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ug/L  Runl Run2 Run3 Run4 Run5
Rep1 140 140 140 141 139

Rep 2 139 143 13 144 140

8
e
[ 7 ;
Rep 3 138 141 ¢ 136 142 141

138 143 141 143 138

N G

23 3.087
24 3112
s

140 137 136 { 144 Eﬁ 141

X =140.1 Grubs’ limits = X + G*SD
SD = 2.30 = 140.1 + (3.135 x 2.30) =

132.95147.3
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Mg/L Runl Run2 Run3 Run4 Run5
Rep1 140 140 140 141 139
Rep 2 139 143 138 144 140
Rep 3 138 141 136 142 141
Rep 4 138 143 141 143 138
Rep 5 140 137 136 144 141
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\_ Sum Square (of Deviations from Mean) Degrees of Mean Square
Freedom SS/DF

Source of

Variation

Between-run $§1 nRun -1 MS1
Within-run $52 N - nRun MS2

Total SS

total




SUMMARY

Groups Count Sum | Average | Variance
Run 1 5 695 | 139 |( 1)
Run 2 5 704 140.8 | ( 6.2 ) |
Run3 5 691 138.2 5.2
Run 4 5 714 142.8 1.7
Run5 5 699 139.8 1.7

Mg/L  Runl Run2 Run3 Run4 RunS5
Rep1 140 140 140 141 139
Rep 2 139 143 138 144 140
Rep 3 138 141 136 142 141
Rep 4 138 143 141 143 138
Rep 5 140 137 136 144 141

ANOVA
Source of SS DF MS
Variation
Between Run 63.44 4 15.86
Within Run 63.20 20 3.16
Total 126.64 24
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Within-run $52 DF2 M2 17 -y sy
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variation OF | M
Between Run 4 15.86
Within Run 20 3.16

Total 24

V, = (MS1 — MS2)/n,

Vi =V + Vg

Runl Run2 Run3 Run4d4 RunS5
Rep1 140 140 140 141 139
Rep 2 139 143 138 144 140
Rep 3 138 141 136 142 141
Rep 4 138 143 141 143 138
Rep 5 140 137 136 144 141
Vy, = MS2 V,, =3.16

V, = (15.86 — 3.16)/5 = 2.54

V,,, = (3.162 + 2.54%)¥/2 =5.70
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Run Repliate Samplel Sample2 Sample3

1 1 266 140 606
1 2 252 139 627
1 3 302 138 621
1 2 276 138 606
1 5 256 140 620
2 1 243 140 612
2 2 257 143 610
2 3 238 141 611
2 2 253 143 585
2 5 241 137 630
3 1 261 140 649
3 2 240 138 626
3 3 254 136 636
3 £ 260 141 639
3 5 243 136 648
4 1 265 141 615
4 2 271 144 633
4 3 259 142 605
4 L 285 143 616
4 5 255 144 625
- 1 245 139 622
5 2 264 140 632
5 3 258 141 646
5 3 260 138 619
5 5 251 141 623

610

31.0
30.0
29.0
28.0
5 270
2
Qo 260
-4
€ 250
24.0
23.0
22.0
0 5 10 15 20 25
Repeat
145
144
143 Y A S
142
= 141 LN\ .
> w0 v v — .7/_\ — !
E 139 | - - ——/- \
138 ——g—-7-¢-
137 \\\
136 ° °
135
0 5 10 15 20 25
Repeat
660
650 . °
640 -\\- -.;4/-
P VA A
E 620 — f -\ - /. =
o

600
590

15 20 25




SAPTRCR NNEI BT ol 8 &ea sl

Sample 1 Sample 1* Sample 2 Sample 3
N 25 24 74 25
x (grand mean, pg/L) 25.7 255 140.1 6229
SD, pg/L (%CV) 1.35 (5.2%) 0.99 (3.9%) 2.30 (1.6%) 14.1 (2.3%)
Lowest result, pg/L 23.8 23.8 136 595
Highest result, pg/L 30.2 27.6 144 649
Grubbs’ lower limit, ug/L (21.49 N/A 1329 5787
Grubbs’ upper limit, pg/L 2952 N/A 1473 667.1




L g ol dadsn g ANOVA

ng/L Sample 1 Sample 1° Sample 2 Sample 3
N 25 24 25 25
MS1 (between) 4,238 2.0851 15.86 626.56
MS2 (within) 1.3284 0.74137 3.16 11352
No 5 479 5 5
Vs (between) 0.58192 0.28052 254 102.61
Vv (within) 1.3284 0.74137 3.16 113.52
X 25.7 25.5 1401 623
S, ug/L (%CV) [ 115(45% 0.86 (3.4%) | 178 (1.3%) 107 (1.7%)
Swe Mg/L (%CV) 1.38 (5.4%) 1.01 (4.0%) 2.4 (1.7%) 14.7 (2.4%)
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Repeatability SD, Within-Laboratory

ug/L (%CV) Imprecision, pg/L (%CV)

Pl Claim 1 0.43 (3.3%) 0.70 (5.3%)
Pl Claim 2 2.0 (2.0%) 3.5 (3.4%)
Pl Claim 3 2.9 (1.4%) 5.1 (2.4%)
Pl Claim 4 6.9 (1.6%) 12.0 (2.8%)
Pl Claim 5 15.8 (1.8%) 23.7 (2.7%)
oldula Sl W il
Sam 1: 25.7

Sam 1: 25.5 oy 02ld <ada ) axg
Sam 2: 140.1
Sam 3:622.9




Wiedl g UYL dsdacs

Pl Claim1 Pl Claim 2 Pl Claim 3 Pl Claim 4 Pl Claim 5
Mean, pg/L 13.2 102 211 429 878
Repeatability Imprecision
og, Hg/L (%CV) 0.43 (3.3%) 2.0 (2.0%) 2.9(1.4%) 6.9 (1.6%) 15.8 (1.8%)
k 5 5 5 5 5
n 5 5 5 5 5
dfs 20 20 20 20 20
F 134 134 134 134 134
UVLg, pg/L (%CV) 0.58 (4.4%) 2.7 (2.6%) 3.9 (1.8%) 9.2 (2.2%) 21.2 (2.4%)
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Estimate
PIClaim 1 13.2 33%*1.3 4.3 4.4%
Sample 1* 25.5 3.4%
Sample 1 25.7 4.5%
Pl Claim 2 102 20%*1.3] 2.6 2.6%
Sample 2 140 1.3%
PI Claim 3 211 14%+*13] 1.8 1.8%
Pl Claim 4 429 16%*1.3] 2.1 2.2%
Sample 3 623 1.7%
PI Claim 5 878 18%* 1.3} 2.3 24%

Coad y& G led) 5 %30 Jilas UVL 18880y pac |8
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Estimate
Pl Claim 1 13.2 5.3% 6.918.1%
Sample 1° 255 4.0% |
Sample 1 25.7 5.4% ‘
PI Claim 2 102 34% || 44]5.4%
Sample 2 140 1.7% ‘
PI Claim 3 211 24% || 3.1]3%
Pl Claim 4 429 28% || 3.6f44%
Sample 3 623 2.4% ‘
Pl Claim 5 878 2.7% ‘{ 3.5 }4.0%

UVL="~30% * Claim
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Claims

Level sSD % CV UVL Status N EP 1 5 A3
o (%CV) 5 nRun
Oy (Y6CV) St nRep Verification of
nSam Min
Decimal Max
WCV, 1
0.9
0.8
Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 0.7
- 0.E
Rum 1 =
o 0s
Run 2 e 04
Run 3 03
Run 4 0.2
Run 5 0.1
Run & o
10 15 30 35
Run 7 Repeat

Hassan Bayat. Sina Medical Lab (Qaem Shahr, Iran). lanuary 2020




Run 1l
Run 2
Run 3
Run 4
Run 5
Run 6
Run 7

Grubbs test

OK
OK

OK
OK

Mean 26 Outlier Limits
Min 23.8 Low 21
Max 30.2 High 30

Note!

e Only one result may be deleted from a sample.

e Toatly, two results may be deleted from all samples




Claims

Level 3 SD S CV UVL Status N 25
g (%CV) 1.7 S, 10.7 1.7 2.3 PASS nRun 5
O (%CV)| 2,75 S 14.7 2.4 a PASS nRep 5
Design S 10.1 1.6 Mean 623
nSam 3 The study design is correct; the estimates are Min 595
Decimal 1 reliable Max 649
%CV, 5 i""_;‘;“ """""""""""""""""""""""""""""""""""
i 650
I
Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 i 9
Runi| 606 627 621 606 620 i % 630
Run 2 612 610 611 595 630 | £ 520
Run3| 649 626 636 639 648 |1 o
Run4| 15 633 605 616 625 |1
Runs5| 622 632 646 619 623 |1 7
Run & \ 390
1 10 15
Run 7 i Repeat

EP 15-A3

Verification of
Imprecisin







Estimation of Bias by Testing
Materials With Known

Concentrations
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Bias = Mean - TV

| [——

Mean
S eMean

— 2 2
secombined - \/seMean + seRM
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SE. 5
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SE =1
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TV + SE,

VI=TV # SE,
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seq, = U/k dfgm =0
95%: sep, = U/1.96 :S€gy O

99%: sep,, = U/2.58

95%: segy, = (UL - LL)/(27%1.96)
99%: sepy, = (UL - LL)/(2%2.58)




TV = Group Mean
sepy =SD /VnlLab dfen, = nLab - 1
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CLSI EP15-A3. Bias Estimation using Certified reference material

Experiment Design Reference Material Lab Data
nRun - Target Value Mean
nRep 5 S€pm Sg OF Oy
nSam df ca Swi OF Oy
Decimal
Bias, (Unit) Bias (Unit)
%bBias
Verification Interval
SE.
Interpretation:

RM PT-Peer Group Commercial QC - )

nRun: Number of runs

nRep: Number of replicates per run (If missed data,
nSam: Number of samples

Decimal: Number of Decimal places for rounding th
Bias,: Allowable bias (Enter in the measuremen uni
sepy and dfy,,: Standard error and degree of freedo
sp Or og: Lab estimate or manufacturer's claim for re
Swi OF Oy, Lab estimate or manufacturer's claim fo
If u or u_ are presented: seg, =uoru,

If U is presented: seqy = U/k

If Cl is presented: sepy = (UL - LL)/K' K
SE.: Expanded combined standard error of bias (Ex

Hassan Bayat. Sina Clinical Lab. Qaem Shahr, Iran




CLSI EP15-A3. Bias Estimation using Certified reference material

Experiment Design

nRun b
nRep =
nsam 1
Decimal 1
Bias, (Unit) 2

Reference Material Lab Data
Target Value 35 Mean 30
S€am 0.6 Sp OF Og 0.3
| oo Sl OF Gy, 0.5
Bias (Unit) -5
%Bias -14.3

Verification Interval

36.2

SE,

1.2

The experiment has sufficient data to detect
significant bias.

Interpretation: The observed bias is Statisticanlly significant and MORE

than allowable bias
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