ABSTRACT

The research project is about the method validation for the determination of hexavalent
chromium in seawater and other matrices by colorimetric method. This method is validated
by referring to the APHA 3500 B- Cr Colorimetric Method. The current colorimetric meth-
od of determination of hexavalent chromium in wastewater is carried out by using UV-VIS
Spectrocopy. This method is developed to determine the trace level of hexavalent chromi-
um up to a minimum 0.001 mg /L or 1 ppb of hexavalent chromium in seawater, river water
and industrial effluent by using the Discrete Analyzer. The calibration range is within 0 to
0.25 mg Cr */L or 250 ppb. In the method validation study, various concentration level of
hexavalent chromium were spiked in various matrices where the recovery that were ob-
tained within 88 % to 105 %. The instrument detection limit is 0.001 mg/L or 1 ppb. The
measurement uncertainty is 0.05 £ 0.005 mg/L Cr . The hexavalent chromium is determ-
ined colorimetrically by reaction with diphenylcarbazide in acid solution where the red-vi-
olet color of unknown composition will be produced. The absorbance is measured at 550

nm.



ABSTRAK

Projek penyelidikan ini dijalankan untuk menentukan kepekatan Kromium heksavalen

( Cr ®") dalam air laut dan matriks lain dengan menggunakan kaedah Colorimetric. Kaedah
ini dijalankan dengan merujuk kepada APHA 3500 B-Cr Colorimetric Method. Kaedah ini
menggunakan konsep UV-VIS Spectrocopy untuk menentukan kromium heksavalen dalam
air permukaan dan effluen perindustrian. Untuk menganalisa kepekatan Kromium heksa-
valen yang rendah sehingga ke peringkat ppb (ug /L), instrumen baru Westco Smartchem
Discrete Analyzer boleh digunakan untuk meningkatkan sensitiviti malah dapat menganali-
sakan kepekatan yang lebih rendah dan lebih jimat kos dan masa. Westco Smartchem Dis-
crete Analyzer dapat menentukan kepekatan Kromium heksavalen sehingga 0.001 mg / L
atau 1 ppb Kromium heksavalen dalam sampel air laut, air sungai dan effluen perindustrian.
Julat untuk kepekatan bagi graf kalibrasi adalah antara 0 hingga 0.25 mg Cr 6 +/ L atau
250 ppb. Dalam projek penyelidikan ini, pelbagai tahap kepekatan Kromium heksavalen te-
lah dijalankan dalam pelbagai matriks di mana peratus purata yang diperolehi adalah di ant-
ara 88% hingga 105%. Had penentuan bagi kaedah ini adalah 0.001 mg / L atau 1 ppb.
Kromium Heksavalen ditentukan dengan menggunakan kaedah Colorimetric di mana
sampel akan bertindak balas dengan diphenylcarbazide dalam keadaan asid di mana warna
merah-ungu akan dihasilkan. Sebatian yang berwarna merah-ungu ini akan dikesan pada

gelombang 550 nm.



ACKNOWLEDGEMENT

First of all, I would like to express my deep gratitude to my master thesis supervisor, Prof
Mohd. Radzi Bin Abas for his guidance and valuable time throughout this research project.
I would like to express my deepest gratitude to my parents, my sister and brother for their
support and encouragement throughout my life. Without their supports, it is impossible for

me to finish and complete my research project and master study successfully.

Besides that, I would like to express my appreciation to Director of Environmental Health
Division, Mr Wong Kok Fah and Head of the Surface Water and Effluent Unit, Mr Appri
Bin Beyan, for allowing me to pursue this Master Programme. I would like to thank my

colleagues and my coursemates as well for their guidance.

Last but not least, I would like to thank everyone who has spent their valuable time to sup-

port, guide and assist me all this while throughout the completion of this research project.

ii



Abstract/ Abstrak
Acknowledgement
Table of Contents
List of Tables

List of Figures
List of Appendices

List of Abbreviation

TABLE OF CONTENTS

Page

iii
v

viii

xi

Xii



Table

W

O 0 3 D

11

12

13

14
15

16
17

18

19

20

LIST OF TABLES

Marine Water Quality Criteria and Standards (MWQCS) for Malaysia
Preparation of the series of the spike samples

Method Setup for the Parameter of Hexavalent Chromium
Concentration of the Calibration Point for Hexavalent Chromium

Method

Data for the calibration point for the determination of hexavalent
chromium

Data for the analysis result of the spiked sample in deionized water
Data for the analysis result of the spiked sample in sea water

Data for the analysis result of the spiked sample in river water
Data for the analysis result of the spiked sample in industrial effluent
Analytical Result of spiked sample 0.005 mg/L Cr 6+ in Deionized
Water

Quality Control data of the 20 replicates for the determination

of hexavalent chromium at concentration 0.5 mg/L Cr 6+
Statistical Quality Control data for the Control Limit And Warning
Limit

Data For The Precision Of Measurement Uncertainty Of Cr 6+
Data for the Method Recovery of Method Uncertainty

Data for the Sample Recovery of the Spiking Sample In Seawater,

Industrial Effluent And River Water at concentration 0.05 mg/L Cr 6+

Data of the combined relative standard uncertainty

Summary of the performance characteristic of the spiked sample in
Deionized Water

Summary of the performance characteristic of the spiked sample in
Seawater

Summary of the performance characteristic of the spiked sample in
River Water

Summary of the performance characteristic of the spiked sample in
Industrial Effluent

Page

21
21

27
27

29
29
29
29
30
31
32
33

34
35

Page

36
42

42
43

43



Figure

(O8]

LIST OF FIGURES

Origin and interconversion of different forms of Cr in water.
Route 1 is the most important overall source of Cr(VI), whereas
route 2describes the most important natural process

of Cr(VI) formation. (Zhitkovich, A., 2011).

Smart Chem 200, Discrete Analyzer

Components of Discrete Analyzer

The chemical reaction between Chrome (VI) and
diphenylcarbazide in acidic solution

Method Setup for the Parameter of Hexavalent Chromium in
Smart Chem software

Sample Entry Screen

Saving the sample entry or work list

Sample Work List in System Monitor

Smart Chem Run Plan Option Screen

Calibration Curve for the determination of hexavalent chromium
QC chart for Hexavalent Chromium

Graphical demonstration of the QC Charts or Shewhart Chart

Page

10
13

22

23
23
24
25
28
32
46

vi



Appendix

LIST OF APPENDICES

Data for the Method Performance ( Precision and Accuracy)
Calibration Curve and data analysis of Cr 6+ by Discrete Analyzer
Measurement Uncertainty for Determination of Hexavalent
Chromium in Seawater and Other Matrices by Colorimetric
Method

Fish Bone Diagram for Measurement Uncertainty for

concentration of spiked solution ( Hexavalent Chromium)
Student t- table

Page
54
66
81

84

86

vii



Abs
APHA
Cr
Cr6+
CrO4 *
Cr,07”
Ccv
DIPH
EPA
EU

Fe 3"
FeOCr,0;
H,SO,
ISO
IUPAC
LCL
LCMRL
LWL
MDL
mg/L
MWQCS

MU

LIST OF ABBREVIATIONS

Absorbance

American Protection Health Association
Chromium

Hexavalent Chromium
Chromate

Dichromate

Coefficient of Variation

Diphenylcarbazide

Environmental Protection Agency

European Union

Ferric Ion

Chromite

Suphuric Acid

International Organization for Standardization
International Union of Pure and Applied Chemistry
Upper Control Limit

Lowest Concentration Minimum Reporting Limit
Lower Warning Limit

Method Detection Limit

Miligrams Per Litre

Marine Water Quality Criteria and Standards

Measurement Uncertainty

viii



NaOH
nm
ppb
ppm
QC
QMS

RZ

Rs

RSD
SD or s
SQC
UCL

ng

ng/L
UV-Vis

UWL

WHO

Normality
Sodium Hydroxide
Nanometre ( Wavelength)
Part Per Billion
Part Per Million

Quality Control

Quality Management System
Linear Regression

Method Recovery

Sample Recovery

Relative Standard Deviation
Standard Deviation
Statistical Quality Control
Upper Control Limit
Micrograms

Micrograms Per Litre
Ultraviolet and Visible
Upper Warning Limit
Voltage

Watt

World Health Organization



