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Fingerprinting technique

— To reveal how the existent contamination
// got to the place where it is detected, what

/J/‘//,I’ the source(s) is, or when the

contamination was released.

To solve such intricate
environmental puzzles to
provide adequate evidence for
litigated  and nonlitigated
situations




Main Applications

Legal disputes involving environmental contamination or people exposed to
contamination

Insurance coverage claims and insurance litigation

Property transactions

Site characterization for remedial design

Establish site-specific cleanup values

Prevent or minimize future liabilities
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Environmental Forensic Evidence

The present is the key to the past.
James Hutton
Scottish geologist (1726-1779)
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I- - @ Not easily noticed- small amount-usually hidden

® Alteration Evidence ® Physical Evidence ® Behavioral Traits
due to the presence objects belonging or particular traits may
and actions of the linked to the criminal influence the type of
criminal actions leading to a

crime
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VA AT R “Alteration” Evidence

v’ Looking for and investigating the v' Looking for and investigating the
cause of contamination events as effect of contamination as the
the revealing trace revealing trace

v’ The effect could be on
v Examples: microorganisms, plants, or
> Documented release/spill contaminated media itself
» Storage of chemicals
» Contaminants (type & v’ Examples:
amount) characteristics > Trace atmospheric
» Pattern & correlations of contaminants present in
contaminants in mixtures groundwater

» Spatial and temporal
concentration distribution

Detectable in tiny amounts

Sustainable/"green”
Distinguishable in mixtures

Changing in a predictable way‘ “ ” L
Ideal Easy to explain
Evidence !
Simply to monitor by J Specific to original sources

standardized methods
\— Persistent and consistent in

Unrelated to pollutant time
presence

Ubiquitously applicable

Contaminants where Environmental Forensics can be used

¢ Chlorinated solvents (PERC)

e PCBs/ “Dioxins&Furans”

e Pesticides (persistent/non-persistent)

e Pharmaceuticals and personal care products

¢ Metals (mercury, lead, chromium, arsenic etc.)
* VOCs

* PAHs

* Methane (coal bed methane)

* Hydrocarbons (refined/unrefined)

How to obtain defensible evidence?

Principles & Hints
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Defensive Evidence

Use combined forensic techniques in a “symbiotic” way, when feasible
Successful evidence : Detail interpreted & visually communicated

Avoid biased investigation and “pre-established conclusions”

Avoid pre-established patterns - “think outside the box”

Look at the “big picture” without disregarding
details

Start with the simplest straightforward evidence

Read and understand all available information before start

If evidence from multiple techniques conflicts, two main solutions are envisioned

Use multiple independent “lines of evidence”/forensic techniques
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2. Site-specific Info

L e | | | | = Any documents (e.g., inspection
@' % ' ' reports, recorded spills or
J - violations, wastes) directly related
| | | | to the specific investigated site.
| oetection
- e 5 m . (D = Information:
g & \ ' Site feature Incident
g _E, L scone | | | | Business record operation
- _§ _ r_L; - I ) procedure
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f ; [ Approaches industry/business that is Document Il Forensics
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= Include all the available
photos taken over the years
for the site and surrounding
areas

Reveal:

Site features and any
changes of the features in
time

"

Land use
Changes in colors

Stressed vegetation R
Ponds or patches of 4

Review
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v' To evaluate anthropogenic contributions of basically any
ingredient from consumer products

A » May create contamination issues when I
released in the environment :
» Has alternative natural sources and/or ‘
anthropogenic sources other than
consumer products Consumer Product
g B
€ - ==
E = . . h M
N : Historical II Market 4\
.""lll Document \ Forensics ¥
. /
Market Sales Data Review ~1_ — = ‘
¢ Nontesting

) {]] + /. Photographic
Laue- ] Review Forensic
tools A

Product Formulation

Y Acquisition of market
sales data for the
“ identified products

representative for the
study location

Identification of the

major consumer

products categories

that contain the 2

targeted contaminant
anl

(ingredient).

Estimation of the
load of the targeted
contaminant in the
influent for selected
wastewater
treatment plants
within the sales
region

Wide Cost
availability affordability

Environmental samples

Chemical Analysis
- S ted source
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I ! Chemical » multitude of techniques -
tools \ Fingerprinting I' investigates the chemical patterns

\ \ 7 of chemicals in the environment to
Al ¢
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Data analysis &
interpretation

_ identify the source or age of
Fingerprinting |_eContaminants releases and apportion

contributions
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* Associate with COCs
in same samples,

areas
* Persistence Not chemical
* Detectable levels of concerns
* Ease of detection Link to a specific
* Source specificity Not risk source and not
* Not common driven with others
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* Similar fate and e \\\
transport with COCs | Signature
. ' Chemicals ; absent from a
fgc:?snsm Chemilﬁ\/{ - ,'/ specific source
Fingerprinting » chemicals (compounds)
\ found at contaminated
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. of concerns (COCs)
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Principles of Isotope Analysis

¢ isotopes of an element have
slightly different chemical and
physical properties because of
their mass differences

¢ mass differences are large
enough for many physical, .
chemical, and biological
processes or reactions to
"fractionate" or change the
relative proportions of various
isotopes

proton © tewon  © tlecren

¢ There also exists differences in
synthetic versus natural
chemicals




Isotopic Carbon Differences

e Stable isotopes: C1?and C3(99:1)

e Atmospheric carbon dioxide assimilated by plants during
photosynthesis

» Preferential uptake of lighter C12

Light CO2
e
-
;«“‘
|
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Fossil Fuels, Coal, Crude, Natural Gas

e Formed from long term reactions
where living organic matter dies
and is deposited

¢ These deposited sources

have characteristic isotopic

signal

— coal bed methane

— Gasoline will have similar
GC pattern but differ in
isotopic pattern if from
different feed stocks

¢ Refining does not change
isotopic pattern
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Dr. Karlis Muehlenbachs, U of A

Isotopic Analysis

¢ Bulk isotopic analysis
— All compounds in mixture measured at the same time
¢ Continuous flow analysis

— Compounds separated by GC or LC, then measured
separately

e Multiple isotopes or measurement of isotopes of multiple
analytes can help differentiate products

Chemical Environmental Forensic Investigations

* |sotope analysis
* Biomarkers

e Pattern Assessment
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Biomarkers Biomarkers
¢ Organic compounds in petroleum whose chemical structure e Biomarker assessment relatively easy
can be unequivocally linked to a naturally occurring « In-depth knowledge of composition of mixtures of
biochemical interest
— Historical knowledge of additives can aidin “dating” the
‘ contamination
¢ Solid knowledge of stability of the biomarker of interest in the
environment of concern
¢ |ndicator compounds — unigue chemicals identifying the
mixture or source e.g. lead for gasoline
Indicator Compounds Chemical Environmental Forensic Investigations

¢ Simple analysis — usually requiring GC or LC coupled with

mass spectrometry * Isotope analysis
— Retention time and mass spectral match e Biomarkers

e Testing for presence or absence * Pattern Assessment
— YES or NO

— chemical mixtures

— weathering products

e Pattern matching for identification
¢ Weathering pattern to determine age
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Chemical Fingerprinting

Pattern Analysis
e Most complex forensics technique

e Requires broad knowledge of
environmental studies

— Soil microbes, physical/chemical properties
e Statistical analysis — PCA

e Ratio analysis

* Analysis of environmental media where the targeted

contaminant and associated compound is found Forensic
* Use lithological characterization or microscopic tools %
techniques (for mineralogical characterization)
Fate and transport Fingerprinting

04 Environmental |
e Matrix |

: )
@‘ Geochemical

1 ‘gg Fingerprinting
] l\ _______________
Lithology/hydrogeology
Mineralogical
» Fingerprinting

Soil/sediment

Tips for geochemical fingerprinting

Collection of core samples of
soil/sediment

Analysis of subsamples — contaminant ﬂ
characterization (chemical & isotopic
analysis)

Analysis of subsamples — physical
characteristics (grain size analysis) ﬂ

Data evaluation and interpretation
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Weathering

e The influence of physical, chemical and biological forces on
the physical and chemical composition of contaminants in
the environment

e Evaporation
¢ Solubilization

¢ Biodegradation

10



Weathering

¢ Sometimes weathering can be used to age date the
contamination

— Model the natural attenuation
— Approximate time of release

Identification of t
chemical composit
with COC in a solicy
(soil/sediment or ¢
Use lithological ch
microscopic techn
characterization) g

PLM —
TEM —I
SEM |
XRD o

— Mineralogical

Forensic
tools A

Fingerprinting

l

0% Environmental
& Matrix

Geochemical
Fingerprinting

» Mathematical methods - to identify patterns in groups or

mixtures of contaminants Forensic
» Determine the statistical significance; correlation and etc tools *
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PC-2Factor Scores.

4 )|
1 . a
EDS «—— Elemental Mineralogical :
: ol Fingerprinting 1
S /]
Instrument Analysis
[

(NAPHINC12)x 10

Natural Background Dominant
10 PR
¥ oy
8 T
. .
6 .
.
4
2 N
Creosote Dominant o
+ ¢ * Urban Runoff
.o *"... < Dominant
5 ® e/
2T g L
5 *o
4 a
e
5

-10 5 ] 5 1
PC-1 Factor Scores

Stout et al. 2002, Intro to Enviro Forensics

|

(MINDANINC12)x 20 (C3BENZICT1) x2

(CTIMNAPH) /2
Courtesy of ALS
Betrolerams
- orawbustion Combntion
*mn H &
o - H
- H
SO Y
b R
F S Lo omer | Sk
= o Comfcation.
-
™
. ™ - o
Bk
™ -
-
o —
PR Qg - “ o

zaharin@upm.edu.my

11



Investigation Main Findings

Line of Evidence 1: *Sepm e et s ekt o ——
Historical Document Review e 8 UK ‘ -

Example Case Study

Line of Evidence 2:
Chemical Fingerprinting/Statistics

Line of Evidence 2:
Mineralogical Fingerprinting

Environmental Forensics
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/uenf20

Application of Environmetric Methods to Surface Water Chemosphere
Quality Assessment of Langkawi Geopark (Malaysia)
Ahmad Zaharin Aris * , Sarva Mangala Praveena ® , Noorain Mohd Isa * , Wan Ying Lim * ,
Hafizan Juahir * , Mohd Kamil Yusoff * & Adamu Mustapha *

2 Environmental Forensics Research Centre, Faculty of Environmental Studies , Universiti
Putra Malaysia , Serdang , Selangor Darul Ehsan , Malaysia

® Department of Environmental and Occupational Health, Faculty of Medicine and Health
Sciences , Universiti Putra Malaysia , Serdang , Selangor , Malaysia

Published online: 13 Aug 2013.

ceDirect

Contents lists available at Sci

Chemosphere -

journal homepage: www.elsevier.com/locate/chemosphere

The levels of mercury, methylmercury and selenium and the selenium @mwm
health benefit value in grey-eel catfish (Plotosus canius) and giant
mudskipper (Periophthalmodon schlosseri) from the Strait of Malacca

00 e 000 050

Q Ley Juen Looi °, Ahmad Zaharin Aris *” ", Hazzeman Haris ¢, Fatimah Md Yusoff ¢,
{ Zailina Hashim ©

= Department of Environmental Sciences, Faculty of Environmental Studics, Universit Putra Malaysio, 43400 UPM Serdang, Selangor, Malaysia
> Laboratory of Hala Science Research, Halal Products Research Institute, Universiti Putra Malaysic, 43400 UPM Serdang, Selangor, Malaysia
School of Biological Scences, Universi Sains Malaysia, 11800 Penang, Malaysia

“Department of Aquaculture, Faculty of Agriculure, Universic Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia

< Department of Environmental and Occupational Health, Faculty of Medicine and Health Sciences, Uriversii Putra Malaysia, 43400 UPM Serdang,
Selangor, Malaysia

@ WicHLIGHTS

« Hg, MeHg and Se were analyzed in tissues of P. canius and P. schiosseri,
« MeHg in the muscle of . canius and P. schiosseri were below permissible limits.
«High HBV, suggested Se could protect against Hg toxicity

« EWIs shown that P. canius and P. schlosseri would unlikely to cause Hg toxicity.
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= Stream

Geology — Faut bserves underground
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Chemosphere 188 (2017) 575581

Contents lists available at ScienceDirect B
Chemospher

Chemosphere

journal homepage: www.elsevier.

Environ Monit Assess (2015) 187:4099
DO 10.1007/510661-014-4099-5

Ecological risk estimation of organophosphorus pesticides in riverine @Cmm

Lo . . ecosystems
Mercury contamination in the estuaries and coastal sediments 4

of the Strait of Malacca Sze Yee Wee, Ahmad Zaharin Aris”

Department of Environmental Sciences, Faculty of Environmental Studies, Universit Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia

Ley Juen Looi - Ahmad Zaharin Aris -

Fatimah Md. Yusoff - Zailina Hashim HIGHLIGHTS GRAPHICAL ABSTRACT
Prelminary screering of ik s vl p—
for  sustainability of riverine P— p—
o Smemne [
« RQ suggests a potential risk of chlor-
Reccived: 3 Apri 2014/ Accpid: 2§ Ocobe 2014 e s
© Sprnges rematonl Pubhing Swiseand 014 s and dainon i serne o

«Organisms and _humans can be
exposed to high OPP concentrations.
« Quinalphos is concerning due to the

unregulated pollution risk.

Marine Pollution Buletin 127 (2018) 536-540 E

‘Contents lists available at ScienceDirect

S Marine Pollution Bulletin
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LSEVIE journal homepage: wiww.elsevier.com/locate/marpolbul

Baseline
Bisphenol A and alkylphenols concentrations in selected mariculture fish
species from Pulau Kukup, Johor, Malaysia

Nur Afifah Hanun Ismail, Sz¢ Yee Wee, Ahmad Zaharin Aris perhaps you will understand.”

Unberstt Putra Malaysia, 43400 UPM Serdang Selangor, Malaysa

“We have made clear to you the signs;

(57:17)

ARTICLE INFO ABSTRACT

Endocrine disrupting compound (EDC) contamination in food is a global concern. Concerning potential en.
vironmental and human health exposed to EDCs via food intake, an experiment was conducted on the selected

‘and Lates calcarifer (sea bass) at Pulau Kukup, Joh Pulau
of fishes to Singapore and Indonesia. The recovery of BPA (bisphenol A), 40P (4-octylphenol), and 4NP (4-

e nonylphenol) were 61.54%-93.00%, 16.79%-17.13%, and 61.24%-71.49%,respectively. Relatively high con-
Centrstion o BPA was recorded i 7. bochi (0322 1/, fllowed by L calarfer (0,124 g/ and L. campe.
Furthesmore, 40P and T,
and 0,78 ng/, respectively. The resls of the present sty provid imsights on mitoring and managing
mariculture actity (n relaton to environmental proecton and food safety.

Water Research
http://research.upm.edu.my/hydro
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