
Sample Homogeneity Testing

Following the Protocol Outlined in:
“The International Harmonized Protocol for the Proficiency 
Testing of Analytical Laboratories”, 2006 (IHP), MICHAEL 
THOMPSON, STEPHEN L. R. ELLISON AND ROGER WOOD



Heterogeneity between the sample units (σ2
Sampling) can inflate 

the spread in sample results.  This can mask the true Lab Bias 
and interferes with Z scores.
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Ideally, to test for sample homogeneity we would like to minimize the 
analytical variance (σ2

Analytical) and the Lab Bias (σ2
Labs) and isolate the 

variance due to the sample units (σ2
Sampling) .

Sources of Variance for Check Sample Results can be expressed as follows:



So, how do we minimize the analytical variance (σ2
Analytical) and the Lab 

Bias (σ2
Labs) and isolate the variance due to the sample units (σ2

Sampling).

 Randomly select 10 sample units from a batch for analysis.
• Represents the sampling bias we wish to measure.

 Select a single expert lab (we used an ISO 17025 accredited lab using 
methods reported by AAFCO participant labs).
• Should remove inter Lab bias between the samples.

 Choose a method with very low analytical variance.
• Minimize analytical variance.

A Quote from the IHP:

“Homogeneity tests should be regarded as essential, but not foolproof, safeguards.”
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Let’s look at a Dataset for 10 sample units analyzed in duplicate at one lab.

 A Chochran test checks for outliers in duplicates.
 Subtracting duplicates removes the sampling bias in each sample unit.
 Adding the duplicates generates twice this bias. 



0.3789σanalytical /σproficiency (Should be ~< 0.5)

1.48%% RSD of Sample Means

1.19%Repeatability %rsd

0.0047Variance Attributed to Sampling (B/2-A)/2
0.02766B - Variance of Sums (includes A and 2 x sampling error)

0.00448A - Variance of Differences (sampling error removed)

Sampling Variation Calculation

5.626Grand Avgerage

10Number of Pairs

Now we can Calculate the Sampling Variation

Next we need to calculate a critical Variance 
which should not be exceeded



0.0098Critical Allowed Variance  (σ2
Allowed)

1.0102F2 constant (95% Confidence)

1.8799F1 constant (95% Confidence)

0.0028From the IHP:  Allowed Variance (30% of target)

0.1767SD for Proficiency Testing (σffp )   5.626 * 3.14/100.

3.14%
We must decide what dispersion is ffp!
Median Robust % RSD from last 19 CSP Samples
Chosen to represent the σffp for the % Moisture Method

Allowed Variation

5.626Grand Avgerage

10Number of Pairs

Since  0.0047 is less than 0.0098 there is no 
evidence of sampling variance.

Calculating a one sided 95% CI for the Sampling Variation



Let’s Talk About σffp …

We need our best estimate of the usual and expected dispersion for the 
analysis with respect to our sample matrices and concentration types.

In the CSP we calculate σffp for each sample from participants data.  
This is not practical for Homogeneity testing.  We need to pick a σffp
appropriate to a particular analyte/method but across all our samples.

I looked back over the last 21 CSP samples and 
selected the Median Reproducibility %RSD for each 
Analyte used in the Homogeneity test.

This is a first approximation which we can refine as 
we move forward with more samples.

I favor using %RSD as it reflects variance dependent on concentration.



037.41/037.44Zinc by ICP - AOAC 965.17 / 985.01 mod.Zn

035.41Sodium by ICP - AOAC 965.17 / 985.01 mod.Na

032.41Potassium by ICP - AOAC 965.17 / 985.01 mod.K

031.41/031.44Phosphorus by ICP - AOAC 965.17 / 985.01 mod.P

028.41/028.44Manganese by ICP - AOAC 965.17 / 985.01 mod.Mn

027.41/027.44Magnesium by ICP - AOAC 965.17 / 985.01 mod.Mg

025.41Iron by ICP - AOAC 965.17 / 985.01 mod.Fe

019.41/019.44Calcium by ICP - AOAC 965.17 / 985.01 mod.Ca

002.06Nitrogen by Combustion - AOAC 990.03Protein

011.01Moisture-Forced Draft (Food Products) - AOAC 930.15Moisture

CSP Method #MethodAnalyte

For example, we ran 2 Check Samples for Homogeneity Testing:

 Medicated Chicken Starter (201326)
 Soya Flour  (201342)

And requested the following analyses:



PASSPASSPASSPASSHomogeneity Decision

0.00000.00000.00000.0000Variance Attributed to Sampling

Actual Variation

0.00020.00040.03330.0671Critical variance

4.11%4.20%1.58%3.14%Median % RSD from CSP

Allowed Variation

PASSPASSPASSPASSOutlier Test

0.76500.77150.91220.912718.5018.8111.2811.27604024410

0.76630.75890.92430.914318.6318.7511.3211.0960402439

0.76680.76230.91950.920618.9418.5611.2511.0260402428

0.76060.75760.92480.909318.9418.8111.3211.0960402417

0.76550.76630.93400.907718.6918.5611.4011.0860402406

0.76650.74870.92840.908818.7518.7511.3911.1260402395

0.76750.76770.92380.904818.6318.6311.4411.1360402384

0.75480.76980.91750.900918.6318.7511.5411.2360402373

0.76670.76130.91010.941718.6318.5611.5211.1360402362

0.74710.74470.90970.906818.8818.6311.5911.1160402351

21212121Ending in:#

P (%)Ca (%)Protein (%)Moisture (%)Expert Lab Sample Code

Medicated Chicken Starter (201326)



PASSPASSPASSPASSPASSPASSHomogeneity Decision

0.00000.00000.00000.62440.00000.0000S2 Attributed to Sampling

Actual Variation

7.39320.00000.00034.18970.00000.0000Critical variance

6.32%5.06%4.77%4.52%4.56%5.73%Median % RSD from CSP

Allowed Variation

PASSPASSPASSPASSPASSPASSOutlier Test

89890.21810.21880.75530.766792.7290.660.21370.21160.02740.0272604024410

90900.21970.22040.75910.767290.9294.490.22790.21130.02700.027360402439

90900.22120.22080.75900.774091.1392.670.21590.21560.02710.027760402428

88920.21940.21950.76130.772489.6790.330.21070.20910.02710.027260402417

90900.22130.21760.76280.763091.8392.620.21240.20780.02740.027260402406

91900.22090.21800.77990.769393.8193.460.21660.21190.02690.027260402395

93890.22070.21760.76030.763990.8290.860.21450.21030.02720.027360402384

90920.22140.21680.76760.761492.3993.880.21100.20450.02690.027460402373

90900.22340.21870.77640.776591.9793.040.21190.21120.02720.027260402362

88890.22010.21530.76280.759190.4391.510.21090.20480.02660.026760402351

212121212121Ending in:#

Zn (ppm)Na (%)K (%)Mn (ppm)Mg (%)Fe (%)
Expert Lab Sample 

Code

Medicated Chicken Starter (201326)



PASSPASSPASSPASSHomogeneity Decision

0.00000.00000.09290.0047Variance Attributed to Sampling

Actual Variation

0.00010.00000.13510.0098Critical variance

4.11%4.20%1.58%3.14%Median % RSD from CSP

Allowed Variation

PASSPASSPASSPASSOutlier Test

0.70810.69800.27010.264250.7550.815.655.64604025410

0.70080.69780.27030.262050.7551.065.655.5260402539

0.70140.69610.26860.266850.3150.065.425.5860402528

0.69490.69340.27080.260450.8150.755.535.5460402517

0.69920.70190.27060.268650.5650.385.655.7260402506

0.70320.69760.27230.266951.1950.755.565.6960402495

0.70390.70220.26860.265050.4450.065.695.7060402484

0.69650.69960.26870.265950.5650.565.545.5960402473

0.70190.70240.27240.266250.0050.005.725.8460402462

0.70010.69820.26830.270550.3850.445.605.6960402451

21212121Ending in:#

P (%)Ca (%)Protein (%)Moisture (%)Expert Lab Sample Code

Soy Flour (201326)



Soy Flour (201326)

PASSFAILPASSPASSPASSPASSHomogeneity Decision

0.00000.00000.00000.00970.00000.0000Variance Attributed to Sampling

Actual Variation

2.67720.00000.00230.40160.00000.0000Critical variance

6.32%5.06%4.77%4.52%4.56%5.73%Median % RSD from CSP

Allowed Variation

PASSNo TestPASSPASSPASSPASSOutlier Test

4546<0.0020.00362.33652.292432.7432.450.28820.28990.00730.0072604025410

4546<0.0020.00332.29662.267032.5332.580.28720.28350.00720.007160402539

4547<0.0020.00352.30732.293732.5832.360.29170.28610.00710.007160402528

46460.00330.00222.27842.303932.5832.590.28910.28510.00700.007060402517

48450.00350.00282.29682.290532.6432.720.29020.28710.00720.007060402506

48450.00320.00332.30242.302932.5932.760.29010.28890.00710.007160402495

45450.00440.00242.30062.316232.5132.580.29060.28760.00710.007160402484

4545<0.0020.00552.28462.317232.4732.970.29100.28870.00710.007060402473

45460.00320.00262.26322.288932.7332.540.29090.28700.00710.007160402462

46460.00320.00312.29672.307832.8433.280.29350.28980.00720.007160402451

212121212121Ending in:#

Zn (ppm)Na (%)*K (%)Mn (ppm)Mg (%)Fe (%)Expert Lab Sample Code

*A review of the failure for Na reveals concentrations too close to the reporting limit, σ2
Analytical not consistent.



Sample Homogeneity Testing

“The Remarkable Case of Combustion Nitrogen”



4.128.4147.48%5.65%47.15%170.83Feed grade monocalcium phosphate201298

2.722.893.49%1.21%3.27%14412.81Preconditioning cattle starter, Medicated201231

2.582.391.99%0.83%1.81%14015.04Sheep & Goat Grower/Finisher, Medicated201324

2.562.442.30%0.94%2.10%14115.29Sheep and Goat Grower/Finisher, Medicated201227

2.552.192.09%0.95%1.86%13415.44Beef Cattle Pellet, Medicated201228

2.422.261.81%0.80%1.63%14317.12Chicken Starter/Grower, Medicated201224

2.422.631.89%0.72%1.75%12817.14Pelleted Beef Special, Medicated201325

2.372.141.80%0.84%1.59%14217.81Chicken Sarter/Grower, Medicated201221

2.352.291.63%0.71%1.46%14518.10Calf Sarter/Grower, Medicated201232

2.322.051.41%0.69%1.23%12918.57Chicken Starter/Grower, Medicated201326

2.303.001.81%0.60%1.70%12218.85Chicken Starter/Grower, Medicated201322

2.292.611.59%0.61%1.47%15219.07Dry Dog Food201321

2.272.652.26%0.85%2.09%14019.48Dairy Herd & Beef Calf Milk Replacer, Medicated201226

2.102.461.53%0.62%1.40%13922.58Swine Pre-starter, Medicated201229

2.092.501.65%0.66%1.51%13322.94Swine Pre-starter, Medicated201323

2.071.731.31%0.76%1.07%14023.37Senior Pig Starter, Medicated201222

1.752.121.22%0.58%1.08%13732.47Dry Cat Food201225

1.561.511.10%0.72%0.82%14141.18Beef Feedlot special, Medicated201223

1.524.301.91%0.45%1.86%14043.41Beef Feedlot special, Medicated201230

1.412.591.05%0.41%0.97%3950.61Soya Flour201342

1.241.691.27%0.75%1.02%4864.93Chicken Meal201341

M
odified 

H
orw

itz
%

R
SD

sR/sr

R
eproducibility 

%
R

SD

R
epeatability 

%
rsd

B
etw

een Labs 
%

R
SD

# Labs 
Included in 

C
alculations

A
ssigned 

Value -R
obust 

M
ean

Protein by Combustion 
Nitrogen (# 002.06)
Method Parameters



Can We Estimate Homogeneity From the CSP Data?

 In “Protein by Combustion N2” we have a very precise method with 
over 140 Analysts consistently reporting Reproducibility < 2% (%RSD) 
and Repeatability < 1% (%rsd) for each sample.

 This is an extremely narrow dispersion for so many Labs.

 So looking at our sources of variance again:
 Reproducibility is heavily reflected in σLabs and is low!
 Repeatability is essentially the σAnalytical and is low!
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-4 -3 -2 -1 0 1 2 3 4

Z Value

Can We Estimate Homogeneity From Protein Data?

68%

Let’s call this the “Z” Cut – the “filet mignon” of the data, if you will.

So if I take the center portion of the data (Z between ± 1, ~ 68% 
representing typically 140 labs ), these Labs should begin to approach 
the data from a Homogeneity study.



Now let’s compare the Soya Flour Homogeneity report with
the “Z” Cut samples run by different labs/analysts from the CSP.

PASSPASSOutlier Test

0.43%0.65%% RSD of Sample Means

0.39%0.32%Repeatability %rsd (σanalytical)

0.02800.0929Variance Attributed to Sampling

0.191000.42535Variance of Sums

0.039490.02695Variance of Differences

Actual Variation
0.08090.1351Critical variance

0.21201.0102F2 constant

1.26181.8799F1 constant

0.05750.0574Allowed Variance (30% of target)

0.79930.7984SD for Proficiency Testing

1.58%1.58%Median % RSD from CSP

Allowed Variation
50.5950.53Grand Average

88 of 120 (Z Cut)10 Number of Pairs (samples)

PASSPASSHomogeneity Decision
CSP 002.06Expert LabSoya Flour (201342)



Medicated Chicken Starter (201326) Homogeneity report with
the “Z” Cut samples run by different labs/analysts from the CSP.

PASSPASSOutlier Test

0.65%0.45%% RSD of Sample Means

0.80%0.72%Repeatability %rsd (σanalytical)

0.00330.0000Variance Attributed to Sampling
0.05760.02795Variance of Sums

0.02230.01836Variance of Differences

Actual Variation
0.01310.0333Critical variance

0.16601.0102F2 constant

1.21071.8799F1 constant

0.00770.0079Allowed Variance (30% of target)

0.29300.2955SD for Proficiency Testing

1.58%1.58%Median % RSD from CSP
Allowed Variation

18.5518.7Grand Average

133 (Z Cut)10Number of Pairs

PASSPASSHomogeneity Decision
CSP 002.06Expert Lab201326



0.03190.00110.8413FAILFeed grade monocalcium phosphate201298

0.01330.034418.10169PASSCalf Sarter/Grower, Medicated201232

0.03000.022512.84159FAILPreconditioning cattle starter, Medicated201231

0.01700.190043.42156PASSBeef Feedlot special, Medicated201230

0.01170.052022.60158PASSSwine Pre-starter, Medicated201229

0.01390.025515.45144PASSBeef Cattle Pellet, Medicated201228

0.02060.025115.30156PASSSheep and Goat Grower/Finisher, Medicated201227

0.02060.039219.45141PASSDairy Herd & Beef Calf Milk Replacer, Medicated201226

0.00310.107732.49145PASSDry Cat Food201225

0.01960.030517.14158PASSChicken Starter/Grower, Medicated201224

0.02100.169041.17158PASSBeef Feedlot special, Medicated201223

0.00690.056423.37141PASSSenior Pig Starter, Medicated201222

0.00450.034417.82141PASSChicken Sarter/Grower, Medicated201221

0.02800.269950.5988PASSSoya Flour201342

0.05820.459864.93100PASSChicken Meal201341

0.00330.037418.55133PASSChicken Starter/Grower, Medicated201326

0.01480.032417.11127PASSPelleted Beef Special, Medicated201325

0.02260.023815.04152PASSSheep & Goat Grower/Finisher, Medicated201324

0.01070.054922.95147PASSSwine Pre-starter, Medicated201323

0.01020.038118.87141PASSChicken Starter/Grower, Medicated201322

0.01550.037119.10172PASSDry Dog Food201321

AllowedCriticalMeannZDecisionSample # and Sample Name

Z Cut Pseudo Homogeneity Testing at 3.00 %RSD to Calculate σP



This does not substitute for a legitimate Homogeneity study.

But, I think we can make a good case that it is a very reasonable (cost 
effective!) sample to sample homogeneity flag.

Recommendation:

 I run a “Z” Cut pseudo Homogeneity test on “Protein by 
Combustion Nitrogen” data for each sample.

 If it passes the pseudo Homogeneity test at say 3.0 %RSD 
then we can assume acceptable homogeneity for our 
purposes.

 If it does not pass we will examine the sample data more 
closely before reporting a possible homogeneity issue.


