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Statistical Analysis on the Sources of Variance in Proficiency
Test of Quantitative Analysis of Medicines
JungHwan Cho!

College of Pharmacy, Sookmyung Women's University, Chungpadong-2-ka, Yongsan-ku, Seoul 140-742, Korea
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ABSTRACT - Proficiency test is an essential tool for ensuring analytical ability of analytical chemists and analytical insti-
tutes. Usually, the standard protocol for proficiency test is focused on acceptability of reported analytical results of par-
ticipants by calculating z-scores and related diagnostic parameters. The ultimate goal of this process is to reveal the sources
of variability of analytical results and to find the way to reduce their influence. In this study, the method of analysis of vari-
ance (ANOVA) was applied to the analytical data collected from quality control departments of pharmaceutical companies
in KyunglIn province in Korea in the year of 2000. As influencing factors of variability of analytical results, the use of inter-
nal standards for liquid and gas chromatograpy, the educational and professional background of participants, geological loca-
tions and yearly production sizes of participating companies were evaluated. To evaluate the variability in accuracy of
analytical results, absolute differences from sample mean and sample median were used and to evaluate variability in pre-
cision of individual participants, the reported standard deviation of each participant was used. As a result, the use of internal
standards in gas chromatographic analysis, participants' academic background and the yearly production sizes of phar-
maceutical companies showed statistically significant influence to the accuracy and the precision of the reported analytical

results used in this study.

Key words — Proficiency test, Accuracy, Precision, ANOVA
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Table I-F-statistics and Probability of ANOVA on the Use of Internal Standards for Liquid Chromatographic Analysis of Ibuprofen

Formulations

Ibuprofen of low concentration

Ibuprofen of high concentration

|X; = Xmedian| | — Ximean| |57 — Xmedian| | = Xnmean|
F-statistics 0.396 0.454 0.427 0413
Probability (>F) 0.530 0.502 0.515 0.522
Judgements (a=0.05) Not Sig. Not Sig. Not Sig. Not Sig.

Table II-F-statistics and Probability of ANOVA on the Use of Internal Standards for Gas Chromatographic Analysis of Sobrerol

Formulations

Sobrerol of low concentration

Sobrerol of high concentration

| X; = Xmedian| | X; = Xonean | [ X; = Xmedian | [ Xi = Xmean |
F-statistics . 6.06 5.93 18.5 17.8
Probability (>F) .0.0154 0.0164 3.75 % 107 5.03x 107
Judgements (o= 0.05) Sig. Sig. Sig.
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Table III-F-statistics and Probability of ANOVA on the Academic Majors of Experimenters who did Liquid Chromatographic
Analysis of Ibuprofen Formulations

(a) Four Groups of Academic Majors: Pharmacy, Chemistry,” Chemical Engineering and Others

; . Ibuprofen of low concentration ; Ibuprofen of high concentration
4 Groups of Majors
| Xi — Xinedian | | Xi = Xmean | ! I Xi = Xmedian I . I Xi = Xmean |
F-statistics ~1.89 1.88 0.805 0.812
Probability (>F) 0.136 0.137 0.494 0.490
Judgements (o = 0.05) Not Sig. Not Sig. Not Sig. Not Sig.
(b) Two Groups of Academic Majors: Chemistry-related and Chemistry-unrelated »
- Ibuprofen of low concentration " Ibuprofen of high concentration
2 Groups of Majors
| Xi — Xmedian | | X; — Xmean ' I Xi — Xmedian I | Xi = Xmean |
F-statistics ' 5.25 ) 5.21 2.20 222
Probability (>F) 0.0239 0.0244 0.141 0.139
Judgements (e = 0.05) - Sig. Sig. Not Sig. Not Sig.

Table IV-F-statistics and Probability of ANOVA on the Academic Majors of Experimenters who did Gas Chromatographic
Analysis of Sobrerol Formulations

(a) Four Groups of Academic Majors: Pharmacy, Chemistry, Chemical Engineering and Others

. Sobrerol of low concentration Sobrerol of high concentration
4 Groups of Majors
. l Xi = Xomedian ‘ | Xi =~ Xmean [ | Xi = Xmedian | | Xi = Xmean I
Fl-statistics 5.65 5.61 12.4 11.9
" Probability (>F) E 0.0012 0.0013 4.80 x 107 8.92 x 107
Judgements (oo = 0.05) Sig. Sig. Sig. Sig.
(b) Two Groups of Academic Majors: Chemistry-related and Chemistry-unrelated
Sobrerol of low concentration Sobrerol of high concentration
- 2 Groups of Majors .
| X; — Xmedian | | Xi = Xmean l | Xi ™ Xmedian | | Xi — Xmean l
F-statistics ' 16.0 15.7 - 37.8 36.0
Probability (>F) 1.15 x 10* 1.31 x 10* 1.26 x 107 2.01 x 10
Judgements (o = 0.05) Sig. Sig. Sig. Sig.
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Table V—F-statistics and Probability of ANOVA on the Number of  Career Years of Experimenters who did Liquid
Chromatographic Analysis of Ibuprofen Formulations

Tbuprofen of low concentration Ibuprofen of high concentration
3 Groups of Careers
| Xi = Xmedian | l Xi — Xmean | I Xi — Xmedian | | Xi — Xmean |
F-statistics 0.388 0.263 0.385 0.378
Probability (>F) 0.679 0.769 0.681 0.686
Judgements (o = 0.05) Not Sig. Not Sig. Not Sig. Not Sig.

Table VI-F-statistics and Probability of ANOVA on the Number of Career Years of Experimenters who did Gas Chromatographic
Analysis of Sobrerol Formulations

Sobrerol of low concentration Sobrerol of high concentration
3 Groups of Careers
| X~ Xomedtian | [ X: = Xpmean | | X = Xmedian | | % = Xmean |
F-statistics 0.124 0.166 0.764 0.630
Probability (>F) 0.883 0.847 0.468 0.534
Judgements (o = 0.05) Not Sig. Not Sig. Not Sig. Not Sig.
Z8e XA BYo] WiEA] dad AdS AKRNE @ 2t. &of7Igdel X|21H 21X -
T A A=A E FoqRe] &% 7199 AH AAE 4
Aeje] 47} Ao WProly I BAATge tE B4
Ch AR Zoixle| BEMYT SAL #=7|7H BAG A 2 A FoAREie] A% AR &
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’,l_:able VII-F-statistics and Probability of ANOVA on the Company Locations of Liquid Chromatographic Ana/ySIs of Ibuprofen
ormulations

4 Locations Ibuprofen of low concentration Ibuprofen of high concentration
(NE, NW? SE, SW) | Xi = Xmedian | | X = Xmean | 1% = Xpegian | - | % = Xmean |
F-statistics 0.120 0.102 0.535 0.527
Probability (>F) 0.948 0.958 0.659 0.665
Judgements (o = 0.05) Not Sig. Not Sig. Not Sig:. Not Sig.
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Table VIII-F-statistics and Probability of ANOVA on the Number of Career Years of Experimenters who did Gas
Chromatographic Analysis of Sobrerol Formulations

4 Locations Sobrerol of low concentration Sobrerol of high concentration
(NE, NW, SE, SW) | | X = Xmedian | >| 35:' = Xmean | ) - | X; = Xmedian | | %; = Xmean |
F-statistics 0.475 0.451 1.35 ' 1.40
Probability (>F) 0.700 0.717 0.261 0.245
Judgements (o. = 0.05) Not Sig. _ Not Sig. Not Sig. v Not Sig.

Table IX—F-statistics and Probability of ANOVA on the Production Sizes of Company where Liquid Chromatograph/c Analysis of
Ibuprofen Formulations was done

(a) Four Groups of Production Sizes per Year

4 Groups of Ibuprofen of low concentration Ibuprofen of high concentration
Production Sizes | X: = Xomedian | | X = Xomean | | %) = Xmedian | | X = Xean |
F-statistics 3.56 3.31 : 0.955 0.961
Probability (>F) 0.0166 0.0229 0.417 0.4 1‘4
Judgements (o = 0.05) Sig. Sig. Not Sig. Not Sig.
(b) Two Groups of Production Sizes per Year: Over and Under 10 Billion Korean Won
2 Groups of Ibuprofen of low concentration Ibuprofen of high concentration
Production Sizes | % = Xmedian | | X = Xmean | | % = Xomedian | | % = Xean |
F-statistics - " 103 9.35 1.48 1.48
Probébility e N 0.0017 0.0028 0226 0.227
Judgements (o = 0.03) Sig. Sig. ) Not Sig. Not Sig.

Table X—F-statistics and Probability of ANOVA on the Production Sizes of Company where Gas Chromatographic Analysis of
Sobrerol Formulations was done

(a) Four Groups of Production Sizes per Year

4 Groups of Sobrerol of low concentration Sobrerol of high concentration
Production Sizes | %= neain | | X = Fiean | | X~ ntan | | = Zean |
F-statistics 492 ' 473 3.04 3.42
Probébjlity F) 0.0033 0.0038 0.0323 0.0199
Judgements (o = 0.05) : ' Sig. Sig. Sig. Sig.
(b) Two Groups of Production Sizes péf Year: Over and Under 10 Billion Korean Won
2 Groups of Sobrerol of low concentration Sobrerol of high concentration
Production Sizes | X = Xomedian | X5~ Xomean | | X~ Xmedian | | X = Xean |
F-statistics 15.0 14.4 8.56 9.90
~ Probability (>F) 1.84 % 107 241 %107 . 0.0042 0.0021
Judgements (o = 0.05) Sig. Sig. Sig. Sig.
011*1 Aze A= A}omm B G4 Yede A% 3 Fwe] Aols AR 10092 71FOE e A9 H
g 5 AT 2HAE ALY B oHE BE A & AATE AT 5 A B )2 FYE Ho]
—°r°ﬂ FoANGY A7 A S e BAEAR] H £ AFRRUE AvkdA oS FHIE: SEAT
gl §2J3 Aol7t 9SS AT = AN, ol A ol wTF 71ge] A FARI Arke Aol ¥4AH A
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Table XI-F-statistics and Probability of ANOVA with Experimenters' PreCIS/on on the Use of Internal Standards for
Chromatographic Analysis of Ibuprofen and Sobrerol Formulations

Tbuprofen Sobrerol
Low Conc. High Conc. Low Conc. High Conc.
F-statistics 1.40 5.08 0.721 8.60
Probability (>F) 0.240 0.0262 0.397 0.0041
Judgements (o = 0.05) Not Sig. Sig. Not Sig. Sig.

Table XII-F-statistics and Probability of ANOVA with Experimenters' Precision on the Experimenters' Academic Majors who did
Chromatographic Analysis of Ibuprofen and Sobrerol Formulations

(a) Four Groups of Academic Majors: Pharmacy, Chemistry, Chemical Engineering and Others

4 Groups of Ibuprofen Sobrerol
Academic Majors Low Conc. High Conc. Low Conc. High Conc.
F-statistics 1.62 1.96 3.53 5.35
Probability (>F) 0.190 0.124 0.0173 0.018
Judgements (o = 0.05) Not Sig. Not Sig. Sig. Sig.
(b) Two Groups of Academic Majors: Chemistry-related and Chemistry-unrelated
2 Groups of Ibuprofen Sobrerol
Academic Majors Low Conc. High Conc. Low Conc. High Conc.
F-statistics 3.79 5.83 9.62 10.4
Probability (>F) 0.0541 0.0174 0.0024 0.0017
Judgements (o = 0.05) Not Sig. Sig. Sig. Sig.
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Table XIII-F-statistics and Probability of ANOVA with Experimenters' Precision on the Experimenters' Careers who did
Chromatographic Analysis of Ibuprofen and Sobrerof Formulations

Ibuprofen Sobrerol
Low Conc. High Conc. . Low Conc. High Conc.
F-statistics 0.391 0.137 0.443 1.72
Probability (>F) 0.677 0.872 l 0.643 0.184
Judgements (o = 0.05) Not Sig. Not Sig. Not Sig. Not Sig.
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Table XIV-F-statistics and- Probability of ANOVA with Experimenters' Precision on the Company Location where
Chromatographic Analysis of Ibuprofen and Sobrerol Formulations was done

4 Locations Ibuprofen Sobrerol ‘

(NE, NW, SE, SW) Low Conc. High Conc. Low Conc. High Conec.
F-statistics 0.786 0.235 5.24 1.13
Probability (>F) 0.504 0.872 0.0020 0.340
Judgements (o = 0.05) Not Sig. Not Sig. Sig. Not Sig.

Table XV-F-statistics and Probability of ANOVA with Experimenters’ Precision on the Production Sizes of Company where
Chromatograph/c Analysis of Ibuprofen and Sobrerol Formulations was done . :

(a) Four Groups of Production Sizes per Year

4 Groups of Ibuprofen Sobrerol
Production Sizes Low Conc. High Conc. Low Conc. High Conc.
F-statistics 3.88 1.08 0.389 2.01
Probability (>F) 0.0112 0.362 0.761 0.117
Judgements (o = 0.05) Sig. Not Sig. Not Sig. Not Sig.

(b} Two Groups of Production Sizes per Year: Over or Under 10 Billion Korean Won

2 Groups of Ibuprofen Sobrerol
Production Sizes Low Conc. High Conc. Low Conc. High Conc.
F-statistics 11.5 1.38 1.13 451
Probability (>F) 9.57 x 107* 0.243 0.290 0.0359
Judgements (o = 0.05) Sig. Not Sig. Not Sig. Sig.
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Table XVI-Two-way ANOVA with Liquid Chromatographic Analysis of Ibuprofen on the Academic Majors of Experimenters and
the Production Sizes of Participating Company. | X; —Xmedian| Values from analysis of low concentration tablets are used for the test

(a) Four Academic Majors and Four Production Sizes

Source Sum of Squares d.f. MS F Prob>F
Major (X1) 6.75 3 225 0.307 0.820
Production Size (X2) 10.17 3.39 0.463 0.709
X1*X2 129.66 9 1441 1.968 0.051
Error 710.17 97 732
Total 949.59 112

(b) Two Academic Majors and Two Production Sizes

Source Sum of Squares d.f. MS F Prob>F
Major (X1) 40.13 1 40.13 5.865 0.017
Production Size (X2) 134.13 1 134.13 19.601 228 x 107
X1*X2 102.62 I 102.62 14.997 1.84 x107*
Error 745.88 109 6.84
Total 949.59 112
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Table XVII-Two-way ANOVA with Gas Chromatographic Analysis of Sobrerol on the Academic Majors of Experimenters and the

Production Sizes of Participating Company. | x;

(a) Four Academic Majors and Four Production Sizes

—Xmedian| values from analysis of low concentration capsules are used for the test

Source Sum of Squares d.f. MS F Prob>F
Major (X1)- 177.35 86.67 2314 0.104
Production Size (X2) 7.85 3.93 0.102 0.903
X1*X2 677.13 84.64 2209 0.033
Error 3754.9 98 38.32
Total 5635.6 112

(b) Two Academic Majors and Two Production Sizes

Source Sum of Squares d.f. MS F Prob>F
Major (X1) 785.38 1 785.38 22.001 7.95 % 1078
Production Size (X2) 879.85 1 879.85 24.648 2.56 x 107
X1*X2 585.25 1 585.25 16.395 9.65 x 107
Error 3891.0 109 35.70
Total 5635.6 112

o Ae] F Alole] RG] B4 BT fofH
Aolg A eE o= B,

2 E

DHFAFFLUIS 2] Aete) A1) I8
Aol wxs}oq ol

[e)
9
9 Wz arle] FEEe] a9lEe] BHATe]
© W RE] GPL MNEAE BAFYOR Fls
A sk

o
o o) $YE olRIEA o) A9ole 249 AP U
gwd) 28 F2E 93] Sl

=rkETds] o8 $AY 2EdE gee
Hol AR 8 YAme] FAHOE fol% Aol Folg

PAOE S0R ekt ol sl azslEas e A3
o Do A FUTNe] NEEYB R 2

Q9 dusel 58 Ho2 280,

Aol gol sl Bkol e B, § o4, 3
s, o keiRel Sty S
9l ABAT} 9
YT 2FA

_101‘

£ 131__% #o1% AolF Holz Zo=

J. Kor. Pharm. Sci., Vol. 37, No. 1(2007)

FAHATE. Tt o] Aol oA FoArE BAGF
ZAke AE 77 B4R FEe 2 FAUsd $9
3 H3lE A eA] Bahe 202 Jeiith webA ouE

FABAES AT BHYT S0 Yold seky 71
2% SRR} BAQRe] A7) A5 FeHTke
BAAAe A= FLsd g o Fa3 HELd

o] & % Y& AoE TN,

AL QU E 5 AU O, 0w SHe AEue
Al@oA A8 gloae & ¢ gloBz Jeade] 47
GAA oo tHek HAd FR]e] nlEe Hed AoE
Al ET)

HAAIge) U7 At s
B¢ iR 240 2AEdge 3% ¥ 3Us
A FAT A FALE A2 %e
Ak gel Wz QuEe) Fu

l‘

M A 199 4% A 1o 2 7

JRT 95 AF R Fo 89 ossga—g— oE
28 Aoz ole 1 A1 LA LA
ol 328 9T A2 AT Ao ArEh oY
A RS EATYAS] EHEEAlS] HELGo]
AT AAE 9% £ 2.9 BARA) o) ¥
RS



olokE g Aeaeloae] wo] aglel] et FARA 37

HAe| 2

o] d3e SRRt 2005H % W) TH] (1-0503-
0106) X1 Qo] &3 o] FH S HaFTh

KU
e

i

i

D P. Lischer, R. Dahinden and A. Desaules, Quantifying
uncertainty of the reference sampling procedure used at
Dornach under different soil conditions, Sci. of Tot. Env,
264, 119-126 (2001).

2)E. Hund, D. Massart and J. Smeyers-Verbeke, Inter-
laboratory studies in analytical chemistry, Anal. Chim. Acta,
423, 145-165 (2000).

3)P. Gill, R. Sparkes, L. Fereday and D.J. Werrett, Report of
the European Network of Forensic Science Institutes
(ENSFI): formulation and testing of principles to evaluate
STR multiplexes, Foren. Sci. Int., 108, 1-29 (2000).

4)C. Lindig, Proficiency testing for dioxin laboratories
determination of polychlorinated dibenzo-p-dioxins and
dibenzofurans in sewage sludge, Chemosphere, 37, 405-420
(1998).

5)J. Cho, Alternative Method for Evaluation by z-score in
Proficiency Test on Assay of Medicines, J. Pharm. Sci.
Soockmyung Women's Univ., 23, 22-36 (2006).

6) P. J. Huber, Robust estimation of a location parameter, Ann.
Math. Stat., 35, 73-101 (1964).

7)P. J. Rousseeuw and A. M. Leroy, Robust Regression and
Outlier Detection (Wiley Series in Probability and Statistics),
John Wiley and Sons, Inc. (1987).

8) G. van Belle, L. D. Fisher, P. J. Heagerty and T. Lumley,
Biostatistics, a Methodology for the Health Sciences, 2nd
Edition, Chapter 10. Analysis of Variance, John Wiley &
Sons, Inc. (2004).

9RL. Grob and E. F. Barry, Modern Practice of Gas
Chromatography, 4th Edition, Joon Wiley & Sons, Inc.
(2004).

J. Kor. Pharm. Sci., Vol. 37, No. 1(2007)



	KOJHBZ_2007_v37n1-0031.tif
	KOJHBZ_2007_v37n1-0032.tif
	KOJHBZ_2007_v37n1-0033.tif
	KOJHBZ_2007_v37n1-0034.tif
	KOJHBZ_2007_v37n1-0035.tif
	KOJHBZ_2007_v37n1-0036.tif
	KOJHBZ_2007_v37n1-0037.tif
	KOJHBZ_2007_v37n1-0038.tif
	KOJHBZ_2007_v37n1-0039.tif
	KOJHBZ_2007_v37n1-0040.tif
	KOJHBZ_2007_v37n1-0041.tif

