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ALL MODELS ARE WRONG AND 

SOME ARE USE(FUL)/(LESS)

Mathematical Model

To describe real world processes using a 

simple language, i.e. mathematical 

expression



The two most important mechanisms 
in Toxicology

• DOSE-RESPONSE RELATIONSHIP – a correlation 

between dose of a toxic substance administered or 

received and the incidence of an adverse (including 

health) effect in exposed population.

• TOXICOKINETICS - process of uptake of toxicants 

by the body of organism, the biotransformation they 

undergo, the distribution of the toxicants and their 

metabolites in the tissues, and the elimination of the 

toxicants and their metabolites from the body.







TOXICOKINETICS MODEL

• Compartment-based models describe toxicant    movement between 

compartments. 

• A compartment represents the amount of a     compound that 

behaves as though it exists in a homogeneously  well-mixed 

container and moves     across the compartment boundary with a 

single uptake or elimination rate coefficient. 



Compartment Models

A simple compartment model 

containing water and organism 

compartments. 

The water represents the source 

Of toxicant and the organism 

represents the toxicant sink. 



ASUMPTIONS:

• The toxicant is well mixed and homogeneous within each 
compartment

• No compound biotransformation occurs

• The uptake rate constants and clearances remain constant 
over time (if the organism undergoes physiological 
change, this assumption can be violated)

• The transfer between compartment is first order. Thus, 
the flux across the boundary depends on the chemical 
activity (concentration) in the respective compartment. 
The net flux is the sum of the uptake and loss fluxes 
across the compartment boundaries



The model relates the amount or concentration of a 

compound in one compartment with that in another:

Ca
Cw

ke
ku

water organism Surrounding
medium



dt

dCa= (ku.Cw) – (ke.Ca) 

Where
Ca = the concentration of the chemical in 

the organism (mol/kg)

Cw = the concentration of the chemical in the 
water (mol/L)

ku = the uptake rate constant (L/kg.d)
ke = the elimination rate constant (1/d)
t = time (d)

(1)



If Cw is held constant, as ideally occurs in 

flow-through experiments and is often 

assumed for field exposures, Equation (1) can 

be exactly integrated to yield

Ca = 
e

u

k

Cwk . (1-e-k
e
t) 

The uptake rate constant can be derived from 
the initial uptake of the chemical by the organism,
when elimination is asumed to be negligible

Ca = ku Cw t





After t    ∽

dCa/dt = 0 --- steady state

BCF = Ca/Cw = Ku/Ke

Biological Concentration Factor



Typical Experimental Data

t Ca

0 2.00

1 4.50

2 6.70

3 8.90

4 12.10

5 15.60

6 22.70

7 28.90

8 29.10

9 29.90

10 29.90

11 29.80

12 29.90

13 29.85

14 29.95

15 29.80

16 29.80

17 29.89
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DIALOG BOX – NONLINEAR REGRESSION



MODEL DEFINITION Cw = 1



INITIAL (ESTIMATE) VALUE OF THE PARAMETER

(1)



INITIAL (ESTIMATE) VALUE OF THE PARAMETER 

(2)



INITIAL (ESTIMATE) VALUE OF THE PARAMETER 

(3)



ESTIMATION PROCEDURE

(algorithms, iterations, sensitivity)



Iteration process

ku(1) …. ku(2)….ku(3)…. ku(4)…..
……………………ku(o-1)…….ku(o)

_______

<1x10-8

Ku(o) = ku optimum



NUMBER OF ITERATION



SAVING PREDICTED VALUES & RESIDUALS







Parameter Estimation
(SPSS for Windows 10.0)

• ll the derivatives will be calculated numerically.

• Iteration  Residual SS          KU KE

• 1      144.2117274  5.50000000  .160000000

• 1.1    143.6859841  5.61110738  .163502397

• 2      143.6859841  5.61110738  .163502397

• 2.1    143.6806092  5.59362163  .162673678

• 3      143.6806092  5.59362163  .162673678

• 3.1    143.6803099  5.59793821  .162870920

• 4      143.6803099  5.59793821  .162870920

• 4.1    143.6802932  5.59692098  .162824358

• 5      143.6802932  5.59692098  .162824358

• 5.1   143.6802923  5.59716166  .162835369

• Run stopped after 10 model evaluations and 5 derivative evaluations.

• Iterations have been stopped because the relative reduction between 
successive residual sums of squares is at most SSCON = 1.000E-08



Curve Fitting
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Figure 1. Dynamics of chemical concentration in organism
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