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Safety/health risk assessment

« Safety:
— Severity x possibility

e Health

— Toxicity x exposure




The Content of
Exposure health Risk Assessment

e Exposure health risk assessment
— Critical work of industrial hygienists (i.e., IHst)

— The essence of health risk assessment:
* Exposure
¢ Health effect

e Health Risk = f (exposure, health effect/exposure)
» Stock-in-trade

— Toxicologist and Epidemiologist: health effect/exposure
— IHst: exposure
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CCB is an exposure health risk assessment
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The Content of
Exposure Risk Assessment

e Exposure risk assessment
— Exposure
— Exposure limit

* Exposure risk=f (Exposure/Exposure limit)
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BEHES
 Exposure hazard rankings
 Exposure hazard ratings
 Exposure hazard zones
« Exposure hazard classifications

« Exposure control categories
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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 Mgdium
surveillance, work practices Low

4 (>100% of OEL) + respirators & engineering

controls, work practice controls

5 (Multiples of OEL; + immediate engineering controls
e.g., based on or process shutdown, validate
respirator APFs) respirator selection

* - Decision statistic = 95t percentile

More technically oriented....
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- EBmn#RERE ( Chemical Control Banding, CCB)

- EZIK BENEZBERE .

mEYEREREEIEHIZER ( Control of Substances
Hazardous to Health Essentials, COSHH Essentials )

- BE TSR EEMEEE:TE ( Einfaches
MaBnahmenkonzept Gefahrstoffe, EMKG )
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pc N HA TEEVHEZEEE (CRYEEEGERERA TERRERIHMFIE (Globally Harmonized
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Essentials

257 > MPUEFEHES 1R (control guidance sheet, CGS) MYAATZE - #2E
BRI TR A2 R o s e B ek
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#3BR T LAR-phasedh » it FIl FHOELAY B E AR/ NI » ARLRM IR EE
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COSHH Essentials COSHH Essentials

1. Assign hazard group e 1 Assign hazard group
A B c D E H
R36 R20 R23 R26 R40Mutacat3  [R21
R36/38 R20/21 R23/24 R26/27 R42 R24
R3g R20/21/22 R23/24/25 R26/27/28 R42/43 R27
RE5 R21, R23/25 R26/28 R4S R34
RE6 R21/22 R24 R27 R46 R35
RE7 R22 R24/25 R27/28 R49 R36
All dusts and R25 R28 R3G/37
3. Determine dustiness / volatility vapours not R34 RAO Carc. Cat. 3, R36/37/38
allocated to R3S RA8/23 R36/38
‘ another band R36/37 R48/23f24 R38
R36/37/38 R48/23/24/25 R4l
R37 R48/23/25 R42
4. ldentify control approach R37/38 R48/24 R42/43
R41, RAB/24/25 R43
‘ R43, R48/25 R48/21
RA8/20 RE0, R48/21/22
R48/20/21 R61, R48/22
5. Find appropriate control sheets Ras/20/21/22  |rez, Ras/23
R48/20/22 R63, R48/24
R48/21 R64 RA8/24/25
R48/21/22 R48/25
3 R48/22 RG6 32




COSHH Essentials

e 2 How much is used

_ Solids Liquids

Small Grams millilitres
Medium Kilograms litres
Large Tonnes Cubic metres

33

COSHH Essentials

» 3 Determine dustiness/volatility

Solids — How dusty? Liquids — How volatile?
Low Pellet-like solids that don't break up. Graph to select volatility of liquid
Little dust visible during use -
Crystall far solids. & 300
When used, dust is seen but settles out B
quickly g. 250
High Fine, light powders. ‘:c? 200
When used dust clouds remain in air for B
some time g 150-
a
g‘ 100
& 0

50 75 100 125 150
Operating temperature °C *

COSHH Essentials
e 4 |dentify control approach

COSHH Essentials

* 5 Find appropriate control sheets
Control Approach

Local exhaust
ventilation

Hazard group E

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




EMKG
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ER T IFSPEEYEEEETE . FASDSHHEFIZHtAEE, - M LB AT IESFTEE

( Einfaches MaBnahmenkonzept Bon - EREUEEEREEEEREAE DK
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QEL or labelling the activities
- Quantity and Release

i.q "= RISK - Skin area and Duration
e
§ MEASURES -

4 Control strategy levels

Hazardous properties -’ QT@ ‘.- Exposure results from

37 i 38
Control Guidance Sheets (CSG

EMKG-1 EMKG-2

Step 1: Hazard Group (HG) Inhalation

Start by determining the hazard group (for substances: Shapiu: Relense Crinp

by means of occupational exposure limit (OEL) or classification R-phrases/ Ne"x't, seielct the physical state {3?“‘% or i"qL‘Ed}F”d detem'fEne
H-statements and for mixtures by means of classification R-phrases/ boiling point/vapor pressure Iﬁ“ i:qwd:s ordasimess.for solids.
H-statements). See safety data sheet for this information (SDS section: 9)
See safety data sheet for this information (SDS sections: 2, 8) Low MEDIUM HIGH

OEL according to TRGS 900 R- phrases, HC H-statements, -
Solids [mg/m3) in case there is no OEL in case there is no OEL

Solids
Mo H-statement, H319, X A L
1< QEL=10 Mo R-phrase, R36, R37, RES, RE7 | A H335, H336, H304 (dustiness) il
- i
0.1<OEL=T 5 < QEL=50 R10, RZZ, R41, R6&f20, Res 22 B | H3oR, H332, H315 H371 granules, pellets, | coarse powder (eg. fine powder (eg. flour,
R23, R25, R29, R31, R34, R3S, H3o, H331, H314, H334, e was hing powder, sugar) | torer)

0.001 <OEL001 |005<OEL=0S5
R39/ 28, Rs(23, Rés[25 EUH032 W

QEL=0.001 CEL = 0.05 R45, Rde, R49, R0 Hido, H350, H350i, H360F done at room less than 0.5 kPa 0.5to 25 kPa more than 25 kPa
temperature

001<ODFL<0]  |05<OEL<S  |Rdo R4Z R62, RE3, Res, RIS33, | € |H341 H35T, H36TE HIET, Liquids
R35/25, R4af20, R4s22 H370, H373, EUHO31 {boiling paint® or | mare than 150°C 50 10 150°C less than 50°C
R26, R2s, R3Z, R61, R33/26, ' H300, H330, H360D, H372, vapar pressure)

39 40




EMKG-3

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

LOW
ml/g

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 xx have the meaning of minimum standards,
which must always be implemented also for level 2 and 3.

Levell -
General ventilation
= Control Guidance
Shests (CGS5) Txx

Ifkg ¢
Level 3
Cormtainment
= Control Guidance
—agl Shears (CGS) B
m ™
41 42
Step 5: Hazard Group (HG) Skin contact Step 6: Contaminated area of skin contact
Determine the hazard group for skin contact by classification Estimate effective area that will be usually contaminated
(R-phrase/H-statement). by the performed task.
If an employee works more than 2 hours in a moist environment or When determining the effective area of skin contact, do
. . . . '
wears liquid-proof protective gloves or often cleans the hands inten- not take protective gloves or other personal protective
; i e ]
sively or disinfects therr!, please remember that this is ,,w.et work" and equipment into account!
therefore the control guidance sheet 250 has to be taken into account.
Effective area spots, splashes
R-ph HG H-stateme : ol
=== - Zutsrarts Effective area LARGE hands, forearms
REE HA | EUHoee N
R3s HB |H315 . ;
R21, Ri3, Rég(21, Re8(R21 HC | H312, H317, H371,H373 Duration of skin contact
R24, R34, Rdo, R39/24, Réa(24, RE2, RE3, RES H311, H314 (Skin Cor. 18, 1C), H341, Short-term contact LOﬂg‘tt‘_-rm contact
H351, H361, H370, H372 : =
R24 and R34, R27, R35, R3S/ 27, RaS, R4E, H310, H314 (Skin Corr. 1), H340, H350, /
R60, 61 H360 ‘
| morethan /
% 15 minjday
\\.______
long
43 44




Step 7: Control Strategy Skin contact
The measures against skin contact as additional
measures are described as low, extended or high E , ;
| & Step 8: Effectiveness check of protective measures
Control St
Effective Area  Duration T . .
2 E—— Implementation and effectiveness check of chosen control
= shol
— SMALL"-._“ long,_—4=F Level 1 strategy:
HA g Low rneed for measures: - gY'
IMGE. Elong Heslcaginty fracd itone e Control Guidance Sheets can be used as checklists
e for skin contact, Control
o Guidance Shest120 = L e Documentation of management and inspection results
short ————— . .1 5 2
LRGE = = e Functional capability of safety equipment and devices
ong AT | r
short 5 = ' i
R e = has to be checked on a regular basis
shon meausres: - -
LARGE long Extended safaty precau- == 8
b tions for skin contact, il veite:
SMALL o Control Guidance
HD sh:n |_Sheet250 J
LARGE
lon,
i - >
SMALL et Level 3
HE ong High need for measures:
LARGE shart substitution, closed system
long 4 c
45
EMKG - Exposure assessment part for solids EMKG - Exposure assessment part for liquids
Definition of volatility bands B
0. af du hand 2 Rand At normal [=20°C1 | Operating temn (ot | Vacour IkPaat Alternative inout of
Band Description J 2 z = = Low boiling point above 150°C bp 25xot +50 <05 boiling point [*C] and cperating
Low [Palletlive non Fiable solids |[tls svidence of an dust observed during use For examole; PUC Dellets waxes Medium | boiling point tetween 50 and e 15 28 i
Medium [Crystalline_aranular solids. When used dust is seen_but It seftles out quickly Dust s seen on the surface after uss_For sxamole; 5080 powdat Slices e oo i B Bl TR = T R T
High |Fine lioht powders When Lsed dust clonds can be seen to form and remain aithorne for sevaral minutes For sxamole’ cement fitanium
ale of yse hand 2 hort term 2 on surfaces Am? 2>
Scale of use hand 2 Short ferm 7 Band _|Description Activity = 15 min_ during & e.g. painting. spplying adhesives stc.
Band Description f\bﬁl;l?fﬁ L Small | millilitres up to 1 litre for liguids full 8 h shift? and more than 1 litre product used per
nisl__jaam Uo to 1 dlzamm far a0l i . L LI Medium |litres | batch sizes between 1 and 1000 litres for liguids)) Yes | No vas | No
t';z"”" ““r?s:r?b:fé‘d'i i :’::E;Z‘" ('h:rr“:: 13225';;"“% .f“' lids) Yes No Large |inic metes ( patch sizes of greater than 1 m® for
. - Conieelslegies B
A:ﬂn;:; Type I P Type Description
S - P e P S 1__|General ventilation|Good general ventilation and god wor pradios _ _
¥ . sk i A il akion . 7 ST Pl et} par b Sk o eBpl b - pr e — 2 Local exhaust {=.g. single point extrad., partial enclosure, not complete and good work practios
- - - 2 Enclosed, but small bresches may be Good work practice.
3 C Enclosed, but small breaches may be scceptable. Good work practice.
; = 7 Exposure potential bands (EP) Predicted exposure ranges: Liquids
Exposure potential bands (EP) Predicted exposure ranges: Solids - short term exposure
Solids | Use | Volatility | p, o oription Predicted ex; level i
— - posure level for vapour, ppm
Solids —|  Use |Dustines| no.qiption Predicted exposure level for dust, mg/m* B hand Shad e Control
2B zangl rand L"a”d = s Control 1 Small o M= ol low Approac | Solids EP Band 1 | Solids EP Band 2 | Solids EP Band 3 | Solids EP Band 4
1 Conaip PO SE | Stamel O e i ried s Approac | Solids EP Band 1 | Solids EP Band 2 | Solids EP Band 2 | Solids EP Band 4 —peclatiliy liguid __ h -
Medium [dusty solid h Small Medium | Millilitres of medium / 4L OF bow VP i) (i of med. / figh VP liguid| (A of med. VP igukd or L (o Filgh VRl
s e W) (G OTIOW ! Medlm auSty | (g OTPIGN GuSky SOILKG /T | (KQ OTMEQLITITIGN GUSky | (10T Medim / mign ousty = or High |high volstility liquid. b o1 L/ of low VP ligukd) | ofmed /high ve tiguiy | I @ VE lia
ma o oS LIy Ly soi) oo oy saik) saik sl < [Wediom litres / cubic metres of
2 [Fegium S Hofennssorion orlage| "™ |iow volstility liguid 1 bk D oo o 000
e ML:.v :‘.I(usr)fsalel:. e 1 0.001-0.01 0.01-0.1 0.1-1 1-10 Lo [t [Coo e f e . e — P —
=dium |Wg of medium / hig = F; ¥ ¥ y 3 4 liguid, litres
3 |Med™ ) o viign |dusty solis - et SRt w0 bkt bt Medium ’gf:":’r:‘ ""‘;:‘i‘d“’“'"'g"““"""' 3 <005 005-05 055 055
Medium | Tennes of medium / -
4 Large or High |high dusty solid 3 <0.001 <0.001 0.001-0.01 001-01 ¥ g High Eubu.:me\.zss of high
Iatility liguid
47
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CEEFH ATE

FZ— GEEFLLHRCGTINN)
%R/ E T (LB YyE B

EHREFEARHA R RS H{L8i(sodium chloride), T 5z (butane), A F%
1 *ACGIHELE ) 778 F5AS T E&(butyl acetate), i £5(calcium

Y BEEEREGEN carbonate)

SRR ~ IR - CPERSRAR AT IS4 - i REUR IR PiSid(acetone), T JE(butane), il (acetic acid)
2 R EAIEE SEARE10%, $HE (barium salts), $5ZE (aluminum

SACGIHELFE Y /T JE B A dust)

o35} R ORI

S NSRBI E R BRI SR B YY) - (B SERE DR Fi%(toulene), —Fi%(xylene), & (ammonia),

SACGIHELE 5y JH FsA3 T FE(butanol), ZE%(acetaldehyde), Z F&fiT
3 *IARC152B (acetic anhydride), % (aniline), 5 (antimony)

HBEARIE(PHA3-559-11) » (EIFIRESEAEEL - REFEMR

1LE2E

EHEYINEER - TR REUEY) - BERY) - SERERRY)  HEE(formaldehyde), §f(cadmium), — S HItE

*ACGIHELFEY 5 M8 s A2 (methylene chloride), Z.J7 {4 (ethylene
4 *IARC 552A oxide), A7 (acrylonitrile), T 57 (1,3-

fiR A5 S Al (PH £50-2811.5-14) butadiene)

ML

I N REEY) - BEERY) - KERRY) 7 (benzene), 4% (benzidine), §ii(lead),fifl

*ACGIHELE ) 77 FsAL (arsenic), §%(beryllium), ;& (bromine), A 2%
5 oNTPEA (vinyl chloride), 7k (mercury), & &% — &ALy

*IARC A1 (crystalline silica)

B e Jeaibiiet27/i=1

f#5E © 1.ACHIH(American Conference of Governmental Industrial Hygienist) 3 B i T2 15 4 fifiti &
2.1ARC(International Agency for Research on Cancer) B[ fERTZE H s

50
3.NTP(The U.S. National Toxicology Program)& [l 5 45155

xR B EREFEFROIIR)HR

LEBORY |SEEIRT |LERRAF |GEERAF
BEGUEIE | KOANERW BEOHE | BESLEE

fEEFEH | (DA | HYFEEGER] | (D5 | (LDgo) 0T/ INGF

EER E (LD, ) ST WARREET | RARERE
EZET = &
2 > 2000 > 2000 >20 >5
3 >200~<2000 >400~2000  >2.0~<20 >1~<5
4 >25~=200  >50~=400  >05v=20  >0257=1
5 <25 <25 <05 <0.25

it © (LDgo) FEEULE (RIS BRSO XBWIIL CHVESTHE -

51

B FPGTEITA
« AL
E=(FXDxM)/W
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F=f A7 B E(K)
D=5 IIIE (1)
M= % 2 {H (ppmE mg/m3)
P THF (407N
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Mathematical Model
Environmental monitoring

EEmpoREEZEH TRERZER(Q2)

BARSE)\FEZHh o REED AN T E:
. Modellng
- BEFZEREET ( Saturation Vapor Pressure Model )
- 3% EZEBHE T ( Box Models )
- E&EAERN ( Well-mixed Room Model )
- “REE#EI (Two-Zone Model)
- HihE=
« Eddy diffusion model

« EASE (estimation and assessment of substance
exposure) model

« Structure Subjective Assessment Method

Model Selection
-Using a tiered approach-

Tiered approach

e Tier I
— Screening level or ballpark estimate
e Tier II

— Providing estimates that are within an order of
magnitude or two

e Tier III

— Providing an opportunity to further refine these
estimates and quantify the level of certainty in the
estimates




Tiered model suggestion

e Tier [
— Zero ventilation model
— Well mixed box (or room) model

¢ These are appropriately used for non-point sources

— Simple mass balance models

Tiered model suggestion

e Tier II

— The two-zone model (NF/FF)

— Well mixed room models with more sophisticated
generation rate estimators including
* The exponentially decreasing emission rate model
e The drum filling model
* The back-pressure model
e Cyclic process emission modeling

— The eddy diffusion model

Tiered model suggestion

e Tier III
— The Monte Carlo simulator

¢ The characteristics of the output distribution provide
the user with the quantitative information necessary to
quantify the uncertainty
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e BT Il N e TEHMEIRISE ) (worst case) ?“Efb;nuf%%qjﬂ’ﬂﬁlﬁﬁ’é?ﬁ’:‘ﬁiﬁ
FERME - BRI T RER AT 22 R R B A AR 22 R R Y AT
JREEHIE

ARG R Well-mixed Model HEREREAN B AZERFTASYEENTRIIG0M » BEY
TREARAL BN FEMARZESR

55 TAE 2B R B —(E AR (BIATIS/ 235, Near Field/Far
Field) - #TBEH (RENF) RIRGHLEYIS A IRMA LT REEE
MR E Y ZER  ESE (RS, Far Field ) RBRATE SN
ZEf] -

Turbulent Eddy Diffusion without 2 FH I B AXE LAY e Ba (R AR 2245 E R B 2 238 AL TRAVEERE - 19F
SRREVRIR T » T — (EEERERL S A TR S E (R AR R A
&> PN E(EETER (% o REEEILE o DALAPERE S LR 20/ D (2
REERFREM Fm) - B—EHREEVENSAR R RERSH
53 FEfZE ] (Cartesian coordinate position) » DLE§4: i By 5 %E(0,0,0) »
R BEENIMLER T Fy(xy2) ©

IR ALY 2 B R U A 22 MR — (7 Tl A B R
AL EYHE R AR BRI ERUER L REENALEDL
HHE LSS AR By [ EG(0,0,0) I EEAE (x,y,2)RR ©

Al

Two-zone Model

Advection

Turbulent Eddy Diffusion with

Advection

E2m%

}

nHRER

BRI TREERZEZEQ)

BRRSENIGFZAMG R REET AN TE

EM

- E%i&iﬁ%ﬁ/ I#%7f5 ( Environmental monitoring )

SRFERM

r|sk group )

EREMERIM

- RAREBRE ( maximum exposure

- M RETME (comprehensive

exposure assessment )
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G+C,.Q Q+K,..V ) Q+K,.V
C,=———|1—exp|————.t)| + Cp.exp(————.t
Q+K,.V v v

LEAEGCTERS

2IRAGER(NBIR BT —

3. FERE:R

BTl fFer

TAlE
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REE
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G: generation rate

V : total room volume minus volume of solid objects in room

K L: K loss value, default : 0 (no loss other than via ventilation). May use
values up to 1 to estimate the effect of loss other than by the ventilation at a
constant rate over time. (for example ... 0,1 per hour). Such loss could be by
sorption of the contaminant or by chemical degradation of the contaminant.
CO : contaminant level in the work space at the start. Often assumed to be
zero.

Cin : contaminant concentration in the air entering the work space. Often
assumed to be zero

Maximum time for the simulation = the time specified by the user for which
to run the calculations

Time at the end of generation = time specified by user at which time the
Generation (G) will cease and purging of the room begins
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0.25
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0.166 s MWOS3 e P, » +
Mw 29 v

G= & |
ot L+ Py

R BRI (E A
8 R K F B AF20C el atmfYfEZ T 0 T=293K, Patm=101325Pa

1 0.25 174
=0. MW 0833 x p (.4 —) AX |—
G =0.393 x MW X Pv X (0.03 5+MW X A X I

MW: molecular weight

Pv: vapor pressure of evaporating chemical
A: surface area of liquid pool

V: air speed

L: surface length of liquid pool
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. THEE
— Z&KE: 5.5 mmHg
- 7F&:63.01
- BFFREE: 2 ppm G 0
- TEARERE =3 [1 ~exp (‘V' t)]
« A:0.09 m?
¢ V:0.05 m?/min ‘
¢+ L:03m )
— 3
ﬂ G=1.71 g/min Czoc'f;:ln;iq

L: C/PEL=0.1
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- E®mM - PEL=3 ppm

o EI—RAEE <0.014 ppm

 Cm/PEL=0.014/3=0.0047
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Any Question?




