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ANNEXURE 1: Council for Scientific and Industrial Research (CSIR) Laboratory Results. May 2010 

 
Se % Prep 

        Id in ppb Recovery Conc 
 

    * blk a <30 
  * blk b <30 
  * 1ppb a <30 
  * 1ppb b <30 
  * 10ppb a  <30 
  * 10ppb b <30 
  * 50ppb a 40 79.8 50 

* 50ppb b 41 82.3 50 
* 100ppb 88 87.5 100 

* 100ppb b 78 77.7 100 
* 250ppb a 184 73.6 250 
* 250ppb b 188 75.0 250 
* 500ppb a 390 78.1 500 
* 500ppb b 339 67.9 500 

Average 
 

77.7 
 blk a <30 

  blk b <30 
  

 

1ppb a <30 
  1ppb b <30 
  10ppb a <30 
  10ppb b <30 
  100ppb a 72 71.7 100 

100ppb b 79 78.8 100 
100ppb a 70 70.0 100 
100ppb b 69 68.6 100 
250ppb a 228 91.3 250 
250ppb b 182 72.6 250 
500ppb a 369 73.8 500 
500ppb b 433 86.7 500 
Average 

 
76.7 

 LC1 1241 
  LC2 1286 
  LC3 1296 
  LC4 1374 
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1. Introduction 
This method is used for the analysis of Selenium in biological liver 
samples, which have been overnight digested on an open heat block 
and thereafter prepared for fluorometric analysis.  The basis for this 
method is the reaction of 2,3 diaminonapthalene (DAN) with Se(IV) 
to form a fluorescent Se-DAN complex.  A filter fluorimeter is used to 
measure the fluorescence of this complex in order to calculate the 
concentration of Selenium in the given sample. 
 

2. Personnel 
The person performing the procedure should be fully trained to be 
able to conduct this analytical laboratory process. 
 

3. Limitation and precision of method 
3.1 The method is applied to biological liver samples. 
3.2 Selenium concentration range that can be tested is 1 – 500 ppb. 
 
4. Equipment and Materials 
4.1 Digestion tubes (20ml x 150mm. Borosilicate glass or equivalent) 
4.2 Digestion block (custom made), 135 bored holes with depth of ± 

70mm. 
4.3 Programmable temperature controller connected to digestion block  
4.4 Separating funnels (250, 500 and 1000ml) 
4.5 Volumetric flasks (A grade - approved for use) 
4.6 100 – 1000µl Eppendorf pipette (BIO-040) 
4.7 100µl Eppendorf pipette (BIO-058) 
4.8 1000µl Eppendorf pipette (BIO-061)  
4.9 100 and 1000µl new Eppendorf pipette tips 
4.10 Glass beakers (250ml for general use) 
4.11 Plastic Beaker or container for storage of tube lids 
4.12 Spatula 
4.13 Plastic weighing vessels and beakers for reagent preparation 
4.14 Glass graduated and bulb pipettes for reagent preparation (approved 

for use) 
4.15 1000ml volumetric flask (A grade, approved for use) 
4.16 2000ml Measuring cylinder (approved for use) 
4.17 Water-bath (BIO-030) 
4.18 Thermometer (BIO-104) 
4.19 Thermometer (BIO-091) 
4.20 Multipurpose shaker (BIO-015) 
4.21 Analytical balance (4 decimal place accuracy) (BIO-003 or BIO-004) 
4.22 Repeat pipette (1-5ml) (BIO-080) 
4.23 Pipette tips for repeat pipette (1-5ml) 
4.24 Spectrofluorimeter, Perkin Elmer LS55  

 
5 Reagents (All analytical reagent grade quality) 
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5.1 Acid Mixture:  1 (Perchloric Acid 60%): 5 (Nitric Acid 65%).  
Carefully pour 1600ml of Nitric Acid into a 2000ml measuring 
cylinder, fill up to the 2000ml mark with Perchloric Acid.  Pour Acid 
mixture into brown glass storage bottle.  Mixture is stable indefinitely. 

5.2 1:1 Dilution of HCl:  Measure equal volumes of Hydrochloric Acid 
(32%) and deionised water.  Pour deionised water into storage vessel 
followed by Hydrochloric acid.  Solution is stable for 12 months. 

5.3 EDTA solution: Weigh out 0.81g NaH2EDTA into a glass beaker.  
Transfer into 1000ml volumetric flask.  Make up to the mark with 
deionised water.  Solution is stable for 2 months. 

5.4 0.1M HCl: Pour approximately 200ml deionised water into a 1000ml 
volumetric flask.  Pipette 9.8ml Hydrochloric Acid (32%) into flask.  
Make up to the mark with deionised water. 

5.5 1M HNO3: Pour approximately 200ml deionised water into a 1000ml 
volumetric flask.  Pipette 68.7ml Nitric Acid (65%) into the flask and 
make up to the mark with deionised water. 

5.6 Cyclohexane 
5.7 2,3 Diaminonapthalene (DAN) solution: (to be made up just before 

use):  See point 7.5.2 for preparation details 
 

 

 

5.8 Standards: 
5.8.1 Selenium stock standard: 1000ppm bought from Merck  
5.8.2 Selenium standard solution: 10ppm – pipette 1ml of the 1000ppm 

stock standard into a 100ml volumetric flask. Make up to volume with 
1M HNO3 (stable for 6 months) 

5.8.3 Working standards: dilute the 10ppm standard as follows with 1M 
HNO3. (stable for 6 months): 
Blank: pour 1M HNO3 into a 100ml volumetric flask up to mark. 
100µl standard solution (5.8.2) in 100ml volumetric flask = 10ppb 
(ng/ml) 
500µl standard solution (5.8.2) in 100ml volumetric flask = 50ppb 
(ng/ml) 
1000µl standard solution (5.8.2) in 100ml volumetric flask = 100ppb 
(ng/ml) 
2500µl standard solution (5.8.2) in 100ml volumetric flask = 250ppb 
(ng/ml) 
5000µl standard solution (5.8.2) in 100ml volumetric flask = 500ppb 
(ng/ml) 

 
6 Safety/ precautionary measures 
6.1 A laboratory coat must be worn during the testing procedure. 

NOTE: DAN is light sensitive and the activity of the reagent will 
decrease in the presence of light.  Handle the reagent as far as 
practically possible in a dark room. 
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6.2 Gloves should be worn when handling DAN solution, cyclohexane 
and acids. 

6.3 Observe the safety instructing for the safe handling and disposal of 
chemicals as specified in Material Safety Data Sheets for chemicals 
used in Biochemistry. 

 

7 Procedure 
7.1 Weigh out ±0.1000g to one decimal point, of dried liver.  Include an 

in-house liver control sample, LC2009 with each sample batch.  Three 
blank tubes consisting of 1ml of 0.1M HNO3 and three tubes for each 
standard containing 1ml of standard are also prepared with the 
samples. 

7.2 Add 4ml of acid mixture. Place in digestion block in perchloric acid 
fume cupboard (BIO-035).  Switch temperature controller ON to 
‘PTN1’ programme.   
(Please refer to P – BIO – E – 016 for details programming the 
temperature controller).  The set programme should be as follows: 

Step 1: Heat to 120°C (± 10°C) 

Step 2: 1 hour @ 120°C (± 10°C) 

Step 3: Heat to 160°C (± 10°C) 

Step 4: 6 hours @ 160°C (± 10°C) 

Step 5: Maintain @ 120°C (± 10°C) for 30 hours.  (This 
programme is stored) 

 
Digest overnight. 
 
The block should be @ 120°C (± 10°C) the next morning.  Record the 
temperature on form P – BIO – F – 072 with thermometer BIO-091. 
 

7.3 Set the water bath at 60°C (± 5°C) and switch ON.   
7.4 Remove the tubes from the digestion block and place into a rack 

inside the fume cabinet.  Allow the tubes to cool for a few minutes.  
Add 1ml 1:1 HCl to the tubes.  Place the tubes into the digestion block 
again and leave for 30 minutes at 120°C (± 10°C). 

7.5 Remove tubes from digestion block after the 30 minutes is over and 
allow them to cool for a few minutes before adding the following 
reagents: 

7.5.1 10 ml EDTA solution (Add this reagent in the general use fume 
cabinet (BIO-033) 

7.5.2 1ml DAN solution  
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2,3 Diaminonapthalene (DAN) solution preparation 

 Every precaution should be taken that dark conditions be maintained 
throughout the preparation of DAN for analysis.  This includes 
weighing out in a dark room, closing water bath with cover when 
DAN solution is in it, and purification of DAN steps performed in a 
dark room.  

 Calculate the quantity of DAN required.  1ml of the DAN solution is 
used for each standard, blank and sample.  0.1000g DAN / 100ml 
0.1M HCL.   

 Weigh out the DAN in a darkened room into a plastic weighing 
vessel and transfer to a separating funnel.  Ensure that the tap is 
closed tightly. 

 Add the correct volume of 0.1M HCL to the separating funnel, i.e. 
40ml 0.1M HCL with 0.0400g DAN. 

 Carry the separating funnel to the water bath, which has heated to 
60°C (± 5°C).  Place into the water bath and secure by placing the 
string at the tap around the neck of the funnel, close the lid of the 
water bath and set the timer for 10 minutes.  Record the temperature 
of the water bath on form P – BIO – F – 074. 

 Remove the funnel from the water bath and carry the separating 
funnel to the dark room.  Shake the content of the funnel manually 
until the DAN has dissolved completely.  Be careful to hold the 
funnel lid firmly while shaking.  Release the pressure build-up 
periodically.  Place funnel into the stand. 

 Pipette 40ml of cyclohexane into the funnel using the repeat pipette 
(BIO-080).  Shake for 1 minute manually again.  Place funnel into 
the stand and let the funnel stand in dark room for 60 minutes. 

 Pour out the bottom DAN layer into the next separating funnel.  Add 
25ml cyclohexane and shake for 1 minute.  Let funnel stand for 45 
minutes.  Pour the bottom layer into the next separating funnel.  Add 
25ml cyclohexane, shake for 1 minute and allow to stand for 45 
minutes.  The DAN is now ready for use. 

7.5.3 5ml Cyclohexane 
 
Note: These reagents must be added in this order. 

NOTE: The tubes can stand in the fume cabinet (BIO-033) covered with a 
paper towel until the DAN solution has been prepared.  Once the DAN 
solution is ready for use, carry the tubes to the dark room (room 55) and 
add the DAN solution in the dark room.  All procedures must take place in 
the dark room once the DAN has been added to the tubes! 
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7.6 After the addition of the cyclohexane. Put the lids on the tubes 
immediately and place in the sample rack.  Shake the tubes in the rack 
on the multipurpose shaker for 1 minute. 

7.7 Place the tubes into the 60°C water-bath and cover with lid for 40 
minutes.  Switch the water bath off and scoop out most of the hot 
water out and replace with tap water.  Allow the tubes to stand for 5 
minutes. 

7.8 Return the tubes to the dark room shake again on the multipurpose 
shaker for 1 minute.  Allow the tubes to stand for 30 minutes before 
reading. 

 
8 Filter Fluorimeter Operation  
8.1 Refer to the Perkin-Elmer model LS55 operation manual for detailed 

operation. 
8.2 The fluorescence from the cyclohexane layer is read using the 

Spectrofluorimeter in a darkened room. 
8.3 Switch on the instrument 60 minutes prior to reading samples to 

warm-up the lamp. 
8.4 Instrument settings: 
8.4.1 Emission wavelength: 520nm 
8.4.2 Excitation wavelength: 375nm 
8.5 Sipper unit accessory is used to aspirate the top layer of cyclohexane. 
8.6 The instrument concentration application is used to calculate the 

concentration of selenium in each sample derived after known 
standards are each read in triplicate and calibration data is obtained.   

8.7 Each known standard concentration is entered manually as parts per 
billion (ppb / ng/ml).  The concentration reported for each sample is 
thus given in ppb. 

8.8 To calculate the final concentration for the samples for reporting: 
 Selenium results are reported as mg/kg (ppm) 
ppb / ng/ml result x 1000 = mg/kg (ppm), but 0.1000g samples were 
weighed out initially therefore, mg/kg (ppm) x 10 = actual Selenium 
concentration in mg/kg (ppm). 

 
9 Quality control 
9.1 An internal liver control is run with every batch of samples.  An 

International Certified Reference Material sample is run on six 
research trial runs. 

 
10 Disposal 
10.1 Once the samples have been read, the entire content of every tube is 

poured over into a separating funnel.  The cyclohexane layer will 
settle on top. 

10.2 Dispense each layer separately into glass bottles and mark each 
clearly.  Waste is to be removed be waste removal company according 
to chemical waste regulations.  
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1 Introduction 
This method is used for the analysis of Selenium in various sample 
types, e.g. liver, whole blood and feed.  The basis for this method is 
the reaction of 2,3 diaminonapthalene (DAN) with Se(IV) to form a 
fluorescent Se-DAN complex.  A filter fluorimeter is used to measure 
the fluorescence of this complex in order to calculate the 
concentration of Selenium in the given sample. 

 
2 Personnel 

The person performing the procedure should be fully trained or should 
perform the test under the supervision of a competent person. 
Competent/ trained personnel: 

2.1 Veterinary Technologist: Biochemistry and relief officer. 
 
3 Limitation and precision of method 
3.1 The method can be applied to a wide range of biological samples 

including organs such as liver and kidney, feed, leaves and other plant 
material as well as blood, urine and milk. 

3.2 Selenium concentration range that can be tested is 1 – 500 ppb. 
3.3 The precision and accuracy of the method has been monitored over a 

period of 15 months using an in-house laboratory liver control sample 
(BIO_LC2005) and a certified reference material from the National 
Institute of Standards (Bovine Liver 1577b).  Refer to table below for 
details. 

3.4 Precision of method over 15 months 
 

 No. of detections Se (ppm) CV (%) 
BIO_LC2005 56 1.35 8.81 
Bovine Liver 1577b 44 0.72 10.69 

 
Accuracy of method over 15 months 
 Se detected (ppm) 

(n = 44) 
Certified Se value (ppm) 
(NIST insert) 

Bovine Liver 1577b 0.72 ± 0.08a 0.73 ± 0.06a 

a Mean ± standard deviation 
 
 
4 Equipment and Materials 
4.2 Digestion tubes (20ml x 150mm. Borosilicate glass or equivalent) 
4.3 Digestion block (custom made), 135 bored holes with depth of ± 

70mm. 
4.4 Programmable temperature controller connected to digestion block  
4.5 Separating funnels (250, 500 and 1000ml) 
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4.6 Volumetric flasks (A grade - approved for use) 
4.7 100 – 1000µl Eppendorf pipette (BIO-040) 
4.8 100µl Eppendorf pipette (BIO-058) 
4.9 1000µl Eppendorf pipette (BIO-061)  
4.10 100 and 1000µl new Eppendorf pipette tips 
4.11 Glass beakers (250ml for general use) 
4.12 Plastic Beaker or container for storage of tube lids 
4.13 Spatula 
4.14 Plastic weighing vessels and beakers for reagent preparation 
4.15 Glass graduated and bulb pipettes for reagent preparation (approved 

for use) 
4.16 1000ml volumetric flask (A grade, approved for use) 
4.17 2000ml Measuring cylinder (approved for use) 
4.18 Water-bath (BIO-030) 
4.19 Thermometer (BIO-104) 
4.20 Thermometer (BIO-091) 
4.21 Multipurpose shaker (BIO-015) 
4.22 Analytical balance (4 decimal place accuracy) (BIO-003 or BIO-004) 
4.23 Repeat pipette (1-5ml) (BIO-080) 
4.24 Pipette tips for repeat pipette (1-5ml) 
4.25 Spectrofluorimeter, Perkin Elmer LS55  
 
5 Reagents (All analytical reagent grade quality) 
5.2 Acid Mixture:  1 (Perchloric Acid 60%): 5 (Nitric Acid 65%).  

Carefully pour 1600ml of Nitric Acid into a 2000ml measuring 
cylinder, fill up to the 2000ml mark with Perchloric Acid.  Pour Acid 
mixture into brown glass storage bottle.  Mixture is stable indefinitely. 

5.3 1:1 Dilution of HCl:  Measure equal volumes of Hydrochloric Acid 
(32%) and deionised water.  Pour deionised water into storage vessel 
followed by Hydrochloric acid.  Solution is stable for 12 months. 

5.4 EDTA solution: Weigh out 0.81g NaH2EDTA into a glass beaker.  
Transfer into 1000ml volumetric flask.  Make up to the mark with 
deionised water.  Solution is stable for 2 months. 

5.5 0.1M HCl: Pour approximately 200ml deionised water into a 1000ml 
volumetric flask.  Pipette 9.8ml Hydrochloric Acid (32%) into flask.  
Make up to the mark with deionised water. 

5.6 1M HNO3: Pour approximately 200ml deionised water into a 1000ml 
volumetric flask.  Pipette 68.7ml Nitric Acid (65%) into the flask and 
make up to the mark with deionised water. 

5.7 Cyclohexane 
 
 
 NOTE: DAN is light sensitive and the activity of the reagent will 

decrease in the presence of light.  Handle the reagent as far as 
practically possible in a dark room. 
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5.8 2,3 Diaminonapthalene (DAN) solution: (to be made up just before 
use):  See point 7.5.2 for preparation details 
 

5.9 Standards: 
5.9.1 Selenium stock standard – 1000ppm (available from Merck or other 

ISO9002 accredited company) 
5.9.2 10ppm – pipette 1ml of the 1000ppm stock standard into a volumetric 

flask. Make up to volume with 1M HNO3 (stable for 6 months) 
5.9.3 Working standards: dilute the 10ppm standard as follows with 1M 

HNO3. (stable for 6 months): 
Blank: pour 1M HNO3 into a 100ml volumetric flask up to mark. 
100µl standard in 100ml volumetric flask = 10ppb (ng/ml) 
500µl standard in 100ml volumetric flask = 50ppb (ng/ml) 
1000µl standard in 100ml volumetric flask = 100ppb (ng/ml) 
2500µl standard in 100ml volumetric flask = 250ppb (ng/ml) 
5000µl standard in 100ml volumetric flask = 500ppb (ng/ml) 

 
6 Safety/ precautionary measures 
6.2 A laboratory coat must be worn during the testing procedure. 
6.3 Gloves should be worn when handling DAN solution, cyclohexane 

and Acids. 
6.4 Observe the safety instructing for the safe handling and disposal of 

chemicals as specified in Material Safety Data Sheets for chemicals 
used in Biochemistry. 

 
7 Procedure 
7.2 Weigh out 0.100g of dried liver or feed sample or 1ml of whole blood 

and place in digestion tubes.  Four blank tubes consisting of 1ml of 
0.1M HNO3 and four tubes for each standard containing 1ml of 
standard are also prepared with the samples. 

7.3 Add 4ml of acid mixture. Place in digestion block in perchloric acid 
fume cupboard (BIO-035).  Switch temperature controller ON to 
‘PTN1’ programme.  (Please refer to  
P – BIO – E – 016 for details programming the temperature 
controller).  The set programme should be as follows: 
Step 1 Heat to 120°C (± 10°C) 
Step 2 1 hour @ 120°C (± 10°C) 
Step 3 Heat to 160°C (± 10°C) 
Step 4 6 hours @ 160°C (± 10°C) 
Step 5 Maintain @ 120°C (± 10°C) for 30 hours.  (This programme is 
stored) 
Digest overnight. 
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The block should be @ 120°C (± 10°C) the next morning.  Record the 
temperature on form P – BIO – F – 072 with thermometer BIO-091. 

7.4 Set the water bath at 60°C (± 5°C) and switch ON.   
7.5 Remove the tubes from the digestion block and place into a rack 

inside the fume cabinet.  Allow the tubes to cool for a few minutes.  
Add 1ml 1:1 HCl to the tubes.  Place the tubes into the digestion block 
again and leave for 30 minutes at 120°C (± 10°C). 

7.6 Remove tubes from digestion block after the 30 minutes is over and 
allow them to cool for a few minutes before adding the following 
reagents: 

7.6.1 15 ml EDTA solution (Add this reagent in the general use fume 
cabinet (BIO-033) 

7.6.2 1ml DAN solution  
 

 
 
 
 
 
 
 

2,3 Diaminonapthalene (DAN) solution preparation 
• Calculate the quantity of DAN required.  1ml of the DAN solution 
is used for each standard, blank and sample.  0.100g DAN / 100ml 
0.1M HCL.   
• Weigh out the DAN in a darkened room into a plastic weighing 
vessel and transfer to a separating funnel.  Ensure that the tap is closed 
tightly. 
• Add the correct volume of 0.1M HNO3 to the separating funnel. 
• Carry the separating funnel to the water bath, which has heated to 
60°C (± 5°C).  Place into the water bath and secure by placing the 
string at the tap around the neck of the funnel, close the lid of the 
water bath and set the timer for 10 minutes.  Record the temperature 
of the water bath on form P – BIO – F – 074. 
• Remove the funnel from the water bath and carry the separating 
funnel to the dark room.  Place funnel into the stand.  Shake the 
content of the funnel manually until the DAN has dissolved 
completely.  Be careful to hold the funnel lid firmly while shaking.  
Release the pressure build-up periodically. 
• Pipette 40ml of cyclohexane into the funnel using the repeat pipette 
(BIO-080).  Shake for 1 minute manually.  Let the funnel stand for 60 
minutes. 

NOTE: The tubes can stand in the fume cabinet (BIO-033) covered with a 
paper towel until the DAN solution has been prepared.  Once the DAN 
solution is ready for use, carry the tubes to the dark room (room 55) and 
add the DAN solution in the dark room.  All procedures must take place in 
the dark room once the DAN has been added to the tubes! 
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• Pour out the bottom DAN layer into the next separating funnel.  
Add 25ml cyclohexane and shake for 1 minute.  Let funnel stand for 
45 minutes.  Pour the bottom layer into the next separating funnel.  
Add 25ml cyclohexane, shake for 1 minute and allow to stand for 45 
minutes.  The DAN is now ready for use. 
 

7.6.3 5ml Cyclohexane 
 
Note: These reagents must be added in this order. 
 

7.7 After the addition of the cyclohexane. Put the lids on the tubes 
immediately and place in the rack.  Shake the tubes in the rack on the 
multipurpose shaker for 1 minute. 

7.8 Place the tubes into the 60°C water-bath for 40 minutes.  Switch the 
water bath off and scoop out most of the hot water out and replace 
with tap water.  Allow the tubes to stand for 5 minutes. 

7.9 Return the tubes to the dark room shake again on the multipurpose 
shaker for 1 minute.  Allow the tubes to stand for 30 minutes before 
reading. 

 
8 Filter Fluorimeter Operation  
8.2 Refer to the Perkin-Elmer model LS55 operation manual for detailed 

operation. 
8.3 The fluorescence from the cyclohexane layer is read using the 

Spectrofluorimeter in a darkened room. 
8.4 Switch on the instrument 30 minutes prior to reading samples to 

warm-up the lamp. 
8.5 Instrument settings: 
8.5.1 Emission wavelength: 520nm 
8.5.2 Excitation wavelength: 375nm 
8.6 Sipper unit accessory is used to aspirate the top layer of cyclohexane. 
8.7 The instrument concentration application is used to calculate the 

concentration of selenium in each sample derived after known 
standards are each read in triplicate and calibration data is obtained.   

8.8 Each known standard concentration is entered manually as parts per 
billion (ppb / ng/ml).  The concentration reported for each sample is 
thus given in ppb. 

8.9 To calculate the final concentration for the samples for reporting: 
 Whole Blood Selenium results are reported as ng/ml (ppb) 
 Liver or Feed Selenium results are reported as mg/kg (ppm) 
ppb / ng/ml result x 1000 = mg/kg (ppm), but 0.1000g samples were 
weighed out initially therefore, mg/kg (ppm) x 10 = actual Selenium 
concentration in mg/kg (ppm). 
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8 Quality control 
8.1 An internal liver control is run with every batch of samples.  If a feed 

sample is analysed an internal feed control is also run with that batch 
of samples.  The control values are checked against a standard 
reference material. 

 
9 Disposal 
9.1 Once the samples have been read, the entire content of every tube is 

poured over into a separating funnel.  The cyclohexane layer will 
settle on top. 

9.2 Dispense each layer separately into glass bottles and mark each 
clearly.  Waste is to be removed be waste removal company according 
to chemical waste regulations.  

 
10 References 
 
10.1 Koh, T. and Benson, T. H. 1983. Critical Re-appraisal of Fluorometric 

Method for Determination of Selenium in Biological Materials. 
Journal for the Association of Official Analytical Chemistry, 
66(4):918-926. 

10.2 Perkin-Elmer. Model LS55 Spectrofluorimeter Operator’s Manual. 
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1. Introduction 
This method is used for the analysis of selenium in biological liver 
samples, which have been microwave digested and thereafter prepared 
for hydride generation atomic absorption spectrometry.  The principle 
for this method is the hydride vapour generation of selenium increases 
the sensitivity of the general atomic absorption technique for the 
detection of this analyte element. 

 
2. Personnel 

The person performing the procedure should be fully trained to be 
able to conduct this analytical laboratory process. 

 
3. Limitation and precision of method 
3.1 The method is applied to biological liver samples. 
3.2 Selenium concentration range that can be tested is 1 – 500 ppb. 
 
4. Equipment and Materials 
4.1 Microwave pressure sample vessels (Polyfluoralkan (PFA) or 

equivalent) 
4.2 Microwave-heated pressure digestion apparatus 
4.3 Programmable temperature controller connected to digestion block  
4.4 Volumetric flasks (A grade - approved for use), 25ml, 50ml, 500ml 

and 1000ml 
4.5 100 – 1000µl Eppendorf pipette (BIO-040) 
4.6 100µl Eppendorf pipette (BIO-058) 
4.7 1000µl Eppendorf pipette (BIO-061)  
4.8 100 and 1000µl new Eppendorf pipette tips 
4.9 Spatula 
4.10 Plastic weighing vessels and beakers for reagent preparation 
4.11 Glass graduated and bulb pipettes for reagent preparation (approved 

for use) 
4.12 1000ml volumetric flask (A grade, approved for use) 
4.13 2000ml Measuring cylinder (approved for use) 
4.14 Water-bath (BIO-030) 
4.15 Thermometer (BIO-104) 
4.16 Thermometer (BIO-091) 
4.17 Analytical balance (4 decimal place accuracy) (BIO-003 or BIO-004) 
4.18 Repeat pipette (1-5ml) (BIO-080) 
4.19 Pipette tips for repeat pipette (1-5ml) 
4.20 Flow injection hydride system, with sample loop, GBC HG 3000 
4.21 Atomic absorption spectrophotometer (AAS), with measurement 

recording system, background correction and heated quartz cell, GBC 
Avanta 
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4.22 Element-specific lamp for selenium 
 
5 Reagents (All analytical reagent grade quality) 
5.1 General: The concentration of the trace elements in the reagents and 

water used shall be low enough not to affect the results of the 
determination.  A blank should be measured simultaneously with the 
test samples with every analysis run to control contamination and 
carry over with selenium in the reagents and apparatus used.  

5.2 Nitric Acid:  Not less than 65% (mass fraction), of approximately ρ 
(HNO3) = 1,4 g/ml. 

5.3 Diluted nitric acid:  Mix 100ml nitric acid (4.2) with water to 1000ml. 
5.4 Hydrogen peroxide: not less than 30% (mass fraction). 
5.5 Hydrochloric acid 30%: Mass concentration of approximately ρ 

(HCL) = 1,15 g/ml 
5.6 Standard solution hydrochloric acid: 2ml hydrochloric acid (5.5) made 

up to 100ml volumetric flask 
5.7 Diluted hydrochloric acid: 3% (mass fraction) as carrier solution for 

the use of the flow-injection procedure.  Dilute 90ml of hydrochloric 
acid (5.5) made up to the mark of 1000ml deionised water. 

5.8 Sodium borohydride solution: 2g/l i.e. Dissolve 2g of sodium 
hydroxide pellets in deionised water, add 2g of sodium borohydride 
and make up to 1000ml with deionised water in a 1000ml volumetric 
flask.  Prepare a fresh solution daily and, when necessary, filter before 
use.  When analysis procedure is of longer time, it is recommended to 
cool the sodium borohydride solution, i.e. with ice around the flask, 
during its use in the HGAAS measurement. 
WARNING: It is essential to observe the safety instructions for 
working with sodium borohydride.  Sodium borohydride forms 
hydrogen with acids and this can result in an explosive 
air/hydrogen mixture.  A permanent extraction system shall be 
provided at the point where measurements are carried out. 

5.9 Standards: 
5.9.1 Selenium stock solution: c(Se) = 1000ppm (1000mg/l). The stock 

solution is commercially available.  It is advisable to use certified 
stock solutions such as bought from the supplier Merck 

5.9.2 Selenium standard solution: 10ppm (10mg/l) – pipette 1000µl of the 
1000ppm stock standard into a 100ml volumetric flask. Make up to 
volume with standard solution hydrochloric acid (5.6) (The solution is 
stable for at least 3 months) 

5.9.3 Selenium calibration solutions: For the preparation of the five 
calibration solutions, take aliquots of 100µl, 500µl, 1000µl, 2500µl 
and 5000µl of the selenium standard solution (5.9.2) into 100ml flasks 
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and make up to mark with standard solution hydrochloric acid (stable 
for 3 months): 
Blank: pour Standard Soln HCL (5.9.2) into a 100ml volumetric flask 
up to mark. 
100µl standard in 100ml volumetric flask = 10ppb (ng/ml) 
500µl standard in 100ml volumetric flask = 50ppb (ng/ml) 
1000µl standard in 100ml volumetric flask = 100ppb (ng/ml) 
2500µl standard in 100ml volumetric flask = 250ppb (ng/ml) 
5000µl standard in 100ml volumetric flask = 500ppb (ng/ml) 

 
6 Safety/ precautionary measures 
6.1 A laboratory coat must be worn during the testing procedure. 
6.2 Gloves should be worn when handling acids. 
6.3 Observe the safety instructing for the safe handling and disposal of 

chemicals as specified in Material Safety Data Sheets for chemicals 
used in Biochemistry. 

 
7 Digestion Procedure 
7.1 Weigh out ±0.5000g to one decimal point, of dried homogenised liver 

into microwave pressure sample vessels.  Include an in-house liver 
control sample, LC2009 with each sample batch.  Three blank tubes 
consisting of 1ml of standard solution HCL (5.6), and three tubes for 
each standard containing 1ml of standard are also prepared with the 
samples. 

7.2 Set the water bath at 80°C (± 5°C) and switch ON.   
7.3 Add 5ml of nitric acid (5.2) and 2.5ml hydrogen peroxide (5.4) using 

reaction vessels of 100ml size.  The reaction vessels are locked and 
fixed in the microwave digestion system. 

7.4 Microwave Digestion procedure:  
Ramp to temp 15 minutes 
Hold at 200oC  20 minutes 

7.5 Remove the reaction vessels from the microwave system in an 
extractor hood and let them de-aerate carefully before opening.  

7.6 Place open vessels into water bath with a temperature of 80oC for 20 
minutes to degas the extraction solution by allowing the brown 
(nitrose) gases to pass off. 

7.7 Remove from water bath after 20 minutes is over and allow them to 
cool for a few minutes to room temperature, it is quantitatively 
transferred to a 25ml volumetric flask and filled up to the mark with 
deionised water. 

7.8 If measuring is not done immediately after extraction the test solution 
must be stored in adequate vessels to prevent loss or carryover of 
selenium. 
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8 Selenium reduction procedure  
8.1 Dilute 10ml of the test solution (7.7) into a 50ml flask, add 5ml 

hydrochloric acid (5.5) and heat for 20 minutes in a water bath at 80oC 
with opened flask. 

8.2 After cooling down to room temperature the flask is filled up with 
water. 
 

9 Spectrometer settings of the flow-injection hydride generation 
atomic absorption spectrometer (HGAAS) 

9.1 Recommended instrument settings as specified in operating manual of 
the manufacturer: 

9.1.1 Wavelength: 196.0 nm 
9.1.2 Bandpass: 1.0 nm  
9.1.3 Lamp Current 10.0 mA 
9.1.4 Flame Conditions lean flame 
9.1.5 Read time 9 seconds 
9.1.6 Replicates 3  
9.1.7 Calibration Conc least squares 
9.2 The HG3000 automatic hydride generator is a continuous flow vapour 

generation system.  It incorporates a peristaltic pump which 
continuously pumps sample (or rinse solution) and reagents into a 
mixing manifold. 
The mixed solution flows through a reaction coil where the metal 
hydride is formed and then into a gas-liquid separator where the 
hydride is removed from the bulk liquid using an inert carrier gas.  
The hydride is then fed into a fused quartz absorption cell which is 
mounted over the burner of the atomic absorption spectrophotometer 
(AAS). 

9.3 Switch the AAS on at least an hour before use to allow the instrument 
to warm up and stabilise. 

9.4 Select the selenium application method and optimise the lamp. 
9.5 Switch the HG3000 unit on and allow water to be pumped through the 

system in order to check that the peristaltic pump mechanism is 
operating properly. 

9.6 Zero the instrument with a blank sample.  At this stage it is important 
to make a note of whether the running concentration of the apparatus 
is not fluctuating erratically, as this is an indication of instrument 
stability and will effect results.  Only once the running concentration 
stabilises should calibration samples and test samples be measured on 
HGAAS. 

9.7 Ensure that inert gas flow is enabled. 
9.8 Insert appropriate feeder pipes into their respective reagent bottles 
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9.9 All measurements are pre-programmed to be taken in triplicate.  
Calibration samples are then read and the concentration of each is 
used to obtain calibration data in order to set up a calibration curve. 

9.10 The calibration curve derived from five known calibration samples, ( 
which were processed simultaneously with samples), is used calculate 
the concentration of selenium in each sample.. 

9.11 Each sample is then read and the concentration reported for each 
sample. 

 
10 Calculation 
10.1 To calculate the final concentration for the samples for reporting: The 

selenium mass fraction of the weighted test sample (Ws) is calculated 
according to the following formula 
Ws = (ct – cb) x V1 x V3 x D/(V2 x m x 1000) mg/kg (ppm) 
 
Where: 
 
ct  is the concentration of selenium in the test solution, µg/l; 
cb is the concentration of selenium in the blank solution, µg/l; 
m is the mass of the test portion, g; 
V1 is the volume of the test solution after microwave digestion 

procedure  (i.e. 25ml); 
V2 is the volume (aliquot) of the test solution after microwave 

digestion procedure (i.e. 10ml); 
V3 is the volume for pre-reduction step (i.e. 50ml); 
D is the dilution factor (i.e. 1 when no further dilution is 

done); 
1000 is the constant factor to calculate from selenium 

concentration expressed in ug/ml to ug/l. 
 
8 Quality control 
8.1 An internal liver control is run with every batch of samples.  An 

International Certified Reference Material sample is run on five 
research trial runs. 

 
9 Disposal 
9.1 Dispense waste into glass bottles and mark each clearly.  Waste is to 

be removed be waste removal company according to chemical waste 
regulations.  

  



Annexure 4: Research Standard Operating Procedure for Modified Selenium 
Analysis Process 

 

Faculty of Engineering: Department 
Quality 

Method for determination of selenium by 
hydride generation atomic absorption 

spectrometry (HGAAS) 
 

169 
 

10 References 
 
10.1 BSi Group Headquarters. 2010. Draft BS EN 16159 Animal feeding 

stuffs – Determination of selenium by hydride generation atomic 
absorption spectrometry (HGAAS) after microwave digestion 
(extraction with 65% nitric acid and 30% hydrogen peroxide. BSI 
Group Headquarters:London 

10.2 Koh, T. & Benson, T. H. 1983. Critical Re-appraisal of Fluorometric 
Method for Determination of Selenium in Biological Materials. 
Journal for the Association of Official Analytical Chemistry, 
66(4):918-926. 

10.3 GBC Scientific Equipment Pty Ltd. 1995. AA Hydride System 
HG3000, EHG3000 & MC3000 Operation & Service Manual. 
Published in-house: Australia 

 



 

170 
 

ANNEXURE 5

 



 

171 
 

 
  



 

172 
 

 
  



 

173 
 

 
  



 

174 
 

 
  



 

175 
 

 
  



 

176 
 

 
  



 

177 
 

 
  



 

178 
 

 
  



 

179 
 

 
  



 

180 
 

 
  



 

181 
 

 
  



 

182 
 

 
  



 

183 
 

 
  



 

184 
 

 
  



 

185 
 

 
  



 

186 
 

 
  



 

187 
 

 
  



 

188 
 

 
 



 

189 
 

ANNEXURE 6 

 

  



 

190 
 

ANNEXURE 7 

 

  



 

191 
 

 

  



 

192 
 

 

  



 

193 
 

 

  



 

194 
 

ANNEXURE 8

 

  



 

195 
 

 

  



 

196 
 

 

  



 

197 
 

 



 

198 
 

ANNEXURE 9A:Six Sigma: Learn about the Process (Source: Process 
Management International, 2009) 

FLOWCHART PROCESS

STREAMLINE AND 
STANDARDISE

AGREE CUSTOMER 
REQUIREMENTS

SELECT KEY MEASURES

DEFINE DATA COLLECTION

LISTEN TO THE VOICE OF THE 
PROCESS

Understand – 
1) Different types of data
2) Benefits of sampling
3)Various pitfalls in data collection

Understand -
1) Why measures are critical
2) Different types of measures
3) How to select useful measures

Define the purpose, major activities and 
responsibilities within a process to suggest 

improvement activities

Understand the importance of the voice of 
the customer in guiding improvement 

efforts

Standardise the current process to remove 
obvious sources of variation and waste

Understand -
1) Different types of variation and their 
importance
2) Role of control charts
3) How to react to different types of 
variation

Learn about the 
Process

Objectives
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ANNEXURE 9B:Six Sigma: Learn about the Process (Source: Process 
Management International, 2009) 

PROCESS 
DEFINITION

Purpose Outputs Suppliers and 
Inputs

Flowchart

Systematic

Listening to the 
Voice of the Process

Organisation 
requirement

Listening to the 
Voice of the 
Customer

Expected.....Wanted

Selecting Measures

Results......Process

Collecting Data

Variables, preferred to 
attributes

Analytic......Enumerative 

Matrix

Data Collect

Control 
chartHistogramRun chart

Structured Approach to 
learning about a Process
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ANNEXURE 10: Value Stream Map of Future State Selenium Analysis Process (Source: Own Source) 

Reliable Selenium 
Process Results

Microwave digestion under 
controlled supervision during 

procedure

Sample digestion

Microwave prepared samples 
may be stored in 4oC fridge 

Sample preparation 
for Detection

Reporting
With microwave digestion, 
Hydride Generation is only 
possible detection method

Selenium Detection

Samples may be processed 
immediately

Work in progress: 
Sample waiting

Sample Reception

VAT: 4 HRS

NVAT: 0 HRSCT: 4 HRS

FIFO

FIFO

Varies weekly

NVAT 0 HRS

EFF: 100%

Max Capability 30 

samples daily

NVAT 2 hrs

EFF: 66.6%

Max Capability 30 

samples daily

NVAT 1 hrs

EFF: 100 %

VAT: 2 HRS

NVAT: 1 HRCT: 3 
HRS

VAT: 1 HR

NVAT: 0 HRSCT: 1 HR

VAT: 1 HR

NVAT: 0 HRSCT: 1 
HR

VAT: 1 HR

NVAT: 0 HRSCT: 1 
HR

Max Capability 60 

samples weekly

NVAT 0 hr

EFF: 100%

Reporting done 

within 24hrs

LIMS

NVAT: 0hr

EFF: 100%

Management 
Control

More than 300  Samples 

processed Monthly

CT: 10 hrs

NVAT: 1 hrs

VAT: 9 hrs

EFF: 90%

DAILY

CT: Cycle time

VAT: Value added time

NVAT: Non value added 

time

Efficiency: EFF = VAT/CT

FIFO: First in first out
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ANNEXURE 11A: Current State Selenium Process Run, 8 June 2011 
 
------------------------- 
Fl Concentration results 
Generated on 06-08-2011 
at time 15:39:14 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.06.08.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    1.368   19.064     1.00 
10ppb   10.000    1.872   19.064     1.00 
10ppb   10.000   -1.191   19.064     1.00 
50ppb   50.000    5.089   19.064     1.00 
50ppb   50.000    5.805   19.064     1.00 
50ppb   50.000    5.990   19.064     1.00 
100ppb  100.000   14.410   19.064     1.00 
100ppb  100.000   14.075   19.064     1.00 
100ppb  100.000   14.297   19.064     1.00 
250ppb  250.000   43.163   19.064     1.00 
250ppb  250.000   40.814   19.064     1.00 
250ppb  250.000   38.765   19.064     1.00 
500ppb  500.000   88.765   19.064     1.00 
500ppb  500.000   83.676   19.064     1.00 
500ppb  500.000   83.391   19.064     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.175 x + -2.454 
Correlation  0.9985 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC2009  145.632   22.997   16.479     1.00 liver  
1   55.417    7.231   16.479     1.00 liver  
2  124.775   19.352   16.479     1.00 liver  
3  136.133   21.337   16.479     1.00 liver  
4  151.309   23.989   16.479     1.00 liver  
5 1434.881  248.305   16.479     1.00 liver  
6  149.197   23.620   16.479     1.00 liver  
7  667.768  114.245   16.801     1.00 liver  
8   90.122   13.296   16.479     1.00 liver  
9  169.705   27.204   16.801     1.00 liver  
10  139.286   21.888   16.801     1.00 liver  
x 1417.445  245.258   16.801     1.00 liver  
xx  637.137  108.892   16.801     1.00 liver  
blank   32.448    3.217   16.801     1.00 standards  
10ppm   21.330    1.274   16.801     1.00 standards  
50ppm   62.169    8.411   16.801     1.00 standards  
100ppm  110.996   16.944   16.801     1.00 standards  
250ppm  248.551   40.983   16.801     1.00 standards  
5000ppm  555.018   94.541   16.801     1.00 standards   
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ANNEXURE 11B: Current State Selenium Process Run, 14 June 2011 
 
------------------------- 
Fl Concentration results 
Generated on 06-14-2011 
at time 16:28:54 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.06.14.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    0.434   16.722     1.00 
10ppb   10.000    0.529   16.722     1.00 
10ppb   10.000    0.387   16.722     1.00 
50ppb   50.000    2.402   16.722     1.00 
50ppb   50.000    2.735   16.722     1.00 
50ppb   50.000    2.527   16.722     1.00 
100ppb  100.000    6.111   16.722     1.00 
100ppb  100.000    6.159   16.722     1.00 
100ppb  100.000    6.778   16.722     1.00 
250ppb  250.000   14.912   16.722     1.00 
250ppb  250.000   15.661   16.722     1.00 
250ppb  250.000   14.874   16.722     1.00 
500ppb  500.000   29.609   16.722     1.00 
500ppb  500.000   29.991   16.722     1.00 
500ppb  500.000   30.184   16.722     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.06 x + -0.083 
Correlation  0.9994 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC2009  149.062    8.901   16.852     1.00 liver  
1 trial   45.844    2.680   16.852     1.00 liver  
2 trial  131.226    7.826   16.852     1.00 liver  
3 trial  147.021    8.778   16.852     1.00 liver  
4 trial  135.954    8.111   16.852     1.00 liver  
5 trial 1805.339  108.726   16.852     1.00 liver  
6 trial  161.356    9.642   16.852     1.00 liver  
7 trial  785.308   47.248   16.852     1.00 liver  
8 trial   49.412    2.895   16.852     1.00 liver  
9 trial  188.733   11.292   16.852     1.00 liver  
10 trial  293.693   17.618   16.852     1.00 liver   
BL   22.649    1.282   16.852     1.00 blood  
10   37.532    2.179   16.852     1.00 blood  
50   77.352    4.579   16.852     1.00 blood  
100  139.837    8.345   16.852     1.00 blood  
250  328.967   19.744   16.852     1.00 blood  
500  630.141   37.896   16.852     1.00 blood  
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ANNEXURE 11C: Current State Selenium Process Run, 21 June 2011 
 
------------------------- 
Fl Concentration results 
Generated on 06-21-2011 
at time 15:50:52 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.06.21.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    2.006   16.121     1.00 
10ppb   10.000    2.045   16.121     1.00 
10ppb   10.000    1.884   16.121     1.00 
50ppb   50.000    8.899   16.121     1.00 
50ppb   50.000    8.937   16.121     1.00 
50ppb   50.000    8.704   16.121     1.00 
100ppb  100.000   17.563   16.121     1.00 
100ppb  100.000   17.472   16.121     1.00 
100ppb  100.000   17.852   16.121     1.00 
250ppb  250.000   43.611   16.121     1.00 
250ppb  250.000   44.962   16.121     1.00 
250ppb  250.000   45.031   16.121     1.00 
500ppb  500.000   89.496   16.121     1.00 
500ppb  500.000   88.963   16.121     1.00 
500ppb  500.000   90.119   16.121     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.179 x + -0.072 
Correlation  0.9999 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC  134.694   24.036   16.768     1.00 liver  
1   45.350    8.045   16.768     1.00 liver  
2  122.235   21.806   16.768     1.00 liver  
3  136.303   24.324   16.768     1.00 liver  
4  130.811   23.341   16.768     1.00 liver  
5 1458.633  260.997   16.768     1.00 liver  
6  135.007   24.092   16.768     1.00 liver  
7  629.917  112.672   16.768     1.00 liver  
8   58.289   10.361   16.768     1.00 liver  
9  170.753   30.490   16.768     1.00 liver  
10  264.562   47.280   16.768     1.00 liver  
x  134.320   23.969   16.768     1.00 liver  
xx  132.448   23.634   16.768     1.00 liver  
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ANNEXURE 11D: Current State Selenium Process Run, 29 June 2011 
 
------------------------- 
Fl Concentration results 
Generated on 06-29-2011 
at time 16:20:23 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.06.29.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    1.522   15.892     1.00 
10ppb   10.000    1.578   15.892     1.00 
10ppb   10.000    1.639   15.892     1.00 
50ppb   50.000    9.038   15.892     1.00 
50ppb   50.000    8.849   15.892     1.00 
50ppb   50.000    8.589   15.892     1.00 
100ppb  100.000   18.949   15.892     1.00 
100ppb  100.000   19.437   15.892     1.00 
100ppb  100.000   19.892   15.892     1.00 
250ppb  250.000   45.971   15.892     1.00 
250ppb  250.000   44.418   15.892     1.00 
250ppb  250.000   46.724   15.892     1.00 
500ppb  500.000   95.604   15.892     1.00 
500ppb  500.000   94.773   15.892     1.00 
500ppb  500.000   87.928   15.892     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.185 x + -0.095 
Correlation  0.9987 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC 2009  118.535   21.890   15.592     1.00 liver  
1   51.182    9.398   15.592     1.00 liver  
2  126.887   23.439   15.592     1.00 liver  
3  138.070   25.513   15.592     1.00 liver  
4  128.219   23.686   15.592     1.00 liver  
5 1471.848  272.888   15.592     1.00 liver  
6  134.360   24.825   15.592     1.00 liver  
7  613.744  113.736   15.592     1.00 blood  
8   59.706   10.979   15.592     1.00 blood  
9  169.671   31.374   15.592     1.00 blood  
10  269.207   49.835   15.592     1.00 blood  
x  120.697   22.291   15.592     1.00 liver  
xx  119.436   22.057   15.592     1.00 liver  
LC Renee  119.743   22.114   15.592     1.00 liver  
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ANNEXURE 11E: Current State Selenium Process Run, 5 July 2011 
 
------------------------- 
Fl Concentration results 
Generated on 07-05-2011 
at time 17:11:24 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.07.05.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    1.796   22.987     1.00 
10ppb   10.000    1.507   22.987     1.00 
10ppb   10.000    0.601   22.987     1.00 
50ppb   50.000    8.245   22.987     1.00 
50ppb   50.000    8.088   22.987     1.00 
50ppb   50.000    8.485   22.987     1.00 
100ppb  100.000   17.139   22.987     1.00 
100ppb  100.000   20.462   22.987     1.00 
100ppb  100.000   17.338   22.987     1.00 
250ppb  250.000   47.281   22.987     1.00 
250ppb  250.000   49.328   22.987     1.00 
250ppb  250.000   46.796   22.987     1.00 
500ppb  500.000   94.143   22.987     1.00 
500ppb  500.000   94.671   22.987     1.00 
500ppb  500.000   95.465   22.987     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.192 x + -0.793 
Correlation  0.9996 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC 2009  120.477   22.298   21.815     1.00 liver  
1   55.630    9.869   21.815     1.00 liver  
2  121.364   22.468   21.815     1.00 liver  
3  147.113   27.403   21.815     1.00 liver  
4  132.003   24.507   21.815     1.00 liver  
5 1419.938  271.358   21.815     1.00 liver  
6  146.419   27.270   21.815     1.00 liver  
7  643.825  122.605   21.815     1.00 liver  
8   55.165    9.780   21.815     1.00 liver  
9  166.522   31.123   21.815     1.00 liver  
10  256.424   48.354   21.815     1.00 liver   
Std10  -13.429   -3.367   21.815     1.00 blood  
Std50   19.160    2.879   21.815     1.00 blood  
Std100   64.531   11.575   21.815     1.00 blood  
Std250  221.305   41.623   21.815     1.00 blood  
Std500  460.186   87.408   21.815     1.00 blood  
x   95.126   17.439   21.815     1.00 blood  
xx   93.268   17.083   21.815     1.00 blood  
  



 

206 
 

ANNEXURE 11F: Current State Selenium Process Run, 12 July 2011 
 
------------------------- 
Fl Concentration results 
Generated on 07-12-2011 
at time 15:34:36 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.07.12.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    1.596   16.470     1.00 
10ppb   10.000    1.489   16.470     1.00 
10ppb   10.000    1.919   16.470     1.00 
50ppb   50.000    8.634   16.470     1.00 
50ppb   50.000    9.238   16.470     1.00 
50ppb   50.000    8.630   16.470     1.00 
100ppb  100.000   18.832   16.470     1.00 
100ppb  100.000   17.989   16.470     1.00 
100ppb  100.000   18.027   16.470     1.00 
250ppb  250.000   43.326   16.470     1.00 
250ppb  250.000   43.356   16.470     1.00 
250ppb  250.000   46.381   16.470     1.00 
500ppb  500.000   86.236   16.470     1.00 
500ppb  500.000   87.869   16.470     1.00 
500ppb  500.000   84.272   16.470     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.172 x + 0.525 
Correlation  0.9994 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC 2009  131.522   23.164   16.266     1.00 liver  
1   45.496    8.356   16.266     1.00 liver  
2  126.480   22.296   16.266     1.00 liver  
3  121.048   21.361   16.266     1.00 liver  
4  135.972   23.930   16.266     1.00 liver  
5 1405.282  242.421   16.266     1.00 liver  
6  141.555   24.891   16.266     1.00 liver  
7  601.012  103.979   16.266     1.00 liver  
8   66.305   11.938   16.266     1.00 liver  
9  184.214   32.234   16.266     1.00 liver  
10  236.818   41.289   16.266     1.00 liver  
x  129.541   22.823   16.266     1.00 blood  
xx  128.548   22.652   16.266     1.00 blood  
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ANNEXURE 11G: Current State Selenium Process Run, 21 July 2011 
 
------------------------- 
Fl Concentration results 
Generated on 07-21-2011 
at time 16:56:40 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.07.21.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    0.822   18.669     1.00 
10ppb   10.000    0.729   18.669     1.00 
10ppb   10.000    0.930   18.669     1.00 
50ppb   50.000    8.805   18.669     1.00 
50ppb   50.000    8.904   18.669     1.00 
50ppb   50.000    8.727   18.669     1.00 
100ppb  100.000   17.330   18.669     1.00 
100ppb  100.000   17.782   18.669     1.00 
100ppb  100.000   17.873   18.669     1.00 
250ppb  250.000   49.947   18.669     1.00 
250ppb  250.000   47.140   18.669     1.00 
250ppb  250.000   46.827   18.669     1.00 
500ppb  500.000   96.126   18.669     1.00 
500ppb  500.000   99.309   18.669     1.00 
500ppb  500.000   96.953   18.669     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.198 x + -1.403 
Correlation  0.9996 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC 2009  124.864   23.261   18.156     1.00 liver  
LC2009 2  155.710   29.354   18.156     1.00 liver  
CRM   67.449   11.920   18.156     1.00 liver  
1   48.651    8.207   18.156     1.00 liver  
2  130.483   24.371   18.156     1.00 liver  
3  127.972   23.875   18.156     1.00 liver  
4  128.731   24.025   18.156     1.00 liver  
5 1388.027  272.769   18.156     1.00 liver  
6  134.427   25.150   18.156     1.00 liver  
7  591.596  115.453   18.156     1.00 liver  
8   56.584    9.774   18.156     1.00 liver  
9  164.403   31.071   18.156     1.00 liver   
10  252.082   48.390   18.156     1.00 liver  
x  123.887   23.068   18.156     1.00 blood  
xx   68.000   12.029   18.156     1.00 blood  
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ANNEXURE 11H: Current State Selenium Process Run, 29 July 2011 
 
------------------------- 
Fl Concentration results 
Generated on 07-29-2011 
at time 14:51:08 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.07.29.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    1.913   17.621     1.00 
10ppb   10.000    1.918   17.621     1.00 
10ppb   10.000    1.483   17.621     1.00 
50ppb   50.000   10.478   17.621     1.00 
50ppb   50.000    9.583   17.621     1.00 
50ppb   50.000   10.371   17.621     1.00 
100ppb  100.000   21.315   17.621     1.00 
100ppb  100.000   18.764   17.621     1.00 
100ppb  100.000   21.139   17.621     1.00 
250ppb  250.000   51.916   17.621     1.00 
250ppb  250.000   50.878   17.621     1.00 
250ppb  250.000   47.563   17.621     1.00 
500ppb  500.000   96.018   17.621     1.00 
500ppb  500.000   94.267   17.621     1.00 
500ppb  500.000   95.390   17.621     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.19 x + 0.872 
Correlation  0.9991 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC 2009  113.010   22.394   17.682     1.00 liver  
CRM   53.287   11.020   17.682     1.00 liver  
1   43.579    9.171   17.682     1.00 liver  
2  121.500   24.011   17.682     1.00 liver  
3  113.419   22.472   17.682     1.00 liver  
4  128.179   25.283   17.682     1.00 liver  
5 1390.454  265.681   17.682     1.00 liver  
6  141.710   27.860   17.682     1.00 liver  
7  657.011  125.998   17.682     1.00 liver  
8   47.559    9.929   17.682     1.00 liver  
9  131.104   25.840   17.682     1.00 liver  
10  257.753   49.960   17.682     1.00 liver  
x  106.567   21.167   17.959     1.00 blood  
xx   74.800   15.117   17.959     1.00 blood  
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ANNEXURE 11I: Current State Selenium Process Run, 3 August 2011 
 
------------------------- 
Fl Concentration results 
Generated on 08-03-2011 
at time 14:41:33 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.08.03.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    1.901   16.575     1.00 
10ppb   10.000    1.638   16.575     1.00 
10ppb   10.000    2.064   16.575     1.00 
50ppb   50.000    9.134   16.575     1.00 
50ppb   50.000   10.648   16.575     1.00 
50ppb   50.000    8.962   16.575     1.00 
100ppb  100.000   17.525   16.575     1.00 
100ppb  100.000   17.897   16.575     1.00 
100ppb  100.000   18.837   16.575     1.00 
250ppb  250.000   46.513   16.575     1.00 
250ppb  250.000   44.945   16.575     1.00 
250ppb  250.000   46.681   16.575     1.00 
500ppb  500.000   92.688   16.575     1.00 
500ppb  500.000   96.532   16.575     1.00 
500ppb  500.000   84.928   16.575     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.183 x + 0.159 
Correlation  0.9976 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC 2009  133.749   24.582   16.436     1.00 liver  
CRM   53.499    9.928   16.436     1.00 liver  
1   50.120    9.311   16.436     1.00 liver  
2  143.562   26.374   16.436     1.00 liver  
3  136.482   25.081   16.436     1.00 liver  
4  135.551   24.911   16.436     1.00 liver  
5 1382.858  252.675   16.436     1.00 liver  
6  136.920   25.161   16.436     1.00 liver  
7  604.422  110.529   16.436     1.00 liver  
8   84.583   15.604   16.436     1.00 liver  
9  174.164   31.962   16.436     1.00 liver  
10  250.827   45.961   16.436     1.00 liver  
x  129.466   23.800   16.897     1.00 liver  
xx   48.926    9.093   16.897     1.00 liver  
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ANNEXURE 11J: Current State Selenium Process Run, 11 August 2011 
 
------------------------- 
Fl Concentration results 
Generated on 08-11-2011 
at time 16:54:17 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.08.11.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    2.183   16.726     1.00 
10ppb   10.000    1.969   16.726     1.00 
10ppb   10.000    2.142   16.726     1.00 
50ppb   50.000    9.762   16.348     1.00 
50ppb   50.000   10.757   16.348     1.00 
50ppb   50.000    9.434   16.726     1.00 
100ppb  100.000   18.737   16.348     1.00 
100ppb  100.000   19.033   16.348     1.00 
100ppb  100.000   22.128   16.348     1.00 
250ppb  250.000   46.657   16.348     1.00 
250ppb  250.000   48.551   16.348     1.00 
250ppb  250.000   47.821   16.348     1.00 
500ppb  500.000   92.113   16.348     1.00 
500ppb  500.000   89.510   16.348     1.00 
500ppb  500.000   96.767   16.348     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.185 x + 0.912 
Correlation  0.9987 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC 2009  140.134   26.777   16.828     1.00 liver  
LC2009 2  126.974   24.348   17.267     1.00 liver  
Feed Contro   40.725    8.429   16.828     1.00 feed  
Feed CRM   25.625    5.642   16.828     1.00 feed  
CRM   50.515   10.236   16.828     1.00 liver  
1   43.054    8.859   16.828     1.00 liver  
2  124.812   23.949   16.828     1.00 liver  
3  130.452   24.990   16.828     1.00 liver  
4  132.944   25.450   16.828     1.00 liver  
5 1383.993  256.357   16.828     1.00 liver  
6  123.425   23.693   16.666     1.00 liver  
7  636.594  118.409   16.666     1.00 liver  
8   60.495   12.078   16.666     1.00 liver  
9  162.813   30.963   16.666     1.00 liver  
10  260.538   49.000   16.666     1.00 liver   
x  128.133   24.562   17.267     1.00 liver  
xx  110.210   21.254   17.267     1.00 liver  
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ANNEXURE 11K: Current State Selenium Process Run, 16 August 2011 
 
------------------------- 
Fl Concentration results 
Generated on 08-16-2011 
at time 17:40:55 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.08.16.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    2.099   16.821     1.00 
10ppb   10.000    1.929   16.821     1.00 
10ppb   10.000    1.536   16.821     1.00 
50ppb   50.000    9.680   16.821     1.00 
50ppb   50.000   10.441   16.821     1.00 
50ppb   50.000    8.556   16.821     1.00 
100ppb  100.000   18.168   16.821     1.00 
100ppb  100.000   18.382   16.821     1.00 
100ppb  100.000   22.166   16.821     1.00 
250ppb  250.000   49.791   16.821     1.00 
250ppb  250.000   48.137   16.821     1.00 
250ppb  250.000   48.497   16.821     1.00 
500ppb  500.000   98.889   16.821     1.00 
500ppb  500.000   96.730   16.821     1.00 
500ppb  500.000   98.313   16.821     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.196 x + -0.154 
Correlation  0.9996 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC 2009  145.480   28.389   16.368     1.00 liver  
1   74.761   14.514   16.368     1.00 liver  
2  139.206   27.158   16.368     1.00 liver  
3  145.439   28.381   16.368     1.00 liver  
4  159.109   31.063   16.368     1.00 liver  
5 1230.140  241.200   16.368     1.00 liver  
6  153.319   29.927   16.368     1.00 liver  
7  572.645  112.199   16.368     1.00 liver  
8   70.108   13.601   16.368     1.00 liver  
9  114.017   22.216   16.368     1.00 liver  
10   73.829   14.331   16.368     1.00 liver  
x  154.104   30.081   16.368     1.00 liver  
xx  152.728   29.811   16.368     1.00 liver  
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ANNEXURE 11L: Current State Selenium Process Run, 24 August 2011 
 
------------------------- 
Fl Concentration results 
Generated on 08-24-2011 
at time 16:11:21 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.08.23.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    2.137   17.565     1.00 
10ppb   10.000    3.481   17.565     1.00 
10ppb   10.000    2.311   17.565     1.00 
50ppb   50.000   11.332   17.565     1.00 
50ppb   50.000   10.607   17.565     1.00 
50ppb   50.000   10.621   17.565     1.00 
100ppb  100.000   22.001   17.565     1.00 
100ppb  100.000   21.225   17.565     1.00 
100ppb  100.000   22.510   17.565     1.00 
250ppb  250.000   55.261   17.565     1.00 
250ppb  250.000   53.803   17.565     1.00 
250ppb  250.000   54.323   17.565     1.00 
500ppb  500.000   96.966   17.565     1.00 
500ppb  500.000   97.600   17.565     1.00 
500ppb  500.000   95.438   17.565     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.193 x + 2.204 
Correlation  0.9979 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC 2009  123.850   26.092   16.271     1.00 liver  
CRM   44.234   10.736   16.271          1.00 liver  
Sample 1  130.113   27.300   17.441     1.00 liver  
Sample 2  125.996   26.506    16.271      1.00 liver  
Sample 3  124.716   26.259    16.271          1.00 liver  
Sample 4  130.460   27.367    16.271     1.00 liver  
Sample 5  1456.350  283.099   16.271     1.00 liver  
Sample 6  198.774   40.543   16.271     1.00 liver  
Sample 7  684.309  134.191   16.271     1.00 liver  
Sample 8   62.199   14.201   16.271     1.00 liver  
Sample 9  125.359   26.383   16.271     1.00 liver  
Sample 10  248.106   50.058    16.271     1.00 liver  
x  129.035   27.092   16.271     1.00   
xx   49.636   11.778   16.271     1.00   
  



 

213 
 

ANNEXURE 11M: Current State Selenium Process Run, 29 August 2011 
 
------------------------- 
Fl Concentration results 
Generated on 08-29-2011 
at time 15:18:11 
------------------------- 
************************************************************ 
Measurement conditions 
Method:               C:\FLWINLAB\METHODS\ExistingProcess11.08.29.mth 
Analyst:               
Comments:             Default concentration method 
------------------------------------------------------------ 
Ex. wavelength (nm):  375 
Em. wavelength (nm):  520 
Ex. slit (nm):        10.0 
Em. slit (nm):        10.0 
Integration time (s): 1.00 
Em. filter:           open 
 
Sipper parameters: 
Pump time(s):   8.0 
Delay time(s):  1.0 
Purge time(s):  0.0 
Purge direction forwards 
************************************************************ 
Reference sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor 
    (ppb) 
------------------------------------------------------------ 
10ppb   10.000    2.043   16.005     1.00 
10ppb   10.000    1.896   16.005     1.00 
10ppb   10.000    1.678   16.005     1.00 
50ppb   50.000   10.056   16.005     1.00 
50ppb   50.000    9.605   16.005     1.00 
50ppb   50.000    8.987   16.005     1.00 
100ppb  100.000   17.333   16.005     1.00 
100ppb  100.000   18.163   16.005     1.00 
100ppb  100.000   18.339   16.005     1.00 
250ppb  250.000   44.008   16.005     1.00 
250ppb  250.000   42.683   16.005     1.00 
250ppb  250.000   42.434   16.005     1.00 
500ppb  500.000   94.393   16.005     1.00 
500ppb  500.000   93.685   16.005     1.00 
500ppb  500.000   89.212   16.005     1.00 
------------------------------------------------------------ 
Fit equation: 
Y = 0.184 x + -0.43 
Correlation  0.9987 
************************************************************ 
Unknown sample results 
------------------------------------------------------------ 
Std# Conc*Fact   Intens.    BG   Factor Info 
    (ppb) 
------------------------------------------------------------ 
LC 2009  114.887   20.652   15.634     1.00 liver  
CRM   45.123    7.850   15.634     1.00 liver  
Sample 1   47.200    8.231   15.634     1.00 liver  
Sample 2  129.251   23.288   15.634     1.00 liver  
Sample 3  133.856   24.133   15.634     1.00 liver  
Sample 4  135.840   24.497   15.634     1.00 liver  
Sample 5  1331.610  243.928   15.634     1.00 liver  
Sample 6  125.709   22.638   15.634     1.00 liver  
Sample 7  619.824  113.311   15.634     1.00 liver  
Sample 8   51.734    9.063   15.634     1.00 liver  
Sample 9  173.681   31.441   15.634     1.00 liver  
Sample 10  233.875   42.487   15.634     1.00 liver  
x  115.563   20.776   15.801     1.00   
xx   44.399    7.717   15.801     1.00   
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ANNEXURE 12: Data Analysis Calculations 

Chapter 5.5.1 Total Regression Analysis Summary: Average of all standard 
calibration curves 

 
SUMMARY OUTPUT 

        

          
Regression Statistics 

        
Multiple R 0.999978 

        
R Square 0.999956 

        
Adjusted R Square 0.999941 

        
Standard Error 1.532624 

 
4.597871 

      
Observations 5 

        

          
ANOVA 

         
  df SS MS F 

Significance 
F 

    
Regression 1 159473 159473 67891.59 1.25E-07 

    
Residual 3 7.046805 2.348935 

      
Total 4 159480       

    

          
  Coefficients 

Standard 
Error t Stat P-value Lower 95% 

Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

 
Intercept 0.362516 0.97762 0.370815 0.735412 -2.74871 3.473739 -2.74871 3.473739 

 
X Variable 1 5.6741 0.021777 260.5602 1.25E-07 5.604797 5.743402 5.604797 5.743402 

  
Table 5.4  Linearity 
 

r2 0.9999 and r 0.9999 indicates good positive linearity 
F-ANOVA = 67891.59.  Large number implies significant linearity. 
 
Regression Equation: y = bx + a 
a = 0.362516 
b = 5.6741 
Thus: y = 5.6741x + 0.362516 

 
Total Regression Analysis: Average Calibration Curve Readings 
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Table 5.4 Calibration uncertainties: 
 
 Sy/x = random calibration uncertainties 
 Sy/x = 1.532624 
 
 Sb = uncertainties in slope 
 Sb = 0.021777 
 
 Sa = uncertainties in intercept 
 Sa = 0.97762 
 

Both Sb and Sa ‹ Sy/x.  This indicates good general precision. 
Sa/Sb = 44.89.  This provides an indication that the range of standards 
requires more standards on the lower end of the calibration curve. 
Sa‹ Sb provides an indication the extent of the range of standards is sufficient. 

 
Table 5.4. Calibration uncertainties 
 

Determination of the significance of standard error (Sy/x) of regression 
 
f-test for variance in standard curve and variance of CRM 

fcalc  = 
�𝑆𝑦 𝑥⁄ �2

𝜎𝐶𝑅𝑀2  

 = 8.532

1.532
 = 29.99~ 30→ 

fcrit = 7.146 
 
fcalc › fcrit thus there is significant evidence to reject the null hypothesis which 
states residuals are dispersed by random error. 
 
Residuals are more widely dispersed than can be accounted for by random 
error.  This could be evidence of non-linearity.  Thus systematic error is 
present in the analytical process. 

 
Uncertainty in slope: 0.021777 (Given by ANOVA) 

 
Uncertainty in intercept: 0.97762 (Given by ANOVA) 

 
Confidence limits in x intercept (b) at 95% confidence 
 
CL of b: b ± tcritSb  
CL of b: 5.6741 ± (3.18 x 0.021777) 
CL of b: 5.6741 ± 0.0693 

 
Confidence limits in y intercept (a) at 95% confidence 
 
CL of a: a ± tcritSa  
CL of a: 0.3625 ± (3.18 x 0.97762) 
CL of a: 0.3625 ± 3.1089 
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Table 5.4 Limit of detection: Instrument Response (LOD Y intercept: Minimum 
Limit of detection according to ISO 11843 Method) 

 

 Ylod = a + 3Sy/x 

 Ylod = 0.3625 + (3 x 1.532624) 
 Ylod = 0.3625 + (4.497872) 
 Ylod = 4.960388 ~ 4.96 → 
 
Table 5.4 Limit of detection: Analyte Concentration (LOD X intercept: 

Minimum Limit of detection according to ISO 11843 Method) 
 

Xlod = 𝑌𝑙𝑜𝑑−𝑎
𝑏

 

 Xlod = (𝑎+ 3𝑆𝑦 𝑥⁄ )− 𝑎
𝑏

 

 Xlod = 4.9603−0.3625
5.6741

 

 Xlod = 4.5978
5.6741

 
 Xlod = 0.810313529 ~ 0.81 → 
 

Therefore this method could only detect selenium concentrations larger than 
0.81ppb.  All selenium concentrations detected were far above this value. 

 
Table 5.4 Limit of Quantitation (LOQ Y intercept: Minimum Limit considered 

satisfactory for quantitative analysis) 
 
 Yloq = a + 10Sy/x 

 Ylod = 0.3625 + (10 x 1.532624) 
 Ylod = 0.3625 + (15.32624) 
 Ylod = 15.68874 ~ 15.69 → 
 
Table 5.4 Limit of Quantitation (LOQ X intercept: Minimum Limit considered 

satisfactory for quantitative analysis) 
 

Xloq = 𝑌𝑙𝑜𝑞−𝑎
𝑏

 

 Xloq = (𝑎+ 10𝑆𝑦 𝑥⁄ )− 𝑎
𝑏

 

 Xloq = 15.68874−0.3625
5.6741

 

 Xloq = 15.32624
5.6741

 
 Xlod = 2.701087397 ~ 2.70 → 
 

Therefore this method could only quantify selenium concentrations larger 
than 2.70ppb.  All selenium concentrations observed were far above this 
value  

 
Table 5.4 Calibration sensitivity 
 

b = 5.6741≠ 0 
The method can thus be said to be calibration sensitive to selenium 
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Table 5.4 Calibration Sensitivity 
 

Analytical sensitivity 
 Cs = 𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎𝑛𝑎𝑙𝑦𝑡𝑒
 

 Cs = 5.6741 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑢𝑛𝑖𝑡𝑠
1𝑝𝑝𝑏

 
 Cs = 5.6741 abs units/ppb 
 
 
 Inverse analytical sensitivity 
 Sc = 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎𝑛𝑎𝑙𝑦𝑡𝑒

𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒
 

 Sc = 1𝑝𝑝𝑏
5.6741 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑢𝑛𝑖𝑡𝑠

 
 Sc = 0.176239401~ 0.18 ppb/abs units→ 
 Current state selenium analysis method is thus said is responsive in the region 

0.18ppb of analyte concentration, for each change in instrument response 
units given by the apparatus. 

 
 
Chapter 5.5.2 CRM Calculations 
 
Table 5.5 Accuracy and Uncertainty of CRM 

 

95% CL and CI 

 For unknown population ơ: 

𝑥̅ ±  
𝑡𝑠
√𝑛

 

Where t is obtained from t-table, df: n-1 at 95% confidence level. 

Tcrit = 2.57 

0.5235 ± 2.57 𝑥 0.083861
√6

 

0.5235 ± 0.21552277
√6

 

 0.5235 ± 0.087986802 ~0.0880  

 0.5235 ± 0.09→ 

 

 The current state selenium analysis process is therefore said to provide 

average measurements for known CRM of 0.52 ± 0.09.  The true value of the 

CRM is 0.56 ± 0.07. 
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Chapter 5.5.3 Precision, Bias and Horrat Analysis 

 

Precision of CRM 

%RSD (Relative Standard Deviation) = �𝑆𝐷
𝑥̅
�.100 

%RSD = �0.083861
0.5235

� . 100 

%RSD = [0.160192932].100 

%RSD = 16.01929322 ~ 16.02% → 

The current state selenium analysis process is 16.02% imprecise 

 

Analytical Bias 

% Bias = �𝓍̅ − 𝜇
𝜇
�.100 

% Bias = �0.5235 – 0.56
0.56

�.100 

% Bias = -6.517857143 ~ -6.52% → 

The current state selenium analysis process has a consistent -6.5% deviation 

from the true value. 

 

 Horwitz function based on CRM RSD 

 HORRAT = RSDobs / RSDcalc 

Conversion of CRM mean to percentage: 52.35pmm x 0.0001 = 0.005235% 

Conversion to relative amount required by Horwitz function: 0.005235%
100

 

RSDcalc = ± 2(1-0.5logC) 

RSDcalc = ± 2(1-0.5log0.00005235) 

RSDcalc = ± 23.14 

RSDcalc = ± 8.818551213 ~ 8.82→ 

HORRAT  = RSDobs / RSDcalc 

= 16.02
8.82

 = 1.820454545 ~ 1.82→ 
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The horrat ratio based purely on CRM measurements obtained for the 

selenium analysis process is calculated at 1.82% 

 

 Horwitz function based on overall process RSD 

HORRAT = RSDobs / RSDcalc 

Analysis of data obtained from all samples processed provided an overall 

process RDS at 18,43472 ~ 18.43% (Annexure 14) 

CRM used as relative amount required by Horwitz function as calculated 

above: 

RSDcalc = ± 8.818551213 ~ 8.82→ 

HORRAT  = RSDobs / RSDcalc 

= 18.43
8.82

 = 2.089569161 ~ 2.09→ 

The horrat ratio based on overall process performance from sample 

measurements for the selenium analysis process is calculated at 2.09% 

 

Chapter 5.5.6 Total Analytical Uncertainty 

 

 Uncertainty ∆𝑇𝐸 

𝑠𝑥0 =  
𝑠𝑦 𝑥⁄

𝑏
 �

1
𝑚

+  
1
𝑛

+ 
(𝑦0 − 𝑦� )2

𝑏2 ∑(𝑥𝑖 −  𝑥̅)2 

 

𝑠𝑥0 =  
1.532624

5.671
 �

1
13

+ 
1
5

+ 
(52.35 − 32.0116831 )2

5.6712(159480)
 

 
𝑠𝑥0 =  0.270108739√0.277004586 

 
𝑠𝑥0 =  0.142161538 ~ 0.14 → 

 
Where: 
 b is the slope 5.6741 as given by regression statistics 
𝑠𝑦 𝑥⁄  is 1.532624 as given by regression statistics 
𝑦0 is the response in the unknown 
𝑦� is mean response obtained from standard calibration curve samples 
∑(𝑥𝑖 −  𝑥̅)2 is 159480 obtained from: 
 
Standard Difference 𝑥̅2 
10 -172 29584 
50 -132 17424 
100 -82 6724 
250 68 4624 
500 318 101124 
Ave:182 Total 159480 
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ANNEXURE 13: Quantitative Method Characteristics 
NAME OF METHOD 

CHARACTERISTIC 

 DESCRIPTION DERIVED FROM 

Calibration standard  Number of standards Number of standards in calibration curve n 

 Number of replicates of 

standards 

Number of replicate measurements of each 

standard in the curve 

m 

 Standard spread Range of standards List the lowest and highest concentrations of standards 

used in the standard calibration curve. 

 Matrix of blank Name of reagent  

Linearity Linearity Correlation: 

Correlation coefficient 

The “goodness of fit” of the line r = Σ(𝑥𝑖− 𝑥̅ )(𝑦𝑖−𝑦�)
√Σ(𝑥𝑖−𝑥̅)2Σ(𝑦𝑖−𝑦�)2

 

 Linearity Correlation: 

Coefficient of determination 

Often the correlation coefficient r is 

expressed as 𝑟2: the coefficient of 

determination or coefficient of variance 

 

𝑟2 = 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑠𝑢𝑚 𝑜𝑓 𝑠𝑞𝑢𝑎𝑟𝑒𝑠
𝑡𝑜𝑡𝑎𝑙 𝑠𝑢𝑚 𝑜𝑓 𝑠𝑞𝑢𝑎𝑟𝑒𝑠

 = 𝑆𝑆𝑅
𝑆𝑆𝑇

 

 Linearity Correlation: The 

residual 

The residual equals the difference between 

the observed value Ү and the predicted value 

of Ү. 

 

ei = Үi - Ү��i 

 Significant Linearity: tstat or tcalc 

of slope 

tstat or tstatistic in linear regression is used to 

determine the existence of significant 

correlation.  Also known as tcalc.  If tcalc › tcrit , 

there is significant linearity.  This t statistic is 

provided in the column titled t Stat by 

Microsoft Excel.  The value for tcrit is 

𝑡𝑠𝑡𝑎𝑡 =  𝑏1− 𝛽1
𝑠𝑏1

, where 𝑠𝑏1= 𝑠𝛾𝜒
√𝑆𝑆𝑋

 , and SSX = ∑ (𝓍𝑖 − 𝓍)2𝑛
𝑖=1  

 

Or Tcalc = 𝑟� 𝑛−2
1−𝑟2

 

 
The tcrit follows a t distribution with n -2 degrees of 
freedom. 
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obtained from a t table. 

 Significant Linearity: fcalc 

ANOVA 

f-test provides an alternate approach to 

testing whether the slope in simple linear 

regression is statistically significant.  F test is 

calculated by the ratio of the variance due to 

regression divided by the error variance.  It is 

given by the ANOVA table in Microsoft 

Excel. 

F = 𝑀𝑆𝑅
𝑀𝑆𝐸

, where MSR = 𝑆𝑆𝑅
𝑘

, and MSE = 𝑆𝑆𝐸
𝑛−𝑘−1

 

f follows f distribution with k and n-k-1 degrees of 

freedom. 

 Significant Linearity: fcrit Obtained from the f-table, if fcalc › fcrit, 

significant linearity is deemed to exist. 

Calculated from f-table or given by Microsoft Excel as 

Significance F 

 Significant Linearity: 

Regression SS > Residual SS 

Regression SS also known as Regression sum 

of squares (SSR), is equal to the sum of the 

squared differences between predicted value 

of Y and the mean of Y.   

Residual SS also known as The error sum of 

squares (SSE), is equal to the sum of the 

squared differences between the observed 

value of Y and predicted value of Y. 

Significant linearity exists where SSR>SSE. 

 

Relation between x and y 

SSR = SST – SSE > SSE = ∑ (𝑌𝑖 − 𝑌𝚤)�2𝑛
𝑖=1 . 

 Significant Linearity: 

Regression MS > Residual MS 

Significant linearity exists where Regression 

MS or regression mean square (MSR) > 

Residual MS or Error mean square (MSE) 

 

Regression MS = Regression mean square MSR = 𝑆𝑆𝑅
𝑘

 

Residual MS = Error mean square MSE = 𝑆𝑆𝐸
𝑛−𝑘−1

, where 

k = number of independent or explanatory variables in the 
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regression model. 

 Significant Linearity: Comment 

on significance of linearity 

If Fcalc › Fcrit, significant linearity is deemed to 

exist. 

 

 Significant Linearity: % 

Variation in detection of sample 

When the coefficient of determination 

(coefficient of variance) is multiplied by 100, 

it indicates the percentage of variation in y 

associated with variation in x. 

Variation % in absorbance due to variation to the variation 

in concentration in standards. 

Regression parameters Slope b also known as b1 = slope of population or 

gradient, represents the expected change in Y 

per unit change in X.  It represents the 

average amount the Y changes (either 

positively or negatively) for a particular unit 

change in X. 

Also indicated by ‘x variable’ coefficient on ANOVA 

table in Microsoft Excel 

 Intercept a also known as b0 = the Y intercept for the 

population, represents the average value of Y 

when X equals 0. 

Also indicated by ‘intercept’ coefficient on ANOVA table 

in Microsoft Excel 

 Regression line equation For Least-Squares method, the sample 

regression equation representing the straight 

line regression model can be represented as 

follows: 𝑦�𝑖= b1xi + b0 or  y = bx + a 

 

𝑦�𝑖 = b1xi + b0, where 𝑦�𝑖 is the predicted value of Y for 

observation i, and xi is the value of x for observation i. 

Calibration uncertainties 

 

Standard error of the 

regression: Significance of 

standard error of regression 

Standard error of regression, also known as 

Standard error of the estimate, or Residual 

standard deviation or Random calibration 

 

Sy/x = �𝑆𝑆𝐸
𝑛−2

 = �∑ (𝑦𝑖−𝑦�𝑖)2
𝑛
𝑖=1

𝑛−2
 or Sy/x = [∑(𝑦𝑖−𝑦�𝑖)2

𝑛−2
]
1
2  
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uncertainty, is a measure of the amount of 

error accrued in predicting a y value for each 

given x value.  This statistic measures the 

variability of the actual y values from the 

predicted y values.  It is a measure of 

variation around the fitted line of regression 

and is measured in units of the dependent 

variable y. 

 
where y residuals = yi - 𝑦�i 

 Significance of standard error 

of the regression: Comment on 

F test result 

To determine calibration uncertainty in 

relation to standard error of regression, a f-

test is conducted uses the variance of standard 

error of regression as the numerator and the 

variance obtained from replicate 

measurements of the CRM as denominator, to 

calculate Fcalc.  As this has direct bearing on 

sample analysis, a CRM sample is used in 

this calculation.  However the Fcrit for this f-

test derived from standard calibration curve 

sample group with n-2 df. 

If Fcalc › Fcrit the null hypothesis is rejected.  Significant 

evidence to say that the residuals are more widely 

dispersed than can be accounted for by random error.  

Therefore alternate hypothesis is accepted.  It may be 

necessary to investigate further if Null hypothesis is 

rejected in order to ascertain the reason why residuals are 

significantly widespread, as this could be evidence of non-

linearity. 

If Fcalc ‹ Fcrit, the Null hypothesis is accepted and it is stated 

that there is significant evidence to conclude that residuals 

are dispersed due to random error. 

 Uncertainty of slope Standard error of slope or 𝑠𝑏1  is given by 

Microsoft Excel as Standard Error of x 

variable.  The statistic determines the 

sensitivity of the calibration function or the 

 

𝑠𝑏1 =  
𝑠𝑦 𝑥⁄

�∑(𝑥𝑖 −  𝑥̅)2
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rate at which the signal changes with 

concentration. 
 Uncertainty of intercept Standard error of the intercept 𝑠𝑎1is the error 

associated to the actual intercept point of the 

line.  The intercept of the regression line has 

implications for the smallest detectable signal 

(measured response) and the corresponding 

lowest concentration. 

 

𝑠𝑎1 =  𝑠𝑦 𝑥⁄   �
∑𝑥𝑖2

𝑛 ∑(𝑥𝑖 − 𝑥̅)2
 

 Ratios of slope and intercept 

uncertainties: Sa and Sb < Sy/x 

To test for precision of an analytical method 

determine if : Sa and Sb < Sy/x. If : Sa and Sb < 

Sy/x  then it points to good general precision 

of analytical method 

 

 Ratios of slope and intercept 

uncertainties: Sa/Sb 

This ratio or test statistic tells the analyst if 

more standards are required above or below 

centroid.  Ideal value is 6, which means 

standards are adequate and regression line is 

balanced. Ratio ‹6 means more standards 

required on higher end, Ratio ›6 means more 

standards required on the lower end of 

regression line. 

 

 Ratios of slope and intercept 

uncertainties: Sb<Sa 

To determine if the working range of 

standards is wide enough or sufficient, Sb 

should be less than Sa. 
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 Confidence limits at 95%: 95% 

CL of b: b ± tSb 

The corresponding confidence level for b 

associated to Sb (interval of the slope), is 

calculated using the t-statistic for (n-2) 

degrees of freedom. 

It is reported as two values (upper and lower) either mean 

with a ± sign or as two separate values 

 Confidence limits at 95%: 95% 

CL of a: a ± tSa 

The corresponding confidence level for a, 

associated to Sa (y intercept), is calculated in 

the same way as that of the slope. 

It is reported as two values (upper and lower) either mean 

with a ± sign or as two separate values 

Limit of detection (LOD) Response representing the LOD The LOD represents the level below which 

we cannot be confident whether or not the 

analyte is actually present, formally defined 

as “the concentration of analyte required to 

give signal equal to background (blank) plus 

three times standard deviation of the blank for 

10 measurements” 

 

Ylod = Yblank + 3sblank 

 Concentration representing LOD Also known as the Xlod, refers to the 

associated concentration of the Ylod 

Xlod = (𝑌𝑏𝑙𝑎𝑛𝑘+ 3𝑠𝑑𝑏𝑙𝑎𝑛𝑘)− 𝑎
𝑏

 

 LOD from regression statistics When a situation is presented where no blank 

was measured, regression statistics may be 

used to determine the LOD 

Xlod = 𝑌𝑙𝑜𝑑− 𝑎
𝑏

   or   Xlod = 
( 𝑎+ 3𝑠𝑦 𝑥⁄ )

𝑏
  or  Xlod = 

3𝑠𝑦 𝑥⁄

𝑏
 

 LOD from propagation of errors 

method 

Alternative method to determine LOD 
Xlod = 

3�𝑠𝑏𝑙𝑎𝑛𝑘2+ 𝑠𝑎2+�
𝑎
𝑏  ∙  𝑠𝑏2��

1 2⁄

𝑏
 or Xlod = 3�𝑠𝑏𝑙𝑎𝑛𝑘

2+ 𝑠𝑎2�
1 2⁄

𝑏
 

Limit of quantitation 

(LOQ) 

Signal representing the LOQ LOQ refers to the smallest concentration or 

mass which can be quantitatively analysed 

 

Yloq = Yblank + 10sblank 
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with reasonable reliability by a given 

procedure 

 Concentration representing the 

LOQ 

Also known as the Xloq, refers to the 

associated concentration of the Yloq 
Xloq = (𝑦𝑏𝑙𝑎𝑛𝑘+ 10𝑠𝑑𝑏𝑙𝑎𝑛𝑘)− 𝑎

𝑏
   

 LOQ from regression statistics    Xloq = 
10𝑠𝑦 𝑥⁄

𝑏
 

Sensitivity 

 

Calibration sensitivity This parameter is only a reflection of whether 

the instrument is sensitive or not, and does 

not reflect the degree of sensitivity of an 

instrument. 

A method is said to be calibration sensitive if b≠0, where b 

is the slope of a regression line. 

 Analytical sensitivity 

 

The analytical calibration sensitivity of the 

calibration curve, Cs, is the rate of change of 

the signal intensity with changes in the 

concentration of the analyte or the slope 

 

Cs = 𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒
𝑝𝑒𝑟 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑢𝑛𝑖𝑡 𝑜𝑓 𝑎𝑛𝑎𝑙𝑦𝑡𝑒

 

 Inverse analytical sensitivity To determine how responsive a method is to 

small changes in concentration, Sc is used. Sc  

is the inverse of the rate of change of the 

signal intensity (or instrument reading) with 

changes in the concentration of analyte 

 

 

Sc = 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑢𝑛𝑖𝑡 𝑜𝑓 𝑎𝑛𝑎𝑙𝑦𝑡𝑒
𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒

 

Specificity 

 

Evidence from reputable CRM 

that method is selective / specific 

for selenium. 

A statement made from information extracted 

from the Certificate provided with the CRM 

is adequate for this purpose. 

 

Accuracy and Precision of 

CRM 
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Analysis of CRM Mean measurement Average measurement of CRM  

Components of CRM 

measurement 

 

T test to determine significant 

difference between the mean and 

true value 

To test the accuracy of a method, replicate 

measurements of CRM are taken and a t-test 

conducted to determine if there is significant 

difference between the mean observed from 

replicate tests and the true mean 

measurement. A one-sample t test is then 

conducted.  If tcalc › tcrit at a defined 

confidence level (e.g. 95%), then it may be 

said that there is a statistical difference 

between the mean values. 

 

tcalc = |𝑥̅− 𝜇0|
𝑠
√𝑛

 

where: 

𝑥̅ = mean of test results of a sample 

𝜇0= “true” or reference value 

s = standard deviation of test results 

n = number of replicate tests 

and tcrit  is obtained from the student’s t-table (df = n-1)  

 95% CL and CI When precision of a method is untested, the 

true population ơ is unknown.  The 

population standard deviation is estimated by 

computing s and a t-table statistic is used to 

compute CI 

Should the population ơ be known, a z-table 

statistic is used to compute CI. 

For unknown population ơ: 

𝑥̅ ± 
𝑡𝑠
√𝑛

 

Where t is obtained from t-table, df: n-1 at 95% confidence 

level. 

For known population ơ: 

𝑥̅  ±  
𝑧𝜎
√𝑛

 

Where z is obtained from the z table, df: n-1, at 95% 

confidence level. 

 Precision Precision is the closeness with which results 

of replicate analysis of a sample agree.  It is a 

measure of the dispersion or scattering 

 

%RSD = �𝑆𝐷
𝑥̅
� ∙ 100 



 

228 
 

around the mean value and usually expressed 

in terms of standard deviation.  The larger the 

standard deviation, the worse the precision. 

% Relative standard deviation (RSD) is a 

measure of precision.   

Where: 

 

SD = standard deviation 

𝑥̅ = mean 

 Bias Bias is the consistent deviation of analytical 

results from the “true” value, and is caused by 

systematic error in a procedure.  Bias has a 

definite value, an assignable cause and is 

about the same magnitude for replicate 

measurements.  Bias is determined using 

measurements obtained from the CRM. 

 

% Bias = �𝑥− 𝜇
𝜇
�100 

Where: 

x = mean of a series of CRM measurements 

µ = the accepted CRM value 

Analysis of Samples Analysis of samples 

(measurements) 

Measurements of samples (instrument 

readings) 

 

 Components of sample 

measurements: Precision 

As for CRM Precision As calculated for CRM Precision, given the mean value 

and standard deviation. 

 Components of sample 

measurements: Uncertainty of 

inferred value 

Sx0 is the standard error for the sample 

(uncertainty in unknown) for x0, and x0 is the 

predicted value or unknown sample 

concentration. 

𝑠𝑥0 =  
𝑠𝑦 𝑥⁄

𝑏
 �

1
𝑚

+  
1
𝑛

+  
(𝑦0 − 𝑦� )2

𝑏2 ∑(𝑥𝑖 −  𝑥̅)2  

 

 Components of sample 

measurements: % RSD of 

sample analysis 

Precision is the closeness with which results 

of replicate analysis of a sample agree.  It is a 

measure of the dispersion or scattering 

%RSD = �
𝑠𝑥0
𝑥0
� ∙ 100 

Where: 
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around the mean value and usually expressed 

in terms of standard deviation.  The larger the 

standard deviation, the worse the precision. 

% Relative standard deviation (RSD) is a 

measure of precision.  Using regression 

uncertainty, Sx0 is the standard error for the 

sample (uncertainty), and x0 is the predicted 

value or unknown sample concentration. 

𝑠𝑥0 =  
𝑠𝑦 𝑥⁄

𝑏
 �

1
𝑚

+  
1
𝑛

+  
(𝑦0 − 𝑦� )2

𝑏2 ∑(𝑥𝑖 −  𝑥̅)2  

and the unknown sample concentration may be calculated 

using the regression equation: 

y0 = bx0 + a  

thus: x0 = 𝑦0− 𝑎
𝑏

 

 

 Components of sample 

measurements: CL of sample 

analysis 

Error in concentration is minimal, if the 

signal from the unknown lies in the middle of 

the signals of all the standards, otherwise 

known as the centroid. 

The confidence limits of unknown 

concentration x0 is calculated as CRM with 

unknown population ơ, with student t-table 

value, and given as an interval. 

Uncertainty at centroid: 𝑠𝑥0 =  
𝑠𝑦 𝑥⁄

𝑏
 �1

𝑚
+  1

𝑛
 

 

x0 ± tSx0 

where: 

t-statistic obtained from t table and df n-2 

 

 Components of sample 

measurements: Horwitz ratio 

The Horwitz Function is a useful index of 

method performance with respect to 

precision. When the value of RSD and the 

mean value of analyte concentration  have 

been determined, the Horwitz ratio, 

HORRAT, can be calculated.  

HORRAT = RSDobs / RSDcalc 

Where: 

RSDobs = %RSD (precision) 

RSDcalc = ± 2(1-0.5logC) 

Where C = (mean of analyte in percentage) / Horwitz 

function conversion factor (100) 
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ANNEXURE 14: Overall Process Precision (%RSD) 

SAMPLE 
MEASUREMENTS 

Sample 
1 

Sample 
2 

Sample 
3 

Sample 
4 

Sample 
 5 

Sample 
6 

Sample 
7 

Sample 
8 

Sample 
9 

Sample 
10 LC 2009 CRM 

Process Run 1 55.417 124.775 136.133 151.309 1434.881 149.197 667.768 90.122 169.705 139.286 145.632   
Process Run 2 45.844 131.226 147.021 135.954 1805.339 161.356 785.308 49.412 188.733 293.693 149.062   
Process Run 3 45.35 122.235 136.303 130.881 1458.633 135.007 629.917 58.289 170.753 264.562 134.694   
Process Run 4 51.182 126.887 138.07 128.219 1471.848 134.36 613.744 59.706 169.671 269.436 118.535   
Process Run 5 55.63 121.364 147.113 132.003 1419.938 146.419 643.825 55.165 166.522 256.424 120.477   
Process Run 6 45.496 126.48 121.048 135.972 1405.282 141.555 601.012 66.305 184.214 236.818 131.522   
Process Run 7 48.651 130.483 127.972 128.731 1388.027 134.427 591.596 56.584 164.403 252.082 124.864   
Process Run 8 43.579 121.5 113.419 128.179 1390.454 141.71 657.011 47.96 131.104 257.753 113.01 0.67449 
Process Run 9 50.12 143.562 136.482 135.551 1382.858 136.92 604.422 84.583 174.164 250.827 133.749 0.5328 
Process Run 10 43.054 124.812 130.452 132.944 1383.993 123.425 636.594 60.495 162.813 260.538 140.134 0.53499 
Process Run 11 130.113 125.996 124.716 130.46 1456.35 198.774 248.106 62.199 125.359 684.309 123.85 0.50515 
Process Run 12 74.761 139.206 145.439 159.109 1230.14 153.319 572.645 70.108 114.017 73.829 145.48 0.45123 
Process Run 13 47.2 129.251 133.856 135.84 1331.61 125.709 619.824 51.734 233.875 173.681 114.887 0.44234 

Average 56.6459 128.291 133.694 135.781 1427.643 144.783 605.521 62.5125 165.795 262.557 130.454 0.5235 

Std dev 23.5899 6.66109 10.1250 9.24103 129.7748 19.3603 119.440 12.7150 30.4906 141.003 12.2106 0.08386 
RSD% 41.6444 5.19219 7.57324 6.80584 9.090143 13.3719 19.7252 20.3400 18.3905 53.7039 9.36009 16.0192 
Process Average 
RSD% 

  
18.43472 
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ANNEXURE 15: Analysis of Individual Standard Calibration Curves of Process 
Runs 

 
Process Run 
Date 

8 June 2011  

 
 

 

Blank 19.064 
10ppb 1.368 

0.68 

10ppb 1.872 
10ppb -1.191 

Calibration Std 10 
Average  

50ppb 5.089 

5.63 

50ppb 5.805 
50ppb 5.99 

Calibration Std 50 
Average 

Std 100 14.41 

14.26 

Std 100 14.075 
Std 100 14.297 

Calibration Std 100 
Average 

Std 250 43.163 

40.91 

Std 250 38.765 
Std 250 40.814 

Calibration Std 250 
Average 

Std 500 83.391 

85.28 

Std 500 88.765 
Std 500 83.676 

Calibration Std 500 
Average 

 
 
Process Run 
Date 

14 June 2011  

 
 

 

Blank 16.722 
10ppb 0.434 

0.45 

10ppb 0.529 
10ppb 0.387 

Calibration Std 10 
Average  

50ppb 2.735 

2.55 

50ppb 2.527 
50ppb 2.402 

Calibration Std 50 
Average 

Std 100 6.778 

6.35 

Std 100 6.159 
Std 100 6.111 

Calibration Std 100 
Average 

Std 250 14.912 

15.15 

Std 250 15.661 
Std 250 14.874 

Calibration Std 250 
Average 

Std 500 29.609 

29.93 

Std 500 30.184 
Std 500 29.991 

Calibration Std 500 
Average 
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Process Run 
Date 

21 June 2011  

 
 

 

Blank 16.121 
10ppb 2.006 

1.98 

10ppb 2.045 
10ppb 1.884 

Calibration Std 10 
Average  

50ppb 8.899 

8.85 

50ppb 8.937 
50ppb 8.704 

Calibration Std 50 
Average 

Std 100 17.563 

17.63 

Std 100 17.472 
Std 100 17.852 

Calibration Std 100 
Average 

Std 250 45.031 

44.53 

Std 250 43.611 
Std 250 44.962 

Calibration Std 250 
Average 

Std 500 89.496 

89.53 

Std 500 88.963 
Std 500 90.119 

Calibration Std 500 
Average 
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Process Run 
Date 

29 June 2011  

 

 

Blank 15.892 
10ppb 1.522 

1.57 

10ppb 1.578 
10ppb 1.639 

Calibration Std 10 
Average  

50ppb 9.038 

8.53 

50ppb 8.849 
50ppb 8.589 

Calibration Std 50 
Average 

Std 100 18.949 

19.43 

Std 100 19.437 
Std 100 19.892 

Calibration Std 100 
Average 

Std 250 45.971 

45.70 

Std 250 44.418 
Std 250 46.724 

Calibration Std 250 
Average 

Std 500 95.604 

92.77 

Std 500 87.928 
Std 500 94.773 

Calibration Std 500 
Average 
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Process Run 
Date 

5 July 2011  

 

 

Blank 22.987 
10ppb 1.796 

1.30 

10ppb 1.507 
10ppb 0.601 

Calibration Std 10 
Average  

50ppb 8.245 

8.27 

50ppb 8.088 
50ppb 8.485 

Calibration Std 50 
Average 

Std 100 17.139 

18.31 

Std 100 20.462 
Std 100 17.338 

Calibration Std 100 
Average 

Std 250 47.281 

47.80 

Std 250 49.328 
Std 250 46.796 

Calibration Std 250 
Average 

Std 500 94.143 

94.76 

Std 500 94.671 
Std 500 95.465 

Calibration Std 500 
Average 

 
 
Process Run 
Date 

12 July 2011  

 

 

Blank 16.470 
10ppb 1.596 

1.67 

10ppb 1.489 
10ppb 1.919 

Calibration Std 10 
Average  

50ppb 8.634 

8.83 

50ppb 9.238 
50ppb 8.63 

Calibration Std 50 
Average 

Std 100 18.832 

18.28 

Std 100 17.989 
Std 100 18.027 

Calibration Std 100 
Average 

Std 250 43.326 

44.35 

Std 250 43.356 
Std 250 46.381 

Calibration Std 250 
Average 

Std 500 86.236 

86.13 

Std 500 87.869 
Std 500 84.272 

Calibration Std 500 
Average 
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Process Run 
Date 

21July 2011 

 

 

Blank 18.669 
10ppb 0.822 

0.83 

10ppb 0.729 
10ppb 0.93 

Calibration Std 10 
Average  

50ppb 8.805 

8.81 

50ppb 8.904 
50ppb 8.727 

Calibration Std 50 
Average 

Std 100 17.33 

17.66 

Std 100 17.782 
Std 100 17.873 

Calibration Std 100 
Average 

Std 250 49.947 

47.97 

Std 250 47.14 
Std 250 46.827 

Calibration Std 250 
Average 

Std 500 96.126 

97.46 

Std 500 99.309 
Std 500 96.953 

Calibration Std 500 
Average 

 
 
Process Run 
Date 

29 July 2011 

 

 

Blank 17.621 
10ppb 1.913 

1.77 

10ppb 1.918 
10ppb 1.483 

Calibration Std 10 
Average  

50ppb 10.478 

10.14 

50ppb 9.583 
50ppb 10.371 

Calibration Std 50 
Average 

Std 100 21.315 

20.41 

Std 100 18.764 
Std 100 21.139 

Calibration Std 100 
Average 

Std 250 51.916 

50.12 

Std 250 50.878 
Std 250 47.563 

Calibration Std 250 
Average 

Std 500 96.018 

95.23 

Std 500 94.267 
Std 500 95.39 

Calibration Std 500 
Average 

  

0

20

40

60

80

100

120

0 200 400 600

Ab
so

rb
an

ce
 

Standard Concentration (ppb) 

Process Run: 21
July 2011

Linear (Process
Run: 21 July
2011)

0.83 
8.81 

17.66 

47.97 

97.46 

0

20

40

60

80

100

1 2 3 4 5

Selenium Absorbance Values

0

20

40

60

80

100

120

0 200 400 600

Ab
so

rb
an

ce
 

Standard Concentration (ppb) 

Process Run: 29
July 2011

Linear (Process
Run: 29 July
2011)

1.77 
10.14 

20.41 

50.12 

95.23 

0

20

40

60

80

100

1 2 3 4 5

Selenium Absorbance Values



 

235 
 

Process Run 
Date 

3 August 2011  

 

 

Blank 16.575 
10ppb 1.901 

1.87 

10ppb 1.638 
10ppb 2.064 

Calibration Std 10 
Average  

50ppb 9.134 

9.58 

50ppb 10.648 
50ppb 8.962 

Calibration Std 50 
Average 

Std 100 17.525 

18.09 

Std 100 17.897 
Std 100 18.837 

Calibration Std 100 
Average 

Std 250 46.513 

46.05 

Std 250 44.945 
Std 250 46.681 

Calibration Std 250 
Average 

Std 500 92.688 

91.38 

Std 500 96.532 
Std 500 84.928 

Calibration Std 500 
Average 

 
 
Process Run 
Date 

11 August 2011  

 

 

Blank 16.726 
10ppb 2.183 

2.10 

10ppb 1.969 
10ppb 2.142 

Calibration Std 10 
Average  

50ppb 9.762 

9.98 

50ppb 10.757 
50ppb 9.434 

Calibration Std 50 
Average 

Std 100 18.737 

19.97 

Std 100 19.033 
Std 100 22.128 

Calibration Std 100 
Average 

Std 250 46.657 

47.68 

Std 250 48.551 
Std 250 47.821 

Calibration Std 250 
Average 

Std 500 92.113 

92.80 

Std 500 89.51 
Std 500 96.767 

Calibration Std 500 
Average 
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Process Run 
Date 

16 August 2011  

 

 

Blank 16.821 
10ppb 2.099 

1.85 

10ppb 1.929 
10ppb 1.536 

Calibration Std 10 
Average  

50ppb 9.68 

9.56 

50ppb 10.441 
50ppb 8.556 

Calibration Std 50 
Average 

Std 100 18.168 

19.57 

Std 100 18.382 
Std 100 22.166 

Calibration Std 100 
Average 

Std 250 49.791 

48.81 

Std 250 48.137 
Std 250 48.497 

Calibration Std 250 
Average 

Std 500 98.313 

97.98 

Std 500 98.889 
Std 500 96.73 

Calibration Std 500 
Average 

 
 
Process Run 
Date 

24 August 2011 

 

 

Blank 17.565 
10ppb 2.137 

2.64 

10ppb 3.481 
10ppb 2.311 

Calibration Std 10 
Average  

50ppb 11.332 

10.85 

50ppb 10.607 
50ppb 10.621 

Calibration Std 50 
Average 

Std 100 22.001 

21.91 

Std 100 21.225 
Std 100 22.51 

Calibration Std 100 
Average 

Std 250 55.261 

54.46 

Std 250 53.803 
Std 250 54.323 

Calibration Std 250 
Average 

Std 500 96.966 

96.67 

Std 500 97.6 
Std 500 95.438 

Calibration Std 500 
Average 
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Process Run 
Date 

29 August 2011 

 

 

Blank 16.005 
10ppb 2.043 

1.87 

10ppb 1.896 
10ppb 1.678 

Calibration Std 10 
Average  

50ppb 10.056 

9.55 

50ppb 9.605 
50ppb 8.987 

Calibration Std 50 
Average 

Std 100 17.333 

17.95 

Std 100 18.163 
Std 100 18.339 

Calibration Std 100 
Average 

Std 250 44.008 

43.04 

Std 250 42.683 
Std 250 42.434 

Calibration Std 250 
Average 

Std 500 94.393 

92.43 

Std 500 93.685 
Std 500 89.212 

Calibration Std 500 
Average 

 
 
Single Factor ANOVA: 10 ppb Calibration Curve Standard 

             

 

Process 1 Process 2 Process 3 Process 4 Process 5 Process 6 Process 7 Process 8 Process 9 

Process 

10 

Process 

11 

Process 

12 

Process 

13 

 

1.368 0.434 2.006 1.522 1.796 1.596 0.822 1.913 1.901 2.183 2.099 2.137 2.043 

 

1.872 0.529 2.045 1.578 1.507 1.489 0.729 1.918 1.638 1.969 1.929 3.481 1.896 

 

-1.191 0.387 1.884 1.639 0.601 1.919 0.93 1.483 2.064 2.142 1.536 2.311 1.678 

Average 0.683 0.45 1.978333 1.579667 1.301333 1.668 0.827 1.771333 1.867667 2.098 1.854667 2.643 1.872333 

Std dev 1.64238 0.072339 0.08399 0.058518 0.623482 0.223859 0.100593 0.249717 0.214947 0.113583 0.288767 0.730925 0.183647 

 
10 ppb Calibration Standard 

Anova: Single Factor 

           SUMMARY 

     Groups Count Sum Average Variance 

  Process 1 3 2.049 0.683 2.697411 

  Process 2 3 1.35 0.45 0.005233 

  Process 3 3 5.935 1.978333 0.007054 

  Process 4 3 4.739 1.579667 0.003424 

  Process 5 3 3.904 1.301333 0.38873 

  Process 6 3 5.004 1.668 0.050113 

  Process 7 3 2.481 0.827 0.010119 

  Process 8 3 5.314 1.771333 0.062358 

  Process 9 3 5.603 1.867667 0.046202 

  Process 10 3 6.294 2.098 0.012901 

  Process 11 3 5.564 1.854667 0.083386 

  Process 12 3 7.929 2.643 0.534252 

  Process 13 3 5.617 1.872333 0.033726 

  
       
       ANOVA 
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Source of Variation SS df MS F P-value F crit 

Between Groups 13.71274 12 1.142728 3.7753 0.002216 2.147926 

Within Groups 7.869823 26 0.302685 

   

       Total 21.58256 38         

       c = 13 

      n = 39 

      DF between groups  c-1 12 

   DF within groups n-c 26 

   

       MSA 1.142728 

     MSW 0.302685 

     

       F calculated= MSA/MSW 3.7753 

    
Null hypothesis   H0: µ1 = µ2 = µ3 = µ4 = µ5 = µ6 = µ7 = µ8 = µ9 = µ10 = µ11 = µ12 = µ13 

Alternate hypothesis  H1: µ1 ≠ µ2 ≠ µ3 ≠ µ4 ≠ µ5 ≠ µ6 ≠ µ7 ≠ µ8 ≠ µ9 ≠ µ10 ≠ µ11 ≠ µ12 ≠ µ13 

Since the calculated f-test statistic is greater that the f crit test statistic obtained from the table, the null hypothesis is 

therefore rejected.  There is not enough evidence to accept the null hypothesis stating that the mean concentration of 

selenium in the 10ppb calibration curve standard among the thirteen different process runs does not vary.  The alternate 

hypothesis is therefore accepted stating that there is significant evidence to conclude that the mean selenium concentration 

among the thirteen different process runs varies. 

 

Single Factor ANOVA: 50 ppb Calibration Curve Standard 

             

 
Process 1 Process 2 Process 3 Process 4 Process 5 Process 6 Process 7 Process 8 Process 9 

Process 
10 

Process 
11 

Process 
12 

Process 
13 

 
5.089 2.402 8.899 9.038 8.245 8.634 8.805 10.478 9.134 9.762 9.68 11.332 10.056 

 
5.805 2.735 8.937 8.849 8.088 9.238 8.904 9.583 10.648 10.757 10.441 10.607 9.605 

 
5.99 2.527 8.704 8.589 8.485 8.63 8.727 10.371 8.962 9.434 8.556 10.621 8.987 

Average 5.628 2.554667 8.846667 8.825333 8.272667 8.834 8.812 10.144 9.581333 9.984333 9.559 10.85333 9.549333 

Std dev 0.475864 0.168215 0.125005 0.225434 0.199941 0.34988 0.088707 0.488777 0.927755 0.688953 0.948307 0.414597 0.53667 

 
50ppb Calibration Standard 

Anova: Single Factor 

    
       SUMMARY 

     Groups Count Sum Average Variance 

  Process 1 3 16.884 5.628 0.226447 

  Process 2 3 7.664 2.554667 0.028296 

  Process 3 3 26.54 8.846667 0.015626 

  Process 4 3 26.476 8.825333 0.05082 

  Process 5 3 24.818 8.272667 0.039976 

  Process 6 3 26.502 8.834 0.122416 

  Process 7 3 26.436 8.812 0.007869 

  Process 8 3 30.432 10.144 0.238903 

  Process 9 3 28.744 9.581333 0.860729 

  Process 10 3 29.953 9.984333 0.474656 

  Process 11 3 28.677 9.559 0.899287 

  Process 12 3 32.56 10.85333 0.17189 

  Process 13 3 28.648 9.549333 0.288014 
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       ANOVA 

      Source of Variation SS df MS F P-value F crit 

Between Groups 173.548 12 14.46234 54.89464 2.44E-15 2.147926 

Within Groups 6.849863 26 0.263456 

   

       Total 180.3979 38         

       c = 13 

      n = 39 

      DF between groups  c-1 12 

   DF within groups n-c 26 

   

       MSA 14.46234 

     MSW 0.263456 

     

       F calculated= MSA/MSW 54.89 

    

Null hypothesis   H0: µ1 = µ2 = µ3 = µ4 = µ5 = µ6 = µ7 = µ8 = µ9 = µ10 = µ11 = µ12 = µ13 

Alternate hypothesis  H1: µ1 ≠ µ2 ≠ µ3 ≠ µ4 ≠ µ5 ≠ µ6 ≠ µ7 ≠ µ8 ≠ µ9 ≠ µ10 ≠ µ11 ≠ µ12 ≠ µ13 

Since the calculated f-test statistic is greater that the f crit test statistic obtained from the table, the null hypothesis is 

therefore rejected.  There is not enough evidence to accept the null hypothesis stating that the mean concentration of 

selenium in the 50ppb calibration curve standard among the thirteen different process runs does not vary.  The alternate 

hypothesis is therefore accepted stating that there is significant evidence to conclude that the mean selenium concentration 

among the thirteen different process runs varies. 

 

Single Factor ANOVA: 100 ppb Calibration Curve Standard 
 

 
Process 1 Process 2 Process 3 Process 4 Process 5 Process 6 Process 7 Process 8 Process 9 

Process 
10 

Process 
11 

Process 
12 

Process 
13 

 
14.41 6.111 17.563 18.949 17.139 18.832 17.33 21.315 17.525 18.737 18.168 22.001 17.333 

 
14.075 6.159 17.472 19.437 20.462 17.989 17.782 18.764 17.897 19.033 18.382 21.225 18.163 

 
14.297 6.778 17.852 19.892 17.338 18.027 17.873 21.139 18.837 22.128 22.166 22.51 18.339 

Average 14.26067 6.349333 17.629 19.426 18.313 18.28267 17.66167 20.406 18.08633 19.966 19.572 21.912 17.945 

Std dev 0.17043 0.372011 0.198411 0.471596 1.863746 0.476116 0.290813 1.424734 0.676181 1.878187 2.249017 0.647107 0.537263 

 

100ppb Calibration Standard 

Anova: Single Factor 

    
       SUMMARY 

     Groups Count Sum Average Variance 

  Process 1 3 42.782 14.26067 0.029046 

  Process 2 3 19.048 6.349333 0.138392 

  Process 3 3 52.887 17.629 0.039367 

  Process 4 3 58.278 19.426 0.222403 

  Process 5 3 54.939 18.313 3.473551 

  Process 6 3 54.848 18.28267 0.226686 

  Process 7 3 52.985 17.66167 0.084572 

  Process 8 3 61.218 20.406 2.029867 

  Process 9 3 54.259 18.08633 0.457221 

  Process 10 3 59.898 19.966 3.527587 

  Process 11 3 58.716 19.572 5.058076 

  Process 12 3 65.736 21.912 0.418747 
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Process 13 3 53.835 17.945 0.288652 

  

       
       ANOVA 

      Source of Variation SS df MS F P-value F crit 

Between Groups 534.8185 12 44.5682 36.22487 3.86E-13 2.147926 

Within Groups 31.98834 26 1.230321 

   

       Total 566.8068 38         

       c = 13 

      n = 39 

      DF between groups  c-1 12 

   DF within groups n-c 26 

   

       MSA 44.57 

     MSW 1.23 

     

       F calculated= MSA/MSW 36.22 

    

Null hypothesis   H0: µ1 = µ2 = µ3 = µ4 = µ5 = µ6 = µ7 = µ8 = µ9 = µ10 = µ11 = µ12 = µ13 

Alternate hypothesis  H1: µ1 ≠ µ2 ≠ µ3 ≠ µ4 ≠ µ5 ≠ µ6 ≠ µ7 ≠ µ8 ≠ µ9 ≠ µ10 ≠ µ11 ≠ µ12 ≠ µ13 

Since the calculated f-test statistic is greater that the f crit test statistic obtained from the table, the null hypothesis is 

therefore rejected.  There is not enough evidence to accept the null hypothesis stating that the mean concentration of 

selenium in the 100ppb calibration curve standard among the thirteen different process runs does not vary.  The alternate 

hypothesis is therefore accepted stating that there is significant evidence to conclude that the mean selenium concentration 

among the thirteen different process runs varies. 

 

Single Factor ANOVA: 250 ppb Calibration Curve Standard 

             

 
Process 1 Process 2 Process 3 Process 4 Process 5 Process 6 Process 7 Process 8 Process 9 

Process 
10 

Process 
11 

Process 
12 

Process 
13 

 
43.163 14.912 43.611 45.971 47.281 43.326 49.947 51.916 46.513 46.657 49.791 55.261 44.008 

 
38.765 15.661 44.962 44.418 49.328 43.356 47.14 50.878 44.945 48.551 48.137 53.803 42.683 

 
40.814 14.874 45.031 46.724 46.796 46.381 46.827 47.563 46.681 47.821 48.497 54.323 42.434 

Average 40.914 15.149 44.53467 45.70433 47.80167 44.35433 47.97133 50.119 46.04633 47.67633 48.80833 54.46233 43.04167 

Std dev 2.200705 0.443812 0.800662 1.175901 1.343903 1.755209 1.71812 2.27359 0.957474 0.955251 0.869842 0.738919 0.846079 

 
250ppb Calibration Standard 

Anova: Single Factor 

    
       SUMMARY 

     Groups Count Sum Average Variance 

  Process 1 3 122.742 40.914 4.843101 

  Process 2 3 45.447 15.149 0.196969 

  Process 3 3 133.604 44.53467 0.64106 

  Process 4 3 137.113 45.70433 1.382742 

  Process 5 3 143.405 47.80167 1.806076 

  Process 6 3 133.063 44.35433 3.080758 

  Process 7 3 143.914 47.97133 2.951936 

  Process 8 3 150.357 50.119 5.169213 

  Process 9 3 138.139 46.04633 0.916757 

  Process 10 3 143.029 47.67633 0.912505 

  Process 11 3 146.425 48.80833 0.756625 
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Process 12 3 163.387 54.46233 0.546001 

  Process 13 3 129.125 43.04167 0.71585 

         
       ANOVA 

      Source of Variation SS df MS F P-value F crit 

Between Groups 3187.416 12 265.618 144.36 1.29E-20 2.147926 

Within Groups 47.83919 26 1.839969 

   

       Total 3235.255 38         

       c = 13 

      n = 39 

      DF between groups  c-1 12 

   DF within groups n-c 26 

   

       MSA 265.62 

     MSW 1.84 

     

       F calculated= MSA/MSW 144.36 

    

Null hypothesis   H0: µ1 = µ2 = µ3 = µ4 = µ5 = µ6 = µ7 = µ8 = µ9 = µ10 = µ11 = µ12 = µ13 

Alternate hypothesis  H1: µ1 ≠ µ2 ≠ µ3 ≠ µ4 ≠ µ5 ≠ µ6 ≠ µ7 ≠ µ8 ≠ µ9 ≠ µ10 ≠ µ11 ≠ µ12 ≠ µ13 

Since the calculated f-test statistic is greater that the f crit test statistic obtained from the table, the null hypothesis is 

therefore rejected.  There is not enough evidence to accept the null hypothesis stating that the mean concentration of 

selenium in the 250ppb calibration curve standard among the thirteen different process runs does not vary.  The alternate 

hypothesis is therefore accepted stating that there is significant evidence to conclude that the mean selenium concentration 

among the thirteen different process runs varies. 

 

Single Factor ANOVA: 500 ppb Calibration Curve Standard 

             

 
Process 1 Process 2 Process 3 Process 4 Process 5 Process 6 Process 7 Process 8 Process 9 

Process 
10 

Process 
11 

Process 
12 

Process 
13 

 
83.391 29.609 89.496 95.604 94.143 86.236 96.126 96.018 92.688 92.113 98.313 96.966 94.393 

 
88.765 30.184 88.963 87.928 94.671 87.869 99.309 94.267 96.532 89.51 98.889 97.6 93.685 

 
83.676 29.991 90.119 94.773 95.465 84.272 96.953 95.39 84.928 96.767 96.73 95.438 89.212 

Average 85.27733 29.928 89.526 92.76833 94.75967 86.12567 97.46267 95.225 91.38267 92.79667 97.97733 96.668 92.43 

Std dev 3.023768 0.292631 0.578584 4.212394 0.665445 1.801036 1.651573 0.887085 5.911102 3.676488 1.117955 1.111379 2.809263 

 

500ppb Calibration Standard 

Anova: Single Factor 

    
       SUMMARY 

     Groups Count Sum Average Variance 

  Process 1 3 255.832 85.27733 9.14317 

  Process 2 3 89.784 29.928 0.085633 

  Process 3 3 268.578 89.526 0.334759 

  Process 4 3 278.305 92.76833 17.74426 

  Process 5 3 284.279 94.75967 0.442817 

  Process 6 3 258.377 86.12567 3.243732 

  Process 7 3 292.388 97.46267 2.727692 

  Process 8 3 285.675 95.225 0.786919 

  Process 9 3 274.148 91.38267 34.94113 

  Process 10 3 278.39 92.79667 13.51656 

  Process 11 3 293.932 97.97733 1.249824 
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Process 12 3 290.004 96.668 1.235164 

  Process 13 3 277.29 92.43 7.891959 

  
       

       ANOVA 

      Source of Variation SS df MS F P-value F crit 

Between Groups 11472.98 12 956.0816 133.1538 3.61E-20 2.147926 

Within Groups 186.6872 26 7.180278 

   

       Total 11659.67 38         

       c = 13 

      n = 39 

      DF between groups  c-1 12 

   DF within groups n-c 26 

   

       MSA 956.0816 

     MSW 7.1803 

     

       F calculated= MSA/MSW 133.15 

    

Null hypothesis   H0: µ1 = µ2 = µ3 = µ4 = µ5 = µ6 = µ7 = µ8 = µ9 = µ10 = µ11 = µ12 = µ13 

Alternate hypothesis  H1: µ1 ≠ µ2 ≠ µ3 ≠ µ4 ≠ µ5 ≠ µ6 ≠ µ7 ≠ µ8 ≠ µ9 ≠ µ10 ≠ µ11 ≠ µ12 ≠ µ13 

Since the calculated f-test statistic is greater that the f crit test statistic obtained from the table, the null hypothesis is 

therefore rejected.  There is not enough evidence to accept the null hypothesis stating that the mean concentration of 

selenium in the 500ppb calibration curve standard among the thirteen different process runs does not vary.  The alternate 

hypothesis is therefore accepted stating that there is significant evidence to conclude that the mean selenium concentration 

among the thirteen different process runs varies. 
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ANNEXURE 16: Individual Sample Moving Range Charts 
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ANNEXURE 17: Modified Selenium Analysis Process FMEA Assessment 

Item and 
Function 

Potential 
failure 
mode 

Potential 
effects of 
failure 

∆ SEV Potential 
Causes of 
failure 

OCC Detection 
method & 
quality 
controls 

DET RPN Recommende
d actions 

Sample 
Registration 

Mistaken 
switching of 
samples 

Erroneous 
results 

 4 Carelessness/ 
Inadequate 
procedure 

4 Internal 
Lab 
worksheet: 
Selenium 
analysis 

5 80 Initiate use of 
internal 
control 
worksheet: 
Selenium 
analysis 

Digestion 
failure 

Microwave 
Apparatus 
failure 

Process 
halted 

∆ 8 Maintenance 
schedule not 
upheld 

2 Uphold 
strict 
maintenanc
e schedule 

8 128 Ensure 
maintenance 
schedule 
upheld 

Unforeseen 
equipment 
failure  

2 Unavoidabl
e 

10 160 None.  
Previous 
selenium 
method as 
backup. 

Microwave 
vessel 
failure 

Select 
samples: 
Rework 

 8 ‘Wear and 
tear’ of 
microwave 
vessels 

3 Visual 
inspection 
of 
microwave 
vessels 
before use 

8 192 Incorporate a 
‘Visual 
Inspection’ 
step in 
Selenium 
Analysis SOP 

Reduction 
phase failure 

Water bath 
failure 

Delay in 
process 
results 

 5 Unforeseen 
equipment 
failure  

2 Unavoidabl
e 

10 100 Have back-up 
water bath on 
standby 

Thermomete
r failure 

Delay in 
process 
results 

 5 Unforeseen 
equipment 
failure  

3 Unavoidabl
e 

10 150 Calibrate 
thermometers 
before analysis 

Incorrect 
measurement 
parameters 
(detection 
instrument) 

Technician 
error 

Delay in 
process 
results 

 8 Incompetence
/ carelessness 

3 Adequate 
training / 
Human 
error 

3 72 Ensure process 
operator 
competent to 
perform 
analysis 

AA failure AA 
apparatus 
failure 

Process 
halted 

∆ 8 Maintenance 
schedule not 
upheld 

2 Uphold 
strict 
maintenanc
e schedule 

8 128 Ensure 
maintenance 
schedule 
upheld 

Unforeseen 
equipment 
failure  

4 Unavoidabl
e 

10 320 None.  
Previous 
selenium 
method as 
backup. 

Lamp 
failure 

Delay in 
process 
results 

 6 Routine ‘wear 
and tear’ 

4 AA error 
message: 
Lamp fused 

5 120 Ensure spare 
lamp in stock 

HG failure HG 
apparatus 
failure 

Process 
halted 

∆ 8 Maintenance 
schedule not 
upheld 

2 Uphold 
strict 
maintenanc
e schedule 

8 128 Ensure 
maintenance 
schedule 
upheld.  

Unforeseen 
equipment 
failure  

2 Unavoidabl
e 

10 160 None.  
Previous 
selenium 
method as 
backup. 

Breakage in 
HG piping 
system 

Delay in 
process 
results 

 6 Routine ‘wear 
and tear’ 

3 Visual 
check: No 
reagent 
being 
aspirated 

5 90 Ensure spare 
piping in stock 

Reporting: 
Electronic 
system 

LIMS 
offline 

Delay in 
result 
reporting 

 7 Unforeseen or 
unavoidable 

3 None: 
General 
WCPVL 
failure 
mode 

8 168 None: wait 
until system 
online again 

∆ Delta = critical characteristic which may require special controls or affect safety, or compliance 
with government regulations 
SEV = Severity rating (1 to 10) 
OCC = Occurrence frequency (1 to 10) 



 

248 
 

DET = Detection rating (1 to 10) 
RPN = Risk priority number (RPN)  = (SEV) x (OCC) x (DET) 
 
 

FMEA Evaluation Criteria: Severity, Occurrence and Detection 

Severity Evaluation Criteria 
Effect Criteria: Severity of Effect Rank 
Hazardous – without warning Very high severity ranking when a potential failure mode 

affects safety of personnel and/or involves noncompliance 
with government regulation without warning 

10 

Hazardous – with warning Very high severity ranking when potential failure mode 
affects safety of personnel and/or involves noncompliance 
with government regulation with warning  

9 

Very High Process halted 8 
High Uncertainty in results – needs rework 7 
Moderate Results obtainable from process, but reduced level of 

performance.  Controls out of spec 
6 

Low Results obtainable from process, but reduced level of 
performance.  Controls in spec 

5 

Very Low Delayed process results. Controls in spec 4 
Minor Minor delay in process results. Controls in spec 3 
Very Minor Process results not available electronically 2 
None No effect 1* 
*Note: Zero (0) rankings for severity, occurrence and detection are not allowed  

Occurrence Evaluation Criteria 
Rank CPK Failure Rates Probability of failure 
10 ≥ 0.33 > 1 in 2 Very High: Failure almost inevitable 
9 ≥ 0.33 1 in 3 
8 ≥ 0.51 1 in 8 High: Repeated failures 
7 ≥ 0.67 1 in 20 
6 ≥ 0.83 1 in 80 Moderate: Occasional failures 
5 ≥ 1.00 1 in 400 
4 ≥ 1.17 1 in 2000 Low: Relatively few failures 
3 ≥ 1. 33 1 in 15 000 
2 ≥ 1.50 1 in 150 000 Remote: Failure is unlikely 
1* ≥ 1.67 ≤ 1 in 500 000 
*Note: Zero (0) rankings for severity, occurrence and detection are not allowed  

Detection Evaluation Criteria 
Detection Criteria Rank 
Absolute uncertainty Potential cause and subsequent failure mode cannot be detected 10 
Very Remote Very remote probability potential cause and failure mode will be 

detected by built-in control 
9 

Remote Remote probability potential cause and failure mode will be detected 
by built-in control 

8 

Very Low Very low probability potential cause and failure mode will be 
detected by built-in control 

7 

Low Low probability potential cause and failure mode will be detected by 
built-in control 

6 

Moderate Moderate probability potential cause and failure mode will be 
detected by built-in control 

5 

Moderately high Moderately high probability potential cause and failure mode will be 
detected by built-in control 

4 

High High probability potential cause and failure mode will be detected by 
built-in control 

3 

Very high Very high probability potential cause and failure mode will be 
detected by built-in control 

2 

Almost certain Certain probability potential cause and failure mode will be detected 
by built-in control 

1* 

*Note: Zero (0) rankings for severity, occurrence and detection are not allowed  
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