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Summary 
 
This paper describes a statistical tool for experts who prepare working papers for the 
FAO/WHO Joint Expert Committee on Food Additives. It may be used in cases where
a statistical approach appears to be the method of first choice when elaborating MRLs.

 
The proposed approach includes:  
 
(1) Linear regression analysis of kinetic data describing the terminal depletion of a 

suitable marker residue in edible tissues following the (last) administration of 
the drug under approved conditions of use; 

(2) Subsequent use of the results of the regression analysis for the estimation of 
upper limits of the 95% (alternatively 99%) confidence interval for the upper 
one-sided tolerance limit on the 95th  (alternatively 99th) percentile of the popu-
lation sampled; 

(3) Iterative calculation of such statistical limits as a function of time over the 
whole phase of terminal elimination of the marker residue; 

(4) Proposal of Maximum Residue Limits for Veterinary Drugs derived from a set of 
such statistical limits for the standard edible tissues. The proposed limits have 
to  meet the following requirements:  

a. The time point selected to derive the MRLVDs is compatible with (estab-
lished) practical withdrawal times of the veterinary drug.   

b. Observation of the proposed MRLVDs  does not result in an excess over 
the ADI of the daily intake of consumers averaged over lifetime of resi-
dues of toxicological / microbiological concern. 

The main advantages of the suggested approach are: The MRL- values derived by the 
methods described take account of both, the ADI and the kinetic behaviour of the 
residues in the standard edible tissues. A link between proposed MRLs and the nec-
essary depletion times to reach these MRLs is created and the numerical values of the 
MRLs reflect the proportions in which the residues occur in different tissues following 
treatment of the animals according to good practices in the use of veterinary drugs. 
 
 
Basic Assumptions and Requirements 
 
According to the well known compartment model of pharmacokinetics, the time course of the 
concentration of residues in tissues following administration of veterinary drugs to animals 
and through all phases of absorption, distribution and excretion can typically be described by 
the sum of a suitable number of exponential terms.  
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where:  
Ct is the concentration at time t,  
C0,i is the fictitious concentration corresponding to t = 0 and the i th  exponential term, 
ki is the rate constant corresponding to the i th exponential term. 
 

For the description of the terminal phase of elimination the use of a single exponential term is 
most frequently fully adequate. Equation [1] then reduces to: 
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or:   
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loglnlog 00 −=−=     [3] 

     
From equation [3] it follows that there exists a linear relationship between the  logarithmically 
transformed concentration data (expressed as dimensionless “mass fractions”, e.g. ppm, 
ppb, ppt) and time. Equation [3] can be re-written in the more general form of a straight re-
gression line: 

xbay yxyx +=        [4] 
 
where ayx and byx  are estimates of log (C0) and of –k/2.303, respectively. The method of the 
“least squares” can be applied for calculating the regression line, i.e. the straight line which 
fits best to the given data. The parameters of the regression line can be  calculated accord-
ing to standard procedures. Formulas used are given below. 
 

Table 1: Calculation of the regression line*  
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*see reference (1) 
 
 
Confidence intervals for the upper one-sided tolerance limit on given higher percentiles of the 
population can easily be calculated using the results of the regression analysis:  
     

yxTyxyx skxbay ++=ˆ       [5] 
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y “hat” ( ŷ ) of equation [5] in this context represents the upper limit of the 1-α  confidence 
interval for the one-sided upper tolerance limit of the fraction 1-γ of the residue concentra-
tions predicted for the population of animals treated in the same way. Its significance is that 
at least the fraction 1-γ of the residue concentrations found in the animals of this population 
at the given time points can be expected to be below this numerical value with a confidence 
of 1-α. A convenient procedure for the calculation of kT has been published by Stange (3). 
The equations are as follows: 
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It is suggested that normally 0.95 should be used for both, 1-γ and 1-α (i.e. 95% of the popu-
lation and 95% statistical confidence). The respective percentage points of the standard 
normal distribution u1-γ and u1-α which are used in the Stange-equation are 1.6448 if 0.95 is 
chosen for 1-α (1-γ) and 2.3264 if 1-α (1-γ) is 0.99. 
 
 
Regression Analysis 
 
Independent variable: Linear regression analysis requires that the independent  (“predictor”) 
variable chosen is not subject to random variation. The errors of the independent variable 
should also not be correlated to the errors of the dependent variable. In residue depletion 
studies with slaughter animals the time after treatment of the animals is typically the only 
useful independent variable which meets the conditions for regression analysis.  
 
Dependent variable: The data used as estimates of the dependent (“response”) variable for 
regression analysis should be independent from each other. This requirement is normally 
met since at every time point of tissue sampling another animal is sacrificed. However, when 
replicate analyses of the same tissue are performed, averages should be used instead of the 
single results of the individual replicate analysis. The number of replicate analyses should be 
similar for all samples used in the same statistical evaluation. If data are obtained from simi-
lar tissues sampled from different sites of the body (e.g. subcutaneous fat, perirenal fat, 
omental fat) averages should also be calculated before performing statistical calculations. 
 
Homogeneity of variances of the log-transformed data on each time point: It should be tested 
whether or not the variances of the logarithmically transformed concentration data vary as a 
function of time, i.e. whether or not the hypothesis of in-homogeneity of variances can  be 
rejected. Depending on the results either equi-weighted (homogeneity) or weighted (hetero-
geneity) linear regression has to be performed. National (e.g., the Food and Drug Administra-
tion of the United States of America (FDA)  
[see: http://www.fda.gov/cvm/guidance/guideline3pt6.html ]  
as well as international institutions, such as the Committee for Veterinary Medicinal Products 
of the European Agency for the evaluation of Medicines (CVMP/EMEA)  
[see: http://www.emea.eu.int/pdfs/vet/swp/003695en.pdf ] recommend certain tests. The 
EMEA offers a programme for the calculation of withdrawal times which uses the recom-
mended tests and which can also be downloaded from the Internet  
[see: http://www.emea.eu.int/index/indexv1.htm ]  
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Linear relationship between time of slaughter and the log-transformed data and log-normality 
of the distribution of the errors: The logarithmically transformed concentration data plotted 
against the slaughter times should at least be visually inspected for linearity of the relation-
ship between the two variables. Deviation may be due to, e.g., continued influence on the 
concentration values of the distribution phase (at earlier time points) or closeness to the limit 
of quantification/detection of the analytical method (at late time points). FDA guidelines as 
well as EU guidelines recommend to carry out an analysis of variance for further statistical 
assurance of the linearity. 
 
Furthermore a graph of the ordered normalised residuals (ordered differences between the 
experimental data and the values predicted by the regression model divided by  the “residual 
error” sy..x) versus their cumulative frequency should be prepared on a normal probability 
scale. The results should ideally lie on a straight line if the errors of the logarithmically trans-
formed concentration data are normally distributed.  
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Excel workbook 
 
To facilitate the application of statistical tests to kinetic residue depletion data and the calcu-
lation of statistical tolerance limits a workbook has been developed which is based on Micro-
soft EXCEL 2002. The workbook uses simple EXCEL instructions only. Intentionally no use 
of more sophisticated techniques, e.g., VBA programming has been made in order to allow 
the user to check every individual number calculated, make the procedures fully transparent, 
and ensure compatibility with as many as possible of the earlier versions of EXCEL The 
workbook contains 13 worksheets which serve the following purposes: 
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“cover” 
Description of the function of the worksheet Comments found on the worksheet 

 
Cover of the workbook 
 
The “empty” workbook has been saved as template (extension .xlt). It is recommended to rename 
and save it (now with extension .xls) shortly after opening it and entering the first data. Windows 
98 tends to be relatively unstable when working with large Excel workbooks (this has never been 
observed with Windows 2000 and Windows XP). Therefore, it is recommended to save the pro-
gress of the ongoing work frequently. 
The workbook contains a huge number of active cells. They will not necessarily contain meaning-
ful results before all the required data have been filled into the appropriate tables. 
Red tabs indicate that the user has to fill in data into the tables of the sheet. Blue tabs indicate 
that the user has to sort and copy certain data for graphical purposes on these sheets. Green 
tabs indicate that no changes have to be made by the user. 
 
Users should read and follow the comments and instructions given on certain worksheets.  
 

This spreadsheet has been successfully 
tested under: 
- Windows XP/Excel 2002 
- Windows 2000/Excel 2000 
- Windows 98SE/Excel 2000/2002 
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“rawm” 
Description of the function of the worksheet Comments found on the worksheet 

This worksheet has to be used to enter raw data relating to the marker residue! 
 
The individual tables of the worksheet are hidden in the template. Only the basic structure of the 
sheet is visible. The user has to klick on the “+” buttons in column 1 (rows 10, 16, 30, 44, 58, and 
72)  to unfold the tables and enter the data.  

Cell E1:  
Do not use this spreadsheet for the calcula-
tion of statistical tolerance limits if the num-
ber of time points is lower than 3 and the 
number of animals per time point is lower 
than 4 to 5. (Certain statistical tests require a 
minimum number of 5 animals per time 
point). 
Cell E4: 
Please provide a full reference to the study. 
Cell D13: 
The LOQ must be given in the same units of 
concentrations as in the below tables! 
Cell D14: 
Recoveries must be given in %. 
Cell B18: 
All time points must be given in the same 
dimensions (e.g. days, hours, etc.). 
The number of time points and animals can 
differ for all four tissues as long as it remains 
<=10 for the time points and <=12 for the 
animals.  
Do not delete empty rows since this could 
disturb some subsequent calculations. 
Cells N18, N32, N46 and N60: 
For this table the worksheet sheet will ac-
cept:  
- either a numerical value,  
- or  <LOQ,   
- or an empty cell. 
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Example of a table containing raw data  
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“corm” 
Description of the function of the worksheet Comments found on the worksheet 

The worksheet assigns LOQ/2 to all cells corresponding to raw data cells containing the 
text <LOQ. It also corrects the raw data for recoveries. 
When opening the template the individual tables are hidden. Only the basic structure of the work-
sheet can be seen. The user should unfold the tables and view the data. The tables have to re-
main open because otherwise the data points would not be visible in the worksheet “graph” 

Cell B1: 
All calculations are carried out automatically. 
The user has no possibility to change the 
results. Necessary changes should be made 
in the worksheet "rawm" which contains the 
raw data. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 



D. Arnold                                                                                                                                                                                                                       21.08.2003 
Working paper MRL statistics 

                                                                                                                   

12

Example of  tables containing corrected data 
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“Bartlett” 
Description of the function of the worksheet Comments found on the worksheet 

The worksheet calculates the test statistics of Bartletts test for homogeneity of variance of 
normally distributed data. 
The template shows only the basic structure of the worksheet. The results of the calculations can 
immediately be seen in the summary table as soon as the raw data have been filled into the ta-
bles of worksheet “rawm”. The user may unfold the tables in order to view the detailed calcula-
tions and to obtain further information. Unfolding rows 2-5 provides hyperlinks with information on 
Bartletts test and a table with critical values of the chi-square distribution 

Cell A10: 
total number of observations 
Cell A11: 
number of groups 
Cell A12: 
total number of degrees of freedom 
Cell 15A: 
In this row you will find the value which has 
to be compared with the critical values of the 
chi-square distribution. 
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Partial view of the worksheet after completion of data entry in worksheet  “rawm” 
Unfolding of rows 19-27 results in a display of the formulas used. 
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“Cochran” 
Description of the function of the worksheet Comments found on the worksheet 

The worksheet calculates the test statistics for Cochrans test for homogeneity of variance. 
The template shows only the basic structure of the worksheet. The user has to unfold the tables 
by clicking on the “+” buttons in order to view results, formulas used, the calculations performed, 
and a table of limits of significance of Cochrans test. 
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Example of a worksheet containing test data 
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“var” 

Description of the function of the worksheet Comments found on the worksheet 
The worksheet performs a one-way analysis of variance. The more than 300 rows of active 
cells are hidden in the template. The user has to unfold the tables by clicking on the “+” buttons in 
order to view the results of the calculations. The worksheet includes a hyperlink to view upper 
critical limits of the F-distribution 

Cells K10, K18, K26, K34: 
Find there the variance ratio which has to be 
compared with the corresponding upper criti-
cal value of the F-distribution. 
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Partial view  of the results of the analysis of variance (example) 
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“dev” 
Description of the function of the worksheet Comments found on the worksheet 

The worksheet assists the user to create plots of deviations from normal probability. The 
“empty” template shows only the basic structure of the worksheet.  
In the “empty” template the four plots (example given below  for muscle) show only the theoretical 
straight line. 
Clicking on the “+” in row 84 unfolds rows 63-84 enabling a view on the formulas used (see refer-
ence 3) to calculate x(P), the standard deviation for a given cumulative probability P(x) and vice 
versa. 
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“dev” (continuation) 

Description of the function of the worksheet Comments found on the worksheet 
In order to create the desired plots, the user should now perform (tissue by tissue; example given 
her for muscle) the following steps: 
Step 1: Unfold “3) Calculations”! 
In the columns A to C (under “time”, “data”, and “log data”), the worksheets shows the corrected 
residue concentrations and their logarithms. The groups of data for each time point show a differ-
ent background colour. Column D shows the corresponding “normalised residuals”. 
Step 2: Select the first cell under “normalised residuals” (here cell D89) and sort the data in as-
cending order by clicking on the corresponding icon in the tool bar. Check that the values in col-
umn D now start with the lowest normalised residual (a negative value!) and that in columns A-C 
all values of the same row have the same colour (see the next screenshot).  
Step 3: Start entering the absolute cumulative frequencies by typing 1 and 2 into the first two 
cells of the corresponding column (The worksheet will automatically calculate the corresponding 
values of the remaining four columns. If every thing is o.k. you will see  almost identical numbers 
in the corresponding cells of the columns “relative cumulative frequency” and “control of calcula-
tions”. Complete entering absolute cumulative frequentcies by selecting the first two cells and 
dragging down the fill handle. Stop as soon as there appears the first empty cell in the col-
umn with the normalised residuals! 
Step 4: Click on the “empty” plot for the corresponding tissue (here: Muscle). The menu “chart” 
will appear in Excels menu bar. Select “add data” from the menu. The usual box appears. Now 
select first all data including the headline from the column “normalised residuals” as x-values. 
Then, while pressing the control key, select all values including the headline from the column 
“expected normal deviate” as y-values. Fill in the checkbox and click “ok”. View the plot and pro-
ceed to the next tissue, but do not attempt to hide the tables with the calculations because other-
wise the data points will also disappear from the plots! 
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Illustration of steps 1 and 2 of the table “dev” 
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Illustration of step 3 of the table “dev” 
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Example of a plot created with worksheet “dev” 
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“regm” 
Description of the function of the worksheet Comments found on the worksheet 

The worksheet performs linear regression analysis on the logarithms of the corrected 
data. It returns the parameters of the straight line. In addition it calculates other useful character-
istics of the data, such as geometric mean. 
 
The “empty” template shows only the summary of the results and the basic structure of the work-
sheet. In order to view all details the user has to click on the “+” buttons in order to unfold the 
tables. 

Cell D1: The user of this spreadsheet has no 
influence on the calculations performed on 
this worksheet. All calculations are carried 
out automatically. Any necessary changes to 
the data have to be made on the worksheet 
"rawm" 
Cell B5: intercept of the straight line 
Cell C5: slope of the straight line 
Cell D5: coefficient of correlation 
Cell E5: residual variance 
Cell C11: The results of this table might be 
used as a basis for the calculation of MRLs 
in cases where the "tolerance limits ap-
proach" yields unsatisfactory results. 
Cells F16, K16, P16, U16: The results given 
in this column could be used for the "mean 
plus three standard deviations approach" 
sometimes followed by experts. 
Cell M56: The below figures represent the 
log10-values of the corrected results. 
Cell Z56  These are intermediate calcula-
tions needed for the final calculation of the 
sum of x in cases where the number of ani-
mals differs for individual rows. 
Cell AA56: These are intermediate calcula-
tions needed for the final calculation of the 
sum of  squared x in cases where the num-
ber of animals differs for individual rows 
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Partial view of a worksheet containing test data 
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Partial view of a worksheet containing test data 
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“tolm” 

Description of the function of the worksheet Comments found on the worksheet 
The worksheet calculates tolerance limits on the basis of the results of linear regression. 
It also provides the corresponding values of the regression line. 
The “empty” template shows only the basic structure of the worksheet. The user has to click on 
the “+” buttons in order to view all data points of all tissues 

Cell B1:The results of this worksheet are 
used to obtain initial estimates of MRLs. 
Cell A6 and B6: This sheet calculates auto-
matically statistical tolerance limits for 28 
equally spaced time points including the first 
and the last time point of the experimental 
data. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Partial view of a 



D. Arnold                                                                                                                                                                                                                       21.08.2003 
Working paper MRL statistics 

                                                                                                                   

30

worksheet containing test data 
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“ratio” 
Description of the function of the worksheet Comments found on the worksheet 

This worksheet establishes the ratio between the concentrations of marker residue and 
total residue. The results are required for intake calculations. 
The “empty” template shows only the basic structure of the worksheet. In order to enter the nec-
essary information and to view the results the user has to unfold the tables by clicking on the “+” 
buttons. Depending on the nature of the information available five different options for the calcula-
tion of total residue of concern have been programmed and will be explained by a flowchart on 
the next page and five examples.  
 

 

Cell J1: This worksheet provides factors neces-
sary for the calculation of concentrations of "total 
residue" of concern for given data on the concen-
trations of the marker residue.The user has to fill 
in the necessary information in table  
"1. REQUIRED INFORMATION" and in the field 
“ADI” (see below on this worksheet!) 
Cell B7: Please use the identical units for the 
time scale throughout the worksheets of this 
workbook. 
Cell B10: 
1) If there is a constant ratio between marker 
residue and total residue which is valid for a sin-
gle time point only  fill in: 
time point           percent value 
2) If a constant factor is valid for a given time 
period please fill in: 
time point 1        percent value 
time point 2        percent value 
3) If the factor varies over time and you have 
information for two or more time points please fill 
in: 
time point 1       percent value 1 
time point 2       percent value 2 
time point 3       percent value 3 
..............       ................... 
time point n       percent value n 
4) If a complete kinetic study of the depletion of 
the  total residuei is available use worksheet 
"rawt" to enter the data and leave the cells of this 
table empty. 
Cell F7: All date filled into the below four columns 
must express the percentage of total residue 
which consists of marker residue. 
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End

Calculate intakes for 28 equidistant time 
points including the f irst and the last time 

point of the MARKER residue study

Calculate intakes only for the time point for 
w hich the ratio of marker to total residue 

is know n

Start

No information 
provided?

Assume that marker 
residue represents 

100% of total residue at 
all time points

Information for 1 
time point? 

Use this value directly 

Information for 2  
time points? 

Calculate parameters for 
linear interpolation 

betw een the tw o time 
points

Information for 
>2 time points? 

Use regression to 
calculate parameters for 

linear interpolation 
betw een all time points

Total residue 
study available? 

Calculate ratio for every 
time point from the 

parameters of the tw o 
regression lines

Calculate intakes for 28 equidistant time 
points including the f irst and the last time 

point of the TOTAL residue study

Calculate intakes for 28 equidistant time 
points including the f irst and the last time 
point for w hich the ratio of marker to total 

residue is know n

Flowchart for the calculation of total residue from marker residue 
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Option 1 
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Option 2 
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Option 3 case a 
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Option 3 case b 
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Option 4 
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Option 5 
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The influence of different options for the calculation of concentrations of total residue on intake estimates using the same data set for 
the marker residue 
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“intake” 
Description of the function of the worksheet Comments found on the worksheet 

This worksheet calculates estimates of daily intakes of “total residue of concern” as a 
function of the depletion time and assuming that a person of 60 kg consumes 300g of muscle, 
100g of liver, 50 g of kidney, and 50g of fat. For the calculation it uses the parameters of the re-
gression line established in worksheet “regm”, the tolerance limits calculated in worksheet “tolm” 
and the relationship between marker and total residue developed in worksheet “ratio” 
 
The “empty” template shows only the basic structure of the worksheet. In order to view the results 
and the plots which are automatically generated by the worksheet the user has to unfold the ta-
bles by clicking on the “+” buttons. 
 
Depending on the range of the data it might also be necessary to rescale the graphs. 

Cells $4 and A39: 
This woeksheet calculates estimates of die-
tary intakes for 28 equally spaced time 
points including the first and the last time 
point of the experimental data for which the 
ratio of marker to total residue is known.  
 
If that ratio is known for only one time point, 
calculations are carried out only for that time 
point.  
 
The worksheet  uses estimates of concentra-
tions of residues obtained from the regres-
sion line or, alternatively from calculated 
statistical tolerance limits. 
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Description of the function of the worksheet Comments found on the worksheet 
This worksheet assists the user to generate graphs containing the corrected concentrations 
of the residues as individual data points plus the regression line and the tolerance limits as con-
tinuous lines.  
The user has to apply a stepwise procedure similar to the one followed in worksheet “dev” to ob-
tain the graphs. Depending on the range of the data it might be necessary to rescale the graphs. 
The first two of the following screenshots show parts of the “empty” template. The next two 
screenshots show what happens when the user has worked through the previous worksheets and 
has made sure that no data are hidden on worksheets “corm” and “tolm”. The worksheet “graph” 
then has already automatically plotted the regression line and the tolerance limits and columns 
with the individual data points have been prepared. 
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“graph” (continued) 
Description of the function of the worksheet Comments found on the worksheet 

Procedure for the completion of the graphs: 
Tissue by tissue select the first cell under the headline “data” and sort the data by clicking on the 
symbol for ascending sorting (arrow from A to Z) in the tool bar. 
Tissue by tissue click on the plot. When the menu “chart” appears select “add data”. When the 
dialog box appears select at the same time all data containing cells (no more!) under and includ-
ing the headlines “time” and “data”. Complete the information in the checkbox before clicking on 
“ok” 
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Without rescaling                 After rescaling 
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“rawt”  
Description of the function of the worksheet Comments found on the worksheet 

This worksheets serves for entering concentration data of total residue if such a study is 
available. Its design is similar to the design of worksheet “rawm”. The “empty” template shows 
only the basic structure of the worksheet. In order to use and view the tables the user has to un-
fold them by clicking on the “+” buttons 

Cells N14, N 28, N42, N56: For this table the 
worksheet sheet will accept:  

- either a numerical value, 
- or an empty cell. 

 
 

“regt”  
Description of the function of the worksheet Comments found on the worksheet 

This worksheets performs a linear regression analysis of a total residue study if such a 
study is available. Its design is similar to the design of worksheet “regm”. The “empty” template 
shows only the basic structure of the worksheet. In order to view the tables the user has to unfold 
them by clicking on the “+” buttons 

 

 
 
 
 
 
 
 
 
 


