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RESUME
Une part importante de l'accréditation est de prouver la
qualité et la fiabilité de la méthode analytique utilisée en
routine. Le but de la validation est d'établir que ces
méthodes analytiques sont appropriées pour leur utilisation.
Notre laboratoire de toxicologie médico-légale est accrédité
depuis 2003. La stratégie de validation de la procédure ana¬
lytique a été basée sur l'approche proposée par la Société
Française des Sciences et Techniques Pharmaceutiques
(SFSTP).
Dans ce travail, la validation d'une méthode, pour la déter¬
mination simultanée de cocaïne (COC), d'anhydroecgonine-
methylester (AEME), d'ecgoninemethylester (EME) et de
cocathylène (COET) dans les cheveux par GC-CI/MS/MS en

SUMMARY
One of the important parts of the accreditation is to prove
quality and liability of the analytical method employed in
routine analysis. The aim of validation is to establish that
these analytical methods are suitable for their intended use.

Our laboratory of forensic toxicology is accredited since
2003. The strategy of validation of the analytical procedure
was based on the approach proposed by the "Société fran¬
çaise des Sciences et Techniques Pharmaceutiques"
(SFSTP).
In this work, the validation of a methodfor the simultaneous
determination of cocaine (COC), anhydroecgoninemethyles-
ter (AEME), ecgoninernethylester (EME) and cocathylene
(COET) in hair by GC-CI/MS/MS using ion-trap detection
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utilisant une détection à piège d'ions, après une hydrolyse
acide et une extraction en phase solide automatisée, a été
présentée comme application à cette directive.
On a trouvé une régression linéaire dans une gamme de
concentrations de 0,05 - 5,00 ng/mg pour la COC, l'EME et
le COET, 0,10-5,0 ng/mg pour VAEME. On a estimé la limi¬
te de détection (LOD) à 0,005 ng/mg pour la COC et le
COET, 0,025 ng/mg pour l'EME et 0,05 ng/mg pour
l'AEME. L'efficacité de la méthode, comme la justesse et la
précision, ont été évaluées en utilisant des échantillons de
contrôles qualités sur la gamme étudiée.

after an acid hydrolysis and an automated solid phase extra¬
ction was demonstrated as an application of this guideline.
Linear regression wasfound in a concentration range of0.05
- 5.00 ng/mgfor COC, EME and COET, 0.10 - 5.0 ng/mgfor
AEME. The limit of detection (LOD) was estimated at
0.005 ng/mgfor COC and COET, 0.025 ng/mgfor EME and
0.05 ng/mg for AEME. Method performances, like trueness
and precision, were evaluated using quality control samples
over the investigated range

Introduction
Cocaine (COC) is an alkaloid found in the plant
Erythroxylum Coca and grows in South America. This
compound is commonly used and sold on the street. Its
principals metabolites are benzoylecgonine (BZE) and
ecgonine méthylester (EME) obtained by chemical and
enzymatic hydrolysis respectively (1,2). Another meta¬

bolite, cocaethylene (COET), could be found when
cocaine is used in the presence of alcohol. This com¬

pound is a pharmacologically active analogue of cocai¬

ne but more potent than COC (3). When cocaine is smo¬

ked, a pyrolysis product, anhydroecgonine méthylester
(AEME), is formed. This compound was reported in the
urine of crack smokers (4, 5). (see figure 1).
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Figure 1 : Metabolic pathway of cocaine (non exhaustive
cocaine metabolism).

One of the attractions of hair analysis is the greater

positive rate of the technique over urine analysis. The
presence of these metabolites in hair could offer more

information potentially of benefit in distinguishing
drug presence due to use versus external contamina¬

tion. They could become suitable markers of cocaine

use (6).

Nowadays, hair analysis is not only use in forensic
toxicology but also in clinical toxicology or in traffic

medicine. Several authors have considered the problem
of the washing step, others have performed separation
technique and used complex analytical instrumentation
to increase the sensitivity and the specificity of the
method. The aim of using such analytical method is to
allow the detection of traces of drugs present in the

hair.

The present work was conducted to quantify simulta¬
neously COC and three of its metabolites in hair of
COC abusers. As the parent drug is present predomi¬
nantly in hair, when COC is detected, it's important to
confirm the presence of metabolites to distinguish a

consumption to a passive contamination. COC decom¬

poses spontaneously to BZE, so the presence of this
metabolite in hair is not sufficient to prove COC
consumption. Then, EME, AEME and COET were
chosen to confirm COC consumption (7).

After acid hydrolysis, hair samples were extracted with
an automated solid phase extraction and analyzed by
GC/MS/MS with an ion-trap spectrometer in positive
chemical ionization. The method was validated to pro¬

vide evidence that the analytical procedure is suitable
for its intended use. The validation was done according
to the new strategy proposed by the Commission of the
Société Française des Sciences et Techniques
Pharmaceutiques (SFSTP) for the validation of quanti¬

tative analytical procedures (8). In a first time, the
selection of the most appropriate regression model was

done and in a second time, the assessment of method
precision, trueness at different concentration levels
over the range assay as well as the limit of quantifica¬
tion (LOQ) and the linearity were given (10-13).

Materials and methods
Chemical reagents
Methanol, toluene, acetic acid (100%), ammonium
hydroxide solution (25%), sodium hydroxide, potas¬

sium hydroxide, sodium hydrogenophosphate, and
potassium dihydrogenophosphate were supplied by
Merck (Darmstadt, Germany). Methylene chloride and
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isopropanol were obtained from Fluka (Buchs,
Switzerland).

Acétonitrile solutions of COC, CET, AEME, EME and
deuterated cocaine and ecgonine méthylester (COC-d3
and EME-d3) were purchased from Cambridge Isotope
Laboratories Inc.

Instruments and GC-MS/MS parameters
Hair samples were pulverized in a ball mill provided by
Retsch (Schieritz, Hauenstein, Switzerland).
Automated solid phase extraction was performed on an

ASPEC (Gilson Medical Electronics, Villiers-le-Bel,
France). Isolute HCX cartridges were provided by 1ST
(Hengoed, U.K.) and used for the extraction.

Hair sample analyses were carried out with a Varian
Star 3400 CX gas chromatograph (Walnut Creek, CA,
USA) equipped with a Varian Saturn 2000 ion- trap
detector (Walnut Creek, CA, USA). Helium was used
as the carrier gas with an inlet pressure of 0.069 Mpa
(10 PSI). A I & W Scientifics (Folsom, CA, USA)
capillary column of 15 m x 0.25 mm LD. was used with
a stationary phase of 5%-phenyl-methyl-polysloxane
(DB-5MS, film thickness 0.25 um) and prior connected
to an inert retention gap of 1-5 m x 0.53 mm LD. The
column oven temperature was programmed as follo¬
wed: 75°C maintained for 1 min to 170° C at 15°C/min,
to 210°C at 5°C/min. and to 310°C at 30°C/min. The
injector temperature was programmed from an initial
temperature of 75°C held during 1 min, then increased
to 280°C at 50°C/min and held during 1.40 min.
Injections (3 ul) was made in cool on-column mode
using thé Varian 8200 CX autosampler (Walnut Creek,
CA, USA).

The GC/MS system was operated in positive chemical
ionization (CI) with isobutane as gas reagent. The trap,
manifold and transfer line temperatures were 240, 120
and 290°C, respectively. Instrument control and data
acquisition were carried out using the Saturn GC/MS
Workstation Varian version 6.3. For the tandem mass
spectrometry, the collision induced dissociation (CID)
conditions used in non-resonant mode were reported in
table I. In Table LI, the ions used for the quantification
are reported.

Table I : CID conditions usedfor each compound.

Table II : Parent ions and principal product ions for each
compound.

Compounds

COC

AEME

EME

CET

C0C-d3

EME-d3

Parent ions (m/z)

304.1

182.1

200.1

318.2

307.1

203.1

Excitation storage Excitation amplitude
Levels (m/z) (V)

83.6

49.9

54.9

87.5

84.5

55.7

46

32

34

46

46

34

Compounds

COC

AEME

EME

CET

Parent ions -> product ions "

304 -> 182

182-> 105.U8, 122, 150

200 -> 150, 182

318 -> 196

'Ions used for quantification are shown underlined

Sample preparation
Hair decontamination

Before analysis, the totality of hair obtained from a per¬

son was washed successively with 10-50 ml of methy¬
lene chloride, 10-50 ml of water and finally 10-50 ml of
methanol according to the size of hair tuft. This step is
very important to eliminate possible external contami¬
nation. Then, the hair tufts were dried for a few minutes
at 60°C in a heating block. When it is possible, tufts
were cut in three segments (root-3 cm for the first seg¬

ment, 3-6 cm for the second and 6 to the tip) and pul¬

verized separately 5 minutes at 70 s"1 (cycles/second) in
a ball mill.

Digestion and extraction

Because drugs are fixed inside the hair matrix, a diges¬

tion procedure is required before extraction. About fifty
mg of powdered hair samples were placed in a glass
tube of 10 ml and 1 ml of hydrochloric acid 0.1 M was
added. After incubation overnight at 60°C, the solution
was neutralized with 1 ml of NaOH 0.1 M, buffered
with 1 ml of phosphate buffer pH 7.0 1/15 M, and 25 ul
of the internal standards (COC-d3 and EME-d3) solu¬

tion at 1 ug/ml were added. After centrifugation at
5000 r.p.m. for 10 min, the supernatant was transferred
into a special glass tube for extraction.

The ASPEC system was programmed to extract the
hair samples in the following steps: (1) the cartridges
column were conditioned successively with 2 ml of
methanol and 2 ml of water; (2) 3 ml of the supernatant
solutions were dispensed on the column; (3) the latter
were rinsed successively with 2 ml of water, 1 ml of
acetate buffer pH 4 and 2 ml of methanol; (4) after
drying the column with air, die compounds were eluted
with 2 ml of (80:20:2) methylene chloride/isopropanol
/ammonia hydroxide. The extracts were then evapora¬

ted to dryness under nitrogen at room temperature,
reconstituted with 50 ul of toluene and finally analyzed
by GC/CI/MS2.

The complete procedure has already been described in
an earlier article (9).

Calibration and quality control samples

The calibrators (CAL) and the quality control (QC)
used to determine the response function and the linea-
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rity respectively were prepared by adequately spiking
hydrolyzed hair solution after incubation (50 mg of
blank hair added with 1 ml of HC1 0.1 M and placed at
60°C overnight) with appropriate volumes of standard
COC, AEME, EME and COET solutions. COC-d3 was

used as internal standard (IS) for COC and COET,
whereas EME-d3 was used as internal standard for
AEME and EME. Each CAL and QC samples contai¬

ned the equivalent of 0.5 ng/mg of each IS.

Validation procedure
Protocol of validation
The strategy applied for the validation of the method,
based on the SFSTP guide, was adapted for a laborato¬

ry of forensic toxicology. The following validation cri¬

teria were chosen to validate our method:

Selectivity

Response function (calibration curve)

Linearity and assay range

Trueness

Precision (repeatability and intermediate precision)

Limit of quantification (LOQ)

Some other validation parameters could be applied in
bioanalysis like absolute recovery or analyte stability in
biological matrix.

Selectivity
To demonstrate the selectivity of the method, hair
without any compound were incubated following the
digestion procedure. The hydrolysate was then spiked
with deutereted internal standard and after the extrac¬

tion, injected. The aim was to show there are any inter¬

ferences with endogenous substances.

The selectivity has to be studied by analyzing different
sources of the matrix but in hair analysis, it is not pos¬

sible to have several pool of matrix if we consider all
the external component i.e. color, race etc....

Response function
The first step is to establish, within the concentration
range, the relationship between the response (signal)
and the concentration (quantity) of the analyte in the
sample 11. The daily calibration curves for each com¬

pound of interest were established at six concentrations
levels (m=6), 0, 0.05, 0.1, 0.2, 0.5, 1.0 and 5.0 ng/mg,
and three replicates (n=3) for each level. These calibra¬

tion curves were prepared each validation day (number
of validation day k=3). The blank sample allowed to
give the selectivity of the method and with the calibra¬
tors, we obtained the calibration curve.

Each day, the QC were prepared at five concentrations
levels (m=5), 0.05, 0.1, 0.5, 2.5 and 4 ng/mg and four
replicates (n=4) at each level.

The response function can be linear (straight line) but
non-linear models, sometimes related to by detection
method or the particularly wide concentration range,
can also be observed. In mass spectrometry, the res¬

ponse function is often not strightly linear so we choo¬

se an appropriate statistical model for the evaluation of
the calibration curve. When a significant difference
exist between variances at lowest and highest concen¬

tration levels, the data should mathematically be trans¬

formed (8, 14, 17).

Linearity
The linearity is defined inside a range of concentration
and corresponds to its ability to obtain results directly
proportional to the concentration of analytes in the
sample (8, 10, 13). The linearity was calculated by fit¬

ting the back-calculated concentrations of the QC ver¬

sus theoretical (introduced) concentrations by applying
the linear regression model based on the least squares

method (14).

Trueness
Trueness is defined to the closeness of agreement bet¬

ween a conventionally accepted value and a mean
experimental one (18). Each day, the recovery is calcu¬

lated at five concentration levels between 0.05 and 4
ng/mg (n=4) that correspond to the QC concentrations.
The trueness is given by the mean recovery over 3 days
and could be expressed in terms of bias.

Repeatability and intermediate precision
The precision is usually measured in terms of impreci¬
sion expressed as an absolute or relative standard
deviation (RSD %) and is estimated by calculating
repeatability and time dependent intermediate preci¬

sion at each concentration levels of the QC. The RSD
of the repeatability and the intermediate precision are

obtained by using variances analysis (10).

Limit of quantification (LOQ)
The LOQ is the lowest concentration of a sample that
can still be quantified with acceptable precision and
trueness.

In a previous study, the LOQ was estimated by the ana¬

lysis of soaked hair at different concentration of the
four compounds of interest. Ten replicated samples
were analyzed for each concentration studied. LOQ
was determined as the concentration where the relative
standard deviation (RSD) is inferior to 20 % (15).

The accuracy profile is a representation of the trueness
versus the concentration with an indication of the sys-
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teria were chosen to validate our method:

Selectivity

Response function (calibration curve)

Linearity and assay range

Trueness

Precision (repeatability and intermediate precision)

Limit of quantification (LOQ)

Some other validation parameters could be applied in
bioanalysis like absolute recovery or analyte stability in
biological matrix.

Selectivity
To demonstrate the selectivity of the method, hair
without any compound were incubated following the
digestion procedure. The hydrolysate was then spiked
with deutereted internal standard and after the extrac¬

tion, injected. The aim was to show there are any inter¬

ferences with endogenous substances.

The selectivity has to be studied by analyzing different
sources of the matrix but in hair analysis, it is not pos¬

sible to have several pool of matrix if we consider all
the external component i.e. color, race etc....

Response function
The first step is to establish, within the concentration
range, the relationship between the response (signal)
and the concentration (quantity) of the analyte in the
sample 11. The daily calibration curves for each com¬

pound of interest were established at six concentrations
levels (m=6), 0, 0.05, 0.1, 0.2, 0.5, 1.0 and 5.0 ng/mg,
and three replicates (n=3) for each level. These calibra¬

tion curves were prepared each validation day (number
of validation day k=3). The blank sample allowed to
give the selectivity of the method and with the calibra¬
tors, we obtained the calibration curve.

Each day, the QC were prepared at five concentrations
levels (m=5), 0.05, 0.1, 0.5, 2.5 and 4 ng/mg and four
replicates (n=4) at each level.

The response function can be linear (straight line) but
non-linear models, sometimes related to by detection
method or the particularly wide concentration range,
can also be observed. In mass spectrometry, the res¬

ponse function is often not strightly linear so we choo¬

se an appropriate statistical model for the evaluation of
the calibration curve. When a significant difference
exist between variances at lowest and highest concen¬

tration levels, the data should mathematically be trans¬

formed (8, 14, 17).

Linearity
The linearity is defined inside a range of concentration
and corresponds to its ability to obtain results directly
proportional to the concentration of analytes in the
sample (8, 10, 13). The linearity was calculated by fit¬

ting the back-calculated concentrations of the QC ver¬

sus theoretical (introduced) concentrations by applying
the linear regression model based on the least squares

method (14).

Trueness
Trueness is defined to the closeness of agreement bet¬

ween a conventionally accepted value and a mean
experimental one (18). Each day, the recovery is calcu¬

lated at five concentration levels between 0.05 and 4
ng/mg (n=4) that correspond to the QC concentrations.
The trueness is given by the mean recovery over 3 days
and could be expressed in terms of bias.

Repeatability and intermediate precision
The precision is usually measured in terms of impreci¬
sion expressed as an absolute or relative standard
deviation (RSD %) and is estimated by calculating
repeatability and time dependent intermediate preci¬

sion at each concentration levels of the QC. The RSD
of the repeatability and the intermediate precision are

obtained by using variances analysis (10).

Limit of quantification (LOQ)
The LOQ is the lowest concentration of a sample that
can still be quantified with acceptable precision and
trueness.

In a previous study, the LOQ was estimated by the ana¬

lysis of soaked hair at different concentration of the
four compounds of interest. Ten replicated samples
were analyzed for each concentration studied. LOQ
was determined as the concentration where the relative
standard deviation (RSD) is inferior to 20 % (15).

The accuracy profile is a representation of the trueness
versus the concentration with an indication of the sys-
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tematic and random errors comprised within the accep¬

tance limits. Then, the LOQ is the smallest concentra¬
tion level investigated inside these limits (19).

Results and discussion
For a long time, it was known that drugs incorporated
body matrix, like hair, after their ingestion. Generally,
the parent drug is the predominant analyte detected in
hair sample, then, the possibility of external contami¬
nation is not excluded on people innocently in contact
with abusers during their everyday lives. Fortunately,
metabolites could be detected to provide evidence of
use or no use, even if they are present in low concen¬
tration. The problem'with cocaine is that it major meta¬

bolite, BZE, could be formed without ingestion of
cocaine. That is why it was of interest to develop a

method to detect other metabolites and give an aid to
the interpretation of hair sample test cocaine positive.

A specific method was developed for the quantitative
determination of COC, EME, COET and AEME and
validated using the SFSTP guide.

Figure 2 show the calibration curve obtained for COC
on the three days. The validation results of the respon¬

se function are presented in Table III. Weighted linear
regression (1/x2) with six concentration levels was
used. The stability of the calibration curve must be
checked each time that the analyses are conducted.
Good linearity is obtained with a slope close to 1 ±
0.005 and good closeness R2 above 0.998 for all the
analytes. The regression equation was reported in Table
III.

The acceptance limits fixed in the laboratory of toxico¬
logy in Geneva depend on the matrix and the com

pound of interest. In the case of hair analysis, trueness
has to be within (30%, the repeatability inferior to
20% and the intermediate precision inferior to 25%.
The trueness was expressed in term of relative bias (%)
and presented in Table 111. The R.S.D values, presented
in Table III are between 3.5 and 16.6% for the repeata¬

bility and 3.5 and 26.4% for the intermediate precision
for COC and its metabolites. Two values obtained for
AEME were unacceptable and outside the limits: A
repeatability at 57.7% obtained~"for the concentration
0.05 ng/mg and an intermediate precision at 96.1%
obtained at the same concentration. This concentration
could not be chosen as the LOQ of die method for this
compound. The other RSD values illustrate a relative
good precision of the method.

The accuracy profile could be a relative good represen¬

tation of- the values presented in Table III. As an

example, the accuracy profile of COC was showed in
Figure 3. The LOQ was chosen as the smallest concen¬

tration inside the acceptance limits. The LOQ was fixed
to 0.05 ng/mg for COC, EME and COET and to
0.1 ng/mg for AEME.

Conclusion
A specific method was developed in GC/MS/MS using
an ion-trap detector in positive chemical ionization
mode with isobutane as gas reagent to detect and quan¬

tify cocaine and its three metabolites, COET, EME and

AEME, in hair. The procedure fully validated showed
that the SFSTP guide could be applied to hair analysis.
The validation of this analytical method allowed to
know the performances of the method and its characte¬

ristics and therefore to better apprehend its limits.
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tion level investigated inside these limits (19).

Results and discussion
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bolite, BZE, could be formed without ingestion of
cocaine. That is why it was of interest to develop a

method to detect other metabolites and give an aid to
the interpretation of hair sample test cocaine positive.

A specific method was developed for the quantitative
determination of COC, EME, COET and AEME and
validated using the SFSTP guide.

Figure 2 show the calibration curve obtained for COC
on the three days. The validation results of the respon¬

se function are presented in Table III. Weighted linear
regression (1/x2) with six concentration levels was
used. The stability of the calibration curve must be
checked each time that the analyses are conducted.
Good linearity is obtained with a slope close to 1 ±
0.005 and good closeness R2 above 0.998 for all the
analytes. The regression equation was reported in Table
III.

The acceptance limits fixed in the laboratory of toxico¬
logy in Geneva depend on the matrix and the com

pound of interest. In the case of hair analysis, trueness
has to be within (30%, the repeatability inferior to
20% and the intermediate precision inferior to 25%.
The trueness was expressed in term of relative bias (%)
and presented in Table 111. The R.S.D values, presented
in Table III are between 3.5 and 16.6% for the repeata¬

bility and 3.5 and 26.4% for the intermediate precision
for COC and its metabolites. Two values obtained for
AEME were unacceptable and outside the limits: A
repeatability at 57.7% obtained~"for the concentration
0.05 ng/mg and an intermediate precision at 96.1%
obtained at the same concentration. This concentration
could not be chosen as the LOQ of die method for this
compound. The other RSD values illustrate a relative
good precision of the method.

The accuracy profile could be a relative good represen¬

tation of- the values presented in Table III. As an

example, the accuracy profile of COC was showed in
Figure 3. The LOQ was chosen as the smallest concen¬

tration inside the acceptance limits. The LOQ was fixed
to 0.05 ng/mg for COC, EME and COET and to
0.1 ng/mg for AEME.

Conclusion
A specific method was developed in GC/MS/MS using
an ion-trap detector in positive chemical ionization
mode with isobutane as gas reagent to detect and quan¬

tify cocaine and its three metabolites, COET, EME and

AEME, in hair. The procedure fully validated showed
that the SFSTP guide could be applied to hair analysis.
The validation of this analytical method allowed to
know the performances of the method and its characte¬

ristics and therefore to better apprehend its limits.
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Table III : Validation of the methodfor the determination of COC, EME, AEME and COET in hair.

Response function (0.05-5 ng/mg) (k=3, m=6, n=3)

Slope

Intercept
R

Day 1

2.3

0.017

0.995

COC

Day 2

2.5

0.036

0.985

Day 3

2.1

-0.004

0.993

Day 1

2.73

0.023

0.976

EME
Day 2

2.41

0.018

0.984

9.4

8.8

-3.6

-8.9

-2.1

Day 3

1.99

0.02

0.993

Day 1

2.45

-0.015

0.988

Trueness (k=3, n=4) ng/mg relative bias (%)

0.05 2.4

0.1 6.4

0.5 -2.3

2.5 -9.8

4 -9

Precision (k=3, n=4) ng/mg

Repeatability (RSD %)

0.05 11.0% 11.0%

0.1 7.5% 15.4%

0.5 3.5% 10.7%

2.5 5.5% 7.1%

4 8.6% 3.2%

Intermediate precision ÇRSà %)

0.05 22.7% 15.9%

0.1 8.3% 15.4%

0.5 3.5% 14.5%

2.5 10.2% 12.0%

4 13.8% 14.2%

Linearity (k=3, m=5, n=20) and limit of quantification (ng/mg)

Range 0.05 - 4 0.05 - 4

Slope 0.903 0.963

Intercept 0.02 -0.009

R2 0.9999 0.9982

LOQ 0.05 0.05

COET
Day 2

2.5

-0.0006

0.986

-6.3

-0.4

-0.7

-12.2

-7.2

7.0%

10.8%

4.8%

4.5%

6.0%

12.3%

10.8%

4.8%

8.8%

7.7% _

0.05 - 4

0.916

0.005

0.9992

0.05

Day 3

2.1

0.015

0.991

Day 1

2.37

0.089

0.905

AEME
Day 2 Day 3

5.3 0.99

0.008 0.048

0.986 0.865

-50.1

23

-11.6

-20.2

-13.7

57.7%

10.5%

13.2%

16.1%

16.6%

96.1%

26.4%

13.8%

16.1%

23.4%_

0.15-4

0.846

-0.002

0.9976

0.1
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