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Please check that this examination paper consists of TWENTY FIVE pages of printed 

material before you begin the examination. 

 

Instructions:  

 

Answer FIVE (5) questions. Section A is COMPULSORY. Answer TWO (2) questions 

from Section B. If a candidate answers more than five questions only the first five 

questions in the answer sheet will be graded. 

 

Answer each question on a new page.  

 

You may answer the questions either in Bahasa Malaysia or in English. 

 

In the event of any discrepancies, the English version shall be used. 

 

Appendices: AQL Sampling Table based on the Mil-STD-105D 

           Cumulative standard normal distribution (values of the probability         

           corresponding to the value Z of a standard normal random variable) 

           Plackett and Burman Design for 11 factors 

           Constants for the construction of control charts 

         Table of the Standard Normal Cumulative distribution Function  (z) 
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SECTION A 

 

1. The following data concerns the thickness of nonmagnetic coatings of zinc.  Two 

measurements are made on the same specimen.  The first uses a method involving 

electron probe microanalyzer (EPMA) while another involves a scanning electron 

microscope-energy dispersive spectrometry (SEM-EDS).  

 

Specimen EPMA    

(µm) 

SEM-EDS 

(µm) 

1 105 116 

2 120 132 

3 85 104 

4 181 139 

5 115 114 

6 127 129 

7 630 720 

8 155 174 

9 250 312 

10 310 338 

11 443 465 

 

i. Explain what is meant by a Type I error and Type II error. 

 

ii. At the 0.05 level of significance, is there evidence of a difference in the 

average measurement of thin layer thickness using the two methods? 

 

iii. What would be the results if the inappropriate t-test for two independent 

samples is used? 

 

iv. Explain the difference between the results in (ii) and (iii) 

 

(20 marks) 
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2. When checking large batches of goods, the following acceptance sampling plans 

are considered: 

 

Plan 1:   A sample of size 50 is inspected and the batch is accepted if three or 

fewer non-conforming items are found. Otherwise, the batch is rejected. 

 

Plan 2:   A sample of size 30 is inspected and the batch is accepted if zero or one 

non-conforming item is found. If three or more are found, the batch is rejected. If 

two non-conforming items are found, a further sample of size 30 is taken and the 

batch is accepted if a total of four or fewer (out of 60) non-conforming items are 

found. Otherwise, it is rejected. 

 

 

(a)    For each sampling plan, calculate the probability of accepting the batches 

containing 2, 5 and 10% non-conforming items. Sketch the operating 

characteristics of each plan. 

(12 marks) 

 

(b)  For the second plan, evaluate the expected number of items inspected each 

 time the plan is used when the proportion of non-conforming in the batch 

 is 0.02 and 0.10. 

(4 marks) 

 

(c)  Discuss the factors which need to be considered when deciding which of 

 the two plans is to be used.  

          (4 marks) 

 

 (Given: The binomial formula 



c

0d

dnd p1pd)-(n/dncdP )(]!!![)(  
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3. The water supply resources for a town were routinely analyzed for lead content.  

Five water samples were drawn each day in a 20 day period.  The lead content in 

ppb for each location sampled in one geographical area over a 20-day period is 

presented in the following table. 

 

 Water Samples (ppb)    

Day 1 2 3 4 5 X-bar Ri Si 

1 13 8 2 5 8 7.2 11 4.09 

2 0 6 1 9 15    

3 4 2 4 3 4 3.4 2 0.89 

4 3 15 8 3 5 6.8 12 5.02 

5 5 10 5 4 0 4.8 10 3.56 

6 9 5 13 7 7 8.2 8 3.03 

7 0 4 4 3 9    

8 9 3 0 6 0 3.6 9 3.91 

9 14 0 0 5 3 4.4 14 5.77 

10 3 9 5 0 2 3.8 9 3.42 

11 5 8 0 7 8 5.6 8 3.36 

12 3 2 2 7 4 3.6 5 2.07 

13 5 11 14 8 3 8.2 11 4.44 

14 13 5 5 12 7 8.4 8 3.85 

15 7 0 1 0 6 2.8 7 3.42 

16 12 7 10 4 13 9.2 9 3.70 

17 9 4 4 8 9 6.8 5 2.59 

18 6 1 1` 3 13 4.8 12 5.02 

19 7 0 5 7 2 4.2 7 3.11 

20 10 0 10 12 7 7.8 12 4.71 

   

i. Fill up the blanks in the table. 

 

ii. Produce an X-bar and R-bar charts. 

 

iii. Comment on the stability of the analytical process. 
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iv. What will be your analysis of the analytical process if the 

following control chart was obtained instead? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( 20 marks) 
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SECTION B 

 

4. (a) In the tablet manufacture of a certain drug, the following process 

 parameters from 20 samples of size n = 4 were observed.  The target 

 weight  of the tablet was 65.5 mg with a tolerance of  ± 1.25 mg.  The 

 process is stable with a mean of 65.6 mg and the UCL and LCL are 66.86 

 and 64.34 mg, respectively. 

 

i. What are the values of Cp and Cpk of the tablet manufacturing 

process? 

 

ii. Assuming that the output is normally distributed, what proportion 

of drug tablets can be expected to be non-conforming? 

 

iii. If the specifications were changed to 65.5 mg ± 2 percent of the 

target weight, what would be the values of Cp and Cpk. 

 

(10 marks) 

 

(b) For the use of chemicals and consumables, discuss the following aspects: 

grade, labeling, storage, safety and disposal. 

(10 marks) 

 

5. (a) Differentiate the differences between the following method validation 

 parameters: 

 

i. Specificity and selectivity 

 

ii. Reproducibility and repeatability 

 

iii. Limit of detection (LOD) and limit of quantification (LOQ) 

 

iv. Sensitivity and linearity 

 

(8 marks) 
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(b) The determination of 6 replicates of a standard solution of 2.0 ppm Cd  in 

water using atomic absorption spectroscopy yielded  the following results. 

 

Sample Values 

Observed 

(ppm) 

1 1.6 

2 1.7 

3 1.9 

4 1.7 

5 1.9 

6 1.7 

 

i. Assess the precision and accuracy of the method. 

 

ii. Determine the method detection limit (MDL) and limit of 

quantification (LOQ). 

 

iii. Calculate the coefficient of variation for this method.  Based on the 

modified Horwitz equation, provide the expected coefficient of 

variation (CV) for this method.  Comment on the comparison 

between your calculated CV against the expected CV. 

 

iv. Is this method fit for the purpose of determining Cd in water at the 

estimated concentration level of 0.05 ppm ? Justify your answer. 

  

(12 marks) 
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6. (a) A HPLC method was described for the determination of phenantrene, a 

 polyaromatic hydrocarbon (PAH) substance in water.   The solution is a 

 standard solution containing 125 mg L
-1

 of the PAH substance in 

 acetonitrile. Chromatographic conditions: A 25 cm  stainless steel -

 Bondapack C18 column and  the mobile phase was a mixture of 1:1 

 water/acetonitrile. A flow rate of about 1.5 mLmin
-1

 and ambient 

 temperature was used.  The UV detector set at wavelength 254 nm was 

 used to detect the analyte.  This method was selected for a robustness test 

 in order to see the effect of variability within various parameters of the 

 HPLC.  The results of the robustness test are provided in the table below. 

 Eight factors were selected from the operating procedure for examination 

 in a Plackett-Burman design for 11 factors (N = 12). Therefore three 

 dummy factor columns have to be included.  The responses determined in 

 this robustness test are the percent recoveries of phenantrene and are 

 given in Table I while some of the calculated effect are given in Table II. 

   

             Table I          Table II 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

i. Calculate the effects for Dum 1, Dum 2, Dum 3 and wavelength 

factors. 

 

ii. Use half normal plot to identify factors that are not robust used in 

this method. 

 

 

…9/- 

Experimental 

runs 

Recoveries             

(%) 

1 101.4 

2 102.7 

3 101.3 

4 102.9 

5 99.1 

6 101.7 

7 101.4 

8 98.8 

9 101.8 

10 99.3 

11 98.7 

12 103.1 

Mean 101.0 

RSD 1.61 

Factors Effects 

pH 0.000 

Column -0.300 

Dum1      

Temp -0.367 

%B begin -1.067 

%B end 0.467 

Dum2  

Flow -0.300 

Wavelength  

Buffer Conc. 1.100 

Dum3  
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iii. Use the statistical method via estimation of standard error using 

dummy factors for identifying non-robust factors. 

 

iv. Use the algorithm of Dong to determine the non robust factors 

 

(14  marks) 

 

(b) Plackett-Burman experimental design is a form of fractional factorial  

  design. Define the following terms which relate to the experimental  

  design. 

 

i. Full factorial design 

 

ii. Two level screening design 

 

iii. Confounding effect 

(6 marks) 

 

7. (a) Outline the differences between X-bar control chart, exponentially 

 weighted moving average chart (EWMA) and cumulative sum (CUSUM) 

 control charts. 

(6 marks) 

 

(b) Briefly differentiate between ISO 17025 and ISO 9000. Outline the 

normal procedure and preparation for your laboratory to obtain ISO 17025 

accreditation.  Finally differentiate between accreditation and certification 

 

          (9 marks) 

 

(c) An inter-laboratory study was carried out by  10 laboratories to  determine  

Fe in palm oil and  50 determinations were carried out in total.  The 

standard deviations (s) of the data obtained by each laboratory are as 

follows: 

 

Lab 1 2 3 4 5 6 7 8 9 10 

s 6.47 3.83 3.51 4.16 5.89 8.92 5.63 6.28 5.63 5.50 

 

 Use Cochran’s test to determine whether laboratory 6 has failed the inter-

laboratory test and could not be awarded the ISO17025 accreditation 

status. 

         (5 marks) 

 

 

 



[KAA 501] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BAHAGIAN A 

 

1. Data berikut merujuk kepada ketebalan saduran zink bukan magnetic.  Dua 

pengukuran dilakukan ke atas setiap spesimen yang sama.  Kaedah pertama 

melibatkan prob elektron penganalisis mikro (EPMA) manakala kaedah kedua 



[KAA 501] 

melibatkan mikroskop imbasan elektron-spektrometri sebaran tenaga (SEM-

EDS).  

 

Spesimen EPMA    

(µm) 

SEM-EDS 

(µm) 

1 105 116 

2 120 132 

3 85 104 

4 181 139 

5 115 114 

6 127 129 

7 630 720 

8 155 174 

9 250 312 

10 310 338 

11 443 465 

 

i. Jelaskan apa yang dimaksudkan dengan ralat Jenis I dan ralat Jenis 

II.  

 

ii. Pada paras bernilai 0.05, apakah terdapat  bukti terhadap perbezaan 

dalam purata pengukuran ketebalan lapisan nipis menggunakan 

kedua-dua kaedah ini?  

 

iii. Apakah hasil yang akan diperolehi sekiranya ujian t untuk sampel 

tak bersandar yang digunakan ?  

 

iv. Jelaskan perbezaan yang diperolehi di antara hasil daripada (i) dan 

(iii).  

 

(20 markah) 
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2. Apabila menyemak kelompok barang yang besar, rancangan pensampelan 

penerimaan yang berikut dipertimbangkan: 
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Rancangan 1: Sebanyak 50 item diperiksa dan kelompok itu diterima jika tidak 

melebihi tiga item yang tidak mematuhi ditemui. Sebaliknya, 

kelompok itu ditolak. 

 

Rancangan 2: Sebanyak 30 item diperiksa dan kelompok itu diterima jika tidak 

melebihi satu item yang tidak mematuhi ditemui. Jika tiga atau 

lebih yang tidak mematuhi ditemui, kelompok itu ditolak. Jika dua 

item yang tidak mematuhi ditemui, sebanyak 30 item diperiksa lagi 

dan kelompok itu diterima jika tidak melebihi empat item 

(daripada sejumlah 60 item) yang tidak mematuhi ditemui. 

Sebaliknya, kelompok itu ditolak. 

 

(a)  Bagi setiap rancangan pensampelan, kirakan kebarangkalian untuk 

 menerima kelompok yang mengandungi 2, 5 dan 10% item yang tidak 

 mematuhi. Lakarkan lengkungan ciri-ciri pengoperasian bagi setiap 

 rancangan. 

 

         (12 markah) 

 

(b)  Bagi rancangan yang kedua, nilaikan bilangan jangkaan item yang 

 diperiksa setiap kali rancangan itu digunakan apabila bahagian item yang 

 tidak mematuhi dalam kelompok adalah 0.02 dan 0.10. 

(4 markah) 

 

(c)  Bincangkan faktor yang perlu dipertimbangkan ketika memilih rancangan 

 yang digunakan. 

(4 markah) 

 

(Diberi: Formula binomial 



c

0d

dnd p1pd)-(n/dncdP )(]!!![)(  
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3. Sumber bekalan air untuk sebuah Bandar di analisis secara rutin untuk kandungan 

plumbum.  Lima sampel air di ambil setiap hari bagi  tempoh 20 hari. Kandungan 

plumbum dalam nilai bahagian per billion (ppb) bagi setiap lokasi yang disampel 
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dalam suatu kawasan geografi   untuk tempoh 20 hari pertama di berikan di dalam 

jadual di bawah.   

 

i. Isikan ruang kosong di dalam jadual di atas.  

 

ii. Hasilkan carta-carta  X-bar dan  R-bar . 

 

iii. Komen tentang kestabilan proses analisis ini.  
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iv. Apakah analisis anda sekiranya proses analisis tersebut  

menghasilkan carta kawalan berikut ?  

 

 Water Samples (ppb)    

Day 1 2 3 4 5 X-bar Ri Si 

1 13 8 2 5 8 7.2 11 4.09 

2 0 6 1 9 15    

3 4 2 4 3 4 3.4 2 0.89 

4 3 15 8 3 5 6.8 12 5.02 

5 5 10 5 4 0 4.8 10 3.56 

6 9 5 13 7 7 8.2 8 3.03 

7 0 4 4 3 9    

8 9 3 0 6 0 3.6 9 3.91 

9 14 0 0 5 3 4.4 14 5.77 

10 3 9 5 0 2 3.8 9 3.42 

11 5 8 0 7 8 5.6 8 3.36 

12 3 2 2 7 4 3.6 5 2.07 

13 5 11 14 8 3 8.2 11 4.44 

14 13 5 5 12 7 8.4 8 3.85 

15 7 0 1 0 6 2.8 7 3.42 

16 12 7 10 4 13 9.2 9 3.70 

17 9 4 4 8 9 6.8 5 2.59 

18 6 1 1` 3 13 4.8 12 5.02 

19 7 0 5 7 2 4.2 7 3.11 

20 10 0 10 12 7 7.8 12 4.71 
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( 20 markah) 
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BAHAGIAN B 
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4. (a) Dalam pembuatan tablet bagi suatu ubat , parameter proses  daripada 20 

 sampel bersaiz n=4 dipatuhi.  Sasaran berat tablet ialah 65.5 mg dengan 

 toleransi   ± 1.25 mg.  Proses ini di dapati stabil dengan nilai purata tablet 

 ialah 65.6 mg dan nilai  UCL dan  LCL adalah masing-masing  66.86 and 

 64.34 mg . 

 

i. Apakah nilai  Cp dan  Cpk bagi proses pembuatan  tablet ini? 

 

ii. Dengan menganggap keluaran mematuhi taburan normal, apakah 

nilai perkadaran tablet ubat yang dijangka tidak mematuhi 

spesifikasi? 

 

iii. Sekiranya spesifikasi diubah kepada 65.5 mg ± 2 peratus berat 

sasaran, apakah nilai untuk   Cp dan Cpk yang dijangkakan? 

 

(10 markah) 

 

(b) Bagi penggunaan bahan kimia, bincangkan aspek yang berikut:  gred, 

pelabelan, penyimpangan, keselamatan dan pelupusan. 

(10 markah) 

 

5. (a) Bezakan parameter kaedah pengesahan dibawah 

 

i. Spesifik dan selektiviti 

 

ii. Kebolehulangan  dan keterulangan 

 

iii. Had pengesan (LOD) dan had pengkuantifan (LOQ) 

 

iv Sensitiviti dan kelinearan  

 

(8 markah) 

 

 

 

 

 

 

 

 

 

…24/- 

 

- 24 - 

 



[KAA 501] 

(b) Penentuan  6 replikat suatu larutan piawai  2.0 bahagian  per million (ppm) 

 Cd  dalam air menggunakan spektroskopi penyerapan atom menghasilkan 

 keputusan beikut.   

 

 

Sampel Nilai 

diperolehi 

(ppm) 

1 1.6 

2 1.7 

3 1.9 

4 1.7 

5 1.9 

6 1.7 

 

i. Taksirkan kepersisan dan kejituan kaedah ini.  

 

ii. Tentukan had pengesanan kaedah (MDL) dan had pengkuantifan   

  (LOQ). 

 

iii. Kira pekali variasi (CV) kaedah ini.  Berdasarkan persamaan 

Horwitz terubahsuai, berikan nilai CV yang dijangkakan untuk 

kaedah ini.  Komen ke atas perbandingan di antara CV yang anda 

kira dengan CV yang dijangkakan.   

 

iv. Apakah kaedah ini sesuai untuk tujuan penentuan Cd dalam air 

yang dianggarkan mempunyai  kandungan Cd pada paras 0.05 

ppm? Justifikasikan jawapan anda.     

(12 markah) 
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6. (a) Satu kaedah  HPLC telah diperikan untuk penentuan  fenantrena , sejenis 

 sebatian hidrokarbon poliaromatik  (PAH) di dalam air.   Untuk tujuan 

 pengesahan, analasis ketegapan dilakukan.  Larutan yang digunakan untuk 

 ujian ketegapan ini ialaha larutan piawai yang mengandungi  125 mg L
-1

 

 sebatian  PAH dalam  asetonitril. Keadaan Kromatografi: Satu turus  25 

 cm stainless steel -Bondapack C18 dan fasa gerak ialah suatu campuran  

 1:1 air /asetonitril. Kadar aliran dipersekitaran  1.5 ml/min dan suhu 

 ambient telah digunakan.  Pengesan UV dengan jarak gelombang 254 nm 

 telah digunakan untuk mengesan analit.   Ujian ketegapan ini bertujuan 

 untuk melihat kesan variasi ke atas beberapa parameter HPLC.  Keputusan 

 ujian ketegapan tersebut diberikan di dalam jadual-jadual dibawah. Lapan 

 faktor telah dipilih daripada prosedur operasi untuk diuji menggunakan 

 rekabentuk  Plackett-Burman untuk  11 faktor (N = 12). Dengan itu 

 terdapat tiga faktor dumi yang telah dimasukkan kedalam turus matriks.  

 Gerakbalas yang ditentukan untuk ujian ketegapan ini adalah peratus 

 pemulihan dan diberikan di dalam jadual A manakala sebahagian daripada 

 kesan yang telah dikira diberikan dalam jadual b.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   (a)      (b) 

 

i. Kira kesan untuk faktor-faktor Dumi1, Dumi 2, Dumi 3 dan jarak 

gelombang. 

   

ii. Guna plot separuh normal untuk mengenalpasti faktor-faktor yang 

tidak tegap dalam kaedah ini.  

…26/- 
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Experimental 

runs 

Recoveries             

(%) 

1 101.4 

2 102.7 

3 101.3 

4 102.9 

5 99.1 

6 101.7 

7 101.4 

8 98.8 

9 101.8 

10 99.3 

11 98.7 

12 103.1 

Mean 101.0 

RSD 1.61 

Factors Effects 

pH 0.000 

Column -0.300 

Dum1      

Temp -0.367 

%B begin -1.067 

%B end 0.467 

Dum2  

Flow -0.300 

Wavelength  

Buffer Conc. 1.100 

Dum3  
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iii. Guna kaedah statistik melalui factor dumi untuk mencari ralat 

piawai bagi tujuan penalpastian factor tidak tegap.   

 

iv. Guna kaedah algorithma Dong untuk menentukan faktor-faktor tak 

tegap.   

(14 markah) 

 

(b) Rekabentuk eksperimen Plackett-Burman adalah jenis rekabentuk faktor  

pechan .  Definasikan sebutan-sebutan yang berkaitan dengan rekabentuk 

eksperimen dibawah: 

 

i. Rekabentuk faktor penuh.  Full factorial design 

 

ii. Rekabentuk tapisan dua paras 

 

iii. Kesan kekeliruan (confounding 

(6 markah) 

 

7. (a) Lakarkan perbezaan di antara carta kawalan X-bar, carta  purata pemberat 

 bergerak secara eksponen (EWMA) dan carta kawalan jumlah kumulatif  

 (CUSUM). 

         ( 6 markah) 

 

(b) Bezakan secara ringkas di antara  ISO 17025 dan ISO 9000. Gariskan 

prosedur normal dalam persediaan makmal anda untuk memperolehi 

akreditasi ISO 17025.  Akhir sekali, gariskan perbezaan di antara 

akreditasi dan pensijilan.   

 

          (  9 markah) 

             (c)   Satu kajian antara makmal telah dilakukan oleh 10 makmal untuk 

menentukan kandungan Fe dalam minyak kelapa sawit di mana sejumlah 

50 penentuan telah dilakukan. Sisihan piawai (s) untuk data yang 

diperolehi  setiap makmal diberikan seperti berikut:    

 

makmal 1 2 3 4 5 6 7 8 9 10 

s 6.47 3.83 3.51 4.16 5.89 8.92 5.63 6.28 5.63 5.50 

 

 Guna ujian  Cochran untuk menentukan samada makmal 6 gagal dalam 

ujian antara makmal tersebut dan tidak boleh diberikan status akreditasi 

ISO 17025 

         (5 markah) 

 

 

OooOOooo 
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APPENDIX 

 

Useful Equations for the examination 
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Upper percentage points of Cochran’S Test for homogeneity of 

Variance 

Critical values for Dixon’s Test 
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Sample 

Size 

For 

Averages 

For Ranges Standard 

Deviation 

n  A2  D3  D4  d2  

2 1.88 0 3.29 1.13 

3 1.02 0 2.58 1.69 

4 .73 0 2.28 2.06 

5 .58 0 2.11 2.33 

6 .48 0 2.00 2.53 

7 .42 0 1.92 2.70 

8 .37 .14 1.87 2.85 

9 .34 .18 1.82 2.97 

10 .31 .31 1.78 3.08 
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Control Charts Factors 
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     Plackett-Burman Design For 11 Factors 

 

Exp. Factors Response 

 A B C D E F G H I J K  

1 + + - + + + - - - + - y1 

2 - + + - + + + - - - + y2 

3 + - + + - + + + - - - y3 

4 - + - + + - + + + - - y4 

5 - - + - + + - + + + - y5 

6 - - - + - + + - + + + y6 

7 + - - - + - + + - + + y7 

8 + + - - - + - + + - + y8 

9 + + + - - - + - + + - y9 

10 - + + + - - - + - + + y10 

11 + - + + + - - - + - + y11 

12 - - - - - - - - - - - y12 
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Rankits to draw a half-normal plot for the most frequently used screening designs 

(effect “1” indicates the smallest effect) 

 

 

 

Effect Design size 

 N=8 N=12 N=16 

1 0.09 0.06 0.04 

2 0.27 0.17 0.12 

3 0.46 0.29 0.21 

4 0.66 0.41 0.29 

5 0.90 0.53 0.38 

6 1.21 0.67 0.47 

7 1.71 0.81 0.57 

8  0.98 0.67 

9  1.19 0.78 

10  1.45 0.89 

11  1.91 1.02 

12   1.18 

13   1.36 

14   1.61 

15   2.04 
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