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that is essential for students of Bachelor of Civil Engineering Technology (Environment), 

UTHM. Chapter 1 present the topic on sampling plan which include sampling protocol, 

planning a sampling event, and selection of appropriate methodology. Chapter 2 present 

the topic on sampling method which covers the topics of quality control of sample, sampling 

location, and types of environmental sampling including water, air, and soil sampling. Chapter 3 

is the topic on sample preservation and storage. This chapter discusses on preservation 
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filtration method, and pathogen analysis. Chapter 5 present the topic on analytical data in 

which discusses how the collected environmental data is analyse. This chapter include the 
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PREFACE

Environmental Sampling and Analysis text book presents the fundamental 
knowledge about environmental sampling and analysis that is essential for 
students of Bachelor of Civil Engineering Technology (Environment), UTHM. 
Chapter 1 is on sampling plan in which students will learn about sampling protocol, 
planning a sampling event, and selection of appropriate methodology. Chapter 
2 is about sampling method. This covers the topics on quality control of sample, 
sampling location, and types of environmental sampling including water, air, and 
soil sampling. Chapter 3 is about sample preservation and storage. This chapter 
discusses on preservation techniques, sample storage, disposal, and sample 
holding time. Chapter 4 is on microbiological analysis which include multiple 
tube method, pour plate method, membrane filtration method, and pathogen 
analysis. Chapter 5 is about analytical data in which discusses how the collected 
environmental data is analyse. This chapter include the statistical for environmental 
data, errors in analytical data, as well as standardization and calibration. Chapter 6 
is about instrumentation which explain the instrument and method used to analyse 
sample. This chapter discuss on method and analytical instrument such as 
spectrophotometry, electron microscopy and elemental analysis, Fourier transform 
infrared, total organic carbon analyzer, atomic absorption spectrophotometer, ion 
chromatography, solid/liquid chromatography, gas/liquid chromatography and 
mass spectrometry.
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1
SAMPLING PLAN

1.1	 Sampling Protocol: Planning a Sampling Strategy

Sampling is a process of obtaining a representative fraction of a sample 
from a large study area which is also term as population. It is frequently 
the phase in the overall analytical process that restricts the procedure’s 
precision. When an inhomogeneous solid, such as ore, dirt, or a piece 
of animal tissue, or large inhomogeneous liquid, such a lake, needs to 
be analyzed, environmental sampling is crucial. Sampling for chemical 
analysis always involves statistics as conclusions about a considerably 
greater amount of material can be made from the study of a small lab 
sample. It is done by analyzing a finite number of samples taken from a 
population. For conclusion of a population, statistical methods like mean 
and standard deviation are used.

The presence of the sample matrix, which may contain species with 
chemically similar properties to the analyte or react with the same reagent 
as the analyte, makes it difficult to analyse the true matrix. This may result 
in instrument response that is difficult to differentiate from analyte. Matrix 
effect is the interference caused by unnecessary species in the matrix. 
Sampling is often conducted to verify compliance for the water quality 
standard and effluent discharge standard as well as to determine whether 
the treatment processes are efficient. 
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2
SAMPLING METHOD

2.1	 Quality Control

Chain of custody is procedures and documentation that present sample 
control. The chain of custody documentation as shown in Figure 2.1 is a 
record that is use to tracks sample custody and handling from the time 
of collection through analysis, reporting, and disposal. Chain of custody 
control is based on the idea that a sample is always in someone’s custody 
and that person is therefore liable for it. Traceability shows who handled 
the sample from collection, preservation, storage, and analysis. It allows 
for routine control of samples and also helps in litigation issues. The chain 
of custody documentation is usually start from the laboratory where the 
form is fill out completely with information such as sample name, type of 
sample, time of sample, date, preservative, bottle and volume used as 
well as the analysis needed. Apart from that, labels and seals are also 
needed for sample bottles. Other type of documentation includes facility 
field log books/bench sheets, analysis request sheet, record of delivery to 
laboratory, assignment of sample, receipt and logging of sample.

Permanent maker should be use to label which is then attached to a sample 
bottle or container. The label should contain information such as location, 
type of sample, date and time of collection, preservative, analysis collector, 
facility, and other observations that may affect the method or results of the 
analysis. 



53

3
SAMPLE PRESERVATION AND STORAGE

3.1	 Preservation Techniques

Preservation is a process that is necessary to ensure sample integrity and 
maintain the stability of analytes until analysis. Preservation can be done by 
control pH, chemical addition, using amber or opaque bottles, refrigeration, 
filtration, and freezing. There are some general considerations in preserving 
water sample such as microbiological testing of water should start as 
soon as possible after sample collection. Samples should be kept in ice 
preferably at <10°C during transport if they can’t be analyzed within 1hour 
after collection. Samples should be analyze on day of receipt whenever 
possible and refrigerate overnight if arrival is too late for analyzing on same 
day.

Preservation of sample is done for several reasons which is to maintain 
the integrity of the sample, retard biological action, reduce hydrolysis of 
chemical compounds and prevent volatility of analyte. Preservation also 
depends on analysis to be conducted on the water sample. Figure 3.1-
3.3 shows the preservation method of some compound and water quality 
parameters.
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4
MICROBIOLOGICAL ANALYSIS

4.1	 Microorganisms

Microorganisms are organisms or infectious agents of microscopic or 
sub microscopic size, which include bacteria, algae, fungi, protozoa, and 
viruses. single-celled. The consequences of microbial contamination in 
water are the possibility for transmission of disease-causing microorganisms 
(pathogens) via water contact (oral or fecal route). Human contact to 
pathogens includes ingestion, primary contact, and secondary contact. 
Some pathogens in water can cause water borne diseases as shown in 
Table 4.1. The challenges with routine testing for pathogens in water is 
that sometimes only few microorganisms present and limited survival time. 
Sometimes there just too numerous pathogens to be analyze with time and 
cost prohibitive.  
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5
ANALYTICAL DATA

5.1	 Statistical Analysis for Environmental Data

Statistical calculations are used in order to improve decisions regarding the 
quality of experimental measurements. These applications include defining 
a numerical interval around the mean of a set of replicate analytical results 
within which the population mean can be expected to lie with a certain 
probability. This interval is called the confidence interval (CI). Determining 
the number of replicate measurements at a given probability is needed to 
ensure that an experimental mean falls within a certain confidence interval. 

Estimating the probability that an experimental mean and a true value or 
two experimental means are different. Determining whether what appears 
to be an outlier in a set of replicate measurements is the result of a gross 
error or it is a legitimate result. Outlier is one reading that is very different 
from rest. The least-squares method is used for constructing calibration 
curves.

5.1.1	 Mean, Median, and Standard deviation

Analytical results should be reported as the mean value and the standard 
deviation. The results of various statistical tests on the data should also 
be included when appropriate. Significant figures should be based on 
statistical evaluation of the data. When possible, graphical presentation 
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6
INSTRUMENTATION

6.1	 Analytical Instrument 

Analytical instruments encompass a wide range of instrumentation 
that is to qualitatively and quantitatively analyze samples. The wide 
range of available equipment also allows for a wide range of testing 
methods and their respective applications. Analytical instruments include 
electrochemical analysis, chromatographs e.g., gas chromatography (GC), 
ion chromatography (IC) and high performance liquid chromatography 
(HPLC), mass spectrometry (MS), spectroscopy e.g., Fourier transform 
infrared spectroscopy (FTIR), atomic absorption spectroscopy (AAS), 
energy dispersive X-ray (EDX), and fluorescence, electron microscopy 
e.g., scanning electron microscope (SEM), field-emission scanning 
electron microscopy (FESEM), and transmission electron microscopy 
(TEM), particle size analyzers, Brunauer-Emmett-Teller (BET) analyzer, 
inductively coupled plasma (ICP), rheometers, thermal analyzers e.g., 
thermal gravimetric analysis (TGA) and differential scanning calorimetry 
(DSC), total organic carbon (TOC) analyzer, and various hybrid technologies 
e.g., GC-MS and HPLC-MS, etc. 
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