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QUESTION 1 [25]

(a) Briefly discuss the technique “Analysis of Variance™ and why would such a research method be useful in data
analysis (6)
(b) (i) Use a diagram to explain what is meant by aliasing?
3)
(ii) Apply the Nyquist Theorem to explain how aliasing can be avoided. ' (3)

(¢} The following data was obtained during a spectrophotometric determination of Fe in tap water samples following
complexation with bipyridine:

Triplicate absorbance readings for the standards:  1.16 ppm — 0.120, 0.125, 0.130 ; 2.32 ppm — 0.248, 0.255, 0.252;
3.48 ppm — 0.382, 0.385, 0.384 ; 4.65 ppm — 0.504, 0.506, 0.502

Triplicate absorbance readings for the sample are: 8.337, 0.335, 0.340

(i} Calculate the equation of the calibration curve using the Least Squares Method (5)
(il) Calculate the absolute error associated with the calibration curve, Sy {3)
(iii) Calculate the absolute error associated with the apalytical measurement, Sa (3)

(iv) Calculate the absolute subsampling uncertainty, S, i ppm units if five 500-mg portions of the sample were found to
contain 3.08ppm, 3.07ppry, 3.11 ppm, 5.01 ppm, and 3.09 ppm. (2)

QUESTION 2 25]

(a) (i} Explain the difference between “homogeneous”™ and “heterogeneous” samples.
(3)
(i) Discuss the challenges associated with the latter with respect to the sampling step in chemical analysis. (4)
(b) What is meant by a “reference method” in the analytical chemistry laboratory? (2)

(¢} A new GC-MS method for the analysis of DDT in tissue samples is being evaluated by comparing the results obtained
using it with that of the reference method based on HPLC. The results of the concentrations of DDT (in ppb), by the two
methods are as shown in the table below:

Method DDT concentration, ppb
HPLC Reference 216 242 216 235 231 243
New GC-MS 2.15 2.23 215 213 3.00 246 221 236 2.31
() Would you consider the value “3.01 in the data obtained by the new GC-MS method an “outliar” (3)

(i) Is there a significant difference between the two methods at the 95% confidence level. (5)




(iiiy  Comment on the precision of the new GC-MS method relative to the reference one at 95% confidence level.

3)

(d)  Inchemical research, the encoding and decoding of analytical information affects the accuracy and precision of research
data. Use diagrams to explain how the Si-VIDICON image sensor works in decoding anaiytical information. (5)

QUESTION 3 [25]

{a) (i) Write down the equation that describes the “normal curve of error™ in chemometrics, and explain all terms
appearing in it. (H

(ii) Under what conditions in analytical sampling will the sampte variance be the same as the population variance

: (2)

(b)  The following absorbance data was obtained in triplicate during a standard additions determination of zinc in a river
sediment sample using atomic absorption, AA, following classical dissolution of 500-mg portions:

Addition 0: 0.102
Addition 1: 0.149
Addition 2; 0.205
Addition 3: 0.246

where 0 gL, 5u L, 10 puL, and 15 pl. ofa 100 ppm Zn standard solution was added to 10-mL aliquots of sample, respectively.

Thirty six (36) samples of river sediment were taken from a river to map the spatial variability of zinc, 500-mg portions of
each sample were digested and zinc measured by AA following the standard additions procedure on the same day. The spatial

distribution of zinc was found to be as follows:

3.60

3.08 2.1t 3.01 .

() Identify the hotspot and coldspot iu this population (3)

(il) Use the Kolmogorv-Smirnoff test to show that the distribution of zinc in the field is not Gaussian. (7)




4
(iii) Caleulate the uncertainly due to the sampling operation in ppm units, if five (5) portions of certified reference material
gave the following results: 5,22 5.21 535 520 5.23 (4

(iv) Use the Student’s t-test equation to determine the minimum number of samples to be taken from the population if the
average value of zinc is to be within the error due to sampling at the 95% confidence level, (4)

QUESTION 4 [25]

(a) Tn data acquisition, noise is an important concept in instrumental analysis as it is a predominant factor in determining
precision and detection limits. ‘

(i) Explain what is meant by “signal” in analytical data acquisition? {2)
(i) Explain what is meant by “noise” it analytical data acquisition? {2)
(i) Define “signal-to-noise ratio” in aﬁalytical data acquisition? (2)
(iv) Give the operational definition of “detection limit”. (3)
(b) What is the difference between “White Noise” and “Fundamental Noise” in analytical instrumentation. {3)

(c) Tn regard to Johnson Noise,
(1) Explain it origins in analytical instrumentation (3)

(ii) Write down the equation relating the magnitude of this noise to the bandwidth, and explain all terms appearing in it

(3
{(d} In regard to Shot Noise,
(i) Explain it origins in analytical instrumentation (3)
(if) Write down the equation relating the magnitude of this noise to the bandwidth, and explain all terms appearing in
it (4)
QUESTION 5 J25]
(ay (i) What is meant by a “certified reference material” in the analytical laboratory {2)
(iiy - Explain how this material would be used to evaluate validity and refiability of copper ineasurements in sugar canc
leaves. (3)
(b) Blind samples are useful in analytical qualit control in a commetcial water laboratory.
! y qualtty
(i) What is meant by a blind sample? (2)
(i) Explain how blind samples are used to evaluate validity and reliability of Hg measurements in water. (3

(¢) Quality control charts are useful in ensuring that repetitive day to day measurements are under statistical control, An in-
house reference material was used to generate the following data over a period of 10 days of measurement of DDT in a

tissue sample:

Day # i 2 3 4 5 6 7 8 9 10
DDT, ppb 10 11 10 9 21 10 11 5 4 10




i} What is meant by an “in-house reference material”? 3
b

(ii) Draw the quality control chart for the DDT determination, assuming that the in-house reference malerial is 10+2 ppb
DDT. Which days were the measurements not under statistical control and why? (6)

(d) Interlaboratory comparisons are useful in the evaluation of reliability and validity of anaiytical data. In the measurement of
nitrates in a mine pit water sample by ion chromatography, “LAB A” ran ten replicate measurements on the sample, and
requested “LAB B” to do the same with the remainder of the sample. The following results were obtained:

LAB A 25 23 21 24 25 22 20 22 21 20
(ppm)
LABB 23 29 22 18 15 21 25 29 32 21
(ppm)
(i) Comument on the validity of the results at the 95% confidence level &)
(i) Comment on the relative precisions of the two laboratories at the 95% confidence level 3)

QUESTION 6 [25]

(@) In the analysis of Cu in agricultural soils by flame atomic absorption spectrophotometry, describe three (3) sources of
error in the analytical results. {6)

(b)  Use equations to explain the Benedetti-Pichler approach to sampling of solid samples. What are the short comings of this

approach? (4)
(¢) River sediments present a challenge in their sampling for elemental analysis. What are these chatlenges, and how are they
practicaily met? : {4)
(d)  Describe Gy’s approach to sampling heterogeneous popuiations {4)
{e)  Describe Visman’s approach to sampling coal in a moving belt. {4}

(i Although amplification does not eliminate noise, amplifiers are useful in analytical data acquisition. For the integrator
operational amplifier, draw the circuit and describe the output using the relevant equation. (3)
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