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Multifaktorielle RP-HPLC-Trennungsoptimierung kleiner Molekiile
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Quality by Design in der RP-HPLC
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QbD-Konzept der RP-HPLC-Trennungsoptimierung
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DryLab® - Modellierungsoptionen

Isokratische Arbeitweise Gradientenarbeitsweise Sonstiger Einfluss




_ Daten-Basis: Drei-Faktor-Optimierungs - Strategie

ternary eluent composition

AN (AN: MeOH)(1:1) MeOH

— Gradientenzeit (tG): 20 min und 60 min

12 x 3 — 36 — Temperatur: 30 °Cund 60 °C
— Eluent A: 25 mM Phosphatpuffer pH-Werten 2.0, 2.6, 3.2
— Eluent B2 in B1: ACN:MeOH 100:0, 50:50, 0:100 V:V
— Saule: Lange 100, Innendurchmesser 4.6 mm

— Stationdre Phase: Halo C18, 2.7 um
— Fluss: 0.8 ml/min

2 Molnar-Institute fir angewandte Chromatographie, Berlin, Deutschland



Reprasentative Vorlaufe zur Generierung der Cubes
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DryLab® - 3D-Resolution Maps / Cube - Modellierung tg, T, pH, R

tC

ACN

ACN:MeOH(1:1)

MeOH




DryLab® - 3D-Resolution Maps / Cube - Modellierung tg,T, tc, R

pH 3.2

pH 2.6

pH 2.0

ACN ACN:MeOH(1:1) MeOH



DryLab® - 3-Faktor-Optimierung / Modelle tg,T,Ph und tg,T,tc

L —
tC
ACN pH 2.2
ACN:MeOH(1:1)
pH 2.6
MeOH pH 2.0
) .
ACN ACN:MeQH(1:1) MeOH

ternary eluent composition

(AN: MeOH)(1:1) MeOH

PeakMatch®

4 Peakzuordnung durch Molnar-Institut flir angewandte Chromatographie, Berlin (2011)
5 Molnar-Institut flr angewandte Chromatographie, Berlin



DryLab® - 3-Faktor-Optimierung — Lokale Optima je nach 3F Model

1 A 3D Resolution Space fir tG, T, tC-Modell
. bei pH 3.2 (4. Parameter pH konstant)
5] A
[6] N
= [91 NA
3] : .
10]NA [11] NA [12] N/A
o s © 5
Time [min]
e NA 3D Resolution Space fiir tG, T, pH-Modell
in ACN (4. Parameter tC konstant)
2] N/A
111 /A A NA JOLTY
[5] N/A
[6] N/A 181 N/A
[3] WA (10] A L1 NA [12] /A
...... I 101 7 Y
0 5 10
Time [min]
Optimierung | tG T oH tC (%B2:B1) %Bs | %Be Fluss R tR, .
. (V] (V] H .
Modelle | (min)| (°C) %ACN | %MeOH (ml/min)| Skt | (min)
tG-T-pH 43 |355] 3.1 100 0 3 97 1.6 3.6 | 16.8
tG-T-tC 43 | 36 | 3.2 99 1 3 97 1.6 3.6 | 16.8




[EyLab® - Robustheitsaussage opt. Trennung

 ,Robustness“-Tool® von DryLab® auf Basis des 3-Faktor-Modelles

Robustness Robustness

Required Resolution 1.5 Failed Experiments: 0 | Failure Rate [%] 0 Required Resolution 1.5 Failed Experiments: 0 | Failure Rate [%] 0

Method Condtions Method Conditions
1G 43 +/- |4 [min] Flow Rate 16 +/- |01 fmL/min] tG 43 «/- |8 fmin] Fow Rate 1.6 /- 0.1 [mL/min]
T 355 +/- |3 rcl Start %B 3 /= [%8] T 36 +/- |6 rc Start %B 3 /- 1 [%B]
pH 31 +/- 01 End %B 97 +/- |3 [%B] tC 1 /-1 End %B 97 +/- 13 [%8]
No. of Levels 2or 3) |3 No.of Factors 6 LS(mCalu.dal;ens—I Get Method Data No. of Levels 2or3) 3 No. of Factors 6 Start Calculations Get Method Data
Robustness Caloulation = Frequency Distribution | Regression Coefficients Robustness Calculation Frequency Di i R ion Coefficis
20 14
12
1 - ! |
o | ], - ) : 1 1| |
, o i 4 p e T
5 T
0% 2.04 254 3.04 3.54 0 204 254 3.04 354
Rs. Crit Rs. Crit
Faktoren-Einstellung fir DryLab® tG-T-pH Modell und tG-T-tC Modell.
tG-T-pH Modell tG-T-tC Modell
Faktoren : :
unten| optimal| oben unten | optimal oben

tG (min)

39

43

47

37

43

49

T(°C)

32.5

35.5

38.5

30

36

42

tC (Vol.% MeOH in ACN)

0

0

0

0

1

2

%Bstart ( Vol.%B)

2

3

4

2

3

4

%Bend ( Vol.%B)

94

97

100

94

97

100

pH

3.0

3.1

3.2

3.2

3.2

3.2

Fluss (ml/min)

1.5

1.6

1.7

1.5

1.6

1.7

Fehlerrate (%)

0

0




DryLab® - Lokale Optima !

L —
tG-T-pH Modell,
pH konstant
Lokale Optima der multifaktoriellen Optimierung einer RP-HPLC-Trennung
3 Faktor-Optimierung (tG, T, pH oder tC) Zielgr6Ben R 16 Peakpaare
Faktoren Faktoreneinstellung
tG-T-pH Modell, tC konstant tG-T-tC Modell, pH konstant
MeOH:ACN MeOH:ACN MeOH:ACN

0:100 V/V 50:50 V/V 100:0 V/V 2.0 2:6 2 3.0 3.1 3.2

tG (min) 57 56 46 50 42 56 50 58 54

T (°C) 30 30 32 31 34 48 36 37 45

tC (Vol.% MeOH in ACN) 0 50 100 98 5 55 45 50 67
%Bstart ( Vol.%B) 6 9.5 2 3.5 7 9.5 8.5 8 9.25
%Bend ( Vol.%B) 95 100 97 96 95 96 96 94 94

pH 2.9 3.2 2.0 2.0 2.6 2.9 3.0 3.1 3.2

Fluss (ml/min) 1.2 1.5 1.5 1.5 1.1 1.4 1.4 1.3 1.2
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gatistische Versuchsplanung (SVP) mit MODDE®

StorgréBen
Signifikante ZielgroBen
Faktoren
Gradie.nt- DoE \
enzeit —— / ReSOIUtion
Temp- - -
eratur
Eluent-
zusamme Minimale
REneIon Anfangs- )
tration konzen- 0 Anazleyi?en

Eluent B tration
Eluent B \

|” Transferfunktion y1,y2 = f(x1,x2,...xn) + € >



Versuchsplan modde ® = Simulation der Experimente pryLab ©

Optimization B Gradient Editor = | Resolution Map x|
*\ Revert 100
- 220
1 2.00
Length fom] : | 280
Diameter [cm] 046
: %8 b 0
Patticle Size fum] 27| |
Flow Rate fmL/min] : 2.40
- 2.20
2.00
Q i
Name : Shimadzu-LC2010C 2 Q &0 e
Time [min] : T
Dwell Volume [mL] : 106
160
B iolane il 00| Gradient Table E L
e | [ e '
000 000 120
Status B 6000 9000 150 00
8000 1Gfmin] Chromatogram [ tG 60 [min], T 30 [°C, tC 0 (% B2in B1] ] B b
00 TG !
000  (C[%B2inB1 060
Pressure [psi] : 962 A 0,40
Plate Number : 12428  (calculated) 7_ BINA
Rscit - 161 INA T 0.20
. A ZINA
Crt Peak Par ; b
Run Tme fin]: 15,00 A
Buent Used [nL]:  12.00 r Results Table X
Flents x| 4 MName tRimin]  Aea Tal Avgk Wicth
B — [ Inm 10,54 44300 100/ 400] 023 1033
: 2 InA 129 56800 | 100 447 024 294
1: 100 % Water (H20) 3 [N 1364 12200 1,00 445 0.24| 624
t 4 .
125N et 5 A 1584 431,00| 100/ 59| 028 340/
pH:32 6 NA 1680 287.00 | 1.00| 569 028 201|
7__NA 1733 63300 1,00 497 025 6.17|
Eluent B1: 9 [NA 19,04 | 27900 | 1.00( 644 030 681
1: 100 % Acetontrle (ACN) 8 N/A 2116/ 851.00 | 100 7.10| 032 2131
0 INA 2735 | 89,00 100] 512 026 850|
Buent B2: 1A 25| 159,00 10| 744 03| 1581
1- 100 % Methanol (MeOH) 12 INA 32 152,00 | 1.00] 768 0.34 0.0/

Auflosungskarte fir das SVP-Experiment 13:

*  Abhangigkeit der kritischen Auflésung Gradientenzeit und Temperatur

*  ternadre Eluentzusammensetzung tC = 100% ACN
*  pH-Wert des wassrigen Eluenten = 3.2




Modellierung der Auflosung als ZielgroRe |

R,(AB) = 1.5

R,(AB) = -1.5

Peak-Umkehr



EinflussgroBen / ZielgroRen

[
Faktoren Abkiirzung Einheit Faktorstufen Type
Gradientenzeit tG min 20-60 Quantitativ
Temperatur T °C 30-60 Quantitativ
Ternire Eluentzusammensetzung tC (Vol.% MeOH in ACN) 0-100 Quantitativ
Startkonzentration Eluent B %B.art (Vol.%B) 0-10 Quantitativ
Endkonzentration Eluent B %Beng (Vol.%B) 90- 100 Quantitativ
pH Eluent A pH 2-3.2 Quantitativ
Flussrate ml/min 0.5-1.5 Quantitativ
ZielgroBen Abkiirzung Einheit Min Max Type

AuflEsung peaypaar 172 R,1/2 1.5 Reguldr

AuflEsuNg peaypaar 2/3 R.2/3 1.5 Reguldr

AuflEsuUNg peapaar 2/4 R, 2/4 1.5 Reguldr

AuflEsung peaypaar 3/4 R, 3/4 1.5 Reguldr

Auflésung pe.ypaar 35 R.3/5 1.5 Regular

Auflosung pe.voaar 1/ R,1/4 1.5 Regular

Auflosung pe.yoaare a5 R,4/5 1.5 Regular

Auflosung pe.yoaar 576 R,5/9 1.5 Regular

Auflosung pe.voaar 6/7 R,6/7 1.5 Regular

Auflosung pe.yoaar 6/9 R,6/9 1.5 Regular

AuflEsung peaypaar 7/8 R,7/8 1.5 Reguldr

AuflEsung peaypaar 7/9 R.7/9 1.5 Reguldr

Auflésung pe.yoaar o/s R,9/8 1.5 Regular

AuflEsung peaypaar s/10 R,8/10 1.5 Reguldr

Auflosung pe.ypaar 10/11 R,10/11 1.5 Regular

Auflosung pe.ypaar 11/12 R,11/12 1.5 Regular

Retentionszeit des letzten Peaks im Chromatogramm tR max min 10 20 Regular




Versuchsplan = Simulation der Experimente

Chromatogram [ tG 60 [min], T 30 [°C], tC 0 [% B2 in B1] ]

[41[NA
/ [8] N/A
N/A
21 NA
(1] N/A
N/
| SN 1) a
\ 3] N/A 11] N/A [12] N/A
N oi N/A
L] L) Ll : L) L LIS L) I L Ll Ll L) L) L) L] L) Ll I L) L] L) L) L) L) L) L] ' L} L] Ll L] L L] Ll L I L} L) L] L] Ll L] L] L] ' L) Ll L L L] L] L} L L ' L] L) LI ) L) L] L] L] L] L] L] L] L] L L
0 10 15 20 25 30
Time [min]

Results Table =
" Name tR[min] Area Tail Avg k Width
1 N/A 10.54 443.00 1.00 4.00 0.23 10.33
2 N/A 12.94 568.00 1.00 447 024 294
3 N/A 13.64 122.00 1.00 4.45 0.24 6.24
4 N/A 15,36 894.00 1.00 6.88 0.32 1.61
5 N/A 15.84 431.00 1.00 5.94 0.28 3.40
6 N/A 16.80 287.00 1.00 5.69 0.28 2,01
7 N/A 17.33 633.00 1,00 4,97 0.25 6.17
9 N/A 19.04 279.00 1.00 6.44 0.30 6.81
8 N/A 21.16 851.00 1.00 7.10 0.32 21.31
10 N/A 27.35 89.00 1.00 512 0.26 8,50
11 N/A 29.86 159,00 1.00 7.44 0.33 15.81
12 N/A 35.22 152.00 1.00 7.68 0.34 0.00

Wechsel bei krit. Peakpaar




Versuchsplan = Simulation der Experimente

Chromatogram [ tG 60 [min], T 30 [°C], tC 100 [% B2 in B1] ]
(8] N/A
B NA
121 NA [71 N/A
[4] N/A
[1] I\J(A BINA
L7 6] NIA
[9] N/A
[3] N/ nnwva [OJNA e
L] I. L] L] ! L] L] L L] L] L] I L] L] L] L] T L] L] L] I Ll L] Ll L] L] T L] L] L]
0 10 20 30
Time [min]

Results Table E
f-4 Name tR[min] Area Tail Avg k Width Rs
4 N/A 16.14 637.00 1.00 8.64 0.38 3.33
1 N/A 17.29 360.00 1.00 6.59 0.21 1.70
2 N/A 17.80 600.00 1.00 5.93 0.29 491
3 N/A 19.24 113.00 1.00 6.35 0.30 269
5 N/A 20.07 364.00 1.00 6.91 0.32 6.12
6 N/A 21.97 286.00 1.00 6.35 0.30 7.97
8 N/A 24,63 909.00 1.00 8.25 0.37 1.19
7 N/A 25,04 658.00 1.00 6.77 0.31 5.25
9 N/A 26.99 321.00 1.00 9.79 0.43 26.45
11 N/A 37.57 145,00 1.00 8.36 0.37 432
10 N/A 39.03 126.00 1.00 6.43 0.30 14,97
12 N/A 43.89 160.00 1.00 7.67 0.35 0.00

Wechsel bei krit. Peakpaar




Versuchsplan 2 Modell und Modellanpassung
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Modelldiagnose — Obs. Vers. Pred. & Diagnose der Residuen

(-] Residuals Narmal Probability Plot = [E 52
Residuals Normal Probability - Optimize 7 factors_Rs_tG-T-tC-pH model_Rs and tRmax_2 (MLR)
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Modellinterpretation | -4 Faktor-Kontourplot ‘.

Factor | Value
4D Contour of tRmax Bstat 5
y YBend a5

pH=3.2

pH=286

pH=2

3 35 4 4 50 55
16
1C(B2:B1) = 0 {C(B2:B1) = 50 1C(B2:B1) = 100

Retentionszeiten tR,,, < 20 min




Modellinterpretation Il — Sweet Spot Plot

s % 55 83

Sweet Spot Plot
55
50 -
o 45
%=
I 40
o
35
30
55 55 4
50 50 |
& 45 45
li " a0 40|
35 16 = 30,0804 35 |
T= 40,0822
. == o -
ppS/G = 405034 o 85 e
PPE/10 = 266043
pp11/12 = 16,487
max = 15,5056
55 - 55
50 | 50 |
‘: 45 45
'_
:E_ 40 40 4
35 1 35 |
04 304 '
20 35 40
G
tC(B2:B1) =0 tCc(B2:B1) =50

58 85 8 3

N

-

s 8 585 283

25 30 35 40 45

N
=]

-

2% 30 35 40 45
e
tC(B2:81) = 100

50 &5

ZielgroRenspezifikationen (R ;. = 1.5, tR, ., < 20 min)




Modellinterpretation - Nachste Schritte

e Faktoren

Variablen Einstellgenauigkeit

e Zielgrollen

Wunschfunktion Messgenauigkeit
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Model Berechnungsfehler
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Modellinterpretation Il Designspace Schatzung (DSE) - probability Contour Plot

— =
Risk of failure (39.8%) for resolution on 16 peak pairs (pp2/3, pp3/5, pp5/6, pp8/10, pp11/12, app1/2, app2/4, app3/4, app1/4, app4/5. appb/7, appb/9, app7/8, app7/9, app9/8, app10/11) and tRmax
Including distribution on all factors. Using model error.

L — — —

= = =

= O a @

is § &

e Q Q

%Bstart =15
tC{B2:B1)

0

Y%Bstart =
tC{B2:B1)

tC(B2:B1)

16 = 28,0094
tC(B2:B1) = 9,98179
% failure = 0,362299

1C{B2 B1)

PP
pp5/6 = 42502

pp8/10 = 28,488

o PP11/12= 174958
| app1/2 = 9,81767
1€ app2/d = 7,5144
app3/4 = 4,48587
op = 16,1676

24 25 26 27

appo// = 3,013
app6/9 = 8,03902
app7/8 = 10,663
app7/9 = 5,8365

1C{B2:B1)
1C(B2:B1)

23 24 25 26 27 28 29 30 k3l 32
1G
pH=33

27 28 29 30 kil 32
tG

23 24 25 26 27 28 29 30 3 32
tG

pH=29 pH=31

RP-HPLC-Designspace der 7-Faktor-Optimierung: Faktorenbereiche vor der Faktoranpassung
tG(28min%5min), T(30°C+5°C), tC(10%+10% MeOH in ACN, %B,(1.5%+1.5%), %Be(90%+2%),
pH(3.1£0.2Einheiten), F(1.5ml/min%0.1 ml/min), Verweilvolumen(1.06ml)




Modellinterpretation Il Designspace Schatzung (DSE) - probability Contour Plot

S
Risk of failure (0.03%) for resolution on 16 peak pairs (pp2/3, pp3/5, pp5/6, pp8/10, pp11/12, app1/2, app2/4, app3/4, app1/4, app4/5, appb/7, app6/9, app7/8, app7/9. app%/8, app10/1 and tRmax
Including distribution on all factors. Using model error.
"
105
T =
= @ @
28 g
@
22 95 2
9
85
27 272 274 276 278 28 282 284 286 2868 27 272 214 276 278 28 282 284 286 288 i g g 282 284

%Bstart =15
1C(B2.B1)

95 G = 28,0082
a tC(B2:B1) = 10,0029
% failure = 0
9 pp/3 = 3,49675

pp3/3 = 7,86041

Ppp5/6 = 4,25945

85 ppe/10= 284911 |

. Pp11/12 = 17,4964

" app1/2 = 9,81846

¢ app2/4 = 7,51449
app3/4 = 4,48573

27 272 274 218 278 28 282 284 286 288

286 288 72 274 276 278 28 282 284 286 288

2pp7/8 = 10,6604
app7/9 = 5,83588
app9/8 = 5,2781

app 10 = 018

%Bstart =0
1C(B281)
1C(B2B1)

27 272 274 218 278 28 282 284 286 288 27 272 274 278 278 28 282 284 286 288 27 272 274 215 278 28 282 284 286 288
[ ] 16
pH=3 pH=31 pH=32

RP-HPLC-Designspace der 7-Faktor-Optimierung: Faktorenbereiche nach der Faktoranpassung
tG(28min+1min), T(30°C+1°C), tC(10%+1.5% MeOH in ACN, %B (1.5%+1.5%), %Be(90%+1%),
pH(3.1+0.1Einheiten), F(1.5ml/min+0.1 ml/min), Verweilvolumen(1.06ml)
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Danke fiirs Zuhoren !

Stefan Moser * DMAIC/ DFSS Projects

Weberweg 3 MOSER 5 T EF A N * Design of Experiments

D-83131 NuBdorfam Inn * Multivariate Data Analysis

Consultancy, Analysis & Training, —I —I . P R 0 c E S S * Product & Process development / optimization
Email stefan_moser@web.de 0 P T I M I ZAT I 0 N * Rheology Training

Mobil: +49 (0) 170 811 240 3 * Validation
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LC-Pharm-HPLC-Expert Service

Dr. Hans-Werner Bilke

Am Lutznfeld 9

D-83098 Brannenburg am Inn
Consultancy, Analysis & Training,
Email h.bilke@hplcanalytik.de
Mobil: +49 (0) 1525/3809608
Tel: +49 (0) 8034/6079305

HPLC Method Development
HPLC Method Optimization
HPLC Robustness Test
Quiality by Design

Design of Experiments
Training and Consulting




Experiment-Nr. tG T tC (B2:B1) %B1art %Beng pH F
1 20 30 0 0 90 2.0 0.5
2 20 60 100 10 100 3.2 1.5
3 60 30 100 10 100 3.2 1.5
4 60 60 0 10 100 3.2 1.5
5 60 60 100 0 100 3.2 1.5
6 60 60 100 10 90 3.2 1.5
7 60 60 100 10 100 2.0 1.5
8 60 60 100 10 100 3.2 0.5
0 60 60 0 0 90 2.0 0.5
10 60 30 100 0 90 2.0 0.5
11 60 30 0 10 90 2.0 0.5
12 60 30 0 0 100 2.0 0.5
13 60 30 0 0 90 3.2 0.5
14 60 30 0 0 90 2.0 1.5
15 20 60 100 0 90 2.0 0.5
16 20 60 0 10 90 2.0 0.5
17 20 60 0 0 100 2.0 0.5
18 20 60 0 0 90 3.2 0.5
19 20 60 0 0 90 2.0 1.5
20 20 30 100 10 90 2.0 0.5
21 20 30 100 0 100 2.0 0.5
22 20 30 100 0 90 3.2 0.5
23 20 30 100 0 90 2.0 1.5
24 20 30 0 10 100 2.0 0.5
25 20 30 0 10 90 3.2 0.5
26 20 30 0 10 90 2.0 1.5
27 20 30 0 0 100 3.2 0.5
28 20 30 0 0 100 2.0 1.5
29 20 30 0 0 90 3.2 1.5
30 60 45 50 5 95 2.6 1
31 40 60 50 5 95 2.6 1
32 40 45 100 5 95 2.6 1
33 40 45 50 10 95 2.6 1
34 40 45 50 5 100 2.6 1
35 40 45 50 5 95 3.2 1
36 40 45 50 5 95 2.6 1.5
37 40 45 50 5 95 2.6 1




Rechtschaffner-Versuchsplan - Ergebnisse

Exp.-Nr. | R1/2 | R.2/3 | R;2/4 | R.3/4 | R.3/5 | R;1/4 | R.4/5 | R,5/6 | R.6/7 | R.6/9 | R;7/8 | R,7/9 | R,9/8 | R.8/10 | R,10/11 | R.11/12 | tR,,
1 0.0 14 | 6.7 54 | 70 | 67 1.2 0.6 0.6 74 | 112 | 71 | 42 7.5 9.2 9.9 17.4
2 88 | 34 | 48 1.5 | 57 | 131 | 40 6.3 4.0 6.1 55 | 26 | 25 | 394 0.3 19.6 10.9
3 167 | 5.0 | 25 | -23 | 50 | 181 | 7.0 79 | 101 | 82 | -24 | -09 | -1.3 | 606 -10.9 22.9 26.2
4 58 | 2.2 9.6 7.1 92 | 146 | 20 4.7 0.2 55 | 148 | 53 | 9.8 34.8 5.0 18.8 15.5
5 154 | 58 | 03 | -53 | 62 | 151 | 113 | 113 | 40 | -27 | 09 | -63 | 69 41.0 -5.6 28.2 25.6
6 96 | 39 | 48 0.9 63 | 144 | 55 8.3 4.4 4.1 41 | -02 | 41 40.3 -4.4 27.5 22.6
7 07 | 21 | 32 | 54 | 43 | 26 | 97 8.2 6.4 9.0 24 | 26 | -01 | 424 -5.0 26.9 21.0
8 80 | 30 | 43 14 | 52 | 120 | 37 5.8 3.6 5.6 4.6 23 | 22 33.2 0.2 16.2 32.7
9 1.3 31 | 09 | -20 | 48 | 20 6.5 5.1 2.0 5.2 7.8 35 | 41 26.1 6.5 14.8 32.4
10 1.7 | 49 | 50 | 91 | 27 | 33 | 1122 | 61 | 101 | 138 | -1.2 | 53 | -59 | 430 -4.4 17.6 43.9
11 00 | 26 | 79 56 | 96 | 79 3.6 2.1 24 | 112 | 140 | 92 | 50 21.4 8.1 16.0 30.8
12 0.0 | 29 2.8 0.3 74 | 28 6.2 2.9 28 | 104 | 124 | 80 | 44 20.0 8.4 15.5 32.9
13 102 | 29 | 86 6.1 83 | 175 | 16 3.4 2.0 77 | 134 | 62 | 68 | 213 8.4 15.8 35.2
14 00 | 42 | 39 | -79 | 45 | 39 [ 114 [ 59 62 | 108 | 81 51 | 3.0 37.0 0.2 183 23.9
15 04 | 11 | -19 | 33 | 27 | -1.5 | 58 35 3.6 8.5 3.5 52 | -1.7 | 259 2.8 8.0 18.9
16 08 | 26 | 48 23 | 49 5.5 2.5 2.7 0.5 71 | 127 | 66 | 6.1 11.4 8.3 10.2 15.1
17 0.7 18 | 2.7 10 | 38 | 34 2.7 2.4 0.4 60 | 11.0 | 56 | 5.4 9.4 7.9 8.8 15.5
18 54 | 15 5.2 3.8 | 53 | 102 | 14 25 | -02 | 43 | 124 | 46 | 78 9.1 8.3 9.3 16.4
19 14 | 34 | 09 | -23 | 52 2.3 7.0 5.6 2.1 5.9 8.5 39 | 48 29.6 7.3 17.1 10.8
20 07 | 38 | 47 1.2 29 | 40 1.4 2.4 69 | 162 | 24 | 98 | -71 | 231 1.0 10.5 19.5
21 0.7 | 34 | 41 1.1 26 | 3.4 1.3 1.9 60 | 147 | 25 | 92 | -67 | 199 1.6 8.8 18.9
22 9.7 | 20 | 56 3.7 3.8 | 145 | -01 | 21 56 | 13.0 | 34 | 80 | -45 | 206 1.9 9.6 20.3
23 17 | 48 | -50 | 94 | 27 | -35 | 114 | 60 | 103 | 140 | -1.3 | 54 | -61 | 436 -4.5 18.4 14.6
24 0.0 14 | 81 68 | 7.5 8.1 0.3 0.3 0.5 76 | 116 | 7.4 | 43 7.3 9.3 9.9 15.2
25 6.9 15 | 115 | 101 | 85 | 179 | -7 | 12 | 07 | 63 | 13.0 | 71 | 56 8.3 10.3 10.7 16.2
26 0.0 | 23 7.5 54 | 9.1 7.5 3.4 2.0 23 | 108 | 133 | 86 | 49 20.4 7.9 16.3 103
27 5.6 1.2 9.6 87 | 74 | 151 | -1.5 | 10 | -07 | 55 | 113 | 62 | 49 6.2 9.3 9.4 16.3
28 00 | 28 | 28 0.3 7.3 2.8 6.2 2.8 2.7 99 | 119 | 74 | 43 19.7 7.8 14.7 11.0
29 100 | 3.0 | 85 60 | 81 | 170 | 15 3.2 1.9 75 | 127 | 60 | 6.7 20.7 8.3 16.3 11.7
30 47 | 41 35 [ -03 [ 58 | 80 5.7 6.6 5.5 8.2 5.0 31 | 17 41.2 -2.6 20.7 26.9
31 45 | 34 | 38 0.5 56 | 83 4.9 6.4 3.5 6.2 6.3 30 | 30 34.6 0.2 20.4 19.5
32 61 | 43 | -04 | -45 | 37 5.5 8.0 7.6 7.8 9.7 04 | 27 | -22 | 478 -4.5 20.3 23.3
33 39 | 33 7.0 3.9 66 | 105 | 2.4 5.1 47 | 108 | 80 65 | 1.5 37.5 -0.1 19.6 19.4
34 44 | 35 | 43 1.0 | 5.9 8.5 4.5 5.8 4.9 9.4 66 | 49 | 16 37.7 -0.1 19.3 20.2
35 111 | 35 6.4 3.2 72 | 172 | 37 5.6 3.9 6.5 7.5 30 | 42 36.6 0.2 19.4 20.9
36 48 | 40 | 34 | -04 | 59 8.2 6.0 6.7 5.6 8.3 5.3 33 | 17 42.4 -2.6 21.4 18.0
37 46 | 37 | 43 0.9 57 | 87 4.5 5.7 4.9 9.2 64 | 47 | 16 37.5 -0.5 19.6 20.9




