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Introduction 
The purpose of this application note is to demonstrate the lower %RSD provided by the SDXHPLD.  The accurate and precise 
homogenization employed by vortex mixing, combined with the %RSD, is a quality function that is directly related to cost savings 
and profitability for the precious metal mining industry.   
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SDXhpld 
The SDXHPLD high performance liquid dilution system combines the proven ASX-560 autosampler with a vortex mixing dilution 
accessory, enabling prescriptive and intelligent dilution of samples up to a factor of 5000X. 
The SDX employs vortex mixing to promote a uniform blending of each sample to ensure accurate and precise analysis following 
dilution.  

Results for a Typical Sample 

Method of Detection Limits 
The Limit of Detection (LOD) and Limit of Quantifications (LOQ) were calculated by performing an analysis of a blank sample 
with 10 replicates. 

• The LOD was calculated as 3 x the standard deviation of the repeats 
• The LOQ was calculated as 10 x the standard deviation of the repeats 
• This analysis was performed 3 times and an average taken 

Table 1: Calculated detection limits 

Elements Pd 340 Pd 324 Rh 343 Rh 369 Pt 203 Pt 265 Ag 328 Au 267 

Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

LOD 0.022 0.033 0.029 0.113 0.005 0.029 0.022 0.014 

LOQ 0.074 0.100 0.096 0.376 0.050 0.096 0.100 0.048 
 

Correlation 
The automatic creation of a calibration line displays excellent correlation for a wide range of Precious metal wavelengths. 
Displayed here we have the correlation of a 5-point calibration line created on an iCAP 6500 radial series.   The graph below is a 
comparison between correlations achieved by a calibration curve used in a precious metals mine laboratory to an SDXHPLD 
system. The SDXHPLD coefficient is derived from the dilution system diluting a high standard with a 50% Aqua Regia diluent to 
produce an identical 0-260 ppm 5-point calibration curve used by a mining lab.  The mines method application requires a 
0.9999 coefficient.  The SDXHPLD data passes the 0.9999 criteria and produces very similar coefficients.   Therefore showing 
that the SDXHPLD is capable of meeting correlation criteria.   
 

 
Figure 1: Correlations from calibration curve and from SDXHPLD 
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System Suitability with SDXHPLD Dilution 
System suitability confirms method validation and proper instrument performance by checking a known value at the start of a 
run or during the run.  In this case, we used an SDXHPLD to dilute a high standard to make a 5-point calibration curve.  This chart 
shows that we can obtain the same known values from samples obtained against both the mining applications normal 
calibration standards and a curve prepared by SDXHPLD serial dilutions.    
 

  
Figure 2: System suitability using known values with calibration standards and serial dilutions 

  

0.000

10.000

20.000

30.000

40.000

50.000

60.000

70.000

80.000

90.000

100.000

PM mine
sample #1

SDX mine
sample#1

PM mine
sample #2

SDX mine
sample #2

PM mine
sample #3

SDX mine
sample #3

PM mine
sample #4

SDX mine
sample #4

PM mine
sample #5

SDX mine
sample #5

N
o
rm

al
iz
ed

 D
at
a

Sytem Suitability with SDX dilution 

Pd 340.458  ppm Pt 265.945 ppm Au 267.595 ppm Rh 343.489 ppm Pd 324.270 ppm



4 
 

Specificity, Ruggedness, and Intermediate Precision 
Specificity is the ability to unequivocally assess the target analyte in the presence of components which may be expected to be 
present. Typically, these might include impurities, degradants, matrix, etc. Ruggedness is the reproducibility of the data under 
normal but variable conditions (such as a variation in the matrix).  Intermediate Precision is to cover the various influences 
within a laboratory, such as conducting analyses on two different days.  This is to examine the effects of random events on the 
precision of an analytical method. Intermediate Precision therefore gives a first indication of the future transferability of an 
analytical method.   
This chart shows the data derived in a mining lab.  The SDXHPLD was used to make a calibration curve identical to the curve used 
by the mining application.  The following normalized data is that of a check standard run against both curves on two consecutive 
days. 
 

 
Figure 3: Check standard run against both curves on two consecutive days 

 
Ruggedness – The DSX calibration curve used an Aqua Regia concentration 10% less concentrated than the mining application 
 
Specificity – High levels of NaCl and NiS-FA (nickel sulfide fire assay) were present in the matrix 
 
Intermediate precision – Performed on two different days. (Data points 1-10 day one and 11-20 day two) 
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Throughput 
Sample throughput was evaluated looking at the mines traditional methodology using an ASX-560 compared to the ASX-560 
with a SDXHPLD and ASXPRESS PLUS.    The mining application utilizes a step forward process where they skip the rinse step by 
rinsing with the next sample in the queue.  The laboratory can do this because they know their sample stream is going to have 
the same matrix and that the metal concentrations that do not differ by more than a relative 5 %.  This allows the mine to run 
samples more efficiently without taking the additional time to rinse.  Below you will see the evaluation of a 5-point curve being 
run using the traditional mine standards compared to the SDX using a single standard that is diluted five times in order to 
produce a the same calibration curve.   The SDXHPLD creates this curve through serial dilutions of a primary or secondary 
standard.  The curve produced by serial dilutions via the SDXHPLD saves the laboratory chemist about 24 minutes.  (See table 2.) 
 

Table 2: Analysis time with traditional standards and with serial dilution 

Standards 
Prep time for 
calibration standard 

Time it takes to run 
standard curve 
without the SDX 

Total time involved to 
prepare and run a 
standard point 
without the  SDX 

Time to run curve 
with the  SDX 

Blank 1.00 1.40 2.40 1.10 

Cal 1 5.00 1.42 6.42 1.10 

Cal 2 5.00 1.42 6.42 2.19 

Cal 3 5.00 1.40 6.40 2.25 

Cal 4 5.00 1.39 6.39 2.30 

Cal 5 5.00 1.38 6.38 2.46 

Total 26 min 10.01 min 36 min 1 s 12 min 20 s 
*Note - a preparatory time of roughly 25 min was observed in the preparation of the mining laboratories calibration curve.  
 
 
Next we evaluate the number of samples that are run using the traditional mine method compared to the ASX-560 with the 
SDXHPLD and ASXPRESS PLUS (Table 3). Data in table 3 was derived using a different method from the one used in table 2  
 
 
Table 3: Number of samples per hour with traditional standards and with serial dilution 

Analysis Time Mine samples SDX & ASXpress % increase 

per hour # of samples # of samples throughput 

1 hour 42 54 29% 

2 hours 84 108 29% 

4 hours 168 216 29% 

8 hours 336 432 29% 

10 hours 420 540 29% 
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The Bottom Line: RSD and Mine Profitability 
While % RSD is important to any lab, it is of particular interest to mines that deal with the recovery of precious metals (PM). In 
precious metals mining, % RSD is directly tied to money.  Furthermore, it is generally accepted that the lower the % RSD the 
more reliable the data is.  Table 4 is a comparison of standards and samples run by both the mine’s application method and the 
using the SDXHPLD with ASXPRESS PLUS.  The comparison is in terms of % RSD.  The data in yellow shows that the mining method 
was able to achieve lower % RSD than the SDXHPLD and ASXPRESS PLUS system in only 9 out of 21 times.   This shows that the 
SDXHPLD dilution system with the ASXPRESS PLUS can achieve similar if not better % RSD as the mining methods application.   
 
Table 4: RSD using traditional mining method and using SDXHPLD and ASXPRESS PLUS 

  
% RSD from 
Mining method 

  
% RSD using 
SDX/ASXPRESS 

 

Elements Pd Pt Rh Pd Pt Rh 

Standard 1 1.58 1.97 1.79 0.47 2.26 1.43 

Standard 2 0.24 0.17 1.39 0.07 0.32 0.83 

Standard 3 0.63 0.10 0.35 0.50 0.46 0.61 

Standard 4 0.49 0.09 0.17 1.24 0.50 0.41 

Standard 5 0.17 0.40 0.01 0.33 0.20 0.05 

Sample 1 0.64 0.49 0.02 0.71 0.35 0.90 

Sample 2 0.30 0.41 0.43 0.60 0.29 0.03 
 
When the % RSD is low, there is less likelihood for an outlier in one of the replicates to drive the price of the PM in a costly 
negative direction.  Here we have an example of how a slightly higher % RSD can be costly to a PM mine. 
In table 5, we see an analysis that gives us 0.51 % RSD and 0.96 % RSD.   The 0.96 is higher than 0.51 and, in most industries, 
this difference would be rather benign.  In PM mines, these differences in % RSD are directly related to cost or profit due to the 
large quantities of feed material used in their extraction process.   The example in 5 shows that Assay 2 is greater than Assay 1 
by $63,000 dollars.   Assay 2 with the higher % RSD displays the possibility of overpaying or underpaying a customer $63,000. 
 
Table 5: Effect of 0.51 % RSD and 0.96 % RSD on precious metal profit 

Given:         
600,000 troy oz. of material     
0.1 L prep vol.   
0.05 g digest   
Pt = $1,500 per Troy OZ     

Lower % RSD Higher % RSD   
Rep 1 9.517 Rep 1 9.511   
Rep 2 9.525 Rep 2 9.535   
Rep 3 9.624 Rep 3 9.717   
Mean: 9.555 Mean: 9.588   

RSD [%]: 0.51 RSD [%]: 0.96   
SD: 0.05 SD: 0.09   

    
Assay 1    

9.555 mg 0.1 L g 100 
L 0.05  g 1000 mg 1 

=1.911 % Pd 11466 TO * $17,199,000.00 
Assay 2 

9.588 mg 0.1 L g 100 
L 0.05  g 1000 mg 1 

=1.918 % Pd 11508 TO $17,262,000.00 

*600,000 x 1.911% x $1,500 = $17,199,000    
Difference = $63,000.00 
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Product Compatibility 

 

Example Calibration Curve 
Figure 4 and figure 5 show a calibration curve created from a single stock standard.  

 
Figure 4: Calibration curve created from 1 stock standard (dilutions as seen in the ICP software) 

Thermo Scientific ICAP Q, RQ, TQ Thermo Scientific ICAP 6000  
and 7000 Series ICP-OES 
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Figure 5: Calibration curve created from 1 stock standard (measured intensity) 

Conclusion 
The SDXHPLD is a proven technology for a precise and accurate autodilution system.  It automatically performs prescriptive 
dilutions and intelligent dilutions.  The system has the potential to eliminate manual preparations and dilutions, making better 
use of time and resources of laboratory personnel.  A prepared ROI study took into account the cost savings of having the SDX 
prepare calibrations curves and perform 5 dilutions daily.   Based on recourses and laboratory personnel the calculated ROI was 
5.5%.  This positive ROI was achieved in less than one year, showing that the system pays for itself in less than 12 months. All of 
this results in enhanced laboratory productivity and profitability. By eliminating manual sample dilution steps, human error is 
removed.  The system both increases efficiency and decreases costs per sample. 


