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Examples of Models

(for predicting occupational exposures)

# Statistical Models
s eg., x=f(GM, GSD )
#® Empirical Models

= e.g., X = f( plant, job, task, substance, year, other determinants )

s e.g., X = f( NF & FF intrinsic emissions, handling, local controls,
general ventilation, passive emissions, etc. )
» Cherrie’s Structured Subjective Assessment model
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#® Expert Systems
= Advanced REACH Tool (Tier 2)
= Stoffenmanager (Tier 1)
= Targeted Risk Assessment (Tier 1)
= UK COSSH Essentials (Tier ?)



Physical-Chemical Models
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#® Computational Fluid Dynamics (CFD)

Airflow Distribution
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Source: http://www.c-ih.com/exposure-science/exposure-modeling/
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#® \Well-mixed Room Models
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Figure 4.1 — Conceptual Model of the Well Mixed Box.

Source: AIHA (2009) Mathematical Models ...
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Well-mixed Room Models

N

J 1Box model

= Continuous emissions (nheed G)
» Steady State (SS)
+ Transient

= Decreasing Emissions (need M,a)
+ Transient

2Box model

= Continuous emissions (need G)
» Steady State (SS)
+ Transient

s Decreasing Emissions (need M,a)
+ Transient
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#® Advantages
= Quick and cheap

= Suitable for triage, identifying exposure scenarios ...
+» that require immediate evaluation
+ that pose little or no risk.

= Can be applied retrospectively

= Can be used to ...
+ identify critical exposure determinants

+» predict the effect of changes to the production level, process,
controls, and general work environment

= Validated” models can be applied globally
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J #® Accuracy

n [t is said that estimates can be within 2 and 2x of the
true concentration.

# Disadvantages

= Model calibration procedures or guidelines are lacking.

= Estimation of model parameters can be an issue, e.q.,
» Generation rate (G)
+ Near field volume (V\g)
» Near field flowrate ()
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J% 1Box and 2Box models are deterministic.

# Probabilistic modeling is available, but easy
implementation is lacking.

# Model selection is limited (up until now ?)

#® Limited software options




Tools for Modeling
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This Excel spreadsheet contamns several algonithms found useful for calculating airborne
concentrations of chemicals. Each equation mcluded with this spreadsheet has been described in

the literature. The green question mark below "r" is a hyperlink to the input of user information
and access to general help.

Refer to that source for imformation on the ;algoritms' bmitations and applications. Each user of
this spreadsheet assumes the responsability of reverwing, understanding, and conveying the
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Mear and Mid - Field plume madels v Q
| The Wel-Mixed Room Model with a Constant Emission Rate
The Wel-Mixed Room Model with Backpressure —
The Wel-Mixed Room Purging Equation D‘S‘:‘a““e‘l

English

] The Wel-Mixed Room Maodel with an Exponentially Decreasing Emission Rate
k Turbulent Eddy Diffusion without Advection following a Pulse Release

Eddy Diffusion without Advection given a Constant Mass Emission Rate
Eddy Diffusion with Advection folowing Pulse release

The Two-zone model: Near Field Far Field Constant Mass Emission

The Two-zone model: Near Field Far Field Decreasing Mass Emission
Estimating contaminant generation rate from small spils

Turbulent Eddy Diffusion with Advection and with a Constant Contaminant Emission Rate
Near and Mid - Field plume models
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G>0 C@) = g[l exp(£

IHMod
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# 1Box CE Model G=0 ¢ =¢C

(continuous emissions)

G = 100 mg/min
Q = 20 m3/min
V =100 m3

t, = 15 min
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Standard 1Box and 2Box Models

(CE=continuous emissions; DE=decreasing emissions)

N

L

N v
Q< v
Px Y
an

_ G 1Box:
¢ = — *—{CESS
Q CE Transient
DE Transient
- G 2Box:
F ~ 0 +FCESS
CE Transient
EN - EF DE Transient
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In preparation:

Models for Nearly Every Occasion: Part I - One Box Models

Paul Hewett, Exposure Assessment Solutions, Inc. ; Morgantown, West Virginia
Gary H. Ganser, Department of Mathematics, West Virginia University, Morgantown, West
Virginia

Models for Nearly Every Occasion: Part Il - Two Box Models

Gary H. Ganser, Department of Mathematics, West Virginia University, Morgantown, West

Virginia
Paul Hewett, Exposure Assessment Solutions, Inc. ; Morgantown, West Virginia

Models for Nearly Every Occasion: Part I1I - A Proposed Calibration
Procedure

Paul Hewett, Exposure Assessment Solutions, Inc.; Morgantown, West Virginia
Gary H. Ganser, Department of Mathematics, West Virginia University, Morgantown, West
Virginia
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1Box Models
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1Box Model (standard) N ! %

(1Box.CE.Gv)

N

SS Transient
G G

Q Q

Y V
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where|y| = T

#® t, = generation time for each task
#® T = sum of task times
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Newish !!

1Box.CE.GVR
1 SS Transient

1 G G
2 Q Q
3 Qr Qr
4 ER.F ER.F
5 Y Vv
6 t,
7

8

9

10

lor—

Q + Orerp

® ¢, - = efficiency of the recirculation filter

] =T
Q_'I'QR\ o
— G
c = i
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New !
e v P
< 1Box.CE.Lev.Gv %—;
SS Transient
1 G G |
2 Q Q
3 Q Q = YG(1-¢))
4 SLF SLF
- y Y O+,
6 t,
7
8
9 #® ¢ = LEV efficiency (fraction of G
10 immediately captured by the LEV)
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New !! I o
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New !
3~ ! ~
1Box.CE.LevR.Gv i
C SS Transient
1 G G .
2 Q Q
3 Qr Qr C_ ) 'YG(l_ELELF)
o - O+ep0r
S5 ELF ELF — — ,
6 Y Vv
7 t,
8
9 @ ¢ . = efficiency of the LEV return filter
10
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New !l é+Q - O (|5
=N —
1Box.CE.LevR.GVR
1 SS Transient
1 G G
2 Q Q
3 Qr Qr C_ B 'YG(l_ELELF) |
L - (O+eppOp) terrUr
S5 ELF ELF
6 Qr Qr
/ SR.F SR.F
8 Y Vv
9 G
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2Box Models

Standard

15—

10

| [ Qr 1
'1:'1& v _'1
By, Mf}.ﬁ

VnF
B
0 v

11

Q+Q v Q
Qu+B, f@
4 W7 B,
-
1|I"IrnF
9
| 1] Qr 1
0+Qg v 0

24

12




2Box.CE.GVR (standard) -

(2Box.CE.GVR)
C SS Transient

1 G G

2 Q Q

3 § V EF _yG

E ! Ve &

° B oy - o+ 1Y
6 t, 5
/

8

E # B = near field flowrate
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New ! [ — 1
Q+Qr v Q
<ZBox.CE.GvR | B\M
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New !
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2Box.CE.Lev.Gv -
q ' QB O T
SS Transient XS~ SPo
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New !!

2 ' s
QL
2Box.CE.LevR.Gv %j
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New !!

2Box.CE.LevR.GVR
1 SS Transient
1 G G
2 Q Q
3 QL QL
4 g €L
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6 QR QR
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Model Model

Number 1Box Models Number 2Box Models
100 1Box.CE.Gv.55 200 |2Box.CE.Gv.SS
101 1Box.CE.Gv 201 2Box.CE.Gv
102 1Box.CE.GVR.SS 202 |2Box.CE.GVR.SS
103 1Box.CE.GVR 203 [2Box.CE.GVR
104 1Box.CE.Lev.Gv.SS 204 2Box.CE.Lev.Gv.S5S
105 1Box.CE.Lev.Gv 205 2Box.CE.Lev.Gv
106 1Box.CE.Lev.GVvR.SS 206 2Box.CE.Lev.GVR.55
107 1Box.CE.Lev.GVvR 207 2Box.CE.Lev.GVR
108 1Box.CE.LevR.Gv.5S 208 2Box.CE.LevR.Gv.55
109 1Box.CE.LevR.Gv 209 2Box.CE.LevR.Gv
110 1Box.CE.LevR.GVR.55 210 |[2Box.CE.LevR.GVvR.S5S
111 1Box.CE.LevR.GVR 211 2Box.CE.LevR.GVvR
112 1Box.DE.Gv 212 [2Box.DE.Gv
113 1Box.DE.GVR 213 |2Box.DE.GVR
114 1Box.DE.Lev.Gv 214 2Box.DE.Lev.Gv
115 1Box.DE.Lev.GVvR 215 2Box.DE.Lev.GVR
116 1Box.DE.LevR.Gv 216 2Box.DE.LevR.Gv
117 1Box.DE.LevR.GVR 217

~— i

= 1 s

I W N N

Y v v e J1

2Box.DE.LevR.GVvR
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Proposition:

N

# The Steady State (SS) equations can be used to
calibrate any to a task with a few TWA
measurements, provided ...

= (@) the task starting and ending concentrations are

zero (or near zero), or
= (b) the sample time is long.
#® Under either of these conditions this procedure

can be applied to both continuous and cyclic (or
jrregular) processes.

33




N
U

C=1.25

1Box.CE.Gv

G = 100 mg/min
Q = 20 m3/min
V =100 m3

T, =15 min

1Box.CE.Gv.5s G = 100 mg/min

Q = 20 m3/min

y = 0.25
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2 v /Q_
Example 1
Assume a 1Box scenario: #
s G=7 (unknown) .
c-= 18
V and Q are knowable: B 0
= V=100 m3

= Q =20 m3/min
The process is cyclic:
= 15 minutes of generation every 60 minutes

During the generation phase the emissions are
continuous.
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# Calibration Procedure:

m Collect a (far field) measurement:
+ C =1.249 mg/m3
» T =60 min and t; = 15 min (time of generation)

oy =15/60 = 0.25

G =cQ = 124920 = 2498 mg/min

G- <2 - 12920 5695 omin

v 0.25

true G = 100 mg/min

37




Q+Q ~ v /Q_
<JExamIDIe 2 =
#® Assume a 2Box w/ LEV scenario: v -
n G=7 (unknown) : .
= P, =7 c YG(1-¢,)(1-&yp)
=g =7 ene = f(QL Bo) O+ 0
@V, Vs, Q, and Q, are knowable. 4G g)ey
= V=100 m3 Cy = Cpt 0
= Q=20m%min Q=5 m>/min
@ The process is cyclic: where &, - 2L
= 15 minutes of generation every 60 minutes O+ b

# During the generation phase the emissions are
continuous.
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# Collect a FF and NF measurement:
s C =0.125 mg/m?
s C,=0.75 mg/m?3

# Collect a measurement in the LEV:
= Cehaust = 4.50 mg/m?

» T =60 min and t; = 15 min (time of generation)
+yv =15/60 = 0.25

39
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# Calculate efficiency of the local exhaust:

C.—C, | _ :
- (p=¢p)Y.  (450-0.125)-5 07

Lev EFQ+EEQLE1: (012520)+(4505)

40
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# Calculate the average Generation rate:

G = c,0+c,0, = 012520 +4505 = 25 mg/min

# Calculate the actual Generation rate:

41
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# Calculate the NF “out” flowrate:

. yG(1-8)

2

(EN_ EF)
0.25-1001-0.75) 5 _
(0.75-0.125)

5 m3/min

42




Checks and Balances

N

L

# If G known, compare to the estimated value.

= Compare the total mass leaving the system with the total mass
emitted.

# If B can be measured, compare to the estimated value.

# If the recirculation or return air filtration efficiency is
known, compare to the estimated value.

43




Comments

N

L

#® We view [ as an “effective inter-zonal flowrate”, a
function of ...
= ever changing patterns of local air currents

= thermal buoyancy effects
= the position of the worker within the near field.

= Perhaps best calculated from the calibration measurements.

@ Computer simulations show that V\ is usually not a
critical factor.
s Start with a value of 8 or 10 m3.

44
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#® The revised SS equations can be used to calculate
average exposures for cyclic tasks and irregular
tasks,

= eliminating the need to integrate the transient equations.

# Note: A “calibrated” model is not yet a “validated”
model.
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Variations on 1Box and 2Box Models

N

/ﬁ Can simple models be devised that account for
the effect of ... ?

= room dimensions, floor plan/shape, equipment layout

= placement and number of intake and exhaust
ventilation grills relative to the process

# Special models or guidance on Vy: and 3 when
the process is ...

= Up against a wall or bluff body
= IN a corner

#® Three zone models
#® Three zone model + thermally buoyant plumes

47




Predict exposures in Far, Medium,
/and Near Fields

48




The standard “stack effect” equation could be
used to estimate the upward flowrate due to
thermal buoyancy.

N

L
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Validation of ...

N

#® “New” Models

= Laboratory chamber studies
= Field validation

51




Guidance for Best Model Calibration
Practices

N

@ Our proposed approach to “model calibration”?
# Optimal location of TWA samples and/or DRIs
# Optimal sample sizes

# Statistical analysis of the data:
= best estimates of the model variables
m Or use to generate inputs into probabilistic modeling

# Characterize the lag times (in the NF and FF)
inherent when the agent disperses

#® Walk-through checklist

52




Future Research

N

# Show the value of obtaining a few extra
measurements.

= A calibrated and validated model could be very useful
in other scenarios.

Use of direct reading instruments (DRI)

= Can DRIs be used to rapidly and cheaply obtain a
useful set of NF and FF exposure measurements, as
well as measurements in the LEV and recirculation
systems?
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Clearing House for “validated” Models

N

# On-line
# Moderated by an agency or a NIOSH ERC
# \Which models work well with combinations of

= Substance or class

= Emission type

= Unit operation

= Local controls

= General ventilation controls
= Room layout

m EtC
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Contact Information
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Paul Hewett PhD CIH
Exposure Assessment Solutions, Inc.

p.hewett@easinc.co
304.685.7050

WWW.oesh.com
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