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QUESTION 1 
               
1.1 Describe the following terms as they are used in quality management 

 
1.1.1 External quality assessment       (3) 
1.1.2 Quality control         (2) 
1.1.3 Quality improvement        (1) 
1.1.4 Quality assurance         (4) 
 
1.2 A juice canning equipment is designed to produce 2 000 000 units per month 

but managed to deliver only 1 900 000 units in the month of November. What 
is the quality performance of the equipment?     (3) 
 

1.3 If you are provided with 10 replicated data from an assay of a rock sample. 
Briefly describe how you are going to determine the following 

 
1.3.1 Average          (4) 
1.3.2 Median          (3) 
1.3.3 Mode           (4) 

 
1.4 List the three basic measures of dispersion used in statistical quality control.    

            (3) 
1.5 what are the procedures which can be used to detect systematic errors (3) 

 
                   [30] 

 
QUESTION 2 
  
2.1 Differentiate the meaning of the following terms as they are commonly used in 

chemical quality assurance. 
 
2.1.1 Precision and accuracy  (4) 
2.1.2 Repeatability and reproducibility  (2) 
  
2.2 Briefly describe the sources of the following errors and how to reduce them. 
 
2.2.1 Instrumental errors  (3) 
2.2.2 Method error  (3) 
2.2.3 Personal error  (2) 
  
2.3 Explain the difference between relative error (Er) and coefficient of variation 

(relative standard deviation (RSD)  (4) 

 
2.4 Three students (A, B and C) were given the same soil sample to analyse for 

phosphorus. Each of the three students performed more than 30 replicates 
analysis. Each set of data obtained by teach student was plotted on a graph 
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as Range of measured values (horizontal) vs Percentage of measurements 
(vertical axis). Comment on the following observations: 

 
2.4.1 Student A data produced a curve with a kurtosis symmetrically by the mean

 (4) 
2.4.2 Student B data produced a curve with a positive kurtosis (4) 
2.4.3 Student C data produced a curve with negative kurtosis             (4) 
 
 [30] 

 
QUESTION 3 
 
3.1 Briefly describe the four basic properties of a standard normal curve.        (5) 
 
3.2 A student carried out a repetitive titrimetric analysis of calcium ions in 

borehole water. The Ca2+(aq) levels obtained were normally distributed with 
the mean value of 11.16 mg/L and a standard deviation of ±0.03 mg/L. Find 
the proportion (%) of the measurements which lie between 11.13 mg/L and 

11.26 mg/L. (𝑍 =
𝑥−�̅�

𝑠
)                   (5) 

  
3.3 A student carried out titrimetric analysis of vitamin C in a juice produced 

from a continuous production line and obtained the concentrations shown in 
the table below: 

 

n Time 𝑥𝑖 
(mg/L) 

(𝑥𝑖  - 𝑥) (𝑥𝑖  -    𝑥)2 

1 1 10.08   

2 20 10.11   

3 40 10.09   

4 60 10.10   

5 80 10.12   

6 100 10.90   

7 120 9.80   

8 140 11.20   

9 160 8.80   

10 180 10.30   

Totals          

 
3.3.1  Redraw and complete the table by filling in the missing data in the table in 

your answer booklet.                 (4) 
 
3.3.2 Calculate using the data from the table: 

(a)  the mean,          (2) 
(b) standard deviation,        (2) 
(c) variance; and         (2) 
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(d) relative standard deviation of the data.     (2) 
 3.3.3 Given the following equations: 

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡𝑠 =  𝑥 ̅ ± 3𝑠/√𝑛 ; 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡𝑠 =  𝑥 ̅ ± 3𝑠/√𝑛 
(a) Calculate the Control limits and the warning limits   (4) 

 (b) Plot a control chart of 𝑥𝑖 versus time (min)    (4) 
(c)  Comment briefly on the process stability     (2) 

 
   [32] 
 

 
QUESTION 4 
 
4.1  Define the following terms and describe how they are determined in 

analytical chemistry experiments. 
4.1.1 Limit of detection (LOD)               (4) 
4.1.2 Limit of Decision (CCα); and              (4) 
4.1.3 Limit of quantitation (LOQ)               (4) 
 
4.2 The following set of alcohol analyses on separate aliquots of a pooled 

serum were reported: 103, 106, 107, and 124 meq/L. One value appears 

suspect. Identify this value and determine if it can be ascribed to accidental 

error, at 95% confidence level?                                                                  (5) 

 

4.3 The following replicates of selenium determination on a tissue extract using 
amperometric analysis and new calorimetric method were reported. Is there 
a significant difference between the precisions of the two methods at 95% 
confidence level?                (5) 

 

Amperometric 
method 
(mg/dm3) 

Colorimetric 
(mg/dm3) 

10.9 10.5 

10.3 9.8 

10.7 11.4 

10.1 11.5 

9.8 9.4 

11.3 10.2 

 11.3 

 9.2 

  

  

  

                      
4.4 Compare Analog and Digital analytical equipment in terms of 

4.3.1 Power consumption (2) 
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4.3.2 Errors          (2) 
 
   [30] 

 
QUESTION 5 
 
5.1 Briefly describe the following instrumental noises. 
5.1.1    Thermal or Johnson Noise   (2) 
5.1.2    Shot noise   (2) 
5.1.3    Flicker noise  (3) 
5.1.4     Environmental noise  (7) 
 
5.2 An analyst analysed a soil sample for phosphorus using Microwave induced 

Plasma Optical Emission Spectrometer (MIP-OES) and validated the method 
by analysing the same sample using Ion chromatography (IC). The student 
obtained a mean concentration of 55.75±0.111 µg/kg S and 53.45 ±0.0105 
µg/kg S with MIP–OES and IC respectively. Which of the equipment is more 
sensitive in terms of signal to noise ratio?              (4) 

 
5.3 Briefly describe the following samples, giving a typical example where such 

are sample is required.  
5.3.1 Selective sample          (4) 
5.3.2  Random sample         (5) 
5.3.3 Composite sample         (3) 
  
          [30] 
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APPENDICES 
 
 
Appendix 1; Equations: 

;  

 

⌈𝑡⌉ = |
�̅� − 𝜇

𝑠
| ∗ √𝑛 

 
 

𝑠 = √
∑ (𝑥𝑖 − �̅�)2𝑛

1

𝑛 − 1
 

 
 
Appendix 2: Rejection Coefficient test ratios 
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Appendix 3: Tables for t and F values for various levels of probability 
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Appendix 4: Tables for Z values for various levels of probability 

 


