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Tool for MRL statistics

Statistical Tool for Data Analysis and Elaboration of Draft Maxi-
mum Residue Limits for Veterinary Drugs (MRLVDs) in Edible Tissues

Dieter. Arnold, Berlin

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 95" (alternatively 99'") 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:
C. is the concentration at time t,
Co, is the fictitious concentration corresponding to t = 0 and the i " exponential term,
ki is the rate constant corresponding to the i ™ 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:

C,=Cye™ [2]
or:

logC, =InCy -kt =logC, - [3]

t
2.303

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:

where a, and by are estimates of log (Co) 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*

y=y+b,(x-x)=a, +bx |, _Su 5.-% <2x>
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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:

v=a, +b x+ks, (5]
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y “hat” ( y ) of equation [5] in this context represents the upper limit of the 1-o. confidence

interval for the one-sided upper tolerance limit of the fraction 1-y 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-y 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-a.. A convenient procedure for the calculation of kr has been published by Stange (3).
The equations are as follows:

_venmr M (V2n—du,_, +u W)

T 2n—4)—u

lI-a

(6]

W, = J F(@n-d -2, )+ ;")2
n

X

)

It is suggested that normally 0.95 should be used for both, 1-y and 1-a (i.e. 95% of the popu-
lation and 95% statistical confidence). The respective percentage points of the standard
normal distribution us.,and us., which are used in the Stange-equation are 1.6448 if 0.95 is
chosen for 1-a (1-y) and 2.3264 if 1-a (1-y) 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/quidance/quideline3pt6.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 ]




D. Arnold 4

21.08.2003

Working paper MRL statistics

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’ s, ) 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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13 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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12 A B B D E F G H J K L M N 0 P
1 |Raw Data {(marker residue)
7
3 1) Source of the data
+ 10

11 |2} Analytical information
+| | 16 |3) Concentration of the marker residue in the four standard edible tissues
17
+ | 30
31 Liver
+ 44
45
+ |55
59
+ |72
73
74
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A B

C

D

Raw Data (marker residue)

1) Source of the data

-
Source:

2) Analytical information

Muscle

Liver

Kiclney Fat

Lo

Recovery [%]

3! Concentration

of the marker residue in the four standard edible tissues

Muscle

21

= |30
&

22 i
23
24 i
25 i
26 |t
27 i
24 |t
29 Hi

tirne

Concentration of marker residue

animal 1 | animal 2

animal 3

animal 4

animal 5 | animal 6 | animal ¥ | animal 8 | animal 9

animal 10 | animal 11

animal 12

Liver

M 4 » [\ cover b rawm £ corm 4 Bartlett ) Cochran Svar AR regm. kol intake .

Aregt/ | « |
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K13 - F

L A, B C ] E F ] H J 58 L i) I P
1 |Raw Data {(marker residue)
2
3 |[1) Source of the data

[ 4 |Source: |
5 File Test data
B
7
8
3

= 10
11 |2} Analytical information

[ - 12 hiuzcle Liver Kidniey Fat

- [13] LOG 0.01 0.01 0.01 0.01 | _|
- 14 Recovery [%] 85 50 75 95

15

=/ | 16 |2} Concentration of the marker residue in the four standard edible tissues
17 Muscle

[ 18 o Concentration of marker residue
19 animal 1 | animal 2 | animal 3 | animal 4 | animal 5 | animal 6 | animal ¥ | animal 8 | animal 9 | animal 10 | animal 11 | animal 12
20 time 1 7 0.23 0.02 0.11 0.26 016 0.28 076 014
21 time 2 14 0.04 0.04 012 0.0z 014 013 018 0.32
22 ftime 3 il 0.03 0.03 0.01 0.05 0.03 011 0.06 0.0z
23 ftime 4 28 0.03 =Lz =L 0.0y 0.1 0.06 0.0z 0.05
24 ltime =
25 ftime &
26 ftime 7
27 ltime &
28 time 9
29 ftime 10

- |30
31 Liver
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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 Cell B1:
text <LOAQ. It also corrects the raw data for recoveries. All calculations are carried out automatically.
When opening the template the individual tables are hidden. Only the basic structure of the work- | The user has no possibility to change the
sheet can be seen. The user should unfold the tables and view the data. The tables have to re- results. Necessary changes should be made
main open because otherwise the data points would not be visible in the worksheet “graph” in the worksheet "rawm" which contains the
raw data.
59 - B
12 A B © D E F ] H J K L Il M
1 Corrected Data
Z
3
+ 16
17 Liver
+ 30
31
+ |44
45
+ | 5
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Example of tables containing corrected data
01 - Fid
L A, B < C D E F ] H J K L i I
ﬂ Corrected Data
2
3 Muscle
[ 4 i Concertration of marker residus
5 anitnal 1 animal 2 anitmal 3 animal 4 anitmal 5 animal B anitnal 7 animal 8 anitnal 9 animal 10 animal 11 animal 12
B 7 0.271 0.024 0129 0.306 0183 0.329 0.594 0.165
7 14 0.047 0.047 0141 0.024 0165 0.153 0212 0.376
8 21 0.035 0.035 0.012 0.059 0.035 0.129 0.07 0.024
9 28 0.035 0.005 0.005 0.052 0012 0.071 0.024 0.094
10
11
12
13
14
15
= 16
17 Liver
[ 18 . Concentration of marker residue
19 animal 1 animal 2 animal 3 animal 4 animal 5 animal & animal 7 animal & animal 9 animal 10 animal 11 animal 12
20 7 0.263 0.055 0215 0458 0165 0458 1415 0.225
21 14 0.050 0.075 0135 0.025 0.265 0.258 0135 0.565
22 21 0.025 0.025 0.035 0.055 0.065 0.225 0.075 0.013
23 28 0.005 0.013 0.005 0.013 0.035 0.100 0.035 0.113
24
25
26
27
28
29
= |30
31 Kidney
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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 | Cell A10:
normally distributed data. total number of observations
The template shows only the basic structure of the worksheet. The results of the calculations can | Cell A11:
immediately be seen in the summary table as soon as the raw data have been filled into the ta- number of groups
bles of worksheet “rawm”. The user may unfold the tables in order to view the detailed calcula- Cell A12:

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

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.

J

K L hd N —

1]z A B € ] E F = H |
+ 1 Bartletts test for homogeneity of variance of normally distributed data
7
8
9 Term huscle Liver Kidney Fat
10 n
11 k
12 W
13 c
14 5
15 }f
16
17
+ 8 Formulas used
2 Calculations
a0 | |
3
. 1
g% graup time sf log Sf ¥, oy visf vilng sf
34 :
+ 35 huscle
+ 45 Liver
+ 57 Kidney
+ BB Fat
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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.

21.08.2003

1|2 A B C ] E F = H
7
- R
9 Term huscle Liver Kidney Fat
10 n 32 32 32 34
11 k 4 4 4 4
12 y 28 28 28 a0
13 C 1.0595 1.0595 1.0595 1.0565
14 | st 01549 0.2066 0.2280 0.0554 | _|
15 }‘ 1.707| 0.664| 1.314| 3.818
16
17
- 16 Formulas used
149
20 1 &
5 3 :—lE.BUZE[Ulog £ =3 v log st|
= “ 1
23 T L N k
1 1 1 V=
241 =1+ 2= |-= Zl“
25 - |SFw | v =
25 v
27
| 28
29 .
e Calculations
G
. 1
gg group time _5'!.2 ltlg .5'!-2 ¥, I’_ 1‘2-52-2 vilng Sf
34 :
= 35 Muscle
36 1 7 02040 -0E903 7 01429 14283 43319
ar 2 14 01638 -0.7556 7 01429 11467 -5.4935
':!ﬂ b 1 lI’I [nimint] ¥ A nn.14 _". l'|I A d47m mn l:‘l'\".‘ﬂ '.rlnﬁnn '

]
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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.

12 A B C D E F € H J K

Cochrans test for homogeneity of variances

1) Results

| b= | QO B —

2} Formula used

PR Y B
J| =

LS

+ |18
19 |3) Calculations
# |3

32 4) Limits of significance for Cochrans test (o = 0.09)
+ 44
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Example of a worksheet containing test data
12 A B I D E F = H P
1 Cochrans test for homogeneity of variances
2
3
4 1) Results
5
B Term huscle Liver Kidney Fat
7 Gmax 03688 0.344 0.3365] 0.3926
g k 3 3 3 3
= | 8 |Es 7 7 7 7
- 10
11 '2) Formula used
12
o o
_ Y'mmx
15 G =3 :
16 2.8
- [17 :
- 18
19 3) Calculations
[ 2 a 2 2
20 i tirne 5; Vy 5y vy 5 v; 5;
21 1 7 0.2040 7 0.2005 7| 04978 7| n0.oggz 7
22 2 14 0.1635 7 0.1865 7| 01340 7| 0o2az 7
23 3 21 00991 7 01546 7| 03083 7| 00284 7
24 4 28 02728 7 0.2843 7| 027E2 7| 00804 g
25
2B
27
28
29
30
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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 K10, K18, K26, K34:
cells are hidden in the template. The user has to unfold the tables by clicking on the “+” buttons in | Find there the variance ratio which has to be

order to view the results of the calculations. The worksheet includes a hyperlink to view upper compared with the corresponding upper criti-
critical limits of the F-distribution cal value of the F-distribution.
12 A B C D E F G H J K L M M 0 P -

1 | Analysis of Variance
2 |find upper critical values of the F-distribution under: 1.3.67.3 Upper Critical Yalues of the F Distribution
3 |1} Results

4 1a) Results-Muscle

12 1b) Results-Liver
20 1c) Results-Kidney

258 1d) Besults-Fat

37 |2) Formulas used

44 13)  Calculations

45 [3a) Calculations_Muscle _
+ 114 .3b} Calculations Liver _
+ 181

182(3c) Calculations_Kidney
+ 249

250 3d) Calculations Fat
+ 317

318

319

320

321

regtly |« | | Il
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Partial view of the results of the analysis of variance (example)
TN TTE e e E T R E R | K ] |O|F'§
1 |Analysis of Variance
2
3 |1}  |Results
4 |1a) Results-Muscle
5 Source of variation Forrmula I .I
B
7
8
9

Ay means from regres

12 1b) Hesuits-Liver

Source of variation Formula
3]
[b]
[c]

d
. due to devistion of array means from regres {E'%
E]
20 1c)  Results-Kidney
[ Source of variation Farmula
; ay means from regres
=
28 1d) Results-Fat
|- 29 Source of variation Formula 55g Dif S

0.1563

0.0319"

0.5066'
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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.
12 A B c D E F G H J K L =1 7
1 |Plot of deviates from normal probability [ ] 8
2 9
3 1) Plots 10 Muscle
+ B1
52 |2) Formulas used 1 55
+ 81 12
85 3) Calculations 13 30
AR Muscle 14 25
+ 209 15 20
210 16 @
+ 333 17 § 15
1 6 2o
T 19| = os
5 g
+ 581 g? E oo
562 — s 05
533 T 7 7
584 23 g0
585 24 g s
556 25 =
2.0
587 %
583 25
589 27
590 28 -3.0
a9 29 -3.9 T T T T T T T T T T T T T
292 30 -35 -30 -25-20-15-10-05 00 05 1.0 15 20 25 3.0 35
593 3
ggg 32 normalised residuals
595 | 33
597 = o
W« v\ cover T EEk I Bartiett Coehan Ay, dev TEGm T Entake W v reaty | < | vl 4k M \ cover 4 COFFmn ,( Bartlett ,( Cochran [var s dey ,(regm ,( tolm ,m
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]

1] 2| A | B | © | D | E F G H L
1 | Plot of deviates from normal probability
2
3 1) Plots
|
2] Formulas used
&
35 |3) Calculations
4 4 b M i S i J i i s ratio Y Oraph  SrEe e |
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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 o0.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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lllustration of steps 1 and 2 of the table “dev”

22

21.08.2003

abzolute relative
cumulative cumulative
frequency frequency

12 A B G ] E
1 | Plot of deviates from normal probability
2
3 1) Plots

+ G1
62 '2) Formulas used

+ B4
85 3) Calculations
86

[ ar

. log

- time data oy
=IIE 0271  -ns&77
a0 7 0.024 -1 5264
91 7 0.129 -0.8530
92 7 0.306 -0.5144
93 7 0.158 -0.7253
94 7 0.329 -0.4523
95 7 0594 -0.0456
95 7 0.165 -0.7633
o7
95
99
100
101 14 0.047
102 14 0.047
103 14 014
104 14 0.024
105 14 0.165
106 14 0.153
107 14 0.2

M4 b MY cover

Jratio J

control
of
calculations

ol
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lllustration of step 3 of the table “dev”
1)z A, B C O E F 5 J L Iy
1 Plot of deviates from normal probability [
2
3 1) Plots
+ | Bl
62 2} Formulas used
+ |84
g5 3) Calculations
G
[ - (87
| absolute relative contral
time data o4 cumulative cumulative of
G data frequency frequency calculations
g3 1 0.030 2 G444 0.030
2 0061 23674 0081
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Example of a plot created with worksheet “dev”

Muscle

expected normal deviate
=
\

normalised residuals
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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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12 A B|]C|DJEJF]GI]H J
- - b/ "
Linear regression {marker residue)

1
2
3
s
5
B

tizsue a b r By

Muzcle
7 |Liver
B Kidrey
9 Fat
10

|
11 Other results
12 1) Results of the calculation of averages and standard deviations
13
+ |28
29 |2) Details of the results of linear regression
30
+ | A2
58
54 |3) Side calculations for linear regression
55 Muzcle
+ | B
B3 Liver
+ | 80
a1 Kidney
+ |93
94
+ |106
107
108
109

440

A 1

Muzcle

iver

idney

o4 on cover AETIEarT  Bartiett  Cochran  var . ream (tairn R intake e S regt Y | « |
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Partial view of a worksheet containing test data
e F 0 = o . =T A
L L b - —
1 |Linear regression {marker residue)
2
3
4
5 |ftizzue a b T
6 |Muscle| -0390| -0045] -0655) 0418
7 Liver |-0197|-0052| -0.593] 0.440
8 |Widney | -0.231| -0057| -0.701| 0471
9 Fat -0.267 [ -0.031 [ -0.730) 0235
10
b
11 Other results
12 1) Results of the calculation of averages and standard deviations
13
[ - |14 huscle Liver Kidney Fat ]
15 logarithms antilogs logarithms antilogs logarithms antilogs logarithims antilogs
% = o = = = = i -
1? F Sp [P+l F O3y F Sp [P+dg F Oty F Sp [P+3sy| F Oty F Sp [P+l F PP+l
18 7 |-070s| 0452 0085|0497 | 4471|-0572| 0443 0771|0265 | 5907 -0623| 0.445) 0711|0238 | 5138[-0.514| 0.299| 0.382| 0306 | 2408
19| 14 |-0g79| 0405) 0235] 0105 1.72] -0901( 0432 0.396) 0126 | 2.485) -0.873] 0366 0125 0106 | 1.335[ -0.631] 0471 0118] 0254 [ 0762
20 21 |-1.398| 0315)-0454| 004 | 0.352(-1.321| 0393] -0141| 0045 | 0.722| -1.573| 0.555| 0.095) 0027 | 1.239| -0.857( 0.163| -0.452| 011 | 0354
21 23 |-1609| 0522| -0042| 0.025 | 0807|1651 0533| -0051| 0022 | 0.883| -1.757| 0526 -048| 0015 | 0681 1.128( 0.284| -0.277 | 0.074 | 0528
22
23
24
25
2B
27
- |28
29 |2) Details of the Results of linear regression
30
o | L
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Partial view of a worksheet containing test data

Vot

e

28

21.08.2003

AlB|C|D]J[E]

iz FT 6 [ A1 [J[RK[LIM[N[O[P[Q[R[S[T[U[V[W][Xs
29 |2) Details of the Results of linear regression
30
g; Statistical term Detailed Result
33 [Zx 560 560 560 B16
34 Zxin 17.50 17.50 17.50 18.12
35 Zy -37.53 -35.56 -358.40 -28.11
36 Zyin 117 -1.11 -1.23 -0.53
37 (T 313600 313600 313600 379456
38 EZyr 1403 1264 1552 790
39z’ 11760 11760 11760 13328
40 Zy? 5317 A0.65 B1.55 2711
41 Zxy -744.44 -724.70 -501.51 -576.20
42 S, =2 (T n 1960 1960 1960 2168
43 |3, =Zy*-[Zy)%n 9.16 11.15 13.05 3.88
44 |3, =Zny-ZrZyin 8772 -102.42 -112.03 -57.00
45 a 0.390 0.197 0.231 0.267
45 b 0.0448 0.0523 0.0572 0.0309
47 r 0.6546 0.6928 0.7005 0.7304
48 |5y« 52358 5.7965 B.6444 1.8111
49 |8y 0.4178 0.4396 0.4706 0.2379
A0 n 32 g 32 34
51 2n-4 211 B0 B0 B4

= | &2
EE
54 | 3) Side calculations for linear regression
56

+ | B7
65 Liver
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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

1 I = 4| 4|
2
A, B C D = E |Gl L|a|y
1 | Tolerance Limits
2
5
4
] J huscle
delta.ﬂ:nr : tl e Df.the Estimate of Tolerance Limits [pg/kg] |2 || =
next time tirme regression § = E E
pl =
':[22;2? [days] [“'E'ﬂlfg] T-y=0.95 W -y=093 | l-y=099 |=| |¥
7 1-o=(.95 1-o=(.95 1-m=(.99
37
35
EJ E—
400
41 .
view of a
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worksheet containing test data
1 I -
2
12 A B © ] E 5 GLia R o T L ki
1 Tolerance Limits
2
3
4]
5 huscle Fat
delta.fnr : e uf.the Estimate of Tolerance Limits [pg/kyg] (2] o | = Ll Df.the Estimates of Tolerance Limits [pg/kyg]
next time time regression § = E regressian 7
TE:;ET [days] [ulé?lfg] -y=095 | 1-y=099 | I-y=093 |=| | [ulé?lfg] 1-y=095 ] 1-y=099 | 1-y=093
7 1-g=0.95 1-o=0.95 1-o=0.393 1-=0.195 1-=0.95 1-o=0139
[ g 078 7 0193 1.58 412 £.39 0.329 1.8 1.83 232
10 078 7.78 0133 1.71 3.74 577 0.311 110 1.71 217
11 078 8.56 0158 155 3.4 521 0.294 1.03 1,51 2.03
12 078 9.33 0156 1.41 3.10 472 0.278 097 1 .51 1.90
13 078 1011 0144 1.28 2.83 4,28 0.264 0.91 1.42 1.78
14 078 10.89 0133 1186 2.58 3.88 0.248 0.85 1.33 1.67
15 078 1167 0123 1.06 2.35 3.53 0.236 0.50 1.25 1.56
16 078 12.44 0113 057 215 3.22 0.223 075 1.18 1.47
17 078 13.22 0.104 0.58 1.97 293 0.211 071 1.11 1.38
18 078 14.00 0.098 0.81 1.81 258 0.200 067 1.05 1.30
19 07s 1478 0.038 074 1.66 245 0138 063 0.39 1.22
20 078 15.56 0.052 058 1.52 225 0178 059 0.93 1.15
21 078 16.33 0.076 053 1.40 207 0163 0.56 0.38 1.09
22 078 1711 0.070 058 1.29 1.91 0,160 053 0.33 1.03
23 078 17.89 0.055 053 1.19 1.76 0152 0.50 0.79 0.97
24 a7a 1867 0060 049 1.0 163 0143 047 074 0.92
25 078 19.44 0.055 048 1.02 157 0138 045 0.70 0.57
26 078 2022 0.051 042 0.95 1.40 0128 042 0.67 0.52
27 078 21.00 0.047 039 0.38 1.30 0121 0.40 0.63 0.78
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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.

1] 2 A B C D E F 5 H | J

1 | Relationship between Marker Residue and Total Residue of Concern
2
3
4 |1) Required Information
5

+ [13
14 |2} Results

+ 25
30 |3} Interim calculations
31

+ &0
51

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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Flowchart for the calculation of total residue from marker residue

No information
provided?

Assume that marker
residue represents
100% of total residue at
all time points

nformation for 1
time point?

Use this value directly

nformation for 2
time points?

Calculate parameters for
linear interpolation
betw een the tw o time

Information for
>2 time points?

Use regression to
alculate parameters for
linear interpolation

o

21.08.2003

Total residue
study available?

Calculate ratio for every
time point from the
parameters of the two

points betw een all time points regression lines
Calculate intakes for 28 equidistant time Calculate intakes for 28 equidistant time
points including the first and the last time points including the first and the last time
point of the MARKER residue study point of the TOTAL residue study
Calculate intakes only for the time point for Célculfate |nt_akes for_ 28 equidistant tlme
w hich the ratio of marker to total residue points including the first and the last time
is know n point for w hich the ratio of marker to total
residue is know n

End <




D. Arnold 33 21.08.2003
Working paper MRL statistics
Option 1
12 A B G D E P [ H | J K L i 0
. . : . b
1 Relationship between Marker Residue and Total Residue of Concern
2
3
4 1) Required Information
5
[ B REQUIRED INFORMATION ADI
7 time Concentration of marker residus [ny/ky bw/day]
g in % of total residue
9 muscle liver kicrey: fat
10 0.03
11
12
= 13
14 |2) Results
[ 15 a) data is available from the ahove table b) data is available from a complete
16 "REQUIRED INFORMATION" "total residue study”
17 Parameters for the calculation
18 of concentrations of tatal residue
19 fram given concentrations of marker residue
20 parameter muscle liver kicnesy fat parameter muscle liver kicnesy fat
21 pi 100 100 100 100  #m-oy
22 p2 1] 1] 1] 0  bp-ty
gi Time period ty-tz
5 for which the parameters can be used
25 titne muscle liver kiclnesy fat titne muscle liver kiclnesy fat
27 1, v v 7 7 1,
28 tz 25 25 25 28 tz

'.E

30 |3) Interim calculations
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12 A [T = O T =

1) Required Information

€

REQUIRED INFORMATION

titne Concentration of market residus
in % of total residue

1
2
3
4
5
5]
7
a
9

muscle liver kiclnesy fat

10 7 a5 15 30

103

. [ —

i |

-l [13
14 |2} Results

H

Relationship between Marker Residue and Total Residue of Concern

ADI
[ng/ky bw/day]

0.03

15
16
17
18
19
20

21

22
23
24
25
26
27
28

= |29

a) data is available from the above table
"REQUIRED INFORMATION"

b} data is available from a complete
"total residue study”

Parameters for the calculation
of concentrations of tatal residus
from given concentrations of marker residue

parameter muscle liver kiclnesy fat parameter muscle liver Kiclnesy fat

[l

33

13

30

103

Am-ch

P2

93

13

30

103

bim-b1

Tirme pe

riod -tz

for whic

h the parameters can

be used

time

muscle

liver

kiclney

fat

time

muscle

liver kiclnesy fat

ty

ty

tz

tz

30 |3) Interim calculations
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1] 2 A =] C D E F ] H I d K

1 |Relationship between Marker Residue and Total Residue of Concern )
2
3
4 1) Required Information
5

[ 5 REQUIRED INFORMATION ADI
7 tirme: Concentration of marker residue [ng/ky bw/day]
g in % of tatal residue
9 muECle liver kicresy fat
10 7 a5 15 30 105 0.03

[N 21 g5 15 30 105
. [12]

= 13
14 |2} Results

[ 15 a) data is available from the above table b) data is available from a complete
16 "REQUIRED INFORMATION" "total residue study”
17 Parameters for the calculstion
15 of concentrations of total residue
19 from given concertrations of marker residue
20 parameter muscle liver kiclnesy fat parameter muscle liver Kiclnesy fat
21 pi a5 15 30 1058|  Sm-a
22 p2 0000 0000 0,000 0000  bg-by
gi Tirme period ty-tz
25 for which the parameters can be used
26 time muzscle liver kiclney: fat time muzscle liver kiclney fat
27 t, 7 7 7 7 t,
20 ta P | 1 21 tz

= 24
30 |3) Interim calculations
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Option 3 case b
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12 A, B C ] E P G H I J K L
1 |Relationship between Marker Residue and Total Residue of Concern
2
3
4 1) Required Information
5
[ 5] REQUIRED INFORMATION ADI
7 titme Concertration of marker residue [ngiky bw/day]
g in % of tatal residue
9 muECle liver Kicrey fat
10 7 a5 15 30 105 0.03
11 21 93 8.5 23 101
12
= 13
14 |2} Results
[ - 15 a) data is available from the above table h) data is available from a complete !
- 1B "REQUIRED INFORMATION" "total residue study”
17 Parameters for the calculstion
18 of concentrations of tatal residue
19 from given concentrations of marker residue
20 parameter muzcle liver kiclney fat parameter muzcle liver kiclney fat
21 [ a6 18 34 107 Am- o
22 p2 0143 -0.464 -0.500 -0.286 bim-b
gi Tirme period ty-tz
55 for which the parameters can be used
26 time muscle liver kidney fat time muscle liver kidney fat
27 t, 7 7 7 7 t,
28 ta P 21 21 21 tz
= 24
30 |3) Interim calculations
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Option 4
12 A, B C ] E P G H I J K 1 0
1 |Relationship between Marker Residue and Total Residue of Concern
2
3
4 1) Required Information
5
[ 5] REQUIRED INFORMATION ADI
7 titme: Concentration of marker residus [ngiky bw/day]
g in % of total residue
9 muECle liver Kicrey fat
10 i 95 15 30 105 0.03
- [ 11 21 93 8.5 23 101
- 12 28 92 5 15 93 I .I
= 13
14 |2} Results
[ 15 a) data is available from the above table h) data is available from a complete
16 "REQUIRED INFORMATION" "total residue study”
17 Parameters for the calculstion
18 of concentrations of tatal residue
19 from given concentrations of marker residue
20 parameter muscle liver kiclnesy fat parameter muscle liver kiclnesy fat
21 i a6 18 34 07| A
22 p2 0143 0474 -0.561 -0.327 bim-b
gi Tirme period ty-tz
55 for which the parameters can be used
26 time muscle liver kidney fat time muscle liver kidney fat
27 t, 7 7 7 7 t,
28 ta 28 25 25 28 tz
= 24
30 |3) Interim calculations
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Option 5
12 A, B C ] E P G H I J K L i) M 0
- - - - h
1 |Relationship between Marker Residue and Total Residue of Concern
2
3
4 1) Required Information
5
[ 5] REQUIRED INFORMATION ADI
7 titme Concertration of marker residue [ngiky bw/day]
g in % of tatal residue
9 muECle liver Kicrey fat
10 0.03
11
12
= 13
14 |2} Results
[ - |15 a) data is available from the above table h) data is available from a complete |
- 1B "REQUIRED INFORMATION" "total residue study”
17 Parameters for the calculstion
15 of concentrations of total residue
19 from given concentrations of marker residue
20 parameter muscle liver kiclnesy fat parameter muscle liver kiclnesy fat
21 [ Am- o 0.246 0.799 0.006 0.076
22 p2 bim-b -0.006 0.006 0.076 0.046
gi Tirme period ty-tz
55 for which the parameters can be used
26 time muscle liver kidney fat time muscle liver kidney fat
27 t, t, 7 7 7 7
28 ta tz 25 28 28 28
= 24
30 |3) Interim calculations
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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

39

] E =] ] E
; Optios 1 I .1

F G H | o
Dptios 2

K L M H o
Dption 3 case 3
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iL.m
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=

TIHE [FATS]

ADl —+— REGRESZIOH
EELEH —— 995
—— 90N
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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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i 4] 4]
2 s
1 2| A | B C D E | F | G [LTa]v] |
1 Estimation of intakes
2
3 1) Results
4 delta for
next time TS
change using the values of the
[days] values uf_the tul_en_ance
regression limits
lines 1-y=0.99
g 1-o=099
G REGRESSIOH 99/99
* |35
5] I _l
37 |2) Details of the calculations
g
Estimate of intake associated with the — =
consumption of 300 g = % '
35 | delta for Muscle = B
next time time _ uzing the uging the uzing the
change [days] using the vallue of the vallue of the vallue of the
[days] taﬁl;aﬁzfﬂt:: tolerance limit | tolerance limit | tolerance limit
line 1-y=0.95 1-y=0.99 1-y=0.99
40 1-o=0.95 1-o=0.95 1-o=0.99
+ | B9
70

72

71 |3) Graph of estimated intakes vs. time

1 Amm

4 4 » H

s rawrmn

¥ graph

.::' rawet .::'

|

“graph”




D. Arnold 42
Working paper MRL statistics

21.08.2003

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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A B C D E F 2 H J K L M N ) P Q R s =
izraphs

Graphs of experimental data, regression line and tolerance limits

1
2
3
4
)
5]
T Tolerance limits for residues in Muscle Tolarance limits for residues in Liver —
3

9

10
11
12
13
14
15
16
17
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1
22
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24
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27
28
29
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|
32
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34
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A © E B J K I 8] l Rl
G5 =
515 Muscle Liver Kidney Fat
G7
B3 | time data time data time dlata time clata
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A B
Graphs

c ] E F £;

Graphs of experimental data, regression line and tolerance limits

Telerance limits for residues in Muscle

1
2
3
4
g
5]
7
g
9

1000

10
11
12
13

14
15 1.00

16
17
18
19
20
21 010

concentration

23
23
24
25
26

27 0.01
28 p
29
a0
31
32
a8

5 10 15 20 25 30
time
0.95(0.95
— 0.93/0.33

regression
——— 0.33/0.95

concentration

100.00

10.00

1.00

010

0.1

Telerance limits for residues in Liver

= 10 15 20 25 30

time

regression 0.95/0.95 —— 0.99/0.95 —— 0.99/0.59

34

35

ka4
M4 v W] cover

Talawamams livsiks Fawv vamidorses im LEisdemss

A Aot Bartlett  Cochran f var Rl regrn 4 tolm

Lintake b graph 4

Talavamams livaikes far vamidirsas im Eabk

Aregt /| 4
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A B
[a1a fuscle
G7
63| time | data
69| 0.271
70 7 0.024
71 7 0429
72 7 0.306
73 7 0158
74 7 0.3249
75 7 0.294
7B 7 0165
77
78
79
a0
a1 14 0.047
a2 14 0.047
a3 14 0.1
a4 14 0024
a5 14 0.1635
tala] 14 0153
a7 14 0212
ad 14 0.376
A
a0
91
92
93 21 0.035
94 21 0.035
a5 pl 002
95 1 0.054
o =14 fa W nteT=
H 4 v Ml cover 4

C D E F 5 H
Liver
time data
T 0.263
T 0.038
7 0.213
T 0.488
T 01as
7 0.438
T 1413
7 0.225
14 0.050
14 0.0v5
14 0138
14 0.025
14 0.263
14 0.238
14 0133
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Ao £ Bartlett  Cochran f var Rl regrn 4 tolm

J K
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time data
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7 0.040
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7 0467
7 0187
7 03587
7 1.293
7 0187
14 0.040
14 0.067
14 0.093
14 0.040
14 0173
14 0487
14 0107
14 0.450
21 0.005
21 0.027
21 0.013
21 0.050
4 nmdn
Yintake b graph

Areaty | « |

I 0
Fat
tine | data

7 0.453
7 0.232
7 0.211
7 0.411
7 0389
7 1.032
7 0.200
7 0105
14 0211
14 0305
14 0.411
14 0.232
14 0.232
14 0.211
14 0.284
14 0105
21 0.095
21 0147
21 0158
21 0.053
“4 n4co
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Q
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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

noku




x|

D. Arnold 48 21.08.2003
Working paper MRL statistics
A B [ E | F G H J K b N | O P ]
BB hMuscle Liver Kidney Fat
5
B3| time data time data time clata time dlata
B9 21 0.005
70 21 0.005
71 yl 002 21 0.013
72
73 7 0.024 21 0.053
74
fi=] | 0.024 21 0.025 21 0.0
7B 21 0.025
i 21 0.035 7 0.038 21 0.095
g 21 0.035 21 0.038
79 y 0.035 7 0.040 | 7 0.4 |:|5|
a0
a1 21 0105
a2 21 0.083 1 0.040 21 0126
a3 1 0.054 21 0.053
a4 2 0.074 21 0.075 i 0147
a5 21 0.055 21 0155
tal5] g 0163
a7
ag 7 0124
a9 21 01249 7 0.200
a0 7 04838 7 0.211
91 7 0.213
92 7 0.165 7 0.225 21 0173
93 21 0.225 7 0167 7 0232
94 7 0138
05
o] 7 0.271 =
69D  rawmn { ratio | 4] | _rljJ
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Without rescaling

A B

concentration

10.00

010

0.01

0.00

Tolerance limits for residues in Muscle

bty |

time
—0.99/0.95

regression 0.895/095
——0.99/0.99 *  data

M4 b M cover 4

Talerance limits far regidiles in Kidhev

A corm £ Bartlett [/ Cochran 4 wvar =0 ream  talm
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After rescaling
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35
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A B

concentration

Tolerance limits for residues in Muscle

10.000 =
1.000 &
% kS
*
z\* +
0.100 T
§ *
X
* *
* * *
0.010 = 2
X
0.001 = T T T T T
0 ] 10 14 20 25 30
time
regression 0.95095 —0.99/095
——0.489/0.59 *  data

o4 » wcover 4

Taolerance limits for rezidues in Kidnew

Acorrmn 4 Bartlett [ Cochran Svar AR ream A tolm 4
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13 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




