
zaharin@upm.edu.my 1

Environmental 
Forensics

Prof. Dr. Ahmad Zaharin Aris, CEnv, MRSC, FGS
Faculty of Environmental Studies
Universiti Putra Malaysia
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Lecture 1: Introduction of Environmental Forensics

An analysis involves several 
steps and operations which 
depend on: 

• the particular problem

• your expertise 

• the apparatus or  
equipment available.

The analyst should be 
involved in every step.

Gary Christian 

Environmental analysis
The purpose of environmental analysis is two-fold:

• To determine the background and natural concentrations of chemical 
constituents in the environment 

• To determine the concentration of harmful pollutants in the environment

Environmental analysis

Analysis

Background 
monitoring

Pollution 
monitoring
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Background monitoring

Useful in studies of general environmental processes and for 
establishing concentrations against which any pollution effects 
could be assessed

It is however, a fact that pollution has now affected even the most 
remote areas of the globe, and true background levels of many 
substances are becoming increasingly difficult to determine

Background monitoring

Objectives of pollution monitoring 
o To identify potential threats to human health and natural 

ecosystems
o To determine compliance with national and international standards
o To inform the public about the quality of the environment and 

raise public awareness about environmental issues
o To develop and validate computer models (validate simulate 

process)
o To provide input data (i.e GIS) – aid for expert systems
o To provide inputs to policy making decisions
o To investigate the pollution trend

Environmental analysis
Is often used in EIA studies

• As part of EIA, it is often necessary to establish the baseline 
concentrations of various substances at the study area

• So that potential impacts may be assessed
Is also integral to environmental forensics

• Forms and important part of environmental law
• Involve fingerprinting pollutant releases to determine the source and 

cause of contamination

Environmental Forensics

Environmental forensics includes  investigating, interpreting 
and  presenting evidence of source,  fate, transport, 
composition, age,  and extent of or responsibility for  
contamination of all environmental  media (i.e. air, soil, water 
or biota).

“The application of scientific methods used to identify the  
origin and timing of a contaminant release”
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Hierarchies for chemical information

22 1 Introduction to Analytical Chemistry 

I 1.6 Conceptual and Technical Hierarchies 

The growing variety of relations that the analytical chemist may establish 
(see Fig. 1.7), and changes in Analytical Chemistry (see Sect. 1.4), have 
created some gaps and confusion that usually arise from a lack of time 
for conceptual and technical consolidation. It is utterly indispensable to 
develop reliable communication systems based on the use of proper, universally 
accepted words to describe objects, facts and systems in unequivocal terms. 
One way of making this goal more reachable is by establishing conceptual 
and technical rankings in the form of significance and scope hierarchies. 
This section discusses some; others, are ,dealt with in subsequent chapters. This 
approach allows one to define some aspects of great interest in the context 
of Analytical Chemistry. 

Figure 1.15 shows two hierarchies related to analytical information. At 
the top of the ranking on the right are :reports, which, in addition to results, 
contain their interpretation in the light 10f :the analytical problem addressed. 
At the next information level down the ran'1cicng are qualitative and quantitative 
results; these are obtained by mathematical {chemometric) manipulation of 
primary data (absorbance, mass, intensity, potentia:1, etc.) from samples and 
standards, which are at the third information level. Secondary data (fourth 
level) are referred to the technical pat:ametrers of analytical processes and 
tools (e.g. the pressure and temperature 'of ,a chromatograph, the rotation 
speed of a centrifuge, the ambient relative bumidity) 'and provide support for 
the goodness of primary data. On the other hand, secondary data are Rot 
directly related to results, so they cannot be regarded as analytical information 
proper. 

Reports I • To analyse 

Results • To characterize 

__ pr_im_ar_Yd_a_ta __ 

'1 Tosense 

I 
1 

I 
Secondary data 

Fig. l.1S. Significance and scope hierarchies (and relationships between them) for chemical 
information 
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The rank
The rank of the analytical information produced also increases from the 
term "to sense" to the verb "to analyse”:
• To sense involves using a device responsive to the presence (and 

concentration, if applicable) of a (bio)chemical species in a sample.
• To detect involves the direct use of an instrument to acquire or 

produce a signal and transduce it into a readily measured physical 
(usually electrical) quantity. This function is served by instruments (e.g. 
photometers, potentiometers, balances), which produce primary data 
(e.g. absorbance, electrical potential or mass units). Indirectly, 
instruments are the basis for sensors.

• To characterize entails establishing distinct features of an object or 
system in order to define it on the basis of results obtained by 
mathematical processing of primary data produced by an instrument.

• To analyse involves interpreting - in addition to characterizing - in 
qualitative, quantitative and structural terms, which entails converting 
results into reports.
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Essentiality and Toxicity of Metals

Many metals are of concern because of their toxic properties and 
some metals are also essential for survival and health of animals 
and humans.

First ever recorded case – toxicity of metals and forensics evidence 

The first emperor of unified 
China, Qin Shi Huang, it is 
reported, died of ingesting 
mercury pills that were 
intended to give him eternal life.

7 February 260 BC - 10 August 210 BC 
(age 50)

Author's personal copy
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17α-ethynylestradiol (EE2) is a synthetic hormone, which is a derivative of the natural hormone, estradiol (E2).
EE2 is an orally bio-active estrogen, and is one of the most commonly used medications for humans as well as
livestock and aquaculture activity. EE2 has become a widespread problem in the environment due to its high
resistance to theprocess of degradation and its tendency to (i) absorb organicmatter, (ii) accumulate in sediment
and (iii) concentrate in biota. Numerous studies have reported the ability of EE2 to alter sex determination, delay
sexual maturity, and decrease the secondary sexual characteristics of exposed organisms even at a low concen-
tration (ng/L) bymimicking its natural analogue, 17β-estradiol (E2). Thus, the aim of this review is to provide an
overview of the science regarding EE2, the concentration levels in the environment (water, sediment and biota)
and summarize the effects of this compound on exposed biota at various concentrations, stage life, sex, and
species. The challenges in respect of EE2 include the extension of the limited database on the EE2pollution profile
in the environment, its fate and transport mechanism, as well as the exposure level of EE2 for better prediction
and definition revision of EE2 toxicity end points, notably for the purpose of environmental risk assessment.

© 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

Recently, the presence of chemicals that have the ability to interfere
with the normal function of the endocrine systems of humans and
wildlife in the environment have generated considerable research inter-
est (Liu et al., 2012a; Wang et al., 2011; Zuo et al., 2006). These
chemicals are known as ‘endocrine disrupting compounds’ (EDCs),
which include naturally produced compounds, such as natural

estrogens, natural androgens and phytoestrogen, as well as a wide
range of industrial chemicals including synthetic hormones, polycyclic
aromatic hydrocarbons (PAHs), polychloro-biphenyls (PCBs), dioxins,
furans, nonyphenols (NP), pharmaceuticals and pesticides that are re-
leased from many potential sources into the environment
(Combalbert et al., 2012; Galluba and Oehlmann, 2012; Liu et al.,
2009; Mazellier et al., 2008; Nasuhoglu et al., 2012; Rocha et al., 2012;
Vosges et al., 2010). Endocrine systems are responsible for maintaining
homeostasis, reproduction, development and/or behavior biota
(Nasuhoglu et al., 2012). EDCs can affect the systems by (i) mimicking
the effects of endogenous hormones; (ii) antagonizing the effects of en-
dogenous hormones; (iii) disrupting the synthesis and metabolism of
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⁎ Corresponding author at: Environmental Forensics Research Centre, Faculty of
Environmental Studies, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor,
Malaysia. Tel.: +60 3 8946 7455; fax: +60 3 8943 8109.

E-mail address: zaharin@upm.edu.my (A.Z. Aris).

http://dx.doi.org/10.1016/j.envint.2014.04.011
0160-4120/© 2014 Elsevier Ltd. All rights reserved.

Contents lists available at ScienceDirect

Environment International

j ourna l homepage: www.e lsev ie r .com/ locate /env int

Ismail et al (2017)

 

 
Figure 5: Exposure pathways and effects of EDCs towards organisms
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Types of pollution
Different types of pollution

Chemical

Physical

BiologicalRadioactive

Aesthetic

Approach
Environmental Forensics

Components of an  Environmental Forensics  Project

• Compilation of historical  
information
– Chemical
– Physical (satellite maps, GIS,  

geological features)
• Collection of site specific data  

and of current data
• Interpretation (data analysis,  

modelling)
• Visualization

• Chemistry
• Statistics
• Environmental Engineering
• Microbiology
• Hydrogeology
• Soil Science
• Toxicology
• Biology
• Ecology
• Litigation Experience
• And others….

Disciplines in Environmental Forensics
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The Foundation of All Environmental  Investigations

Litigation

Remediation

Site Investigation

Data Quality
Precision, Accuracy, Reproducibility,  

Comparability, Representiveness

Pr
og

re
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io
n 
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n

Lifecycle of Forensics Project

• Review available data to determine  
goals of investigation

• Field sampling, investigation, data
gathering, sampling strategy, QA-
QC

• Choose laboratory with appropriate  
analyte list (non-routine)

• Develop QA-QC for external  
laboratory evaluation

• Data analysis and statistical  
assessment

• Data compilation and development  
of conclusion

Forensics work is not completed in the same fashion as routine  
environmental investigations.

Analytical chemistry 

“Analytical chemistry is a metrological science that develops, optimizes and 
applies measurement processes intended to derive quality (bio)chemical 

information of global or partial type from natural or artificial objects or systems 
in order to solve analytical problems”
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Placement of analytical chemistry

Analytical 
Chemistry

Physical 
analysis

Chemical 
analysis

Biochemical 
analysis

Biological 
analysis

Types of the analytical tools

Analytical 
tools

Strategic

MethodologicalMaterial

Nature of the analytical tools

Analytical 
tools

Chemical 

Physical

Mathematical

ComputersBiochemical

Biological

Engineering

Analytical chemistry: tools
• Chemical: reagents, chemical reactions
• Biochemical: immobilized enzymes, immunoassay reagents
• Physical: laser sources, apparatuses, instruments, balances
• Mathematical: statistical treatment of primary data
• Computers: software for data acquisition and processing
• Biological: animal and plant tissues for building sensors
• Engineering: large-scale processes adapted for micro scale implementation 

(e.g. supercritical fluid extraction, freeze drying)
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Analytical chemistry: information produced 
• Chemical: the presence or concentration of inorganic or organic species; 

the structure of a material; changes in the properties of the material surface 
(e.g. by effect of corrosion)

• Biochemical: the presence, concentration or activity of biochemical species 
such as enzymes or nucleic acids

• Biological: the presence or concentration of microbes or allergens

Types of analysis

The chemical substance being determined in a 
sample is called an analyte (i.e atom, ion). Samples 
are �analysed� whereas analytes are �determined�

Chemical analysis

May also be categorized with respect to the type of 
substance being analyzed.
Inorganic analysis - concerned with the determination of 
atoms and inorganic compounds
Organic analysis – involves the determination of organic 
compounds

Hierarchies topped by problem

26 1 Introduction to Analytical Chemistry 

A supercritical Auid extractor (SFE) is an apparatus because it performs a funct ion (leaching 
analytes from a solid sample) but produces no analytical information; it uses devices (sensors) 
that provide non-analytical information (pressure, temperature) about its operation. 

A gas chromatograph (Ge) is at the very least an instrument because it accommodates an 
on-line detector (of the flame ionization or electron capture type, for example) which produces 
a chromatogram that is used to extract analytical information. However, it also uses a column to 
separate analytes from interferents, as well as an injector. If the sample can be inserted as such, 
a gas chromatogra ph can be considered an analyser; if, on the other hand, it requires some pre-
treatment - which is usually the case - , the chromatograph can be deemed an instrument. 

An instrumental combination of supercritical fluid extraction (SFE) and gas chroma-
tography (Ge) via an appropriate interface can be viewed as an analyser since it can accept 
untreated solid samples and produce chromatographic data related to the analytes. 

Figure 1.18 relates the previous conceptual and technical hierarchies. The 
ranking on the left considers the tangible contents of the analytical problem, 
which comprises the object (viz. the system from which information is re-
quired), the sample(s) (aliquots of the object in space and time), the measurands 
(quantities measured in the samples) and the analytes (measurands that are 
chemical species the presence and/or concentration of which must be deter-
mined}. A detailed description of this hierarchy is provided in Chap. 7. The word 
"object" has a more specific meaning here than in Sect. 1.1. One should also 
distinguish analysis, determination and measurement. Analysis refers to the 
sample, determination to the measurands or analytes, and measurement to a 
property of the measurands (or their reaction products, for example). Con-
sequently, a sample is analysed, an analyte is determined and one or more of 
their physico-chemical properties are measured. 

Analysis 

Determination 

Measurement I 
Property of 

anal )'1e or derivative 

Fig.l.lS. Hierarchies topped by the words "problem" and "analysis", and relationships be-
tween them 
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Quantity, measurand and analyte

Quantity : An attribute of phenomenon object or 
substance that can be distinguished 
qualitatively and determined quantitatively

Measurand : A quantity that is measured via a comparison 
that provides the required information. It is 
equivalent to quantity in the physical domain.  

Analyte : A chemical species (element, ion, molecule, 
radical) that can be identified (and its amount 
or concentration determined) via a chemical 
measurement process.  

1.6 Conceptual and Technical Hierarchies 27 

Box 1.11 

Quantity Measurand I Analyte 

It is interesting to distinguish the following three terms, which can be ranked with respect to 
one another: 

Quantity: An attribute of a phenomenon, object or substance that can be distinguished 
qualitatively and determined quantitatively. 

Measurand: A quantity that is measured via a comparison that provides the required in-
formation.lt is equivalent to quantity in the physical domain. 

Analyte: A chemical species (element, ion, molecule, radical) that can be identified (and 
its amount or concentration determined) via a chemical measurement process. 
It is a special type of measurand in chemical metrology. 

Quantity and measurand not always coincide in the analytical chemical domain. Thus, the 
signal (quantity) provided by most instruments is of the electrical type (volts or amperes); 
what one actually wants to measure, however, is the measurand (e. g. the absorbance, in a UV-
visible molecular absorption spectrophotometer). 

All analytes can be considered measurands; however, most measurands. but not all. are 
analytes. One case in point is the pH (a measurand) provided by a glass electrode. which is 
sensitive to the concentration of protons (analytes); the potentiometer measures the 
potential difference between the glass electrode and a reference electrode. 

Box 1.12 

The ranking on the left of Fig. 1.18 is materialized here in various representative examples. 

Problem I 
( Example 1 ) Contamination of a 

river 

( Example 2 ) Drug abuse at the 
olympic games 

( Example 3 ) Adulteration of olive 
oil with extraneous 
fat 

( Example 4 ) Toxicity of ye llow-
painted toys 
(cadmium paint) 

( Example 5 ) Economic feasibi lity 
of gold recovery 
from mining waste 

I Object 

The fiver. with its 
geographic and 
temporal features 

Athletes 

Factory output 

Toys from an im-
ported batch 

The waste dump as a 
whole 

Sample(s) I 
Aliquots of the 
object collected at 
different places and 
times 

Urine 

Aliquots 
representative 
of the output 

Surface scrapmgs 
from various toys 
selected according 
to sampling plan 

Samples of the 
collected at 

di erent depths at 
different places 

Analytes 

OrgaOic and 
100'ganic 
COnlamon311ng 
lpe('el 

Amphelam nel. 
hormones. 

blockers. elc 

Vege able and 
anima fa! 

God 
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Classifications1. 7 Classifications 

GENERAL 
CLASSIFICATIONS 
OF ANALYTICAL 

CHEMISTRY 

AccordIng to relatIve 
proportion of analytes 

Fig. 1.19. Typical classifications of Analytical Chemistry 

r - S- - - :- - - , 
epa ratIon I 
methods I 

7-- - ----

Instrumental 
analysis 

According to nature 
of samplelanalyte 

29 

• Structural analysis, as implied by its name, aims to elucidate (bio )chemical 
structures. The information it produces can pertain to an individual analyte 
(a pure compound such as a protein) or a whole sample (e.g. the spatial 
distribution of its components). 

Qualitative Analysis identifies a property of the analyte (or its reaction product), 
Quantitative Analysis measures it in numerical units and Structural Analysis 
interprets it. As can be seen in Fig. 1.20, the three concepts can be related to one 

Fig. 1.20. Scope hierarchy 
for the three types of analy-
sis according to purpose 

Structural analysis 

Quantitative analysis 

Qual itative analysis 
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Types of analysis

Qualititative
analysis

Quantitative 
analysis

Qualitative analysis and Quantitative analysis

Qualitative
Concerned with the identification (i.e determining the nature) of a 
chemical substance

Quantitative
Concerned with the quantification (i.e determining the amount) of a 
chemical substance
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The former answers the question:

�Which substance is present ?�

while the later answers the question:

�How much is present ?�

Scope

• Qualitative analysis identifies a property of the analyte (or 
its reaction product), quantitative analysis measures it in 
numerical units and structural analysis interprets it.

1. 7 Classifications 

GENERAL 
CLASSIFICATIONS 
OF ANALYTICAL 

CHEMISTRY 

AccordIng to relatIve 
proportion of analytes 

Fig. 1.19. Typical classifications of Analytical Chemistry 

r - S- - - :- - - , 
epa ratIon I 
methods I 

7-- - ----

Instrumental 
analysis 

According to nature 
of samplelanalyte 

29 

• Structural analysis, as implied by its name, aims to elucidate (bio )chemical 
structures. The information it produces can pertain to an individual analyte 
(a pure compound such as a protein) or a whole sample (e.g. the spatial 
distribution of its components). 

Qualitative Analysis identifies a property of the analyte (or its reaction product), 
Quantitative Analysis measures it in numerical units and Structural Analysis 
interprets it. As can be seen in Fig. 1.20, the three concepts can be related to one 

Fig. 1.20. Scope hierarchy 
for the three types of analy-
sis according to purpose 

Structural analysis 

Quantitative analysis 

Qual itative analysis 

zaharin@upm.edu.my

Quantitative

• Results of quantitative analysis are generally expressed in 
terms of concentration

• Concentration is quantity of analyte (g, kg, mg/l etc)
• Obviously – involves identification as well as quantification 

since a numerical value must be ascribed to a particular 
substance

For example
o Qualitative analysis may simply tell us whether Hg is present in a 

sample of waste effluent, whereas quantitative analysis will tell us 
exactly how much mercury is present in the effluent. 

Quantitative analysis categories
Complete analysis 

• Each and every constituent of the sample is determined
Ultimate analysis

• Each and every element in the sample is determined without regarding 
to the compounds present

Partial analysis
• The amount of one or several, but not all, constituents in a sample is 

determined
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Desctructive analysis
• The use of method, or technique, which destroy the substance in 

question during analysis (e.g. dissolution of solid sample into acid)
Non Desctructive analysis

• Does not destroy the sample during analysis (e.g X-Ray fluoresence) and 
the sample may be re-used for other analyses

Speciation
• Determination of all the different forms of a class of compounds in a 

sample. (e.g speciation of mercury)

Categorizing

Another way of categorizing types of analyses is according to 
the level of the substance in the sample

Macroanalysis
o The determination of major constituents present at high 

concentration (%)
Microanalysis / Trace analysis

o The determination of constituents present in very small quantities 
(0.1 ppb – 100 ppm)

Ultra trace analysis
o The determination of constituents present at levels lower than in 

trace analysis (< 0.1 ppb)

Types of (bio)chemical determination

32 1 Introduction to Analytical Chemistry 

Box 1.14 

Here are some practical examples of the different possibilities illustrated in Fig.1.22 regarding 
the nature of the sample and analytes: 

Sample Analyte(s) Example 

• Determination of gold in a mineral 
0 • Determination of a pesticide in soil 
b • Determination of traces of biochemical molecules in a meteorite 

(e. g. in search of evidence of life on other planets) 
0 • Determination of metal traces in organic pharmaceutical prepa-

rations 
0 0 • Determination of nitrogen-containing organic compounds in 

petroleum crudes 
0 b • Determination of enzyme activity in an organic solvent 
B • Determination of calcium in biological fluids 
B 0 • Determination of drugs and their metabolites in human urine 
B b • Determination of protein content in milk 

Two other possible classifications of Analytical Chemistry are based on the 
nature of the sample analysed and analytes determined and were outlined in its 
definition. Figure 1.22 shows both classifications and their multiple mutual 
relationships. It should be noted that assignations in this context can rarely be 
categorical. Thus, a metal may occur as such or in free ionic form as a part of a 
complex or an organometallic compound; this last is difficult to place in the clas-
sification because it lies on the organic-inorganic boundary. 

Based on the initial size of the sample to be subjected to the analytical 
process, analyses can be classified into the four groups shown in Fig. 1.23 - in 
some, older, textbooks the sequence was referred to as the "work scale." Dif-
ficulties obviously grow as sample size decreases. However, new technologies 
(e. g. in balances and microbalances) have facilitated the reliable analysis of 
samples as small as a few micrograms in weight. 

0.001 9 0.01 9 0.1 9 

I I 
Ultra-micro Micro Semi-micro Macro 

analysis ana lysis analysis analysis 

Fig. 1.23. Classification of (bio)chemical analyses according to initial sample size (in 
grams, g) 
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1.7 Classifications 

Traces 

(100 ppm) 

0.01% 

, 

33 

1% 

Micro components Macro components 

t , 
Determinations 

Fig. 1.24. Types of analytical chemical determinations according to relative proportion 
(percentage) of analyte mass in the sample 

Depending on the relative proportions (concentrations) of the analytes in the 
sample, the three types of determinations depicted in Fig. 1.24 - frequently, and 
improperly, referred to as "analyses" - are possible. Difficulties here also increase 
with increase in concentration of the target analytes (see Fig. 1.14.5). 

A combination of the classifications in Figs 1.23 and 1.24 results in a variety 
of situations of increasing complexity that range from determinations of macro 
compounds (present in proportions exceeding 1 %) in macro samples (weighing 
over 0.1 g) to determinations of traces (contents below 0.01 %) in ultramicro 
samples (weighing less than 0.001 g). The widespread designation "Trace Ana-
lysis" is justifiable because it designates a specially adapted analytical process; 
however, it is incorrect in the light of the above hierarchies. In any case, one 
should never confuse Microanalysis and Trace Analysis. 
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Different methods provide a range of precision, sensitivity, selectivity, and 
speed capabilities.
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THANK YOU

“We have made clear to you the signs; 
perhaps you will understand.”

(57:17)

H2O
http://research.upm.edu.my/hydro

Water Research


