
Investigational Allowances

Relationship to Magruder % RSDs

Caution:  There will be math.



Investigational Allowance aka IA

 The IA is calculated to statistically represent 99% of the 
analytical results from labs running the same analyte in the 
same sample.

 NPK IA’s follow a specified Table in the OP.

 Other guaranteed mineral nutrient IA’s follow specified linear 
equations, also in the OP.

 The IA is normally subtracted from a lab result to indicate a 
minimum allowed on the Guarantee.

 Here we wish to compare IA with the current status of inter 
laboratory reproducibility Robust SDs seen in recent 
Magruder data.



Investigational Allowance aka IA

 IA represents 99% of the measurements (R. C. Rund, OP 
# 28, 1975).

 From Rund, IA/2.33 represents 68% of the measurements 
under a Normal curve or 1 standard deviation.

 From the OP IA Tables we calculate an IA at the Rob. 
Mean.  Then convert it to the IASD representing 68% of the 
measurements or 1 standard deviation.

2.33
IAIA MeanRob.

SD =

In the following I refer to IASD as IA.

This allows us to compare IA to Rob. SD



Investigational Allowance aka IA

The IA Ratio

 
IA

SDRatioIA 
SD

Robust=

In other words: How many IAs in the Robust SD (between labs)?

I went back and calculated IA ratios for 2017 
samples and included them with 2018 report data.



IA ratio = Rob. SD/IASD Red indicates IA Ratio significantly > 1
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IA ratio = Rob. SD/IASD Red indicates IA Ratio significantly > 1

IA from OP



Plot of IA Ratio vs Concentration (mf on Log scale)
For Different IA Equation Groups

Ideally these curves should be flat – 0 slope!
IA curves are systematically punitive at higher concentrations.
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IA is calculated from a Guarantee or Measured Value

Micronutrient IA Calculation

From: AAPFCO OP

IA = Unit + % of Rob. Mean

IA = 0.2 + 0.05 x Rob. Mean

IA = 0.005 + 0.1 x Rob. Mean

IA = 0.003 + 0.15 x Rob. Mean

IA = 1 + 0.3 x Rob. Mean
A series of Linear Equations.

Not many data points but revealing.



AND THIS IS WHERE WE GO 
DOWN THE RABBIT HOLE!



Horwitz Approach, J. AOAC, 1980

Straight line plot of Log (reproducibility SD) vs Log (concentration)
With Slope B and Intercept Log(A).

BACσ =

Relationship between σ (Reproducibility SD) and concentration C (mass fraction).

Where A and B are constants

( ) ( ) ( )CLogBALogσLog ×+=

Now we apply this logic to the Magruder Rob. Mean and Rob. SD
For 206 Analytes from 2017 to current and plot this curve:

( ) ( ) ( )fraction mass as Mean Rob.LogBALogSD Rob.Log ×+=



Log(Concentration) vs Log (σ)

Magruder % RSD = 2.47 x C-0.2482

Horwitz % RSD = 2.00 x C-0.1505

Log(σ) = 0.7518 x C – 1.608
R2 = 0.9528
Antilog: σ = 0.0247 x C0.7518

206 Magruder Data Points (2017 to 2018)
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Horwitz % RSD = 2.00 x C-0.1505

Magruder % RSD = 2.27 x C-0.2482

The Horwitz Trumpet

The Magruder Trumpet
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Magruder % RSD = 2.27 x C-0.2482

Horwitz % RSD = 2.00 x C-0.1505

206 Magruder
Data Points 
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0.034 * C0.82100.3 * AV + 1Co, Mo
0.018 * C0.71580.10 * AV + 0.005Cu, Fe, Mn, Na, Zn
0.025 * C0.68540.05 * AV + 0.02 Ca, Mg, S

Data Fit to 
A*CB

IA from OP
% * AV + Unit

Analyte

AV = Assigned Value or Rob. Mean.
C = Assigned Value as mass fraction.

Review of Equations

0.025 * C0.7518naOverall Magruder Curve
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N, P, & K IA Curves

Horwitz Approach

IA Curves 

Magruder Data



Horwitz Approach

IA Curves 

Need more 
data to see 

how this fits!

Magruder Data
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Magruder % RSD = 2.27 x C-0.2482

Horwitz % RSD = 2.00 x C-0.1505

The Magruder Trumpet

Only 206 Magruder Data Points!



Some Considerations
 In time with more data we can refine the Magruder curve.
 Careful parsing of aberrant data points should make the 

Magruder Trumpet less like a French Horn.
 The Horwitz curve could provide a useful baseline.

In This Discussion
 Unless pointed out, all reference to IA is to IASD.
 This describes 68% of the data.  
 It is more common to allow 95% or 99%.
 This can be achieved by expanding the IASD observed 

or calculated, using Normal curve probability factors –
one-tail or two-tail depending on need.



Summary and Conclusions
 Current IA calculations from the OP tend to be more relaxed at lower 

concentrations and more punitive at higher concentrations.
 The IA Ratio is the first indicator that the OP IA equations may not 

represent the current status of inter laboratory variance.
 There appears to be a strong Log-Log relationship between the 

Repeatability SD and Concentration across 7 orders of magnitude.
 The NPK IA equations contain non-linear subtleties.  We will need a 

lot more data to see this.
 As we accumulate more data, the Horwitz like approach may be a way 

to reevaluate IAs.  We do need more data to rule out anomalies 
hampering the data fit.



Questions?


