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Which exposure level ?
Is it acceptable ? 



Measuring 

Exposure assessment & control
Strategy
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Modelling

Evaluation

Reference 
value

Acceptance ?

Control
- Substitution 
- Ventilation
- …



• Process used, rate, quantities 
• Physical properties of the material, energy used
• Emissions linked to other processes

Exposure variability
Due to the emission source
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• General ventilation (weather conditions)
• Air currents, local mixing, thermal effects 
• Distance from the source (displacement)

Due to the work environment 

• Inaccuracy of the equipment or sampling

Due to the measurement



Exposure variability
Individual related
• Specific tasks (posture, body movements, 

moving around…
• Work habits, training
• Measurement, control 
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Metal industry
• Direct reading 

(nephelometry)
• Stationary position 

Dust
particules 

[mg/m3]

time  [h:min]

Morning shift (1.3 
mg/m3)  Afternoon shift (0.6 

mg/m3)  



Mechanical
• Syringes
• Vacuum containers
• Plastic bags
• Cryogenic methods

Chemisorption
• Solubilization
• Activated charcoal Chemical transformation (e.g. impregnated filters)
• Porous polymers 

Physisorption
• Various solid supports
• SPME (microextraction) 

Airborne measurements
Integrative measurements (dose) 
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Activated charcoal tube
• Limited capacity

- Different sizes
- Typically 100- 1000 mg

• Control area
• Desorption

- Solvent (often CS2)

- Efficiency to be determined

Airborne measurements
Integrative measurements – chemisorption  
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Various other sampling tubes 

Requires laboratory analysis 
after desorption



Photoionization detector
• Versatile, most organics
• Direct reading
• Non-specific

Airborne measurements
Continuous measurements (concentration ) 
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Electrochemical detector
• Direct reading
• Specific
• Only common gases (CO, H2S, O2, SO2…)



UV light (typically 10.6 eV)

Airborne measurements
Photoionization detector
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Some examples

Airborne measurements
Continuous measurements
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Question (2.3a)

Do you think these data could be 
representative of the exposure? 

Case study
The printing industry

An industrial hygienist was tasked with assessing the 
inhalation exposure of press operators in a printing facility. 
The worker handles inks containing Toluene (C7H8 ). OEL 
(TWA) : 50 ppm 8-h 
Monitoring was conducted over 8-hour for 1 worker, with 
the following results:

Concentration (ppm)Duration (hour)Measurement
151001
7550 min2

No measurement603
120150 min4

No measurement405



Representativeness of the measurements

Are the realized exposure 
measurements representative of the 
real exposure situation? 
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• Exposure variability
- intra-individual, inter-individual

• Measurement error
- Analytical sampling

Never measure twice on the same spot, the result will 
always be different

Tinnenberg 2001
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Exposure distribution

Time

Concentration

standard time (8h-OEL, 
15-min OEL)

concentration

average 1

average 2

Probability
density

In general, a lognormal
distribution

To take the variability into account, we 
characterize the exposure distribution
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Measurements distribution 

 GSD Percentile 
2.5% - 97.5% 

11 1.5 4-23 

13 2.0 3-40 

15 2.5 2-63 

18 3.0 1-90 

22 3.5 0.8-123 

Observed distribution
– Widely spread GSD 1.5-3.0
– Typically GSD 2.0-2.5 For  a geometric

mean of 10
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Statistical approach (simplified)

• sampling
- Number of samples required to ensure that at least one 
sample will belong to the most exposed (percentile 10%)

confidence indice of 95% (short-term measurement)

25-27 28-31 32-35 36-41 42-50  

17 18 19 20 21 29 

Taille de la 
population  

12 13-14 15-16 17-18 19-21 22-24 

Nb échant. 11 12 13 14 15 16 
 



Practical approach: “action level” 
An « action level » is a level at which preventive actions have to be
taken. This level is usually equivalent to the half or the third,
sometimes the quarter of the OEL.

For what reason?

• taking into account exposures variability (day, week, month, year)

• taking into account the limited knowledge about OEL

• the company corporate image

• quality procedures (ISO and OSHAS standards)
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Statistical approach

Probabilistic approach: Assuming a given 
distribution of (, ), what are the chances 
to exceed the reference value? 

to keep in mind:

OEL

proportion of 
measurements 
exceeding the OEL 
[%]

2
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Statistical approach 

• Iterative strategy to 
reduce the number of 
samples

• Based on the notion of 
SEG (Similar Exposure
Groups)



The industrial hygienist continued the assessment and 
conducted continuous personal exposure measurements 
during 8 hours in a group of operators performing the 
same tasks under comparable conditions.

 OEL (TWA) : 50 ppm 8-h

Measure 1: 25 ppm 
Measure 2: 2 ppm 
Measure 3: 3 ppm 
Measure 4: 35 ppm 
Measure 5: 45 ppm 
Measure 6: 12 ppm

• Z-score for the 95th percentile : 1.645

Case study

Question (2.3b)
Compare the exposure (95th percentile) with the OEL (assuming the 
group is homogeneous) and comment the results

Question (2.3c)
Is the exposure group homogeneous ?

HC0
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Modelling

Evaluation

Reference 
value

Acceptance ?

Control
- Substitution 
- Ventilation
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Exposure modelling
1 - box model
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• the gas/vapour is homogeneously diluted in a single compartment (with a general 
ventilation)

• Parameters:
• Volume  V [m3]
• initial conc. CAi [mg/m3]
• incoming air conc. CA0 [mg/m3]
• ventilation Q [m3 /s]
• emission rate G [g/s] 

• Characteristics :
• easy to use 
• underestimates exposures close to 

the source

V

CA

Q, CA0
Q, CA

G



Exposure modelling
1 - box model
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MASS BALANCE 

AkAA
A CKCQGCQ

dt

dC
V  sin0

Hypothesis:

• no sinking, (Ksink= 0) 
• constant emission rate 
• small emission volume 
• constant conc. in the incoming air

• integrative solution  

ALGEBRAIC SOLUTION

Q
GCe

Q
GCCC A

V

)tt(Q

AAiA 





 




00

0

Sinking



Exposure modelling
1 - box model
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EXAMPLE

 Parameters
• Q = 0.1 m3/s
• G = 50 mg/s
• V=60 m3

600030000

600

[seconds]

[mg/m3]

300

0

• CA0 = 0 mg /m3

• CAi = 0 mg /m3

0
dt

dCA

• Stationary state

Q

G
CA 



Exposure modelling
2 - boxes model
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• Initial conditions
 initial conc. CAi [mg/m3]  
 incoming air conc. CA0 [mg/m3]  

• Air exchanges
 ventilation Q [m3 /s]
 room volume V [m3]
 near-field volume Vi [m3]
 inter-compartment exchange rate :  [m3 /s] 

• Emission
 emission coefficient G [g/s] 

V

CA, FF

Q, CA0 Q, CA

G

CA, NF

Vi



TWO HOMOGENOUS VOLUMES:
• the Near-Field compartment (NF) 
• the Far-Field compartment (FF)



Exposure modelling
2 - boxes model
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MASS BALANCE 

• near field. dtCdtCdtGdCV NFFFNFANF  ,

• far field   dtCQdtCdCV FFNFFFAFF  ,

00 AC

0AiC

With

• an analytical solution exists 



Exposure modelling
2 - boxes model
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EXAMPLE

• stationary state 


G

Q

G
C NFA ,

Q

G
C FFA ,

• Parameters
 Q, G, V
 VNF = 2 m3

  = 0.35 m3/s



It is assumed that the printing facility is not equipped with 
ventilation and that:

• The air exchange rate of the room is low (0.5 h-1). 

• The emission rate G [mg/h] of the solvent can be 
estimated by assuming that over the 8 working hours. 
The operator uses a total volume of 250 ml of toluene 
(dtoluene = 0.8669 g/mL). 

• The volume of the facility is 50 m3.

Case study

Question (2.3d)
From the one-compartment model, evaluate if the toluene 
TWA of 50 ppm (190 mg/m3) is exceeded at equilibrium.

HC0
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General ventilation

Airborne measurements
Ventilation
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Local ventilation



30

Ventilation, principles
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Ventilation, general ventilation
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Ventilation, general ventilation
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Ventilation, general ventilation
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Ventilation, local ventilation
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Ventilation, local ventilation
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Ventilation, local ventilation



Three ventilation designs are considered to reduce the 
exposure close to the printing machine. 

Case study

Question (2.3e)
What are the pros and cons of these 3 options ?

HC0
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