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ABSTRACT
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curve is accomplished by using the Taylor’s series of the summed squares of
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AN ALGORITHM FOR NON LINEAR DATA FIT BY THE LEAST

SQUARES METHOD

E. Van der Voort and J. P. Halleux

Materials Division - C,C.R. Euratom, Ispra

1. INTRODUCTION

Most algorithms for the least squares estimation of the parameters of a
regression curve are based on the linearization of the proposed model [1-4].
The quadraturization of the model, however, leads to an exact evaluation of
the matrix of the second partial derivatives of the function of the summedA
squares of the residues. This quadraturization process presents some ad-
vantages in that the optimal parameters can be rapidly localized. Further-
more this complete second order information yields a better statistical

analysis of the problem.

2., STATEMENT OF THE PROBLEM AND ITS SOLUTION

3 - ‘e —). -
We are given a set of n, experimental points{ y.,x |}, each of a given
ii

d

weight W where each value Y; is related to a nv-dimensiona.l vector ;:i'

The quest of the experimentator becomes to find an adequate model that

describes the above relation functionally: y; F(i’l,-@)) The n_-dimensional
p

vector @ of the free parameters now may be optimized in the weighted least

squares sense, so that the expression

o(®) = 2 wi[vi - F(i'i@)] 2 (1)

is a minimum in the parameter space. Let this minimum be denoted by

@m, then @m must be the solution of the system:

gidd 32(6_) = 0 (2)



The search of @;n is performed by an iterative procedure (subroutine
MINIM 1) working essentially with second order methods described in [5].

For each iteration j, the function value @(@)j), the local gradient

-
= grad (3)
gj=etady 0 ( 63')]
and the matrix of the second partial derivatives (Hessian)
i o=, (8 (4)
=52 ®)]
are required. Postulating a model F(X, ®) it can be easily derived that:

oF(x,, 8)
(&), = —Q@D--ZZ l:-F(",®):] ()

00 k
and that
(H)kf = 3 ®ka®f = (A)kf + (B)kf (6)

where the matrices A and B have the elements:

. c aF(i’i, 8) aF(i’i,@')
(A)k! =2 A . (7)

i=1 90y 08y
- F(?c’i,(a) i
.' “’iE’i - F(;i’®):]a®ka®! (8)

In the past the contribution of B in A was not taken into account, This
was due to the linearization of the model FG, 6) around the optimal value
6m' In this paper second order terms are used in F and full account is
given of the matrix B in the calculation of H:

n ->
aF(x, 6 )
- -
F(x,8) = F(x, 8 ) + i @-8 ) —=

a@k

d F(x,@’) 3
) (@-8), (3-8 )fw+0(@'-é’m)

(9

NI'-'
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With the input given by a MAIN-programme, and the model by the speci-
fic subroutine MPDEL (both to be programmed by the user), the subroutine
DATFIT, dsscribed in this paper, localizes the optimal parameters 6m and

gives a short statistical analysis of the results.

It must be said, however, that if the model F(;, 6) is well chosen to des-
cribe the set of the experimental points yi’ii » and if the guess for 6m
approximates the optimal value, then A 1s a good estimator for a and there

is no need to go beyond the linearization of the model.

The method presented in this paper has the advantage to reach the mini-
mum of (@) even if the initial guess of the parameters is badly chosen. Since
other methods let B = 0, they end up working with an approximation of the

Hessian matrix that differs substantially from the analytical expression.

3. STATISTICAL ANALYSIS OF THE RESULTS

a) The goodness of the localization of the minimum 6m may be appreciated
by the smallness of the components of E((-@'m) The minimizing subroutine
MINIM!] asks for the following threshold values. First, the variation of the
function value (EPSF) from one iteration to the next. Secondly, the variation
of the norm of the argument (EPSX) also from one iteration to the next and,
thirdly, on the norm of the gradient (EPSG). These threshold values should
be adapted by the user so that return from MINIM1 is caused by EPSG (see
argument list of MINIM] ).

b) The minimum value of &(®) at@m:

(8 )= z w, [yi - F@,, @'m)]z (10)

and the modified standard error of estimate

s = anm>/<nd - npf (11)



evaluate the scatter of the experimental values vy against the analytical

values prescribed by the optimized model F(i)i’ 6m)'

c) Given a confidence level o, the confidence region of the parameters is

bounded by the ellipsoid in parameter space:
1 - -~ -
= - - = 1 12
2(8_) +2[(® 8 ), H(8 )8 @])m)] @(@)’m)[mj (12)
where A is given by:

-l np: nd-np) (13)

The variance ratio statistic F(1-a, Vs vz) must be provided by the user,
This confidence region means that there is a risk of about 100 & percent that
the physical optimal B lies outside this ellipsoid centered about 6m' The
excentricities of this ellipsoid and its inclination with the axes in parameter
space (correlation) are contained in ItI( @)m) Not all the properties of this
ellipsoid are calculated but only the extreme values (6m + 68 )kthat each pa~-
rameter ® may reach and the piercing points (6mi &8 )k of the axis. It

k
may be shown that:

60, =\/2(H/:1)kk. @(6m).JA (14)

and

. /\—1 ->
1 - 1
where (H )kk and (H)kk are the diagonal elements of the matrices H ~ and

H, respectively. The values 6@ , are most significant to determine the con-

k
fidence intervals of each parameter, @ L Separately about (6m)k These
5@ contain two factors: the first is controlled by the goodness of the fit of
the optimized model to the experimental data and the second is determined
by the confidence level itself, The values & ’@k can be used to check the va-
lidity of the quadraturization of ¢ (§) around the minimizing 6m Indeed the
l.h.m. of equation (12) is only a Taylor series development of @(@) up to

the second order and at the piercing points (@mié '@)’)k some discrepancy
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may be expected between 3(®) and q)(@) ) + =1 (3-8 ), H(@' N&-8 ):|

In these points we evaluate a virtual delta given by:
- - -
-[2® - (8 |2(3,) (16)

that should be close to the A given by the variance ratio statistic (see equa-
tion 13) if the quadraturization of ®(®) is a satisfactory approximation. If
this should nof be the case, the confidence region would be a distorted ellip-
soid and some ica.ution should be taken as to the exact meaning of the confi-

dence intervals of the single parameters.

d) An estimator for the variance-covariance matrix between the parame-
ters @ is the inverse of the Hessian H of @(@ at 6m' The correlation be-

tween two parameters, @k and ®I’ is then given by:

@,

T ]

The combination between all pairs (k, f) generates a symmetric matrix,

known as the correlation matrix, The lower triangular part of the variance-
-covariance matrix and of the parameter correlation matrix are given in the

output produced by DATFIT,

e) Analysis of the residues. It is assumed that the residues:
= .
e, =y, - FGZi, 8 )ii=1l, n (17)

are Gauss-distributed with a zero mean and some constant variance o¢.

In an actual case this hypothesis is only partially true and should be tested.

el) Therefore, first, an overall plot is made of the residues Ei against
the analytical values F(;Ei, 6m) predicted by the optimized model. To this
end the plot area is divided into subareas (rectangles) so as to allow for
50 discrete zones for the residues e i and for 120 discrete zones for the

-
values given by F(xi, 6m) To each subarea a number is associated that is
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this analysis, if he so wishes in the MAIN program.

4, GENERAL DESCRIPTION OF THE DATFIT-SUBROUTINE

The program, named DATFIT, produces a non linear data fit by the least
squares method.

The experimental points Yy ;i’ A }; i =1, n_, should be generated in

d
the MAIN-program that calls DATFIT and transferred to it by a COMMEN -

statement:
C@MM@N/A/ND, NV, YEXP(1000), WGHT(1000), X(ND, NV)

where ND is the number of the experimental points: ny
NV the dimension of the independent variable: n
YEXP the computervector containing v} i= 1, n,

WGHT the computervector containing LARE i=1, n,

X the computervector containing }_C)i ; i=1, nd

The storage of the independent variables {;i }is made as follows:
((X(i, j), j=1,NV), i=1, ND)

The COMM@PN/A/-statement in DATFIT is used with variable dimension;
therefore the calling MAIN-program should specify the dimensions of
YEXP(i) and of WGHT(i) as 1000 single-precision. words; the dimensions

of X(i, j) must be specified with their exact length, i.e.:n .. n_ single -

d
precision-words. It must be noted that DATFIT renorms the vector WGHT (i)

on entry so that their sum becomes equal to n ; if all W, = 0, then DATFIT

d
sets them all wi =1,

Given an initial guess for @m’ the DATFIT subroutine finds the opti-
mal 6m (see calling sequence of DATFIT), minimizing the function & (&)
defined in (1), This minimization occurs by a subroutine MINIM1 delivered
with the deck. This last subroutine is an adapted version of subroutine MINIM

that is extensively described in [ 5 ]. It is an iterative minimumfinder that
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needs the convergence thresholds EPSF, EPSX, EPSG, IMAX and NIT as
well as a write option IRIT. These data should be given to DATFIT by means
of a COMM@N-statement:

C@MM@N/B/EPSF, EPSX, EPSG, IMAX, NIT, IRIT

where EPSF is the convergence threshold on the function @(@'j) from one
- iteration to the next,

EPSX the convergence threshold on the argument @j from one ite-
ration to the next,

EPSG the absolute convergence threshold on the norm of Ej’

IMAX the maximum number of iterations made by MINIMI1 ,

NIT the iteration number after which the steepest descent method
is avoided,

IRIT an option to produce writings by MINIM1 .

When EPSF, EPSX, EPSG and IMAX are put zero, MINIM1 works as if
EPSF =EPSX = EPSG = 10--8 and IMAX = 40. ’When NIT is set less than zero,
MINIM 1 works with the standard NIT = 2, > . These standards have been
found satisfactory for many examples; howevzr, in some cases they must be
fixed differently. The user should adapt these values so that return from

MINIM 1 is caused by the EPSG threshold.

The computation of & @), its gradient and its Hessian is made by a sub-
routine NPNLIN that is also furnished with the deck. This subroutine NPN-
LIN, as well as DATFIT itself, call for a subroutine M@DEL that has to be
programmed by the user entirely in double precision. For each vectors X
and @ as input, M@DEL should produce the function F(Z, @), its gradient in

@and its Hessian in @'

5. CALLING SEQUENCE OF DATFIT

SUBR@UTINE DATFIT (NP, TH, PHI, YANAL, FF)

NP number of parameters n, (dimension of @)
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TH computervector containing the parameters forming @m; initial
guess of 6m on entry, optimal values on return (double precision)
PHI sum of the squared residues:® ((Ty'm) (double precision)
YANAL computervector containing the analytical values of the dependent
variable produced by the fit: F(}-{)i, @m)} ; i=1, n, (double precision)

FF variance ratio statistic F(l-a, np, n -np) (single precision)

d

The arguments needed on entry are NP, TH and FF. The produced argu-
ments on return are TH, PHI and YANAL,

6. CALLING SEQUENCE FOR M@DEL

SUBR@UTINE MPDEL (X, TH, F, G, H, NGHESS, N@GRAD)

X computervector containing the values of the independent variables

forming an X (double precision)

TH computervector containing the parameters forming a 6(doub1e pre-
cision)
= .
F value of F(x,8) (double precision)

Q

(G1C)

R
computervector containing {Q_(?&@_) } ) k=1, np (double precision)
k

computervector containing

QZF(-) @
{ 00 }g@ } i k=1,% and ¥=1, n, (double precision)

k 7 |
Only the lower triangular part of this (symmetric) Hessian must be

stored in the following sequence:
2 2
H(1) = 2°F/00 | 90, ; H(2) = 8'F/80 | 80, ; H(3) = 2°F/20, 00,
2 2
H(4) = H = :
(4)=0"F/0@ 26, H(5) = 8 F/20, 30, ; etc. ...

NPHESS if this equals 1, nothing may be changed to the original content of
the computervector H .
NPGRAD if this equals 1, nothing may be changed to the original content of

the computervector G

The arguments needed on entry are X, TH, NOHESS and NGGRAD. The

produced arguments on return are F, G and H,
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7. SOME SHORT EXAMPLES

a) With the model: ®1exp( ®Zx) + @3exp(- ®4x) and with experimental data
obtained from rounded-off values in a sinh(x) table, the optimal Bis found
to be 6m = {0. 5,1, -0, 5, 1] as expected. The same result is obtained for

-2 .
every initial guess of ® , even if it is very far from 6m (see annex).

b) With the sarﬁe model and experimental data obtained from rounded-off
values in an exp(x) vtable, the optimal @ is found to be @m = {1, o .}
OT | eeegeessylytl {. The values of the remaining parameters are indeter-
mined but they always generate a vanishing contribution of their correspon-
ding term in the model, This indeterminancy is reflected by the ill-condition-
ing of the Hessian of &(®) (see [3] p.59). A statistical analysis of this pro-

blem obviously makes no sense.

c) With the model proposed in the REEP-program [2]: ® 1exp(®2x)+ ®,log x
and the experimental data used there, the optimal parameters{ 1.98,0,51, -1,09 }

are retrieved in 7 iterations starting from the initial guess | 1,1, -2 |, Starting

from a worse initial guess, the REEP-program fails to converge. DATFIT
finds the optimal parameters from the initial guess } 10,10, 107

and) 30, 30, 30 }.
In both cases convergence is soon reached but this test has permitted us to lo-
calize another optimal @)m’ namely {16.86, -1,637, 5. 94} with a correspon-
ding & (®m) that is somewhat less than the one corresponding to the minimum
1.98, 0,51, -1.09 } This gives the enormous advantage that one may expect
from DATFIT compared with REEP: one is much more free in the choice of

the initial guess,

d) A linear model is treated with the function: F(X, 8) = ®, sinx, +

+ ®2 sin 2x1 + ®3 sin 3x1 + ®4 sin 4x1 + @5 sin 5x1 + ®6 sin xZ + @7 sin sz +

. in 4 . . . .
+ ®8 sin 3x2 + ®9 sin x2 + ®10 sin 5x2 +® 11 sin x3 + ®12 sin Zx3 + ®13sm 3x3 +

+ ®14 sin 4x sin 2x_ + @, _ s8in 3x_ +

T@,58n 5%, 1 0 17 4" ®g 4

3 1651nx4+®

+ ®19 sin 4x4 + ®20 sin 5x4 :l %+ 100
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-
and with synthetic data obtained with some @ synth and with a random set of
values i’j. One Newton-Raphson iteration in MINIM1 is sufficient to reach

convergence (this may be proved analytically) and to find 6m = 6synth start-

ing from an initial guess 6m =0,

e) Many other practical examples were worked through with very satis-

factory results,
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1. Listing of DATFIT, MINIM 1 and N®ONLIN with a MAIN-program and a

M@DEL as working example (see 7a).

2. Corresponding output.
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FORTRAN IV G LEVEL 20 MODEL DATE = 72253 16711749
occl c SUBROUTINE MODEL (XI,TH,FI,GI,HI,NOHESS,NOGRAD)
¢ THIS SUBROUTINE MUST BE PROGRAMMEL IN DOUBLE PRECISION
0002 c REAL*8 XI(1),TH(1),FI,GI(1),HIC{1)},GP(4)
0003 GP{1)=DEXP(TH(2)*XI(1})
00C4 GP(2)=TH(1)*GP(1
0905 GP(3)=DEXP(-TH(4)%*XI(1))
0004 GP(4)=TH{3)*GP(3)
0007 FI=GP(2)+GP(4)
0008 IF (NOGRAD.EQ.1) GO TO 5000
0009 GI(11=GP(1])
0010 GI(2)=XI(1)*GP(2)
0011 GI(3)=GP(3)
0012 GI{4)=-XI11)%GP(4)
0013 500C IF (NOHESS.EQe 1} GO TO 4000
001% 003000 1=1,10
0015 300C HI{I)=0,00
0016 HI(2)=XI(1)*GI (1)
0017 HE(3)=XI(1)*GI(2)
0018 HE(9)==XI (1) *GI(3)
0019 HI{10)==XT{1)*GI(4)
€020 4000 RETURN
0021 END
NUMBER OF PARAMETERS _ 4
NUMBER OF CATA 500
NUMBER OF INC. VAR. 1
VARIANCE RATIO STATISTIC F(1-A),NP,ND-NP) = 0.237E 01

THE INITIAL VALUES OF THE PARAMETERS ARE

0.3GCCCO00C00D C1 0.30000000C0D 01 0.3000000000C O1

0.3000000000D0 01
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C.7806160-04
~G0.240579D-C4
—04254114D-05
-C.151233D-05

0. 15N03400-04
0.153151D-05
0.653961D0-06

PARAMETER CORRELATICN MATRIX

0. 1C0000D 01
-(.554175D 00
~C.458468D-01
—0e452247D-01

0.1£00C0D 21
0.451822D-01
0.445617D-01

MAXIMUM VALUES
DELTA

MAXIMUM VARIATION €N THE AXIS
0. 717504E-C2
0.3 -

E-02
E-Q2
E-C2

oON®
o~N®

0.191129E-01

E-01 -0
E-Q1

E-01 0.50
E-01 -

0.764243D-04
0. 328872D-04

0.1000000 01
0.993935D 00

EXTREME VARIATION

ON THE AXIS

v
GO 0
GO C

Q
00 0

Cel43254D-04

C.100000D 01

EXTREME VALUES

LOWER

—0.5186777D 00
—8.99990260 oo

UPPER

S WN -

S W -

_zg_



ANALYTICAL RESIDUE

EXPERIMENTAL

CATA PT,

——— e . e ey e e s ——— v

et . A s e

- 53 -

OOOCOOLOOCQO~MODOOCOOQOOUCO~NCOOON~QUOODOOOQO—O~NOOQO00O
GCCCCOOCCUWUDOUCOCCCCCOﬂCCCOﬂ%COCGCCO%LOCOCCCOOOCC
[ T |
LU U I L L L U L L G O B L L L) o L L L e G B 0 ) L i) b L U L W e ) W e e W
M~ANNOOOONNOF OO ENTNNMENRSNSO OO DONN T O OO OO0 —
OOOMVIDRNNANT M et F = O =D AO NN NP G D P~ 0 00 F M O et M NI = O P O
NONOQOVNOOVINM OV OANTANINMOTMOOCMOUMPNMO=~ OO NTONTOMMON0
NOGTOCNOFTNOQCOON~ATONFIO~A~OTOONTONCOOTCNONGOCONNSOONOS
NFOONO O OVNOT OV NHINOOOONMNMNODODVDDNOO—NONRTONO~INNT N
OO = N M AN O el = O N QD et O = = (O N = P AN N G = N OO MO e e N = O NN = OO T N e = LN N N
® & 0 0 ¢ 0 9 0 0 0 0 0000 00 0O PP O G s OO RO PO O OO T O PO OO N 9O e
00%%00040%0ﬂﬂWﬂOﬂOﬂOOﬂOWOOﬂﬂCOOOﬂO0%%00000%%4000%0

et S e NN O N AN NN et QO et o = O = N = S Nl mrd e C O O et et e =t N NN N O et e N = NN O
[slelslolelalels]glelslalslelolololals]olulololalalalnlololv]vinlelslolelolalslololalelalulel el ol ol el

(mlalalalalalalalalalalalalslalalalalalalalalalalalslalalalalafalelalalalelalalelfalalola]alala]ale]
NFE~MGE OO OMNSCOOO N ONNT MNM~—AOOMTOOC ST ONONG OO LN ONN
VNONAC O NNOOMFONTCONMOD~AMLOVOCCANTOONMFCNONMNN-NMON
RODVOMTARetOFT AN TNNOMNCUNN =T ONOOROMNOMOON~MOMNMFOCONOPN~AT
OO Mmi~MNONOOONOYOOTNNOT T OONTOTINONOONO it Tt OMNOO OO
OO TN NOPMMNAITROMMSMMP~ONOMMOAIONNO OO I O-MOMet SO~ OMNMSC
oo R ol QUN PP RT N TN T oV Ta VoV, JTQ YT WY TN JNESTaNEX X N1 ol oaTe s m P ToNTe o P T Yo ab e PO TaNT NG VT o BN S S IO I JoNEVo Vo P
® 0 5 & 00 0 ¢ 0 0 0 0 0 02 00 00000 OO a0 Vs g O 00 00 00 0 g 0000?20 e e e e 0
QOOCOOCOQQOOCCOROOOCOOCOOOOCOQCCOCOTQLOOCCOoOQUCCCOCT
1 ) 1 10 (I (B It [ [ | 11 I 11 [ I | |

el med ged € et gt O\ O\J ot O] et O] O\ O\ 1t mmed o et 4d € et (O] e © O\ et el rd O OO e 0 e med N = NN IO et = NN NOVO O
CODCOOCLLOOOOOCQOOOOOOOLCOIOONCODOQOCOCOOOCORLIOOO0
| |
I DL U L I L L e U L L L B L ) L L LU L) L U B LS D LU L L L L U s b W
M~ CINOGE OO OO OSTONNOMS AT COMIFLEANNMNO~CNNNINA~ SN FOOIN
MTANANDOVONN =D ~O NN OOV TN TOVANIT OO IN NSO~ OO IO NN~
OO T OO MAINCCNOODOMNMIDNOCANTNMANANMOMOOMMONTOOOMNMNSM
Tt T~ ONAS N OANN-NF C OO OCOCONCOGTMM= OO NN OMOT A0SO
N OO~ ONNSOANCOONNITOMNMGT T OOTINTNOMNO~NINDONO=PM~>O0MNO0TOOM~C
NN OO OIS N O G N NS = TSNS TN AN MO e N AN et =t NN NN = O NO O
[ N N NN EEEEEERENEN N NI I I N I B B BN B I RN R B B R B R B R B R R B B B BN B AN BN BN
OOCOULCOOOOORDLOOOCOOOLOLLOCOOCOOOCOOCOOOOLOOOOLOOCCO
| [ [ (] [ 1 1 | | | [ ) 11 [ | |

O N w© O IO N NSO O=NATNONCOO—NMASTINONMSN OO
o QMIHIIHIUIWWZZ2222222333333333344444444445



ANALYTICAL RESICUE

EXPERIMENTAL

CATA PT,

- 54 -

CC.bALCFvQ_.I;vCLr\(..ZCCr.vCﬁu..\.:qu.UUCCCﬁb!\CO_UﬂCCCOnwn_vﬁ_unucchCn.UOnun_UJvnw
| | | 1

U U U 0 U U L e 0 L0 L ) L0 0 U L L U L ) U U U U ) 1 L L U L U LU L) LU W LU W W DL LU W
~ONTOMMMOON A NAIONTOT NN O~NOOCOONMSMOVTOOVRETITNONNMS O T O
~OMOUANMOGTEOTCOINANTSOONNMANON~INNGMGCNOMOAONTINGMCNOQOON
DFANMNONCELT O NOMNOONO N TDONNAC Ot AN NN = MO N = = TN OO MO0
~OYTEOR OO0V NMNINDNONST G OO IO~ OO = MO0 OOMINNRT
P et et ND O e 4 O N et NI G el A (RO P N N OO et NN = OO N NSO A OO NN O NN e 1 O N
@ ® 00 00 00 0 0 00 000000090000 00000 e 0000000000 e 00

|

O et O Ot O e = 0] O O el md 14 e el ed O O ot € O OO et e = O] 4 O\ el 5 med (N O OV O O el el gmd O 7l md g e (] O el
slelelolnlslalddalelolalvlalalslalaleololelslalelslolslolslolwlolulolulslolslolalolslelolwlolololwlel
|

[alalalalalalalafalelalalalalalalalalalalalalalalslalalalalalalalalalalalalala]lalslalalelala]ala]mle]
NOVOO =G COMNOMNANNAOVOITOVONTOASTNOCONCOANMINENOTOTOMNANOO T
VNOFNMN AN AINT O~ QNN N0 MO~ ONNERONOCONO TN FMOOVT N MO0
OOITIE~-MLCOOONMOOTOCNTODANIVONNNOCET O~ ORON NIV T OO0
P NN TN O T O ONNS OO A TN OO NS~ DONNANND QMO N MO OMNMDO
METON N T T GF OO F MG AN O OTROT OO PN M e OOM OO i R e NN
AN AT F L et O N = O P e 8 O O N C (N 0Nt et CO v g ~F 7t P (O OD e = PO Y L O\ el 0 AN = D U P00
® 0 0 % 0 0. 0% 08 % 4 00006 0 ° 3 00 008 00 0060001006 0 0 0 09 0000
QOQODQCCOCRTCOoLDOQCQCOCQOOOOCOOCOOCOOLQOOROD
I | 1 1 | [ I [} [ I I T I | I | [

Ce 4

O O Ot O ot e O\ O O e ot e et 2 O O O et N O et et 1 3 O et O e N U NN N D 1 rd e O] 0 e e N O 7l
QOO OOCODCEOOQCOOOCOQOOOCCOoVCODAODDAOLIIOOOOOOLOOD

LU UL U ) U ) 0 U ) ) G U U U U A L L L U L L L L L U L U L ) W W L G s L W Lo g
—HOOMNOMNSNSHONMOM T O ANMEOOUNP-O erd P rd =i~ 0 (Y 0 N OO N GO N N IO T e - (N =1 O P~ Ch N
CUNDONATOOOMMSMNMONANN At~ G N CANMNOOTCOOETMOOOTNNO OIS OO0O~M
ONMSMOOT AT ESANONC NN AR ONMNSOM AP NN T OONR OOV OMOY
~EOMNODOMOOVADTCHMOOCXVCOAN~ONNAMNCOUNQO~NTCOET AT~ NN
MNAOO AN OOT OO NS ONNOANMONNMNSGENOWNSNMOMOAIND FOO~0O~MN
NOFT OO F U AN D= O PO O M Q0 OO e D2 N el N o P MU rd v 00 MO T = AT O = O O~ 0 OO
[ I B I I I BN BT B B B BN B BN I A A N I A A A A N A N N A A A N N N N N EE RN )

QOQOOCLUOOUOOVOCOCOCOQUOOCQOOOOOOOQLOOCOCOOOQCOOQOOOOO0:
(I 11 ! | | t | t (I I 1 | [N B | 1 trd

—ONNTNONDVOCOANMIN OO OANMTNOMSOT O~NANMFNG OO N MM
NN NN NN O N OO OO OO PP PPN 000 DO MOV D NN R

94
95



ANALYTICAL RES IDUE

EXPERIMENTAL

CATA PT.

- 55 -

~OOOOOmO~OOCQO~NOOQOMmrmCrOmiQrmQOO0000000Q0OOOm—-~CO0O00
nwcoooCﬂ.urUnWCCOe.h.uﬂucoemvﬂn.vcwowomvwoe(OCCOCCOA_UCOOAWA.U\%OCQC(
LU LU LU LU U U L UL L L) L U U U L U U U L L) U U L ) L ) L L L U L U U W W g W W W W s W W
NOMOCOOVTTANT FOFNONTNTNEO QOO0 OMGCGMOOVONOT~NOMMOO™
Wt OM O NG O rd NN et QP NN =N PO SN O DO IS OO0 NN =0 OO P~ O =i 6N LN
COMOOOOMNAPUNNO =T AN O OVNOe=MMAAOMN T T NMMSTOMTONS~DMONOTOOMMo
=HOFOMNNFHMOPON=MNMAMMOMOGT NS TOTEIO NS OOON T TINNNMO NN
CMNOMOONTOONMOOTMNMNMMMSNNNONS-NNTOTOOOORTNNO VT OTONN ™
= O =t OOt QO 7t 0 = O] 3 v P v b e o CO P N e OOt NN O DY O el e O rd 0 it OV N e oG N8 3 Ot VOO = Nt OO 0
@ ¢ O 00 00060 0060006060060 0050000060000 0000900000000 01900000¢ 00
[ e A e e B A

ANO Ot O] vt O\ 5t O] O vl et O] O] = gt ed g (] O 0t O\ O e O\ el O\ e g (] 7l O\ O\ et 0omd O] ot O 7t NSO O O] O\J et 7t (\] it (] i
00000000000000000000000000000000000000000000000400
[alalalalalalalalalalalalalslalalalalalalalalalalalalalalalalalala]elalalalalalalalalalalalalalalels)]
NONOVINMOOVNOSS~-ANNOONETNNT ONNNMGEONTOMN et Mt O OO OO0
P VON i QUNO NP ONOMNMOVOMANMNMNMNM e CNO VO NO NN e~ NONMYOO NN
PN T=OMSONNANN =N OO MNOMOM~SOONMOTONMHINMS NSO NN QO
DN OOMMANINM Mt NN NS NO QOO T OO OTMNONMANOTMNOT O O~INMNM—OMND
POVOMeTNONMNO S OOMOANNTOO~NNOMETOOMNMEOMETNMOONT M —eONINNOS
DN et N F e OO0 OO N 0O i N 00 00 T UV N st oF = NN Nt et NN el P el o F QO v O N N 0O T NN S

® O 0.0 0% 00000 00 0060606060 0 0050060600060 0005 095000 °% 9090900900
00000000000000000000000040004000000000000000000000

[ | I [ ] | [ | I 11} | i [ 11 }

OO et O\ v (\J =4 N O 7l et O\ O] b g =t O] et O\ © 9mrd O\ ol O\l god N e NSO A O O\ A O = NN O N Nt = N O ol
[elelolelslolslalolololslolelolélolololo]alslalalololela]alslo]oloaltldslelv]oleldlalolslolololo o

A L L L L 0 L0 L L L U U U (0 U LU U U L 0 G L L U UL W U L L W W W W W W i wiw
QONOTOANNMSNAIMNMONYODANDVNCMNONDDCOOOMMMNANOOTNOOVMNVNO S -
ONO TN MOMO MNP~ 0 = NCQ PV DN OO =N OO i OO FT OO ANRF VDD MOMN
DN i O D O N T AN A NN N OO TON O AN DO DO T TN ONNAINO T NON O~
NOMANN G =~ O MM OO PP O et O~ O P~ N O O DO M FOF T OO FOONO
C OO O—INNCAN MMM ONNO M NN COmO OO G TN MmO T ~OONMO 0
O OGP F 400 N (1) 0 AP~ OO F LN O 30 AN P~ (ot e O OUNT WO e 00 00 i g o3 o3 N8 01 oF - NN o
[ N NN NNEENENNEMENEEN NN I B B B R B B B B B B B B B RN B B I R I BN BN Y B Y I R I I B N NI
COUOCOCOOOORCOONORORNQUCOOOCOOOCROCOCOOCOOOOOOOOOVO
[ ] | [ 11 | 11 1 I I I I [ ! V| (I |

~_ONOTIN OO O=AMNTNONOOCOANMNTNOM~OOQO-NOTNOMOOO-NMAOTNO~OOO
QOO0 OWOwd rdrmi rd i rd et md sl el NON NN NN NN NN N O O NN MO OOE TSN
1eed g g el gt g ] o] g g e ] el el ] ] reed e el et et gt nd g et g 7ol P g el o el et g el ] ] ] e ol el el gt g el g e g e et



ANALYTICAL RESICUE

EXPERIMENTAL

CATA PT,

- 56 -

NENOOO~NOOOOOLOLROOMOmODOO~NOFOONOQOMQMEAQORAHOOO~NOOO
CCOCCCCCCGOCOCOCOOOWCCC%C%(O%OUﬂC%ﬁ%WCGﬂwoﬁowaOUﬂ
bl ! |

10 L U L U U U U L 0 L L L L L 0 i L L L L 1 U L L L L U 0 L L ) L ) U L ) L U A i W
TONTNNCOOMTOMDOAN~OOMAN =T N INNINNC O e AN O M N O QM3 0O FONMO 00
M ONNINONOANNANCINNNOT O P et NN OO AN VRO O N0
RO NN~A A O QN OP =MD QOO MM N0 VR0 MUNNOOOONMTONMD=MNANTOM
N A Qe N ed C Nl et = P =P D O == NC NN OO FTT O N=SNINON QOO0 DNV O
AN OOT~CNC OO~V OFT ONMSm—NNONC N O OVNOTONWNINMONO NN
GO N et QO LN F O et et (N 1 3 3 I O\ 1 ot O\ et O OIS O\t O\ et 7t O LN 1O Q0 N LN N N QO O et v 1) ol O LV = N ST
O 0 0 09 05 00 00 0 0 02 0 00 OO OO OO OSSO PO P 0009 OO0 B0 90000 e N
AR AR DA et A R S R A A A A S

O O P OO el ot O\ e O et O\ Ot O el et O\ md et © 1t et el ) pmd et o =t Oy eed QO O e 4 (N et md O NN NN et NN O =i N
0OOOOO000000000000000000000000000000WOOOOOOOOOOOOO
[(afnlalalalalalalalalalalalalals]ajalalalealslalaleis]alalalalalalalalalalalalalalalalalalalalalals]
COVNANMFNANCOMOOTOOINMC O TANANNOT TN OO TN FNOm T e MO =
TNV OMNMNTOVOOVOVNAN~OMOOVOMIFIFOOE-OMOITIANMNNCNTO~PO OOV MNN
VAN =t~ N FTAND—AONOT O ONTONm TN OMNT O OFTNANNO O T el =D F =1 QOO
MOON=NOMOMUNNMOM~ONNOO NN e T OO INNNIMNMOIE OO M= T MO0
VM OCNOF~NOCMNMOVONCREI+FNMNOCEPENOTMNOCOMOM e ONOOONMMO-INGN
NG OO O et e et O O et O O D it A P N = LA O CC LN OO O =00 F O MY ON N T oed O 0O gt oF e o
.
O
_

O O el O & md et O] et O\ et O] © el © e g O\ =l et e 04 e et € 1d et 1t 1t (O 4ed 12 © O e et N = md © NN O N = N O O
CCOOCCOOOOCOOOOOOO00004000000000000000COOOOOOOCOOO
|

L LU UL L UL L L L U U G L U L 0 U 0 W U AL s U L 0 LU W L G ) G L ) W) ) W LD W i s a
NN NEGO = O OO P C N et C = LN AN O (N et O et O N O F N F =i 0 QO OO OO smd NI = 00 I 0 et
TFOMNOOOM-INMTOONOMOOMO OO VOO MMAOON O N MFCIND
M~NOS=NO OO NC MO FTOONMOOANINOONOAOR~OCVNMOMMNITCO VNV~ INON
MOUNMeA O ONOTC =N A O T A A O T MNO e O el e DN O e N Ot OO i P = O = N NN D
DA ONNNNOINANIN DO A=A OO OO F = O M NN NN O ONIN T NS P NN N O el O N
NANNANNMNMN P et = N O F O NP Ot TN MO MAIO O =N N A O et F e O (0O i T =i P NN N
....000............0....0...................0.0...
(lelslélelalalslololalalslalolo]olololalolblalolalslololdldlslolslalolalolalvlalalo] dlsTolcTaloT ol ]

[ ]

~HONOTNO- DO O=NAOTINOMDOOANMOFTNONOCO~NMIEINOSORO—NMFTINON~O0O
Cal'alalalalialialialial o Lol ol olol ep ol ool ol ot nd nd nd and i and pud aloelo oXo e Yoo 1o e oo Yo'oTo o To o e To ¥ Yo Xe Y2LT3 Yo Y o Yo X0 T & )
vmed el el et 1 md e et o 1t e ol et e e e ot e 1 e el e e £ ] ] el et e e ek e £ e e £ el e 1 el el ped b g O\



ANALYTICAL RESIDUE

EXPER IMENTAL

CATA PT.

- 57 -

et O~OMO QOO rmiQOQ—=OQO~COOMONO~NOOOOOMmOOOOmOOMr~—OO~OO mirdm—
n..Un_UQn_uanCU.UCn.un_uOGCn.uOOn.VOGOA_UOﬂOn_UGOOOAWn_uCCUOanOH_un,_uGChWOCn_un.un_u
U U U L L U U U U L) (L L L R L ) LA L L L L L UL L A 1 L LU L U L L0 0 W A W W Wl iUy
=IO OITOGFT Ot =P OMWed O F OO OMNN MO MO et 0 = 0 O M N T O D et (1) sd md 3 I
DOFTTNCNNOMNOMNOTNONEO TN AORO TN MMM~ EHH~OTMNANNO SN0 o0
QOTMONNMIMONT OO O TONOND AT OO —~OUNU N O MO MM OO NSO N et~
OO CONMDOONNTTOQOOMNTONNONMNOOD OO TN ~AMNORTNNONOD
O T VOMNMITMAITCMONT=miOOTNTORTOONON MmN TMANONTAONIONININDO
OO O it O gt T vt O ) e et et QO (Nt O =t = ned (N ON et QO TN N DN NI Nt LN QO O 7 - NS 0O O et
® 0 00 09 0 000 0 2 000 0 0 9 0 0D OO OGO OO PO OO OO0 O 00O OO0 SO PO PO OQPOD
OOOA_Un_unun_vn.Uﬂon_UOn.von.Un_vn.UOWO.Un_vOOOWn_Un_uOOﬂOH_»OOﬂn_UOOOOOOOOWn_VOA.Uﬂ

O\ ool md gaed gt g pod gt €23 ONJ O O\ e gt e gt et (N3 O] oo =t et O] gt =t QO NNONO NI N N QO e e e med NI O et NN O = SN N
(eolelalalalolalelolololelalolalololslelviolololslalelololalololalélwislalelololslelolololelolulnlol @]

{
(alalalalalalalslalalale]alalalalelalalalalalalslalaleiaielalalalalalalalalalalalalalalalalalalaYala)

VOOITMFM~TOVNOOTRTOONRONMNONMOMEFONCCOITTORNOOTOMMIFIONDOD
—HOMMSTOONSTNAPOVOOT RN ONNDONNNNNGTOOOMOMNNT N O 0D NNONS

.I.Q.9899000301534.1514.21720195956020631545064837506233
= POANNO O e O N = INO T O DO UN et P et D e md el N OO N = T AN N OM NN O - mnen
s 0 e [ ooooooooooooooooooooo
COCOCOO0O0O00O0O0QOOOOO0O00

(A U I I P

O\ md e gand e o=t 2 et © O OO O] et pmd et pmrd et ] O] prd et med O] pmd red © NN O AN O md N C e e et N O =l VNN = S = = N O
000000000000000000000000000000000000000000000OOA_UQO
{

L LT L L U L LU L 10 L U L 0 U U L L L R L L o L U L L U L L L L LT ) L L L LD LI LU )
O~DNOM D TR OO NNV NO-Me= P OQOTN=A = OO ONH e F OO TN
DOMNMNMOMNMT~ONOTTONMSTIOOTMNMOCNMOVODON OSSN e OM — OO~
OO TNATOMMONMMOM m i O = ANNO 0NN T OT —MINANOCO MO OOMe=OOT M~
OFMSOMO OO MNTANCNO OO OSSN ONOONNORO R~ 00O N
~O=ORNOMMNO~TNNONNNMNOONOTONNONQOOMTDITONMMS~MOTINONMM
=N MO QG O N M LN O3 D O U it P et D ed = O OO AN M- e DN O MO N O M AN NI N0 TN NN
CIE B RN B B I I B I B B B B BN I I BN R N BN OB B BN RN RN BN BN B BN BN BN RN RN BN BN BN BN BN BN BN BN RN B BN BN BN BN BN BN ]
0000000000000000000000OOOOOA.UOOQAWOOOOOOﬂOn_UO00000000
(| | 1 | | | I (] i | t trt

ANOTNOMDOOO=~NMTNOMOCO~NNMINOMOCOMNMINONONO-NMINOMNMDCO
OOOQOO OO mirt rd s ettt =t =d NN NN NN NN N NN MM M OO N T T T T TN
OO OO O O IN N OISO OO NN O O O OO NN NN N OO O NN NN N N NN NN VOO NN I O



ANALYTICAL RESIDUE

EXPERIMENTAL

LATA PT.

- 58 -

~OOOOOMOLOOOOLONHMO=OOOOQOOQO~0OOOOQO=OO~ONQOO— —
AWCCCCO%GOCOGCCn.Uﬂ.»ﬂWOn_vnu00000wGOOWOOCOOOGA_vn_VC.Lan_UOQOWﬂ
L ) A L U 0 L 0 A U U L L A A L ) ) L U LU U ) L ) L U LU U WU WU WL A WU U W W W W W
TN OO M O T T OO0 FO=OVPNMNONNDANNMONDONE = =N QD MO DO N=ND
ONTINANMANOFT OOV MNOOOC-MNCOOOOON=NOOOmNOT O TN O
T O TONTNOOOVOOONMCOONNNT OFPNT OO T T MOTOMO O
@ et T Ol O PP YO M= OV OO NN NN = O 08 00 eilN Q0 =\ =i O F NV O NN NPT NN O O O NN
CANOrtri OO =N N M= T OOV N0~ MNOOOINNONMOANO TN N OO N~ oM
e d O\ O gt eed O =4 COLU 00 gl O\ N OO O LN O = NS O O O 00 gt et = el VO D ot (N e o3 O CO O ON NN O ) 7l 0 et el LU S
9 0 6 @ 0 0 80 00 00 8¢ 0 00 00 00 OGO OO S OO OO OO DO OO OO OO O OO NN PSPODN
M et A S AR A A R R et A A h etk i i A A A

vt O\ O\ el O] o ) e vl 7 g O\ 2 et O\ O 7 e O\ el O] 1 1md N O O O] ot 1l rmmd 7md O\ O] o O] b 4l O] el ol N el LN i O
0000000000_»00400000000000000000%0000000000000000000
[a]alalalalafalalalalalalala]alalalalalalalalalalalalalalala]alalalalalalalalalsalalalalale]alalelw]
M9774486981672342927438680986514739514490715080037
OGO ANF NGO OTR TN OMT =N OO NN AN MO O M~NOV
PO e N =N O N Y O N =N O MM MO0 O M (N0 CON AT N M O N0 O -0 wi (1)
M~ OO VNN ONNMM OO OO NMANRCOOMETNOTQNNC OO QNN
P ri O O O OO N O = O LA A VO CV et LN MY P ] =1 O NN MO DN O i = N OV O N el
O NN O OO 9 O LN OO T M F et LN - QO 5t N OO gl v OO U 8 O OO 1d QO et 03 1l 0 0 o3 O O et CVON e O
....00...0.0,00.0...O.......OO....O.....OOO0.00.
000000000000000000000000On.u000000000000000000000000
)l (I | | | { ] | (] 11 | 11 | I

ol O O\t O\ e vt O 7l O ol 4mrd © OO v N Ol el O

o Qrdrt et O\ N\ (= © =t O] poed 74
(elalelulelelvlelelolalolololv]ololelalalals] o
w

212212
0000000000000000000
L LU UL LU L WL U U L W WU WU W W W WL W) L LU R U U W WU AL AL W W L0 W W W L)
O Ot F NG NO OO MO INO N oM~ O TN AP OOV OO
NI~ OTONH OO OO MOOMOMNTMNMNS t OOO N T OO M i QM YN O M N
VOTMOOVOICN-TODPOOMNOC—OMOMON~NPNOT SN INMOOmNMOOVSTOONO
NN O 00 O PN LMD OO LN O AN LU O 3 S0 00 ~F O 1O =00 wO =10 7l O = O 00 P N0 0 0 g o3 3
PO NO N O rdmi OO NN O FOON OSSN O O m it N MO CR 00 O LN O I I 0O et
O NMNONF O NMNN MO O N T OO O N N OO O el L =l N 71 Q0 v (Y O OO N NIl (1 N i O
® 0 00 0606 00 060 0006000 000060000 0609000094000 0000900000900 0e00900
OOOOOA.U00On_UOOOOO.Un.un_vo0000000000000000000000000000000
(| | | L | | | 1) 11 I (| |

—HONOTNOSDCOm NN OO ONMNENONOO=NNOFNONOOO=~ANMENOMS OO
NN NN N O 00O O OO OO Q PP PP e P 0 O NNV VOO OROTRTO O
NN OO OO AN NN OV N O NN NN NN O N O N N O OV OO O OO O OO L O OO OIS LT



ANALYTICAL RES IDUE

EXPERIMENTAL

CATA PT,

- 59 -

OOCOOOO=OQOOOONAONmrtmiQmimiQOOO 00000~ OOEONQCOOmmmmO
0000004GOCOC%G%%O%%W%O%%CO%COOOOOO%OO%O%C%OGC%%W%O
R L ) L B L L U L L L S L T S L) UL ) L L UL U L LS L L 1 L 0 L L L U i W W sl il
QN OOVOVYITININDOMOINOMVOMNFNDOFNOOOTONMO=ANONE NN OMM
NN OOV VTN T ONDOT OMANMNTR PG rm OO OO OO MMOO M e~
ANt et OMTOOO I TNONNNMNMNVONCE T OMOMOO~ANTNNVOOON=OMT
NN ONOFND P el et = ONO T OO NT = QOO O N O QNS = DO NN OMM-IN
—ANNON OSSOV OTODT NN ONO PO E SOOI O-M -
O €0 300 ot \D L et et 00 003 0O O N3 3 00 0t 0 1 O\ N0 00 =00 (N 10 e O\ 0md w3~ N ot (1) g N gt 20 g O\ e 0O 00 1 e O\ 1) et
® 9 0 0 0 0 O 00 000 00 O OO OO O OO O OO OO O O U O OO O 00O 00O e 0
WOOW%WOOOOW%O00%000%%000%%0 ﬂ 0040%000%0000000040%

OO et st md md O OO N el N N e N = NN =S NN = NO N = NN NQ Q. O NN AN N et N O O Nt et i
00000400000000000000000000000000000000000000000000
(alalalalalalalalalalalsla]lalalalalalalalalalalalalalelalalalslalalalelalalalalelalafalalala]lalelala i)
925555450447051648612106065B9016675799773002202111
OO M G F OO F O F O MOMAINM =N

MV OTMONCOOVONCHSNCMOMNCORNNG O~ OONINOVONOTOM~INO MM

OMOMT —=SNONDOMOMNONONN=INANND N FNOOP OO et et NN =N N e Ol OO
NONON i P A P =~ DV F P = OO NO T AN MR QNN O NO il O O NG et MF O NN N0 TN
OO = O et 0P 10 00 AL ST LN F (00 1 AD LD O 00 st Ot LN N o3 vt NS O OO O 0O PO LD e L et N O O g g ot
oooooooo-oooom

Oowoooowwwooo

__ ___ _

OOt S et Nt N O et =t O Nt O] = N O N N O Nt AU AT C O © O O b O 1 N et N Nl e =t
00000000000000000000000000000000000400000 00%00000
EEEE

AL LU 0 L LD L ) L L L L 4 L) L L U L ) L U ) U L L L L U L ) W LW W L W wu
NP O = DN NVONMOITOTORMNNCMOVOORTOMENOMONOVRAMNMNOMS YOS
TR OO ORI OT OO OO MmO MNMONN= NG ONOME TN OMO O
O MN=NOCMMSNSNT QOVLOMINMNNOMMANOMMANCNMM~AOOCO NN NN~ OO M
OOV ONT OO MO OO = ON OO TN OO F NN et I O O (G OO G =i = O O MO
AT RO OO QOMNMAN OO OPNO T NMNMNTOOM O r-tri (NO N 00 O e M N M OO N0 M~
O =i O = (O LA A VN OO F 0010 w410 LN O Mt (N7 O P P o3 el O UL ST 00 00 U et L el 3 LD e (0 mdmd d
O 000 000000 OC 000 000 OO O

0000000000COOOOOO%WOOCOOOOWWOO%OQOOWOOOWOWOOOOOOOO
(| (I I | ] 11 [} | [N | | | ! |

=AM OSSN O=NMNMITNONMOCC= NSO OO C—ANMITNO O OANNMFNOMNOO
O OOQO OO rmirmirmrl rivt pd rir=l NN AN NI N NN NN O NN MO MO NN (O ST T TP T IN
MMM MO M EEEE MO0 MM FEE R OE N MOEOMEEEOMOMmMEMEmO O MOMEOMM OO



ANALYTICAL RESIDUE

EXPERIMENTAL

CATA PT.

- 60 -

NOOQHm~HOOCOOONNOONNOQOOOOOOQO~OOOmm OO rmrir— QQ i Q rir —O
OGCC%D%CCOCG%ﬂOO%%OOﬂGCUCOCWC%OOGﬂ%O%C%ﬂ%%CO%O%%%O
t |

g L L L 0 L 0 L 0 L L L L L L L L L LR L L L L Uy U L L U A () U L U U U LU W LU
~ANNONO VN OO NNV ONMMNOANNTOAMOOMMI~ONGTPSCQ OO NS VN
N OO O OAM~NONOFANNNOTARNNONP AN FTOMPMONM OO M 3O
OO MMM QO T OO N O O QNG = O ML et N =P = N QNN T O O T =Y
NSO O OM—AD O OT=COONDREMNMOMOMA=—NOTNPONFOMM~OOO MO
T ONTS;NETSONMOT OO N QNN TN O MG ONm M =i P O NN O N O N - O
D rde=t NN D et N = N O NN O N = N O M et e A N D Ml el NN A P o VT O NN M = O N
T EEERENENENNENNE I I R I I I B N RS B I BN B B RN B R BN B B RN I RN B BN RN BN B Y B Y BN BN BN N
AR A0 hde S i it A AR A A S A A R A0 e R Al A A e

O = =t O CO OO N it OO ol O] et gt et 1l e O\ OO QO v O e O =t O OO O O\t omed (St el O\ = vl O\ O\l el o=l O\ i D
0000000000000000000OOOOOOOOO%OOOOOOOOO%OOOOOOﬂOOOO
CcCocOoooOooOOOOoOOOCOOOO0OO0QOQOO0OOCOOOOCOOCOOOOAOOOOD
ANONMSA OO OMONOONMNDMMOONMCOMI NN FTOONTE M0N0 -
MIMNOATO MM At QOO AN NT = OF O TINANNO OV OO et i D i F ol PO NI NN
MAINTOMOMNMOTCANONOVOOedrd i~ = N O OO F O MOMP NN L N ed 00 O M= v (AN O =t
OO P OOV O N A=t O et NN O et T NN O NN~ O
CANNMCOANFAM O rtrt A P = NN O N OWNN~SONONOTMNOCCO TN ONMUINP e O
= OO = D () ot et O\ 18 A0 et \O O\ NO et LN S et = et (NN N O N QO LN 3 00 OO et = Q0 v P O\ N et i N ON O = 0N
® © ¢ 0 0 0 0 0 0 0 ¢ 0.0 0% 00 00 0. 8 0 00 0O 9% o0 0 O PP O OO O e O 9 0 e 0
OOOOOOOOO%OO%OO%ﬂO%ﬂ%%ﬂODOOOO%OWOO%OOOOOOOOOOOOOOO
[ } | i1 ] ' 1t [ tEt

Nt = NC AN NCQ = NN = N A et NN O O et N1 NO AN NN NN = O rd O N el v e (= C et N = ©
L UL UL L) 9 (L U L L L ) ) B U LU L) ) U U L L UL L U L L ) L 0 LU ) U L R g M e e

OFOVCOIFTOP=—OTNNOLTMOANNONOMMONMONM;MOE~OONMOOTANITMMING
C—NTOMNMNDCOTTFMAOO~DFNVOONITNOONOMNSNDODNMNMSMO OO OO NSO =IND
NeEOT =N NN OT AN OOCOTATNNT M= OMF OO0 —OINOMOONCOO
OI~-FTANNOCOTNONHAMONNOOC MM OOT M AEE SN OO NNNMO VNGO NAM
OO M Nr Ot el = O NN QNN M e = QN QN O T N O NN OMINMNO DINM O M =N O
OO P (O e e e O = O VD e N G e = =T O NN NN N YN MO = O P e = NN OO N el = O O
.00..00.00000.0.0000...0.000...000..0...0.0.0..0.0
CO0COCOOOOLOOCOO0LOOCCOOOOO0ODOO0COOCOOOLOMLOOOCCOOOOOCO00

.

HONOTNOMCOO~ANMITNONOIOANMNTNOMDC O NN TN OMDORO N MG NO 00O
DN AN NN D O 00 0 000D O P pe PP - P - 00 0 D0 VD VDB DORP P NGOG PO
M MEEOE 0O O O N NI M OO N ML O (0 0 NN D 00 0100 00 00 60 (0 07 1 00 (1 0 (T



ANALYTICAL RESIDUE

EXPERIMENTAL

CATA PT.

et e et A i

- 61 -

VOOV CUOOFH=TO~OQOUOAmOCOLUOMrmrd SiCrACNOOAO~QOO~QO~O
DO OOROO0OO D OOTNIMODDIM TN 0N DD 0OMDDNOOVUOQUIDC
| 1 f i [ ) | (B} I | I |
G L L L 0 ) L B 1y 0 0 L L 0 (0 0 L L L L 1 G b ) U o 0 U L L0 L L L ) ) L W L LU LU
NOOFTTOVORNRDOPDFEN IO C VOO MN—ACDOAM milN OGP0 F O O F O rd O G
T OVONNMGTONOONOOTANOT O TANDONMNATNTOMNONEESNSEOINTOOROEO T
NNONOCOCNNOGCHNOINNSTNNSOCNCOCCTNINMSSTOONOO T SONNUN N D md Mt
NN ONTNON T AT G ed C Nk e e N O F N~ N NN TN TODO
~o 591159870588444737047516156990L23220312741305464
Ol emd O et i N NN F NN CON NN — Q A NN O e O =N M C = U D e eed OO e (VO i T
® 6 ¢ % ¢ % 9 00 00 0 0 90 0 0 00 ® O & % 0 & 0 0 00 0 0 0 0 O 9P OO O 0% e e 00
own.‘ooooown.uown_umwmoowown_,ﬁ;_un(%_x. TITCTOTTORTOTCCTOTTT

O OO S ot A OV ot N O ol 1 O] 1 O 1 O] O et € el ol ot O] 2 el el et 1t e O O = O\ 1 C O O O et O\ ad (\J o gt € (]
COCOOOOCOCOOOOoOOOCOMOOOCONOCOOC OCOTLTCOOCOOOoCCOOOQO0
[alelalalalalalslalsjalalalasialelalsfa/aielaalaiais/alalalaislaial7ialaleialalalelalalalalaYalala)
OO NDOONOMSOMNMOC N FTNA DN~ A TN ONSMO OIS GEOANNGT 0D NG
OTOITOMNMOOTITI~=INTOOMN~NINLCOMECOOONONT~NNOTE e DTN ODROVOER O

—ONONTN~OOCOT SO ANNANO~NCANC T A NIOCNC OO N MM OO0 M mmimd O M0 0N
NOANIMNT Oeded NSO NG FOT—ANT O NNMSNSNNDOCOM~ODTTIAORNTOOTOOCONG O
317171243719706?0480342506813283531ﬂ42893992302729
FITOXMCT NN NN O~ ?13662121551212484%521621351142
..I....O....O..‘...............O..O..oo ® & &6 06 0 6 o O
QUOCOCCCLOCOQTOOLTCOCCCOOCoOCCDOo0C (OLGCOOOOOOOOOO
| I I I |1 [ | 1 | | LI} 1 I | | et 111 |

22101011212211212120110111211111122121022212120102
QCOCOQOUOOODOOCCOC2COCOLDVODOCTUC DDOTOOQITO0COOOO00
|
L L U 0 L L L G L L Ly ) U ) G L L G o B L B e s e W ) LU UG U g W W ud uj ug
NNOFTO N CFTOMANMONONCIN G FTOOFTNOMOCTOONN~C O DINCNNN O MY
DG G rimd OO T ON SN ON OO CP00OMO G T OLO OO TN T AN OO~ D
CMTOMNOOTONMNSNTAMETMODINANSNOMNOOT NN NACOMETASOMINONO,
MNCN~HOOMNS =N ETN—ANOOS~SO NSO TN C CDNOC NN OO~ nO~D
ONONVCNOMO RO~ ONOMMONNCTOT TN OGT~N~NOITTETOMONINONOC
SOOIV AN O NN A O Ot A N LN = O N 00N GO O O N (N O e e 00
® 9 © ¢ 0 0 0 0 0 5 0 9% 0 0" 90 0 00Ot OO PP O OB P O LD OO S OB PO OO OO OO
OOOCCOOOLUODOCOOCOCCOCOTOQCOLGOUOCULUCC L COQOCOCOoOQOODOO
I I T I i [ | ] ! [ | b | | [ 11 |

~ANOFNOOC O NI OO CONMINONNDC O ~NNITNON~CRCANMNMEFNQO~ OO
COODODOC O e st et rded = = NI A NN NN NN NA MO O MO N N FE T T F T 0
N R R R R R R B 20 20 ah- g alC G oS g B JEN G R, g ot g oS o g oS g X obS g R g gt g g a g gEC g g BN oE g5 X QX X o



ANALYTICAL RESICUE

EXPERIMENTAL

CATA PT.

- 62 -

elelTlelolnlélnlal ale i lolalslalolnlalolololalalalslololélelslallalelolololalololelélolalidle
OCMWC4¢Cﬂtﬂc0400000%6CC0000OCOOOOC%OCCC%CWUGCOOCCO
1 L G L 0 1 LU L U b L) U ) U U L L) L L L) L ) ) W W WD U0 WD) WD WD LW Lo U WD D W W LB U o W L Wl
OO T O NN =MIN NNNT NOCONO PO OO~ ONV VOO0 MM~ MNOO
NN O OV0OOMONOTHONONMNANMNO T~ O VDF 00 ONMOOMONMT OO+
ONNINAHP OSSNSO T OO OONMORSNMMSMOCNONNONMNMMS OO OO
VO~NTFOCOMTTONMeTOONNO VOO N~ =~NOMNONDONCONDONOVDOO
MONHOOANT OO~ O TGO OO~ NOCNCTMNMNO OO N NONMNE
—_re OO O T et O NG = N e O = O NV O ST =t ot O\ et ) e ot ot O O erd N OO ND el nF 0N d 0 et OO O O
@ 0 9 0 00 9 0 99 00 0 P 0 S P O P PSP OO O PO OO 9SS0 0 RN 9 0,
A S A S e h d R A A R A T S At

ANt~ O\ od 7ot = O O\t et © OO O et O] = O O e et ol et OV NN N O N A et e € O G O\ rerd gt e €€ vt et o O] O\ g 74
COOOCOOOOOOO0QCOOCOOCOCOOOOCOOROOOOOLOCOOCOOOCOOCO0O00
|
[n]elalalals]alelalslalalalalaalalalala/alalslalalalalaalclalalalalala]alalalalalalslelalalalalale]
~MNOAINOOTNNNOST TN OMNO OO0~ NTOOMN-ORTOCDMETHINONN
—AONNONTANOOVTANNINOTTOTONNOSTAO~NC TN INDMNODOCO OO ONGT O
NOOCOMNYVNDOOT T OMNMANONNM N OTOMT OO ONTMOTNNDOMmNN e
O N OV DVOTTNT AN O TNOFTNMFTORNOO DN OO MNF 0NN OMNDEON
NI NN ANINNOD O ONMSOMNOmtrd et G Ot NPT OO AN NN O M
OO OO MNPt G = OGN OO Q0 ot~ et ord QN e e sd (N OO et LA O PO LN G LD oed O et 3 N 00 0N g P i
2 & ©® 0 0% 0 0 0 0 900 ¢ 0 0" O 900 00 ° 9 e ® @ & 2 0 0 0 0 9% 0 0 0
CoOCoOCCOOOCOoOOQOCCOOLCOOOOoOCCOCOLCOUOCLCCOOCOGOOCTO0
| [ I 1 ) [ I 1t 1t i LI T

ANt AN AN = A TN A O NN C =t Nt QO rd e O = e NN NN NN Nt = O C O (Yt 1o ot © v et med Y O et O
OO0V OOIOULOOIOIULODOTNOITOOCOODOOOCOOONOTOCOODO0OOOD
t
L LU0 U U LD G U 0 LD U L L L g L LG U L L e U L 0 0 L L L W L 8 L T L U ) L W M U g
MTNOOCOVOTCOFTNCO T F A ONONO AN = QOO O NN O ON TN MOVOT
MO OO ANOONOTNCOTNOMINEAONO OO NMMSM~OMDO OO MO OAN O M
NN ML AN NN O N B et P~ N = OO AP T O N SO ONOF ONN OO~ OO0
AN T AN O CAANOON NN O OVDO AN DGO OSSO DO OO O
O OFTONNNAAANMNOCOOTOOTONHANO Mt~ T OO0 0 F O N0 O MG
OO N AN OO F OO O N A AN NN NN OO D et O et 3 = O 0O O
.‘.......o......................'..o...........0..
CCOOCC LOOOOULOOOOLOCOUACOCOOCOOCOCOO0OOOOOOCOOOOOCOOO
[ [ | (A ) (| I (I (I (| rtr i

—ANNT OO C—NNFNODOCO—~NNFN OV O=-NNTNCDOOANMEN OGO
DN NN O OO OV O OO OO =P PP P -0 V0 DO DVODORT OO RPRT PO
A A A A A A R S I A S A A R I B b B g gk g gt o IS X X S QN T E JE P N T



OVERALL PLCT OF THE RESIDUES AGAINST THE VALUES PREDICTELC BY THE FIT (YANAL)
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