
The Nature of the Accident 

Process

Type of 

Accident
Probability of 

occurrence

Potential for

fatality
Potential for

economic loss

Fire

Explosion

Toxic 

release

High

Inter-

mediate

Low

Low

Inter-

mediate

High

Inter-

mediate

High

Low
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2. Toxicology
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Toxins

Toxicology:  interaction of people with
chemical or physical agents

Chemicals and physical agents are 
potential toxins

Dusts, fibers, noise, radiation

Industrial hygiene: methods to prevent or 
reduce intrusion of toxicants
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Library - 35 dB 

Office - 60- 65 

Normal traffic noise 70 - 80 dB 

Airport (plane take off) - 120 dB

No damage below 80 dB 

Source of Sound/Noise Approximate Sound Pressure in µPa

Launching of the Space Shuttle 2,000,000,000

Full Symphony Orchestra 2,000,000

Diesel Freight Train at High Speed at 25 m 200,000

Normal Conversation 20,000

Soft Whispering at 2 m in Library 2,000

Unoccupied Broadcast Studio 200

Softest Sound Human can Hear 20 5METU-NCC
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Toxic Chemicals

What makes a chemical a toxin?

Amount or dose is a factor

Medicines and water, both beneficial in 
proper amounts, can be harmful.

There are no harmless substances, only
harmless ways of using substances

32 year old man died after drinking too 
much water [2005,  Liverpool England]

Water washed the essential salts from his 
body and caused his brain to swell and 
he fell into a coma before he died.
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Toxicity

Toxicity: an intrinsic property of an 
agent that causes an effect on a 
person

Toxic hazard: magnitude of effect on a 
person ☞ can be reduce by hygiene

Acute toxicity: short period exposure

Chronic toxicity: multiple exposure 
long period exposure

9/27/2011 8METU-NCC



9/27/2011 METU-NCC 9



9/27/2011 METU-NCC 10



Infusion of Toxins

Inhalation: airborne concentrations can 

reduce the transfer of gases.

Hazardous particulates: 2 - 5 µm can reach 

the bronchial tubes and alveoli.

Absorption, skin: rate varies widely with 

various chemicals

Injection: highest blood concentrations

Ingestion through contamination
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Elimination of Toxins

Excretion: kidneys, liver, lungs

Detoxification: digestive tract

Storage: fat cells

High infusion: damage to kidneys, 

liver, lungs therefore reducing 

elimination.
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Toxicological Studies

Toxicant
Must be identified with respect to its composition and its 
physical state

The target or test organism
From a simple single cell up through the higher animals

The effect or response to be monitored

The dose range
Depend on the method of delivery

Milligrams of agent per kilogram of body weight(mg/kg,
ingestion, injection)

Milligram of agent per cubic meter of air or millions of 
particles per cubic foot (mg/m3, mppcf)

The period of the test
Depend on whether long- or short-term effects 
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Single Exposure Dose-Response

Wide levels of response to toxins with 
numbers affected at each dose level, 
Crowl, Fig. 2-5, p. 45.

Responses of a large number of 
people follow a normal (Gaussian) 
distribution, Fig. 2-2, p. 42
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Normal Distribution

f(x): fraction of individuals with a 
specific response level

x: response

µ: mean of the response (curve position)

σ : standard deviation of the response 
(curve shape); 1σ, 68%; 2σ, 95.5%

Number of individuals affected with a 
specific response = f(x)N

where N = total number
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Standard deviation and mean 

characterize the shape and the 

location of the normal distribution 

curve
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Mean Variance

N is the number of data points
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Example 2-1
75 people

tested for skin irritation

the responses are recorded on a 
scale from 0 to 10, with 0 indicating 
no response and 10 indicating a 
high response

The number of individual response 
is given in the following table

A. plot a histogram of the number of 
individuals affected versus the 
response

Determine the mean and the standard 
deviation

Plot the normal distribution on the 
histogram of the original data
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Multiple Exposure Dose-Response

A distribution curve for each dose level 

represents the response levels for that dose

Construct a dose-response curve from 

mean responses for all doses (Figs. 2-6, 2-7

p. 47)  Show ± 1σ or 68% of responses

LD (lethal dose) curve with LD50 dose lethal 

for 50% of individuals, Fig. 2-8, p. 48

ED (effective dose): reversible effect

TD (toxic dose): irreversible damage
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Multiple Exposures

Exposures from > 1 toxin of same 

class

Exposures from > 1 toxin of different 

classes: response not additive

Synergistic response: effect more 

than sum of individual effects
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Consequence Predictions

Estimate effects of toxins, fires, 

explosions

Extend limited dose-response and 

other consequence data to causes or 

cause levels for which affects have not

been measured

Consequences needed to assess or 

estimate risk = (consequence)•(likelihood)

9/27/2011 34METU-NCC



Models for Dose and Response 

Curves

Response versus dose curve

Can be drawn for a wide variety of 
exposures, including exposure to 
heat, pressure, radiation, impact 
and sound
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Probit Equation

Form: Y =  k1+ k2 lnV, V = dose level

Method: Calculate Y and convert to %

Note: yields average % of affected 

individuals or average consequence

Probit parameters (k1, k2) and causative 

variables for a variety of exposures V

are in Tab. 2-5, p. 51.
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Predict Consequence of  

Exposure to Effect

The average response or % affected vs.
the ln of the dose or cause yields a similar
sigmoid curve for all causes.

Transform curve to the straight line of 
Probit vs. ln of the dose

Convert Probit to % individuals affected

Result: represent a variety of events in a 
linear form to predict the result of a 
causative variable, e.g., concentration, 
time, pressure, impulse, radiation intensity
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Example: Exposure to release 

of gases heavier than air

1. Source

2. Acceleration, 

Diffusion

3. Gravity

4. Transition

5. Surface

6. Turbulence

Predict effects of exposure near the surface.

Predict % affected by the exposure.

Stages

3

4

5

6

1

2
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Probit Method: Single Exposures

To predict % affected from toxins, convert

dose-curve to an equation

Use the normal distribution function, f(x), to 

represent the dose-response data

Let u = (x-µ)/σ
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Probit Method

Y is the Probit variable to determine 
probability or % of individuals affected

Probability, % = 

On a linear Probit scale, the sigmoidal
dose-response curve is converted to a 
straight line (Fig. 2-10, p. 50)
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Probit Method

Y ranges from 2 to 8 in units of s. 

Y Y- 5 Probability, %
2 - 3 0

3 - 2 2

4 - 1 16
5 0 50   x = µ (mean)
6 1 84

7 2 98

8 3 100
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Toxic Gas Effect-1

Toxic effect model

Assess the consequences to human 

health as a result of exposure to a known 

concentration of toxic gas for a known 

period of time

Toxicologic criteria and methods

Emergency Response Planning Guidelines for 

Air Contaminant (ERPGs) issued by AIHA 

(American Industrial Hygiene Association)
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Toxic Gas Effect-2

Toxic effect model 2
Immediately Dangerous to Life or Health (IDLH) 
established by NIOSH(National Institute for 
Occupational Safety and Health)

Emergency Exposure Guidance Levels (EEGLS) 
and Short-term Public Emergency Guidance 
Levels (SPEGLs) issued by National Academy of 
Science

Threshold Limit Values (TLVs) established by 
ACGIH(American Conference of Governmental 
Industrial Hygienists)

Permissible Exposure Limit (PELs) promulgated 
by OSHA(Occupational Safety and Health 
Administration)
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Toxic Gas Effect-3

ERPGs
Provide a consequence of exposure to a specific 
substance of maximum airborne concentration below 
which it is believed that nearly all individuals could be 
exposed for up to 1 hr without experiencing or 

developing

ERPG1

any symptoms other than mild transient adverse health 
effects or without perceiving a clearly defined objectionable 
odor

ERPG2

irreversible or other serious health effects or symptoms that 
could impair their abilities to take protective action

ERPG3

life-threatening health effects
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Toxic Gas Effect-4

IDLHs

When exposure is likely to cause death or 
immediate or delayed permanent adverse 
health effects or prevent escape from such 
an environment

Currently available for 380 materials
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Toxic Gas Effect-5

EEGLs and SPEGLs

EEGL is define as a concentration of a gas, 
vapor or aerosol that is judged to be 
acceptable and that will allow healthy 
military personnel to perform specific tasks 
during emergency conditions lasting from 
1 to 24 hr

SPEGLs defined as acceptable 
concentrations for exposures of members 
of the general public
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Toxic Gas Effect-6

TLV-STEL

Maximum concentration to which 
workers can be exposed for a 
period of up to 15 minutes without 
suffering

Intolerable irritation

Chronic or irreversible tissue change

Narcosis of sufficient degree to increase 
accident proneness
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Toxic Gas Effect-7

PEL
Similar to the ACGIH criteria for TLV-TWAs since 
they are also based on 8-hr time-weighted 
average exposure

Toxic endpoints
Used for air dispersion modeling of toxic gas 
released as part of the EPA Risk Management 
Plan(RMP)

Use ERPG2 or LOC(Level of Concern) by 
Emergency Planning and Community Right-to-
Know Act
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Thermal Effects

Two approaches are used

Simple tabulations or charts based on 
experimental results

Theoretical models based on the 
physiology of skin burn response

Probit model (Eisenberg, 1975)

Y is the Probit

t is the duration of exposure(sec)

I is the thermal radiation intensity(W/m2)
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Explosion Effects

Explosion effect
Based on either the blast overpressure alone, 
or a combination of blast over pressure, 
duration and/or specific impulse

Structure

Y is the Probit

P0 is the peak overpressure(Pa)

People

)2.92ln(P23.8Y 0

)6.91ln(P77.1Y 0
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Probit Equation; Example
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Relative Toxicity

Toxicity degree varies widely with agent.

Wide range of lethal doses from < 70 mg 
to > 1 kg for a 70 kg person in Tab 2-6, 
p. 54. (Dose/body weight)

Effects of two toxins can be very different 
at low and high doses, Fig. 2-13, p. 55

Response data are needed over wide 
ranges of doses to determine relative 
hazards of toxic agents.
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Threshold Limit Values (TLV)

TLV: threshold, adverse effect (ACGIH)

Low doses      <   TLV   <    high doses

body detoxifies adverse effects

TLV-TWA: time weighted ave. 40 hr week 

during worker lifetime

TLV-STEL: short term exposure limit < 15 min

TLV-C: ceiling level must not be exceeded

9/27/2011 65METU-NCC



TVL-TWA Model

where tw is the worker shift in hours. 

C(t) is the concentration of the toxin in air.  

The integral is divided by 8 hours regardless 
of the time worked in the shift.


TWA 
1

8
C(t)dt

0

tw
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TLV-TWA Determination

TWA from intermittent measurements

where Ci is the concentration estimated 

to be the average concentration over 

the time interval Ti.

TWA 
C1T1C1T2  CnTn

8 hr

9/27/2011 67METU-NCC



Permissible Exposure Levels 

(PEL)

PEL by OSHA compared with TLV-TWA in 

Tab. 2-8, pp. 56-58.

Where these threshold levels differ, use 

the lower levels

Carcinogens: effects of levels unknown

IDLH, immediately dangerous to life & 

health (NIOSH): max. permissible levels 
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