B @B+Q)) | [ B-Ve s+ _ [ B-Q ) B B
T l V- Ve | YT E 1 TN
and where:
2 —os| _[(BVe+VuB+Q)) _ [ B-Ve +Vu(B+ m= (B-a) Near Field
e e e W% ) W)
and where: : s : ventilation rate

: exchange rate between zones = 1/2 xFSAXS,
where FSA = free surface area of the near field geometry
G : emission rate
Vnf : near field volume (defined by the model user)
Vff : far field volume = work space volume minus the near field volume
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Far Field

B B

Near Field

S .
G IﬁQ Ay r,]';'(ﬁ Q) E!E[P.I-IJ—GIJEQ - NQ'E'(JE Q) |

VN
0.883125

p[f" ﬂ

\ B Qg4 —4) )

B-Q+ 4, Vy(B+Q)

t) (3[.#"?"*"1'\“;;J ﬁ]

lexplipt)

BQVy(i-7) )

&
% = —+ — +
N EG 2T paaea) |
G (4-Ny+BY pQ+i -V, (B+Q)
CFF':t}=—— T B ] B-QVy—2) JEKFUﬂ
=05 fﬁ-vF-—va-—o}h
ViV
and where:

20 =05| [ BVe+Vn(B+Q)) _

_f 8Q)
Vo Ve

UM(,S a}n f’ﬁo

and where: g = A.Fgﬂ B

V- Ve Vi "-"F

FSA
3.5325

AR 0.3 ]0.529875
75 | 039 |0.688838
HE | 036 | 0.63585
1] 0.2 0.35325
AT | 019 ]0.335588
TR | 028 | 0.49455
SEERTH 029 |0.512213

Shete /] 0.28 0.49455
BRECHT ] 0.51 ] 0.900788

O [0 |Q || [~ Lo [—




ally
:
iy
A
7t
14
=
N

R FFEJE b ek

X95 < 0.001PEL 0
0.001PEL<X95 < 0.01PEL 1
0.01PELLX95 < 0.05PEL 2
0.05PELLX95 < 0.1 PEL 3
X95>0.1 PEL 4

SDSNo SDS Name

01-007 EBR(PGMEA)

03-071 EI?%T?(n-Octane)

04-001 DUVA42P Family

EIDS

A B B F it (propylene
glycol monomethyl
ether,PGME)

I f5E(n-Octane)

N 7 HH it 1-Methoxy-2-
propanol PGME (Propylene
glycol monomethy1 ether)

N B FH RS A B 2-(2-
Methoxy)propy1 acetate
PGMEA (Propylene glycol
monomethyl ether acetate)

PEL

ppm

100

300

100

100

sl A

TEEH

TE B

TE B

H

pll

N

@Z

10.9

10.45

10.9

3.8

C(mg/m3) C(mg/m3)  C(ppm)

TR . Percegns’ctire/ PEL
AM est 95th Percentile/PEL

90 0.749 1.29 0.35045 0.0035045

114.23 0.088 0.151 0.03232  0.00010773

90 0.074 0.128 0.034773 0.00034773

132.16 0.044 0.076 0.01406 0.0001406

e
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Case study-2
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Table 7.4 — Manufacturing Plant Ranked Prioritized Action to be Taken.

y -
Manual vs. Health Health
SEG Duration/ | Automated Engineering | | Exposure Exposure || Effects | Basis for || Risk
I | Process | Job Task Agent Ouantity | Frequency Operation | PPE Corrols Bating iz forEB | oEL Judgment || Rating | HER Bating
R Casting | Helper Fluging Octochlorostyrens (off-gas 2 hoursfshift | MA Nitrile: Mong 3 wposure data | Working Uncertain 4 Reproductive 12
product) gloves O rom ather QEL- 25 hazard,
dust resp gent ug/m3 8 carcinogen
hour TWA
N | Casting | Helper Fluxing | Heat a0°F 2 hoursfshift | Manual Mitrile Mone 4 ¥posure data |Vares w'  |Unacceptablefl 2 Impaiment §&
radiant Qloves, 06/ rom other metabalic
heat by dusat regp peration demands
fumace
G | Coil Digcharge | OC MIBK 20 lbvshift | 15 minutes, | Manual Nitrile Mone 4 odeling 75 ppm - JUnacceptablefl 2 URT Irritationyj &
Coating | operator B¥/shift gloves, OV STEL Dizziness
resp
0 | Casting | Helper Fluxing | Hexachlorobenzene | joff-gas 2 hoursfehift | NA Mitrile Mone 3 wposure data | 25 ug/m3  |Uncertain 4 Reproductivef12
product) gloves O/ rom ather - & hour hazard;
dust resp peration TWA carcinogen
5 | Casting | Helper Fluxing | Ergonomic 2-65 kg 2-65 kg Manual Naone Mane 3 odeling MA (MIOSH fUncertain 3 back strain §9
bags bapa'shift guideling engineering
of 51 Ibj controls
P | Casting | Helper Fluxing | Hydrogen chloride | joff-gas 2 hourssshift | MA Mitrile Mone 4 reening 5 ppm Unacceptablef 1 URT Irritation jf 4 Ar Engineering
product) gloves, OW gasurements | - ceiling monitoring | contral
dust resp limit data
B | Cail Coil feed | General | 2-butooy ethanol 250016f | 7.5 hours,5 | Manual Mitrile Local 2 odeling 25 ppm - & fUncertain 2 Damage to 14 Air and/or | Air and/or
Coating | operator =hift daysiweek gloves exhaust hiour TWA, red blood biological | biological
vent =Kin cells monitoring § monitoring
data
F Coil Digcharge | General | 2-butoxy ethanol 2500 Ib¢ TS5 hours, 5 | Automated | Nitrile Local 2 odeling 25 ppm - & jUncertain 2 Damage to f4 Air Air
Coating | operator shift daysfweek gloves exhaust hour TWA, red blood monitoring  monitoring
vent =Kin cells data
A Coil Coil feed | General | Moise A 7.5 hours, 5 | Automated | Ear plugs Partial 3 resning 85 dBA - & | Acceptable §3 Hearing loss § 9 MNoize Mioisa
Coating | operator daysfweek enclosurs easurements | hour TWA dosimetry || dosimetry
52-85 dB) to validate
levels
E | Coil Discharge | General | Noise MA 75 hours, 5 | NA Ear plugs Partial 3 reening 85 dBA - 8 |Acceptable |3 Hearing loss § 9 Moiza Moiza
Coating | operator daysfweek enclosurs easurements | hour TWA dosimetry || dosimetry
82-85 dB) to validate
levels
J | Coil Helper General | Moise A TEhours, 5 | MA Ear plugs Partial 3 resning 85 dBA - 8 |Acceptable |3 Hearing loss | 2 hoizs Moisa
Coating daysfweek enclosurs easurements | hour TWA dosimetry || dosimetry
82-85 dB) to validate
levels
I\ N—




~The End™
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