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Examples of Models
(for predicting occupational exposures)

Statistical Models
n e.g., x = f( GM, GSD )

Empirical Models
n e.g., x = f( plant, job, task, substance, year, other determinants )
n e.g., x = f( NF & FF intrinsic emissions, handling, local controls, n e.g., x = f( NF & FF intrinsic emissions, handling, local controls, 

general ventilation, passive emissions, etc. )
w Cherrie’s Structured Subjective Assessment model

Expert Systems
n Advanced REACH Tool (Tier 2)
n Stoffenmanager (Tier 1)
n Targeted Risk Assessment (Tier 1)
n UK COSSH Essentials (Tier ?)
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Physical-Chemical Models

Computational Fluid Dynamics (CFD)

Source: http://www.c-ih.com/exposure-science/exposure-modeling/ 3

http://www.c-ih.com/exposure-science/exposure-modeling/


Well-mixed Room Models

Source: AIHA (2009) Mathematical Models … 4



AIHA Exposure Assessment 
Strategies Committee

20092000
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Well-mixed Room Models
1Box model
n Continuous emissions (need G) 
w Steady State (SS)
w Transient

n Decreasing Emissions (need M,α)n Decreasing Emissions (need M,α)
w Transient

2Box model
n Continuous emissions (need G) 
w Steady State (SS)
w Transient

n Decreasing Emissions (need M,α)
w Transient
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Advantages
n Quick and cheap
n Suitable for triage, identifying exposure scenarios … 
w that require immediate evaluation
w that pose little or no risk.w that pose little or no risk.

n Can be applied retrospectively
n Can be used to …
w identify critical exposure determinants
w predict the effect of changes to the production level, process, 

controls, and general work environment

n “Validated” models can be applied globally
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Accuracy
n It is said that estimates can be within ½ and 2x of the 

true concentration.
Disadvantages
n Model calibration procedures or guidelines are lacking.n Model calibration procedures or guidelines are lacking.

n Estimation of model parameters can be an issue, e.g.,
w Generation rate (G)
w Near field volume (VNF)
w Near field flowrate (β)
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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
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Tools for Modeling
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IHMod
1Box CE Model

(continuous emissions)

G>0

G=0

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

tg = 15 min
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TEAS: Tasked-based 
Exposure Assessment 
Simulator (beta)
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Selecting a Model
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Standard 1Box and 2Box Models
(CE=continuous emissions; DE=decreasing emissions)

1Box:
CE SS
CE Transient
DE Transient

2Box:
CE SS
CE Transient
DE Transient
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In preparation:
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1Box Models
Standard
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1Box Model (standard)
(1Box.CE.Gv)

SS Transient

1 G G

2 Q Q

3 γ V

4 t

average G

tg = generation time for each task
T = sum of task times

4 tg
5

6

7

8

9

10
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1Box.CE.GvR
SS Transient

1 G G

2 Q Q

3 QR QR

4 ε ε

Newish !!

εR.F = efficiency of the recirculation filter

4 εR.F εR.F

5 γ V

6 tg
7

8

9

10
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1Box.CE.Lev.Gv
SS Transient

1 G G

2 Q Q

3 QL QL

4 ε ε

New !!

εL = LEV efficiency (fraction of G 
immediately captured by the LEV)

4 εL.F εL.F

5 γ V

6 tg
7

8

9

10
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1Box.CE.Lev.GvR
SS Transient

1 G G

2 Q Q

3 QL QL

4 ε ε

New !!

4 εL.F εL.F

5 QR QR

6 εR.F εR.F

7 γ V

8 tg
9

10
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1Box.CE.LevR.Gv
SS Transient

1 G G

2 Q Q

3 QR QR

4 ε ε

New !!

4 εL εL

5 εL.F εL.F

6 γ V

7 tg
8

9

10

εL.F = efficiency of the LEV return filter

22



1Box.CE.LevR.GvR
SS Transient

1 G G

2 Q Q

3 QR QR

4 ε ε

New !!

4 εL εL

5 εL.F εL.F

6 QR QR

7 εR.F εR.F

8 γ V

9 tg
10

23



2Box Models

Standard
Standard
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2Box.CE.GvR (standard)
(2Box.CE.GvR)

SS Transient

1 G G

2 Q Q

3 β V

4 γ V

β = near field flowrate

4 γ VNF

5 β

6 tg
7

8

9

10
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2Box.CE.GvR
SS Transient

1 G G

2 Q Q

3 QR QR

4 ε ε

New !!

4 εR.F εR.F

5 β V

6 γ VNF

7 β

8 tg
9

10
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2Box.CE.Lev.Gv
SS Transient

1 G G

2 Q Q

3 QL QL

4 ε ε

New !!

4 εL εL

5 β V

6 γ VNF

7 β

8 tg
9

10
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2Box.CE.Lev.GvR
SS Transient

1 G G

2 Q Q

3 QL QL

4 ε ε

New !!

4 εL εL

5 QR QR

6 εR.F εR.F

7 β V

8 γ VNF

9 β

10 tg
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2Box.CE.LevR.Gv
SS Transient

1 G G

2 Q Q

3 QL QL

4 ε ε

New !!

[ under construction ]4 εL εL

5 εL.F εL.F

6 β V

7 γ VNF

8 β

9 tg
10

[ under construction ]
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2Box.CE.LevR.GvR
SS Transient

1 G G

2 Q Q

3 QL QL

4 ε ε

New !!

[ under construction ]4 εL εL

5 εL.F εL.F

6 QR QR

7 εR.F εR.F

8 β V

9 γ VNF

10 β

11 tg

[ under construction ]
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Calibrating a Model
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Proposition:
The Steady State (SS) equations can be used to 
calibrate any to a task with a few TWA 
measurements, provided …
n (a) the task starting and ending concentrations are 

zero (or near zero), or zero (or near zero), or 
n (b) the sample time is long.

Under either of these conditions this procedure 
can be applied to both continuous and cyclic (or 
irregular) processes.
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1Box.CE.Gv.SS

C=1.25
_

G = 100 mg/min
Q = 20 m3/min
γ = 0.25
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Example 1
Assume a 1Box scenario:
n G = ? (unknown)

V and Q are knowable:
V = 100 m3n V = 100 m3

n Q = 20 m3/min

The process is cyclic:
n 15 minutes of generation every 60 minutes

During the generation phase the emissions are 
continuous.
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Calibration Procedure:
n Collect a (far field) measurement:
w C = 1.249 mg/m3

n T = 60 min and tg = 15 min (time of generation)
γ = 15/60 = 0.25w γ = 15/60 = 0.25

37
true G = 100 mg/min



Example 2
Assume a 2Box w/ LEV scenario:
n G = ? (unknown)
n βo = ?
n εL = ? εNF = f(QL, βo)

V, V , Q, and Q are knowable.V, VNF, Q, and QL are knowable.
n V = 100 m3

n Q = 20 m3/min QL = 5 m3/min

The process is cyclic:
n 15 minutes of generation every 60 minutes

During the generation phase the emissions are 
continuous.
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Collect a FF and NF measurement:
n Cf = 0.125 mg/m3

n Cn = 0.75 mg/m3

Collect a measurement in the LEV:Collect a measurement in the LEV:
n CExhaust = 4.50 mg/m3

n T = 60 min and tg = 15 min (time of generation)
w γ = 15/60 = 0.25
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Calculate efficiency of the local exhaust: 
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Calculate the average Generation rate:

Calculate the actual Generation rate:
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Calculate the NF “out” flowrate:

42



Checks and Balances
If G known, compare to the estimated value.
n Compare the total mass leaving the system with the total mass 

emitted.

If β can be measured, compare to the estimated value.If β can be measured, compare to the estimated value.

If the recirculation or return air filtration efficiency is 
known, compare to the estimated value. 
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Comments
We view β as an “effective inter-zonal flowrate”, a 
function of …
n ever changing patterns of local air currents
n thermal buoyancy effects
n the position of the worker within the near field.n the position of the worker within the near field.
n Perhaps best calculated from the calibration measurements.

Computer simulations show that VNF is usually not a 
critical factor.
n Start with a value of 8 or 10 m3.
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The revised SS equations can be used to calculate 
average exposures for cyclic tasks and irregular 
tasks,
n eliminating the need to integrate the transient equations.

Note: A “calibrated” model is not yet a “validated” 
model.
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Developing Models
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Variations on 1Box and 2Box Models
Can simple models be devised that account for 
the effect of … ?
n room dimensions, floor plan/shape, equipment layout
n placement and number of intake and exhaust 

ventilation grills relative to the processventilation grills relative to the process
Special models or guidance on VNF and β when 
the process is …
n up against a wall or bluff body
n in a corner

Three zone models
Three zone model + thermally buoyant plumes
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Predict exposures in Far, Medium, 
and Near Fields
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The standard “stack effect” equation could be 
used to estimate the upward flowrate due to 
thermal buoyancy.
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Research Needs

(Dealing with 
Implementation Issues)
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Validation of …
“New” Models
n Laboratory chamber studies
n Field validation
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Guidance for Best Model Calibration 
Practices

Our proposed approach to “model calibration”?
Optimal location of TWA samples and/or DRIs
Optimal sample sizes
Statistical analysis of the data:Statistical analysis of the data:
n best estimates of the model variables
n 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
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Future Research
Show the value of obtaining a few extra
measurements.  
n A calibrated and validated model could be very useful 

in other scenarios.

Use of direct reading instruments (DRI)Use of direct reading instruments (DRI)
n 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
On-line
Moderated by an agency or a NIOSH ERC
Which models work well with combinations of …
n Substance or classn Substance or class
n Emission type
n Unit operation
n Local controls
n General ventilation controls
n Room layout
n Etc
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