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The superior man, when
resting in safety, does not
IEEERGEIRCENECINUEE  Chemical Engineering Department, University of Jordan

Amman 11942, Jordan

come.... When all is orderly,
he does not forget that
disorder may come.
Confucius (551 BC — 479 BC)
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Toxicological Studies

£ A major objective of a toxicological study is

toxicant on a target organism.

2= For most toxicological studies animals are =
used, usually with the hope that the
results can be extrapolated to humans.

g8 Once the effects of a suspect agent have WORLD WEEK
been quantified, appropriate procedures mmmoumms
are established to ensure that the agent is

handled properly. o/ &
EE Baseline toxicological studies are based on ) .' i k) 2

samples with no toxicants as a reference.

\1\ Because we are not

X RESEARCHTOOLS

@ Raises some ethical issues?

Difficulties Encountered in Toxicological Studies

== Baseline study required (control group)
% Response not necessarily numerical
== Specificity of individual response
&= Allergy or immunity
&= Statistical study required
&= Organism specific response, not applicable to humans
== Dosage response
& Response time, latency, acute versus chronic

ii Difficulty in measuring intended variable (lead in liver
measured by lead in blood)
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2% Major Problem

&8 No ethical way to get human volunteers, hence need to use
“model” systems of rats, cats, dogs, rabbits, etc.

== Hinders production of a new chemical, almost as
stringent as a new drug
£t Currently averages 17 years and 1 million pages

L

Factors Affecting A Toxicological Study

= Before undertaking a toxicological study, the following
items must be identified:

Effect or
response to be
monitored
Target or test \
i Dose range
organism
< ‘

///'

f Factors )
The toxicant | AffectingA Period of the

| Toxicological | test
i\ Study /

— T
L
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Factors Affecting Dose-Response

%t Biological organisms respond differently to the same
dose of a toxicant.

Weight Diet
Sex ’General |
| health
e

‘ Age | ‘\ Respanse factors

@

Crash Review of Statistics

X =response

f(X) = probability (or fraction) of individuals
experiencing a specific response.

1 =the arithmetic mean defined as

Percentage or Fraction of Individuals Affected

n
R
L=t
z f (Xl) Low Avs‘rags High
i=1 Response Response Response
iati i 1 ey
o = the standard deviation defined from the f(X) _ o2l o
variance as o (2_7Z
n
2
2% —a) f(x;) e
0-2 = = n Egesl:mdaxd
Dof(x;)
i=1
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Standard Deviation

£t Standard deviation
measures how the data are
spread out with respect to _
the mean.

2% The higher the value of o
the more spread the data
are

Small standard
deviation

@ o

Area Under the Curve (AUC)

2% Area under the curve represents the percentage of
individuals affected for a specific response interval
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Example 2.1

Seventy-five people are tested for skin irritation

because of a specific dose of a substance. 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 individuals

exhibiting a specific response is given in the

given table.

a) Plot a histogram of the number of
individuals affected versus the response.

b) Determine the mean and the standard
deviation.

c) Plot the normal distribution on the
histogram of the original data.

15 T T T T T T T

Response

Number of
individuals
affected
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Number of
Individuals Affected
)

w
L

Response

Percentage of individuals affected based on response

fix)=13.3e

0.100(x 4 51)2
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(0X0) +(15) +(2X 10) + (3X13) +(4X13) +(5X 1) +(6X9) +(TX6) +(8X3) +(9%3) +(10%2)
75

p=

338
75

=451

o’ = [(1 = 451)%(5) + (2 — 451)10) + (3 — 4.51)%(13)
+ (4 — 4.51)°(13) + (5 — 4.51)(11) + (6 — 4.51)%9)
+ (7 — 4.51)%(6) + (8 — 4.51)’(3) + (9 — 4.51)%(3)
+ (10 = 4.51)%(2))/75 = 374.7/75 = 5.00,

o= Vo= V500 = 224

1 Ly
270

) = et

= 0.178¢ 0100431,

Analysis for Toxicological Study

1. Runtest on “large” population.

2. Given same dose (usually in dose/body
mass).

3. Determine the number or fraction of 2
individuals that have a response. g'

4. The toxicological experiment is repeated
for a number of different doses, and
normal curves are drawn.

5. The standard deviation and mean =
response are determined from the data Dose-response curve
for each dose. 100

6. A complete dose-response curve is )
produced by plotting the cumulative a4
mean response at each dose.

7. Error bars are drawn at o around the
mean.

8. For convenience, the response is plotted
versus the logarithm of the dose. Forms 0.0

Response (%)

Sigmoid shaped curve.

Logarithm of the Dose

@ Response versus log dose curve
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LD, ED and TD Curves

5 If the response of interest is death or lethality, the response versus log dose curve is
called a lethal dose curve (LD).

5 If the response to the chemical or agent is minor and reversible (such as minor eye
irritation), the response—log dose curve is called the effective dose curve (ED).

5 if the response to the agent is toxic (an undesirable response that is not lethal but is
irreversible, such as liver or lung damage), the response—log dose curve is called the
toxic dose curve (TD).

I Therapeutic effect I l A Toxic effect | I Lethal effect ]

to this dose

of i

@ Dose >

Mixtures of Chemicals

Additively  (the  combined @ Synergistically (the combined
effect is the sum of the @ effect is more than the
individual effects i.e., 1+1=2). individual effects i.e., 1+1>2).

Antagonistically (both
counteract each other i.e.,
1+1 <2).

100 P PPN
E ‘ ay: 100]
El:
3 Full aﬁomst /ci‘ g o76]
3w only H
s \ # { \ % 0.60]
S g Full agonist 3 = DrugA
H C/ p\us § 0.264 A Drug B
2 20 fixed concentration of & * Combinatior
g —“—‘%’;/ 0_;_/ competitive antagonist 0.00]
0335 R T
o ¢ 100 1dt e 10 ad I ER EARA PRaa PRaa T
g Agonist Drug Concentration (Log Scale) Dose



2/14/2017

Models for Dose-Response Curves

= Response versus dose curves can be drawn for a wide
variety of exposures, including exposure to:
= heat,
== pressure,
E= radiation,

== impact, anc
=2 sound.

#& For computational purposes the response versus dose
curve is not convenient; an analytical equation is
preferred.

L

The Probit (Probability Unit)

5= Many methods exist for representing the response-dose curve.

i Forsingle exposures the probit (probit = probability unit) method
provides a straight-line equivalent to the response-dose curve.

E& The probit variable Y is related to the probability P by:
1 "¢
P=—r | e"/Xdu

N2x J;

()

&= Plotted in Figure 2-9 and tabulated in Table 2-4.




Probits

The relationship between percentages and probits

10

T

20

50
Percentages

60

T

70

100

Transformation from Percentages to Probits

% 0 1 2 3 4 5 6 7 8 9
() - 2,67 2.95 312 325 3.36 345 3.52 359 3.66
10 372 377 3.82 387 392 3.96 401 4.05 4.08 4.12
20 4.16 419 423 426 429 433 4.36 439 442 445
30 448 450 4.53 4.56 4.59 4.61 4.64 4.67 4.69 4.72
40 475 4.77 4.80 4.82 485 4.87 4.90 4.92 495 497
50 5.00 5.03 5.05 5.08 5.10 513 5.15 5.18 520 523
60 5.25 528 5.31 533 5.36 5.39 541 5.44 547 5.50
70 5:52 5.55 5.58 5.61 5.64 5.67 571 5.74 5.7 5.81
80 5.84 5.88 592 5.95 599 6.04 6.08 6.13 6.18 6.23
9 6.28 6.34 6.41 6.48 6.55 6.64 6.75 6.88 7.05 133
Y% 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
9 733 137 741 746 7.51 7.58 7.65 .73 7.88 8.09
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Linearization of Response-Curve

== The probit relationship transforms the sigmoid shape of the
normal response versus dose curve into a straight line when
plotted using a linear probit scale.

== Standard curve-fitting techniques are used to determine the
best-fitting straight line.

Probit %
Probit % 775 99.3¢
100 - 7.0 97.7
628 90} ! —
584 80}
{6.0 84.1
552 70}
525 60} 5.5 69.1
500 50} 5.0 50.0
475 4o} .,
448 30}
4.0 159
416 20}
372 10} 35 67
30 23

0 ST R (R (S (Y (O V)
0.4 0.6 08 1.0 1.2 1.4 1.6

@ Log Dose

The Causative Factor: Fires

= Table 2-5 lists a variety of probit equations for a number of
different types of exposures.
2 The causative factor represents the dose V.
E& The probit variable Y is computed from

Y =k, +k,Inv

Probit
parameters

Causative
Type of injury or damage variable ky k,

Fire!
Burn deaths from flash fire LIA2Nn0t -14.9 2.56
Burn deaths from pool burning 310t ~149 2.56 “
1, = effective time duration (s)
1, = cffective radiation intensity (W/m?)
1 = time duration of pool burning (s)
I'= radiation intensity from mel burning (W/m’) A pool fire is a turbulent diffusion fire burning above

a horizontal pool of vaporizing hydrocarbon fuel
@ where the fuel has zero or low initial momentum.

11
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The Causative Factor: Explosions

Probit
parameters
Causative
Type of injury or damage variable ky k;
Explosion”
Deaths from lung hemorrhage P’ =771 6.91
Eardrum ruptures P’ -15.6 1.93
Deaths from impact J —-46.1 4.82
Injurics from impact J -39.1 4.45
Injuries from flying fragments J -27.1 4.26
Structural damage P’ -238 2.92
Glass breakage P’ -18.1 2719

P’ = peak (wcrprcssu.rc (an-12)
J = impulse (N s/m%)

L

The Causative Factor: Toxic Releases

Probit
parameters
Causative
Type of injury or damage variable kK k;
Toxic release”
Ammonia deaths ST ~35.9 1.85
Carbon monoxide deaths > Cor —-37.98 3.7
Chlorine deaths > il & -829 0.92
Ethylence oxide deaths’ S8 -6.19 1.0
Hydrogen chloride deaths S OT —16.85 20
Nitrogen dioxide deaths G2oT -13.79 1.4
Phosgene deaths SCHT -19.27 3.69
Propylene oxide deaths SCHT -7.42 0.51
Sulfur dioxide deaths s cr —-15.67 1.0
Toluene DCHT —6.79 0.41

C = concentration (ppm)
T = time interval (min)

v
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Example 2-2
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it Determine the percentage of people who will die as a
result of burns from pool burning if the probit variable YV
is 4.39. Compare results from Table 2-4 and Equation 2-

6.

Solution

The percentage from Table 2-4 is 27%. The same percentage can be computed using Equation 2-6, as

follows:

R H.w—s)
2 B39-5 "\ 2

" 0.61
= w[l «-n(—:ﬂ = 50(1 — erf(0.4314))
V2 :

= 50[1 — 0.458] = 27.1%,

where the error function is a mathematical function found in spreadsheets, Mathcad, and other

software programs.

L

Time-Varying Doses

#2 When the exposed subjects receive different doses as a

function of time

A risk assessment study scenario involves 1000 people
being exposed to chlorine vapors due to a train car rupture in a

suburban area.

People Exposure time (min) Concentration (ppm)
500 50 200
30 100
20 50
500 150 200
50 100
20 50

@ Predict the potential deaths.

13
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Relating TLV and LD50

100 | Safe Safe
exposure exposure
within TLV

hn
o

NOAEL

B

5 10 15 20 25 30 35
Dose (mg/kg)

Response (Percent)

=

Highest dose at which no observable adverse effect is seen (NOAEL) or the
lowest dose at which an adverse effect is observed (LOAEL)
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