CHAPTER 4

METHODOLOGY

4.1 Preliminary

A vast volume of heroin profiling methodologies haleen discussed in the
literature. These analytical procedures when a@phethe locally seized samples may
not be as effective as it should be since the sssrg#ized from different countries may
vary significantly in the sample matrix and purigyel. In practice, these methods must
be re-validated to ensure they function as predictegh the samples under study.
Alternatively, method development and method omation should be performed to
establish a new method that is fit for the proflipurpose. As a result, this study seeks
to develop and optimize several methods for thdilprg of locally seized heroin

samples. The overall methodology undertaken inghidy emphasized the following:

» Simple and less training is required
» Suitable for routine analysis

» Economic

> Rapid

» Repeatable and reproducible

» Less sample preparation

» Small sample size (maximum 1 g) for the overallgsia

Time and cost, in particular, are the main concerfnthis profiling program.
The study emphasized a shorter analysis time asabiaeffective method. Sometimes,

less time is devoted to time consuming laboratooykwbecause timely decisions must
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be made. For example, the sampling procedure adioptéhis study must be able to
provide an immediate decision on the number of $asnpo be taken for physical
examination. It was achieved by using a statistgahpling approach. In addition,
expensive methods are impractical for high througpAs a result, little and limited
chemicals were involved in this study. The follogiimethodology was also planned in
line with the availability of the required faciks so that the profiling of heroin can be
performed on a regular basis. Deliberate purchaesew instruments are totally
impractical and hence are not recommended in thdys

Six specific tasks were undertaken in this studyoidder to obtain maximum

information from the seized heroin, the followiragks were performed:

» Task 1: Visual examination and physical charadiess

» Task 2: Analysis of plastic receptacles/films

» Task 3: Profiling of major components as Signature

» Task 4: Profiling of manufacturing impurities ag&ature 2
» Task 5: Profiling of trace elements as Signature 4

» Task 6: Data management and database build-up

The signature numbers follow the order of analytgadrtance explained by
Besacier and Chaudron-Thozet (1999). Apparentlg, determination of occluded
solvents and isotopes as Signatures 3 and 5 résggavas not performed because the
laboratory did not have the facilities for thiska8ccording to Besacier and Chaudron-
Thozet (1999), associating the major componentls mianufacturing impurities and/or
occluded solvents is the most reliable procedurecdonplete characterization of illicit
heroin. Therefore, Signature 3 can be optionakegmeout since Signatures 1 and 2 were

already emphasized in this study. Despite this simis extra effort was also given to
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physical profiling and elemental characteristictla# heroin samples. Throughout the
course of the study, only samples submitted asitilieroin to the Department of
Chemistry Malaysia (Headquarters) during a peribceight months (January until

August) in the year 2010 were considered in thadilong program.

4.2 Materials
4.2.1 Chemicals and Reagents

HPLC grade methanol, analytical reagent graderofdam, toluene, n-hexane
and sulfuric acid (96%) supplied by Fisher Scientifere employed. Analytical reagent
grade ethyl acetate and ultrapure reagent grade adtid (< 70%) were purchased from

J. T. Baker. Deionized water was obtained from kga Baxima (18.2 MD) filter.

4.2.2 Chemical Standards
4.2.2.1 Profiling of Major Components

For the quantification of major components, eiginget analytes were selected.
Paracetamol and dextromethorphan hydrobromide wepplied by Y.S.P. Industries
(Malaysia). Acetylcodeine hydrochloride was prepag the Department of Chemistry
Malaysia. Codeine phosphate, morphine hydrochlosidé heroin hydrochloride were
purchased from Johnson Matthey Macfarlan Smith. @dhcetylmorphine (6-MAM)
hydrochloride was commercially obtained from Lipam@,2,2 Triphenyl acetophenone
(internal standard, IS) was supplied by Aldrich @ieal Company. Caffeine was
purchased from Merck.

Ten food coloring agents (ammarant, tetrazineemyr8, rhodamine BS, fast
green, brilliant blue, sunset yellow, carmoisired 2G and erythrosine BS) involved in
the preparation of simulated heroin samples weriméd from the Department of

Chemistry Malaysia.
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4.2.2.2 Profiling of Manufacturing Impurities

For semi-quantitative determination of manufactgrimpurities, seven target n-
alkanes including n-pentadecane (C15), n-eicos&@®0)( n-pentacosane (C15), n-
triacontane (C30), n-tritriacontane (C33), n-pemabntane (C35) and n-
octatriacontane (C38) were commercially obtainemnfrDr. Ehrenstorfer GmbH. n-
Tetracontane (C40) was obtained from Supelco It iamas chosen as the internal
standard (IS).

Paracetamol and caffeine respectively supplied I8/P. Industries (Malaysia)
and Merck were used for diluting the heroin samphethe preparation of simulated

samples.

4.2.2.3 Profiling of Trace Elements

For trace elemental analysis, Instrument Checkdatah! containing thirteen
minor elements: silver (Ag), aluminium (Al), arserfAs), barium (Ba), cadmium (Cd),
chromium (Cr), copper (Cu), manganese (Mn), ni¢k8), lead (Pb), antimony (Sb),
selenium (Se) and zinc (Zn) each at 10 ppm was @ncially obtained from SPEX
CertiPrep. Individual stock standards of sodium)(Maagnesium (Mg), potassium (K),
calcium (Ca) and iron (Fe) which are the major &ets in this study, and another
minor element, boron (B) as well as four ISs inatlgdscandium (Sc), rhodium (Rh),
indium (In) and bismuth (Bi) with a concentratia@gch at 1000 ppm were purchased
from Fisher Scientific. An individual stock solutioof mercury (Hg) with a

concentration of 1000 ppm was purchased from Aanudtrd.

4.2.3 Glassware and Plastic Ware
Glassware was employed for organic analysis. Adsgware was thoroughly

cleaned with detergent and rinsed with tap watéterAhe glassware was dried at room
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temperature, it was further rinsed with methanolrémove any remaining organic
residues.
New plastic ware was used for trace elemental amslit was rinsed with 10%

nitric acid before use.

4.2.4 Apparatus
The following items were employed throughout theirse of analysis. A five
decimal point balance was used to weigh the chdrsiaadards. Weighing small items
less than 200 g was accomplished by using a focindg point balance. Large items
were weighed with a two decimal point balance. ©Otagparatus were utilized for
specific purposes where appropriate.
a) Analytical balances —i. AND FX-2000 (accuracy.81q)
ii. Sartorius BT224S (accuracy = 0.0001 g)
iii. Denver Instrument AA-200 (accuracy 9001 g)
iv. Sartorius MC210S (accuracy = 0.00001 g)
b) Ruler (accuracy = 0.5 mm)
c) Electronic micrometer caliper — Chicago (accurad/G91 mm)
d) Sonicator — 5510 BRANSON
e) Centrifuge — Labofuge 200 Heraeus
f) Deionized water filter — Elga Maxima (18.2(M
g) Steam evaporator
h) Digital camera - SONY Cyber-Shot 6 Megapixels
i) GC capillary columns —i. J&W HP Ultra 2 (Part nb2091B-102)
(length 25 m, i.d. 200 pm, film thickness 0.33um)
ii. J&W HP Ultra 2 (Part no.: 19091B-002)

(length 25 m, i.d. 200 pm, film thickness 0.11um)
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iii. J&W HP-5 (Part no.: 19091J-433)

(length 30 m, i.d. 250 pm, film thickness 0.25 pum)

iv. J&W DB-1 (Part no.: 122-1032)

(length 30 m, i.d. 250 pm, film thickness 0.25 pum)

4.2.5 Instrumentation

Five pieces of equipment were used for instruneatelysis. The specific

purposes served by these instruments are summaniZedle 4.1.

Table 4.1: Instruments employed for the profiliridheroin

I nstrument M odel

Purpose

Portable spectrometer using
attenuated total reflectance-
Fourier transform infrared
spectroscopy

(ATR-FTIR)

HazMatlD System
(Part no.: 023-1002)

Gas chromatography — flame
ionization detector
(GC-FID)

Agilent Technologies
HP6890N GC

Gas chromatography — mass Agilent Technologies
spectrometer HP6890N GC with a
(GC-MS) 5975B inert MSD.

Gas chromatography — mass
spectrometer i
(GC-MS) GCMS-QP2010Plus
Inductively coupled plasma-
mass spectrometer
(ICP-MS)

Perkin Elmer SCIEX
ELAN DRC-e

GC-2010 Shimadzu with a

To analyze plastic films

To quantify major
organic components and
manufacturing impurities
in illicit heroin

To identify major
components in illicit
heroin

To identify
manufacturing impurities
in illicit heroin

To quantify trace
elements in illicit heroin

4.3 Sampling

A submission may contain a number of heroin samplégs. However, to

analyze every sample unit in each submission wdudd extremely costly and
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impractical. Hence, a sampling procedure that aimselect a small portion of a
homogeneous sample plays a significant part inch#mical analyses. It helps to
minimize the analysis cost without undermining tradidity of the results. Thus, the
resultant laboratory sample derived from the samgptirocess will represent the overall
heroin sample in the profiling process. In thisdgtuthree sampling procedures were
adopted to obtain a valid laboratory sample folyeis These procedures are described

as follows:

» Gross sampling via subgrouping: The sample units contained in a submission
can vary in number and/or appearance. Therefotigreuping was performed
to minimize sample inhomogeneity in the submissi@ach packet was
inspected carefully to note for any disagreementheir general appearance
before the sample units were mixed and homogeniZéese included the
general size and packing of the plastic recep@eiell as the color and texture
of the heroin substance. Once observable discreggsmmwere found in the
submission, the sample units were separated argt@ayted accordingly. Each

group was treated as an individual case.

After the subgrouping, each case containing a mdiffequantity of physically similar

sample units was subjected to two other samplioggatures.

» Random sampling for visual and physical characteristicss Owing to the
sensitive nature of this narcotic drug, the expestime of the heroin case
samples after discarding from the strong room bd®etminimized. Therefore, it
was impossible to exhaustively record the physataracteristics of all the

sample units in a case. After the subgroupindyef quantity did not exceed 10
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units per case, all sample units were then corsiléor physical profiling.
Alternatively, random samples were taken from ew&se containing more than
10 units of samples based on the Hypergeometritilision Chart (UNODC,
2009b) at 95% confidence using k = 0.9. For exanfi8erandom samples were
sampled if a case contained 40 sample units in. fdkee selected sample units

provided a representative description of the playsibaracteristics for the case.

» Bulk sampling for chemical analysis. All heroin substances in each case were
withdrawn from their receptacles and homogenizegpraximately 1 g of the
homogenized substance was taken for chemical asalgach homogenized
sample substance was kept in a separate locker ninaieconditioned

environment.

As a minimum of 1 g of illicit heroin was requiréar profiling, this study was
eventually aimed at large contents, especiallyarsubstances packed in plastic packets
because these items could provide sufficient laboyassample for analysis. However,
substances in straw tubes were excluded in thdy dtecause their total amounts were

insufficient for sampling.

4.4 Task 1: Visual Examination and Physical Characteristics

Task 1 was accomplished upon receiving the sulomigsom the police. All
information was documented before the samples a#ge=d or handled. As previously
stated, random sampling may have been performedr gda physical profiling
depending on the quantity of the sample units prtesethe case. In relation to this
requirement, physical characterization was onlyquared on the sampled units. When

the necessary information was well-recorded, @l shbstances in a case were mixed
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for bulk sampling. The physical data served asreeg# description for the case to build
up a database in Task 6. Quantitative data defficed the physical measurements in

this task were also used to establish the reldtipedetween the cases.

4.4.1 Police Information

The profile of every individual heroin case wasrtd off with its case
background. This was achieved by extracting thermétion from the document
(Police Form 31) that was sent together with theecsubmission. Besides, additional
information was also obtained from the Linked Imfation Management System

(LIMS). Table 4.2 lists the common items includedier this investigation.

Table 4.2: Police information and case backgrouralsingle heroin case

Item Sour ce Example Description

The unique case identity at
Laboratory number LIMS (PJ)FOR1234/10-0the Department of
Chemistry Malaysia

The unique case identity at

Police report number  Police form 31 1234-35/10 .
the police department
Label Police form 31 ‘A The unique _m_arklng fora
specific exhibit/envelope
Branch Police form 31 Pandan Indah The Io<_:at|on of the police
operation branch
Location LIMS Cheras The area in which the

operation branch is located

The date on which the
Date of seizure Police form 31 13 January 2010illicit heroin was seized
from the perpetrator

The date on which the
illicit heroin was submitted
to the Department of
Chemistry Malaysia

Date of submission LIMS 14 January 2010

The severity of the case
Case category Police form 31 39A1 based on its initial sample
weight
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4.4.2 Photogr aphy

A written description of the physical appearantarentire heroin sample unit
(the receptacle and its content) may not be ableffer sufficient details for future
comparison. Besides, revisiting of the case sansgpimpossible since opening up the
case sample for detailed examination and in-deptdyais will inevitably alter the
physical conditions of the sample. It is therefamitical to preserve the original
conditions by means of photography. These photdgrapill serve as a permanent
documentation and representation of the case in dambase. A number of
photographic techniques adopted for building thstasy pill database are costly and
cumbersome. In this study, the drop-black technidjseussed by Freeman (2004) was
employed. This is an economic photographic tecteigpecially designed for taking
close-ups. In order to enhance its routine usgbdihong untrained personnel, this

technique was modified according to the followiegup:

Camera: SONY Cyber-Shot 6 Megapixels

[llumination: Two study lamps 9W wrapped with tracing papers

Background: A polystyrene platform wrapped with black cloth ardck
paper

Accessories: A ruler with four standard hues (CMYK)

Editing software:  Photoshop® CS3

Study Lamp

=

Camera

Study Lamp
_—
—
~

5

Black Cloth

Figure 4.1: General photographic setup
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A representative sample was spread out on a yodyst platform in the centre
and a ruler bearing four standard hues (CMYK whgi@b= Cyan, M = Magenta, Y =
Yellow, K = Black) was placed next to the samplig(Fe 4.2). The ruler gave a general
measurement for the sample whereas the standard prowided relative color
adjustment for interpreting the photographs esjfigaihen different illumination was
used for the photographs taken at two differenteimBesides, two study lamps
wrapped with tracing papers were installed on oppasdes to provide diffuse lighting
to the sample. The lights were disregarded if thtihg was sufficient. Direct snaps

were taken with a digital camera held perpenditykbove the platform.

Substance

Figure 4.2: Elements in photography (A ruler witkir standard hues in (a) is used to
provide a scale; general photographs in (b) reptegbde visual
documentation for a single case)

For each case, two snapshots (front and back views) taken from a sample
unit in its original condition. The side bearing maofeatures such as folds and

significant marks, was labeled as ‘Side A’ while tbther side as ‘Side B’. Another
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snapshot of the heroin substance that was placeal mece of black paper was also
included in this study. The photographs were editiét the Photoshop® software to
achieve a desired contrast, if necessary. All ineet photographs were uploaded on the

database as a single data profile.

4.4.3 Color of the Heroin Substance

The color of the heroin substance is one of thetmpomminent characteristics to
unaided eyes. Justification suffers when the cd&scription is too detailed, owing to
the personal subjectivity in color interpretatioh. better description of color was
achieved by documenting the color in a general tevithout having to describe the
color value (e.g. light or dark). For monochroméstances, their colors were chosen
from the list (Table 4.3) provided in Color 1. Frbstances in dual colors, there was a
need to provide two observable colors as a gewesdription for the samples. In this
case, for a dual colored substance, the lighterdslexpressed using the list of Color
1, while the darker color is obtained from the laft Color 2. For multicolored
substances, the colors are indicated in the checkbthe database and only two major
colors were recorded for Color 1 and Color 2. Toidwbliteration of the minor color,

the colors of the substance were first recordedrbahe sample was ground/ powdered.

Table 4.3: Color categories for the descriptiom@foin substance

Color 1 Color 2
White Not applicable
Off white Pink
Pink Brown
Brown Yellow
Yellow Green
Green Grey
Orange Orange
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4.4.4 Texture of the Heroin Substance

Texture refers to the general particle size of gshbstance. The texture of the
substance is another useful attribute for distisiging between samples during
subgrouping. Practically, a range of particle sirethe form of continuous data can be
obtained with a set of sieves in highly variablesmsizes (Holt, 1996). If the sieves are
fixed with definite measurements, the particles banrecorded in micrometer (Pye,
Blott, Croft & Witton, 2007). However, the sievipgocedure is laborious and time-
consuming. As only a limited sample size was abégldor analysis, losses due to
handling must be avoided and hence it was decidembltect such data according to
their categories. Three categories were selectexdféo textural descriptions, and this

was based solely on visual inspection with theofeihg criteria (Table 4.4):

Table 4.4: Texture categories for the descriptibhavoin substance

Category Criteria

» Apparently large and visually well-defined bodied o
substance

* A small amount or less than half of the samplenithe form
of a fine powder

Coarse

Coarse and Eine * Both wsgally def|r_1ed bodies of substance and fioerder are
present in approximately equal portions
» Powdery appearance
Fine * A small amount or less than half of the samplenithie form
of a coarse substance

4.4.5 Wrapping Style of the Plastic Package

Many different types of wrappers could be usedaotain the heroin substance.
As previously stated, only those samples containgdastic packages were considered
in this study. In Vietnam, the package was cleathmped with distinctive logos for

direct comparison (Hungt al., 2005). In Malaysia, most of the seized samplesewe

128



packed in clear plastic packages/receptacles, rewgdthe packages less informative.
From the forensic intelligence perspective, thded#nces in the appearance of the
receptacles infer that different countries may haléerent wrapping styles. For
example, the ‘square like’ and ‘amorphic’ types ensmented by Zamiet al. (2007) in
Ireland are not the popular wrapping styles in Msia In the local context, drugs of
different nature such as ketamine and heroin alwgagsv a considerable disagreement
in their wrappers. The wrapping style could thusabgotential signature for the illicit
heroin at the retail distribution level as Zardiral. (2007) noted that different packers
would deliberate some action on the package.

In most cases, some of the illicit heroin samplestained in clear packages
were submitted together with additional wrappershsas newspapers and commercial
plastic bags. To minimize irrelevant informatiomly the package/receptacle having
direct contact with the substance was considerediotument the packages devoid of
illicit manufacturer’'s markings, the plastic wrapgistyle can be generally defined

using seal (S), margin (M) and portion (P):

Table 4.5: General morphology of plastic wrapmigdes defined by seal, margin and

portion
General mor phology Description
s1
P1 Seals on the brims without any
52 margin. The packet has only 1 portion.
83
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Table 4.5: Continued

General mor phology Description

sl

2 seals on the brims and 1 seal at the
bottom with 1 margin. The packet has

2 [N 52 2 portions.

) 20 Y,

P3 M2
Sl
2 seals on top and bottom with two
P2 margins. The packet has three
portions.
N2 71 WIT
S
2 seals on top and bottom with two
P5 Z : . .
M2 p2 margins. The packet has five portions.
I MI |52

With the predefined morphology, the wrapping of phestic package was observed and

recorded based on the following categories:

Type la — seals on brims, no margin, 1 portion
Type 1b — 2 seals, 1 margin, 2 portions

Type 1c — 3 seals, 1 margin, 2 portions

Type 2a — 2 seals, 2 margins, 3 portions

Type 2b — 3 seals, 2 margins, 4 portions

Type 2c — 3 seals, 3 margins, 6 portions

Type 3a — 2 seals, 2 margins, 5 portions

Type 3b — 3 seals, 2 margins, 7 portions

Type 4a — tube with seal(s)

Tube 4b — undefined
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4.4.6 Sealing of the Plastic Package

All plastic receptacles (e.g. plastic packets asfit bags) are usually sealed to
firmly secure the heroin substances so that theilglisor can handle their stocks with
ease. Most of the plastic packets are usually apaorad by at least two seals. One seal
at the bottom is usually made by the legitimatestidamanufacturer. With some
exceptions, this bottom-seal may also be introdumgdhe heroin packer if a roll of
plastic tube instead of individual plastic packstssed for packing the drug substance.
However, it is with great difficulty to determinkthe bottom-seal is made by either of
the parties with confidence. Hence, this bottom-sees not included in this study.
Other seal(s) are most likely to have been intreduay the drug packer after the drug
substances are placed into the plastic packetaglpacking. The number of such seals
together with the seal pattern and seal qualitgntkesl in all individual plastic packages
were recorded. The following observations summaitiee particulars associated with
the seal of the drug packer. The number of paclesdds refers to the total number of
seals made by the drug packer (not including theuf@eturer’s seal). Seal patterns are
defined according to Figure 4.3. Clarity of sedérs to the quality of the seal observed

on the package.

Number of packer’s seals:  Not applicable
Single
Double
Triple

Seal pattern/type: No seal
Undefined seal pattern
Rectangle
Clip seal

Seal quality (clarity): Not applicable
Clear and complete
Clear but incomplete
Vague but complete
Vague and incomplete
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Figure 4.3: Appearance of different seal patteriibrde major patterns are (a)
undefined seal pattern; (b) rectangle; (c) clid)sea

4.4.7 Weight of the Heroin Substance and Plastic Receptacle

The weight of each plastic receptacle containing heroin substance was
determined using an analytical balance (Sartorrasd for small items or AND brand
for large items) and the reading was documentegt@ss weight, i All the substance
was withdrawn from its plastic receptacle, afteichithe empty plastic receptacle was
cleaned thoroughly with a tissue paper. Subsequetii& empty plastic package was
weighed on the same analytical balance and thehiveighe empty receptacle, \Was
recorded. Finally, the net weight of the substande withdrawn from each different

receptacle was computed using the following formula

Ws:Wg'Wr

The procedure was repeated for all the units sairfplephysical characterization. The
mean values representing the substance weightag&age and the weight of an empty
plastic receptacle for each case were obtainedeaptessed as the mean + standard
deviation.

Water and solvent were not used for cleaning tlestig films as they may
obliterate or remove the markings put by the pagtieesonnel. The plastic receptacle, as
a result, was not totally free of the pre-contaisetbstance (especially in the folded
areas). A study was performed using small plasdickpts to determine the extent to
which such un-removed substance and particles waffédt the readings. In addition,
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the precision of the readings was examined using d¥iferent analytical balances

(Sartorius BT224S and Denver Instrument AA-200).

4.4.8 Width of the Plastic Receptacle

The width of the plastic receptacle is one ofithportant dimensions associated
with plastic packet and plastic bag. However, d¢ertaceptacles have longer widths
compared to their lengths. As a result, it waslwesbthat the width be taken as the side
where the seal from manufacture is most likely ¢oldcated since almost all types of
plastic receptacles have a basic bottom-seal famtko contain the substance before
other intended seals were added. The opposite wdgealso considered as the width.
Two width edges of a plastic receptacle were meashy straightening the edge of the
plastic film over a ruler. The procedure was repédbr all the units sampled for
physical characterization. The mean value repreggmiie width of the plastic packet

for each case was obtained and expressed as tmetnsé@ndard deviation.

Width 1

Width 1

Original
manufacture
seal

Width 2

Figure 4.4: Plastic packages showing their widths
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4.4.9 Thickness of the Plastic Receptacle

The thickness of an object is commonly used adeewie in samples such as
hair, paint flakes and pills/tablets. This dimemsiprovides a relatively rapid
comparative parameter to distinguish one from asrotim ecstasy profiling, the vernier
calipers are frequently employed to measure thekmieiss of the pill since the
dimension usually falls in the range of centimetdis determine the thickness of thin
objects such as plastic films, Caustral. (2006) used a Digico 1 (Tesa) micrometer to
measure the thickness of plastic bags in the rarfigaicrometers. Similarly in this
profiling program, the micrometer calipers (Chicapppand) were employed to
determine the thickness of the plastic packet [(sinfgm) after it was cleaned
thoroughly with a tissue paper. Measurements wexdenon the less disturbed areas to
avoid errors introduced by rough handling. The utls¢d areas refer to observable
shrinkage, lodgment of particles, folds, etc. Tweasurements were recorded from
each side of the plastic packet, totaling four megsl for both sides of a plastic packet.
The procedure was repeated for all the units sadrfplephysical characterization. The
mean value representing the plastic package théskper packet for each case was
obtained and expressed as the mean * standardidevia

In addition, the precision of the readings wasn@rad using two different

micrometers (both of Chicago brands) and two tygfgdastic films.

45 Task 2: Analysisof Plastic Filmsby ATR-FTIR

Task 2 was accomplished immediately after Task as wompleted. In the
analysis, various polymeric types of plastic filmere first distinguished qualitatively
by infrared spectra at the macro level. Then, thstj types were triangulated with the
police information to get an overview of the hertiafficking activity. At the micro

level, the spectral variation of the most frequerthcountered plastic type was further
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examined quantitatively. Instrumental and statdticalidation was performed using
specimen plastic films before the quantitative de¢ae used to assess the relationships

between the case plastic films.

45.1 ATR-FTIR Procedurefor Plastic Films
45.1.1 Settingsfor ATR-FTIR

The plastic receptacle used to contain illicit heravas examined with a
HazMatlID System portable infrared (IR) spectrometdihe examination was
accomplished by the use of a diamond sensor (atedutotal reflectance) with
integrated video monitoring. The number of scans a&t at 64, with a resolution of 4
and in absorbance mode between 4000 anul 650 crit. The instrument was checked
on a daily basis with a standard polystyrene filnemhsure its optimum condition before
use. A background spectrum was run before each lsamgasurement. The spectra
obtained from the instrument were compared manuwdllyout the aid of a library. All

quantitative IR data were processed by the HazMétédsion 3.1) software.

4.5.1.2 Analysis of Case Plastic Films

For each case, the substance was transferredtfremlastic receptacle into a
sampling bag and then the inner and outer surfatdise receptacle were repeatedly
and thoroughly cleaned with a tissue paper. Tharssh areas were first examined to
ensure that they were free of any observable cantarts. Due to limited access to the
case samples, only two representative spectra eleagned for each case. The cleaned
outer surface of the plastic receptacle was scawnitbdthe HazMatlD System portable

IR spectrometer with the aid of a machine press.
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45.2 Instrumental and Statistical Validation for Spectral Variation Using
Specimen Plastic Films

Spectral variation was revealed quantitativelythy selected diagnostic peaks.
Before the quantitative data were used for stasiktinterpretation, the reliability of
those data was first validated using specimen ipléigins. Two sets of specimens A
and B (both of Type 1-polypropylene-based iderdifiey IR) were prepared after the
polymeric types were identified from the case pta$ims. To ensure that specimens A
and B were spectrally different quantitatively iretpolymer composition of the film,
both were purchased commercially from differentnisa and in different widths.
Specimen A simulated sample plastic films that werdbjected to uncontrolled
variables such as environmental and instrumentatofa during IR analysis while

specimen B acted as a control for system check-up.

1. Environmental and instrumental influences: A specimen plastic film marked

‘A’ measuring 5.00 cm in width was used to evalutite effects of optical
contact between the film and the diamond surfage $pots (labeled ‘Spot 1’
and ‘Spot 2') were marked at different positions the same film to ensure
polymeric makeup consistency in each spot duringlysrs. Each spot was
subjected to IR measurement under a set of fivieréifit conditions. Four
degrees of force (1X, 2X, 3X and machine pressevesplied on each spotted
area of the film placed on the diamond stage. Agrottmeasurement was
obtained with the diamond surface covered withrg tan layer of street heroin
substance and under machine press. Examinatioaeeasnplished by using the
HazMatlD System portable IR spectrometer. The tpatswere used to assess

the extent to which uncontrolled factors affecteel peak intensities.
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2. Precision: To assess the intra-day (repeatability) and idssar{reproducibility)
precision of the IR spectral response and intratbaariability, a batch of seven
different specimen plastic packets B measuring ¢m0n width were examined
and treated like case plastic films to obtain &#peat random on the same day

and a total of 20 spectra on different days.

4.6 Task 3: Profiling of Major Componentsby GC-FID and GC-MS

Task 3 was aimed at quantifying the absolute custeof eight major
components (five opium-based alkaloids and thrdtnguagents) present in the illicit
heroin samples. Prior to analysis, optimization galidation of the GC methods were
performed. Statistical validation was achieved lbypkying eight simulated heroin
links. Subsequently, these validated analytical tatistical procedures were applied to
the case samples. The ultimate use of the GC dasatav determine the number of

possible origins responsible for the seized heroin.

4.6.1 GC-FID Proceduresfor the Profiling of Maor Components
4.6.1.1 GC-FID Method

Quantitative analysis of eight major components wakieved by using an
HP6890N GC-FID preinstalled with an HP7683 seriasampler and a J&W HP
Ultra 2 (25 m x 200 um x 0.33 um) capillary colun@hromatographic separation was
accomplished by holding the oven temperature at’@4fbr 1 min and heating up to
270°C at the rate of 12C/min. The oven was then held for 8 min at thisgerature.
The injector and detector temperatures were s29@iC and an injection volume of 1
pl with a split ratio of 40:1 was employed. The itnel carrier gas flow rate was
maintained at ~1.0 mL/min. Hydrogen flow, air flaamd helium makeup flow were

respectively set at 30 mL/min, 300 mL/min and 25/mib. The total run time was
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approximately 12 min. All GC data were processed the ChemStation

(Rev.A.10.01[1635]) software.

4.6.1.2 Analysis of Heroin Case Samples
i) Internal Standard Solution

An appropriate weight of 2,2,2 triphenyl acetoptren (IS) was weighed into a
2000 mL volumetric flask to which methanol:chlorofoin the ratio of 1:9 was added
to the mark to obtain a final concentration of OM@mL IS solution. The solution was

sonicated for 10 min and it was kept for not mbiant3 months.

ii) Calibration Standards and Control Sample

Appropriate weights of the eight target analyfemrécetamol, PC; caffeine, CF;
dextromethorphan, DM; codeine, CD; morphine, MP;et@dcodeine, AC; 6-
monoacetylmorphine, MM; diamorphine (heroin), HRgres weighed in a 25 mL
volumetric flask, to which 0.18 mg/mL IS solutiorasvadded to the mark. The final
concentrations of the analytes were obtained withimm preferred ranges that were
suitable for the profiling purpose based on theursatof the local samples. Three

mixtures of standards were prepared throughoutdhbese of the analysis:

1. Calibration standard | for method validation and case sample analysis. 0.16
mg/mL PC, 7.97 mg/mL CF, 0.08 mg/mL DM, 0.05 mg/i@D, 0.08 mg/mL
MP, 0.10 mg/mL AC, 0.26 mg/mL MM and 0.31 mg/mL HRthe presence of
0.18 mg/mL IS.

2. Calibration standard Il for smulated sample analysis: 0.17 mg/mL PC, 7.64
mg/mL CF, 0.08 mg/mL DM, 0.05 mg/mL CD, 0.09 mg/mvP, 0.11 mg/mL

AC, 0.26 mg/mL MM and 0.30 mg/mL HR in the present®.18 mg/mL IS.
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3. Quality Control (QC) sample: 0.12 mg/mL PC, 7.24 mg/mL CF, 0.12 mg/mL
DM, 0.08 mg/mL CD, 0.06 mg/mL MP, 0.09 mg/mL AC20.mg/mL MM and

0.20 mg/mL HR in the presence of 0.18 mg/mL IS.

All the standards were refrigerated for not mowntB months. The calibration standard
mixture was used for daily GC-FID calibration (gm&nt calibration). The

concentration of each compound in the mixture wasessed in base form.

iii) Preparation and Analysis of Case Samples

For each case, approximately 80 — 100 mg of thedgemized sample was
weighed and dissolved in 10 mL of 0.18 mg/mL ISusoh in a glass volumetric flask,
followed by 10 min of sonication. Each aliquot bétsample was injected into the GC-
FID pre-calibrated by the standard mixture. Fornjitative analysis, each sample was
analyzed in duplicate and the results expresseagimL were calculated to arrive at a
mean concentration for each target compound. A @@pte was inserted between 20
runs to check for the system stability. Only whka percent errors of the QC sample
fell within the acceptance limits, those runs beftiis QC sample can then be accepted

for data analysis.

4.6.1.3 Optimization and Validation of the GC-FID M ethod

GC-FID parameters were optimized based on the pesdution and overall

peak shape through:

1. Column choice: Two sets of GC conditions were achieved by emplgyivo

GC capillary columns, namely Option 1: J&W HP Ul2a25 m x 200 pm x

0.33 um) and Option 2: J&W HP-5 (30 m x 250 um250.m) for separating a
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mixture of the eight target compounds and the I&clieat approximately
0.1 mg/mL). Injector and detector temperaturemperature programming,
flow rate and split ratio were optimized based lo@ best achievement in peak

resolution and peak height.

After the optimized GC method, using Option 1 (gsii&W HP Ultra 2 capillary

column) was decided, the sample preparation proeadas first checked with:

2. Solvent studies. Chloroform  (100%) and methanol (100%) and the

combinations of both in different ratios of methlaraloroform (1:9; 3:7; 5:5;
7:3; 9:1) were investigated using a mixed standdrthe nine compounds (the
eight target analytes and the IS, each at 0.1 my/Edch of the seven solvent

types was injected six times consecutively.

With the overall optimized method, the GC was \atigdl for the following aspects:

3. Precision: A standard mixture containing the eight targetlyea at the
preferred concentrations (ranging from 0.05 — M®ymL depending on the
analytes) in the presence of 0.18 mg/mL IS was teedudy the repeatability
and reproducibility of the instrument. For the rafability, the standard was
injected ten times consecutively on the same dayadsess the intra-day
precision. The GC was also programmed to injectye8ehours up to 28 hours
for ten injections to assess the inter-hour prenisiThen, separate injections
performed on ten different days were used to asHessnter-day precision

(reproducibility).

140



4. Linearity: Linearity was studied using a series of standafse initial
concentrations (ranging from 0.1 — 10.0 mg/mL dejreg on the analytes) in a
standard mixture were diluted to obtain a seriegight concentration levels
with the IS held constant at 0.18 mg/mL. Each lewak injected six times

consecutively.

5. Limit of detection (LOD): The LOD of the instrument was determined from

the lowest detectable concentration prepared ap/inL, 5 ug/mL and 10

ug/mL, for each component based on the signal-teeni@vel of 3:1.

6. Recovery studies: A known amount of each target analyte was spiked &

sample matrix to yield a high spiked sample fromiclwhtwo dilutions were

prepared to obtain medium and low spiked samples.high, medium and low

spiked samples were used for recovery studies.

With the validated method, other factors were alsamined:

7. Dissolving vessels and sample weight studies: The extent of artifact formation

in the polypropylene centrifuge tube (PT) and ghlasisimetric flask (VF) was
investigated with three case samples respectivalked ‘A’, ‘B’ and ‘C’. From
each sample, four quantities: 50 mg, 60 mg, 70 niy 8 mg of the heroin
substance were placed in both the PT and VF. Thetance was dissolved in
10 mL of 0.18 mg/mL IS solution. Each aliquot wagected six times. The
samples were analyzed on the day of preparatiorttesrd after four days. The
loss of analytes and the presence of artifacts vemauated. A preferred

guantity was also determined.
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8. Sample stability: Sample stability was examined by a pair of low dngh

concentration samples injected thrice on the @liest and at every seventh day

over a 1-month period.

9. Method capability: Ten case samples were analyzed using the optinaized

validated method under different conditions (gusntidilution factor and

difference in daily calibration) to evaluate thethwel capability for profiling.

Statistical robustness of the optimized GC-FID rodtfOption 1) was evaluated
against a second method (Option 2) by employinga&® samples. The performance of
the second method was investigated using a stamaiatdre containing the analytes at
approximately the same concentrations used in thihad validation of Option 1, but
with 0.20 mg/mL IS (the optimized concentration @ption 2). Option 2 was used as a
negative control to assess the robustness of thel&@& obtained with Option 1. Nine
other case samples were used to develop a novelarhetric procedure for sample

classification.

4.6.2 Statistical Validation Using Simulated Heroin Links
4.6.2.1 Prepar ation of Samplesfor Simulated Links

Four individual homogenized samples (Al, B1, Ctl &1) were taken from
separate unrelated seizures which were submittechfiiscking case samples. Prior to
the cutting process, separate portions of samplesBA and C1 were respectively
mixed with selected cutting agents or/and opiunetdaalkaloids in small amounts to
give three other derivative samples, A2, B2 and@ter to footnote below Table 4.6).
A mixed standard containing all the eight targedlgies and phenolphthalein was also

prepared in the laboratory to give sample E1. Tdldesummarizes the initial contents
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of the eight initial samples that served as presamnples. The eight components
(excluding phenolphthalein) present in the preamgles were chosen because they are

the commonly encountered analytes found in thatilieroin seized in Malaysia.

Table 4.6: Contents (%) of eight target componanésght pre-cut samples

SaI”E)p'e PC CF DM CD MP AC MM HR
Al  ~205 1459 585 ~0.05 019 315 328  47.27
A2  ~205 1387 565 ~005 1.33 312 348  46.04

Bl 0.02 5.08 4.30 0.40 2.68 3.54 13.95 38.03
B2 0.00 491 6.10 0.35 4.22 5.84 14.45 35.68
C1 1746  29.69 3.36 0.39 1.12 2.10 5.34 23.05
Cc2 30.68  25.59 3.00 0.30 0.99 1.87 4.90 20.50
D1 0.59 11.18 6.36 0.20 0.68 3.84 4.62 49.14
E1l 3.60 8.86 2.69 3.19 5.12 8.00 13.38 22.80

~ = Approximate value.

Note: A2 = MP and MM have been added to Al
B2 = DM, MP, AC and MM have been added to B1
C2 = PC has been added to C1

Prior to cutting, the eight pre-cut samples werspeetively ground to
homogeneous fine powders. On the other hand, twduneis of cutting agents were
prepared according to the ratios of PC: CF: DM@6ty and PC: CF: DM (9:70:1) and
marked ‘X’ and ‘Y’. These ratios simulated the foeqtly detected amounts in the local
street samples which contained moderately low ansousf paracetamol and
dextromethorphan in the presence of a significamty amount of caffeine. Each pre-
cut sample was mixed with either mixture of thetiogtagents in one of four specified
proportions in order to obtain four post-cut sarapld small quantity of water was
added to transform the powder into a semisolicestatallow for mixing. Stirring the
whole post-cut sample with a small quantity of watas to ensure even distribution of
the eight components during cutting before the $am@s heated to dryness. One half

of the sample was kept as an uncolored portionenthié other half was mixed with a
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prescribed food coloring agent and water beforeas heated to dryness. Table 4.7
summarizes the compositions of the post-cut sanigsared from the original eight
pre-cut samples. Each of the 32 post-cut samplestivaded into two and one half was
colored while the other half remained uncolorednegating 64 post-cut samples.
Samples derived from the same pre-cut sample ameete ‘linked samples’; samples

from different pre-cut samples thus ‘unlinked saespl

Table 4.7: Composition of post-cut samples gendriten eight pre-cut samples

Pre-cut Cutting PPS’, % (Coloring agent) ©
sample agent® Cutting1® Cutting2® Cutting3® Cutting4® OR®

Al X 5(AR) 125(TZ) 25(GS) 50 (RBS) 100
A2 Y 5 (FG) 5 (BB) 25(SY) 50(CS) 100
B1 X 5(AR) 125(Tz) 25(GS) 50 (RBS) 100
B2 Y 5(R2G) 125(EBS) 25(AR) 50(Tz) 100
c1 Y 5(GS) 125(RBS) 25(FG) 25(BB) 100
c2 % 2.5(R2G) 7.5(EBS) 125(AR) 25(SY) 100
D1 X 25(FG) 75(BB) 125(SY) 25(CS) 100
E1 X 25(SY) 7.5(R2G) 12.5(EBS) 25(CS) 100

dCutting agent = X contains PC: CF: DM (6:70:4); Y contai@s €F: DM (9:70:1).

®PPS = The proportions of pre-cut sample (PPS) were desigrsemttan order to yield a wide range of
low heroin contents (e.g.: 0.5%, 1%, 2%...) in the post-copkes based on the pre-cut contents.

“Food coloring agents are applicable to the second portfahe post-cut samples. AR = Ammarant, TZ
= Tetrazine, GS = Green S, RBS = Rhodamine BS, FG =Gasn, BB = Brilliant Blue, SY = Sunset

Yellow, CS = Carmoisine, R2G = Red 2G, EBS = Erythrosine BS.

dCutting 1-4 = Each pre-cut sample was cut according to fowifiggeproportions based on PPS (e.g.:
5% of A1 was mixed with 95% mixture X in the first cugirHalf of it was left uncolored whereas the
other half was colored with AR.)

Original pre-cut samples were not colored.

4.6.2.2 Analysis of Simulated Heroin Samples

To simulate the usual procedure adopted by a dedlerwould scoop out the
sample for packing, the individual post-cut samplas not homogenized through
powdering. From each post-cut sample, three sampgghing 80 — 85 mg each were
taken at random (any accessible powders and gmanbteugh scooping) and then
introduced into three separate 10 mL volumetriskta The sample was prepared
following the procedure for the case sample extegit each solution was analyzed in
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triplicate. The eight major components in 8 linksOXsamples X 3 random parts per

sample X triplicate per solution = 648 aliquots &vanalyzed by the GC-FID.

4.6.3 GC-M S Proceduresfor the Profiling of Major Components
4.6.3.1 GC-MSMethod

Qualitative analysis of the eight target analytesswachieved by using an
HP6890N GC coupled with a 5975B inert MSD and pwtilled an HP7683 series
autosampler. The GC was also preinstalled with ®WJ&P5 (30 m x 250 pm x 0.25
um) capillary column. Chromatographic separatiors \wacomplished by holding the
oven temperature at 24Q for 1 min and heating up to 270 at the rate of 12C/min.
The oven was then held for 8 min at this tempeeatlihe temperatures of both injector
and transfer line were set at 28 with a split ratio 10:1 and injection volume 3.uL
The helium carrier gas flow rate was maintained a0 mL/min. For the MS, a scan
mode was employed to examine the mass/charge @ng@ — 450 m/z at 70eV. The
total run time was less than 9 min. Each eluteck peathe total ion chromatogram
(TIC) was integrated using the Enhanced ChemStgtiersion E.01.00.237) software.

The peaks were identified by searching againshils3 98 library.

4.6.3.2 Analysis of Heroin Case Samples
Each sample was prepared following the procedsréonthe GC-FID. The

aliquot was injected once into the GC-MS.

4.6.3.3 Validation of GC-M S Method

Three validation aspects were emphasized for (BéMS in order to ensure that

it provides repeatable and reproducible resultgjfaitative analysis.
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1. Specificity and precision of results: Ten independent case samples were spiked

with a standard mixture containing the eight taayslytes each at 0.08 mg/mL
in the presence of 0.18 mg/mL IS. Each sample wa$/zed individually. The
occurrence of false negatives was recorded. Thagiwe of the retention time

under the influence of different sample matrices aigo investigated.

2. Precision of retention time: A single mixture containing the eight target

analytes each at 0.1 mg/mL in the presence of @d8nL IS was injected ten

times consecutively.

3. LOD: The LOD of the instrument was determined from lihgest detectable
concentration prepared at 0.03 mg/mL, 0.05 mg/mdl @i mg/mL, for each

component based on the signal-to-noise level of 3:1

4.7 Task 4: Profiling of Manufacturing Impuritiesby GC-FID

Task 4 was carried out when the heroin purity Iefeel each case has been
determined by Task 3. Prior to analysis, optim@atand validation of the GC method
were performed. Statistical validation was achielgdising two sets of five simulated
heroin links. The first set utilized the 15 mg harbase approach whereas the other
employed a constant 650 mg substance approach.equidly, these validated
analytical and statistical procedures were applethe case samples. The ultimate use
of the GC data was to determine the number of pssnanufacturing batches

responsible for the seized heroin.
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4.7.1 GC-FID Proceduresfor the Profiling of Manufacturing Impurities
4.7.1.1 GC-FID Method

Quantitative analysis was performed on an HP689@NF® with an HP7683
series autosampler. Chromatographic separation waesieved by temperature
programming: 148C to 190°C for 0.4 min at 8C/min, and to 326C for 5 — 7 min at 6
°C/min on a J&W HP Ultra 2 (25 m x 200 um x 0.11 papillary column. The helium
carrier gas flow rate was maintained at ~1.2 mL/riime injector temperature was set
at 320°C with a split ratio 1:25. The FID detector was ntained at 336C. Hydrogen
flow, air flow and helium makeup flow were respeety set at 30 mL/min, 400
mL/min and 30 mL/min. The total run time was appnotely 35 min. All GC data

were processed by the ChemStation (Rev.A.10.01[)&8%ware.

4.7.1.2 Analysis of Heroin Case Samples
i) 2N Sulfuric Acid

An appropriate amount of sulfuric acid (96%) wagsefted out into a 1000 mL
beaker containing 500 mL deionized water. The smiutvas mixed and stirred well
before it was transferred into a 2000 mL volumetiask. Deionized water was added
to the mark to obtain a final concentration of 2sMfuric acid. The solution was

sonicated for 10 min and it was kept for not mbiant3 months.

ii) Extraction Solvent

An appropriate weight of n-tetracosane, C40 (then&s weighed in a 1000 mL
volumetric flask. Toluene was added to the markltain a final concentration of 0.6
pg/mL IS solution. The solution was sonicated fomiin and it was kept for not more

than 2 weeks.
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iii) Sample preparation by liquid-liquid extraction

The method utilized two sample weight approachemduwanalysis: 1) a weight
equivalent to 15 mg heroin base or 2) a constaighwef 650 mg illicit heroin. The
weighed heroin substance was placed in a glassfogettube. Liquid-liquid extraction
(LLE) was performed by adding 5 mL of 2 N sulfuacid and 5 mL extraction solvent
to the tube. The mixture was vortexed vigorously @onicated for 10 min. Phase
separation was accomplished by centrifuging thetuméxat 1800 rpm for 10 min. The
upper organic phase was removed and evaporatedytess. The residues were
reconstituted in 100 pL toluene and the extrach iGC insert was injected 3 pL in
duplicate in the GC. As the method was designedsémni-quantitative analysis, the
duplicate results were obtained in ‘peak area’ apndhputed to arrive at a mean

concentration for each target analyte.

4.7.1.3 Optimization and Validation of the GC-FID Method
i) Optimization and Validation by a Control Sample

A control mixture was prepared by dissolving semesikanes (C15, C20, C25,
C30, C33, C35 and C38) in n-hexane to obtain aemmation of 10 pg/mL for each n-
alkane in the presence of 25 pg/mL C40 (IS). Thistol mixture was used to check
the stability of the GC system in the absence tdrfarence from the sample matrix.

The optimum chromatographic separation was stuoyed

1. Column choice: Four GC capillary columns were used to study pesights.

They included J&W HP-5 (30 m x 250 pm x 0.25 pré@\WIDB-1 (30 m x 250
pm x 0.25 pm), J&W HP Ultra 2 (25 m X 200 pm X Qu83 and J&W HP

Ultra 2 (25 m x 200 pm x 0.11um).

148



Upon completing the above task, the ideal colurWHP Ultra 2 with film thickness

0.11um) was determined. With the chosen column, fleowing were further

examined:

2.

Injection volume: The control sample was injected four times contbesly at

each of six injection volumes: 0.2 pL, 1.0 pL, D, 3.0 pL, 4.0 pL and 5.0

ML.

Precision: Intra-day precision (repeatability) was studied ioyecting the
control sample ten times consecutively on the sdme Inter-day precision
(reproducibility) was achieved by investigating temections performed on

different days.

Linearity, LOD and limit of guantification (L OQ): Linearity was performed

using ten concentration levels covering 0.01 —100nL n-alkanes with the IS
held constant at 25 pg/mL. LOD and LOQ were thécally determined based
on three times the signal-to-noise ratio (S/N) tamdtimes the S/N respectively.

Each level was injected six times consecutively.

ii) Optimization and Validation Using Validation Samples

Three heroin case samples (marked ‘A’, ‘B’ and ‘@¢re used as validation

samples to check the suitability of the method ashale in the presence of matrix

interference for the following eleven aspects. Eaalidation sample was subjected to

LLE using sulfuric acid and toluene containing t8e

Freshly prepared extracts of the validation samy#ee combined and kept in

individual inserts for optimizing aspects 1 to 6:

149



1. Column choice: The above-mentioned four GC capillary columns wesed to

study the peak shape and baseline.

2. Ramping rate: Six ramping rates: 2C/min, 4°C/min, 6°C/min, 8°C/min, 10
°C/min and 12C/min were tentatively selected to study the peslolution and

peak symmetry.

With the chosen column (J&W HP Ultra 2 with filmi¢kness 0.11um) and desired
ramping rate, the impurities of interest presenttlwe validation samples were

determined by:

3. Peak identification: A Shimadzu GC-2010 coupled with a GCMS-QP2010 Plus

was employed to investigate the impurities preserihe heroin samples with
the aid of a CTC Analytics PAL System autosampl@emperature

programming was achieved using the same GC-FID itond specified in

Section 4.7.1a. The transfer line was set at “@0For the MS, a scan mode
was employed to examine the mass/charge range -f580 m/z at 70eV. Data
processing was achieved by employing the Labsaistifversion 2.53 SU1)
software. In this respect, 20 other different sasplere used to further confirm

the peak identities.

With the target impurities, the following were fiuetr optimized:

4. Injection volume: Each validation sample was injected four times

consecutively at each of six injection volumes: @12 1.0 pL, 2.0 pL, 3.0 pL,

4.0 L and 5.0 L.
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5. Injector_temperature: Four injector temperatures: 280, 280°C, 300°C and

320 °C were investigated by injecting each validatiormgle four times

consecutively.

With the optimized injection volume and injectormigerature, the method was

validated by the following:

6. Precision: Intra-day precision (repeatability) was examineding ten
consecutive injections of each of the three vaidisatsamples. Inter-hour
precision (reproducibility) was achieved by injagtieach validation sample

every 3 hours to obtain a total of 17 injections ggmple within 48 hours.

7. Sample linearity: Six concentration levels were prepared for eaaldation

sample. To do this, 100 mL IS solution was evapatand reconstituted with 2
mL toluene to give solution X. A concentrated estr@vithout IS) of the sample
was prepared and reconstituted with solution X fge gextract Y. Six

concentration levels of the impurities were pregddrg pipetting out 100 pL, 90
pL, 80 pL, 70 pL, 60 pL and 50 pL of extract Y intalividual inserts which

were then made up to 100 pL with solution X. Thizswo ensure that the IS
was held at a constant concentration in each Eath level was injected four

times consecutively.

Besides, other parameters were performed to opmithig extraction method:

8. Extraction solvent: Four organic solvents: n-hexane, ethyl acetatieratorm

and toluene were investigated to study the aburedahpeak impurities.
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9. pH study: Four equal quantities of each of the validatiamples were placed
in four individual tubes respectively containing M, 1.0 N, 1.5 N and 2.0 N
sulfuric acid. The sample was extracted three tingessecutively. The
performance of the acid was assessed based oot#theeicovery obtained from

three sequential extractions.

10. Extraction reproducibility: This was examined by investigating six separate

extractions of the validation sample.

11.Extraction vessels. Blank extracts obtained from a plastic tube andlass

centrifuge tube were investigated.

4.7.2 Statistical Validation Using Simulated Heroin Links
Five illicit heroin seizures respectively marked’,MP’, ‘K’, ‘T’ and ‘Z’ were
utilized for statistical evaluation. They were texh as being unrelated (‘unlinked

samples’) based on the histories of the seizures.

4.7.2.1 Preparation of Samples for Simulated Links Using the Weight Equivalent
to 15 mg Heroin Base Approach

From each seizure, eleven related samples (‘lirdaatiples’) were prepared:
five samples of the original heroin from the segzuwo samples of the original sample
cut with 100% caffeine, two samples with caffeireggretamol (2:1) and two samples
with caffeine-paracetamol (1:1). From the heroinzw®, an appropriate weight
equivalent to 15 mg heroin base was placed in eddteven centrifuge tubes. Six of
them were subjected to cutting. In each of thetsbes, the cutting agent was added

according to the weight specified in Table 4.8. rEffiere, all samples submitted for
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analysis contained 15 mg heroin base despite thengasample weights doubled by
the cutting agents in the tubes. A total of 55 dammere subjected to LLE and treated

like the case samples.

Table 4.8: Proportions of pre-cut sample and rgtéigents for five simulated links
using the sample weight equivalent 15 mg heroir laggproach

Weight Cutting agents (mg)
Pre-cut equivalent to

sample  15mgheroin  100% CF CF: PC CFPC
(2:1) (1:1)
base (mg)
M 33 100 150 150
P 32 100 150 150
K 252 50 100 100
T 148 50 100 100
z 38 120 60 60

Note: All samples contained 15 mg heroin base in the tubes.
CF = Caffeine; PC = Paracetamol

4.7.2.2 Preparation of Samples for Simulated Links Using the Constant 650 mg
Weight Approach

From each of the five seizures, five related samflinked samples’) were
prepared: each heroin sample weighing 15 — 250 degehding on the heroin purity
level) was placed in a centrifuge tube. Caffeins wdded to make up the weight to 650
mg for extraction (Table 4.9). Therefore, each tabatained less than 15 mg heroin
base (except for the fifth cutting of M, P, T angldit the sample weight in the tube
was kept constant at 650 mg. A total of 25 postsauples were subjected to LLE and

treated like the case samples.
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Table 4.9: Proportions of pre-cut sample and aagféor five simulated links using the
constant 650 mg weight approach

Weight Pre-cut sample (mg) : CF (mg)
Pre-cut equivalent
sample  101°Mmg 1 2 3 4 5
heroin
base (mQ)
M 33 15:625 20:630 25:625 30:620 35:615
P 32 15:625 20:630 25:625 30:620 35:615
K 252 50:600 100:550 150:500 200:450 250:400
T 148 30:620 60:590 90:560 120:530 150:500
Z 38 20:630 25:625 30:620 35:615 40:610

Note 1: After cutting, only samples 5 contained approximdt® mg heroin base.
Note 2: All samples were at 650 mg irrespective of theunts of heroin base present in the samples.
CF = Caffeine

4.8 Task 5: Profiling of Trace Elementsby ICP-MS
Task 5 was performed to quantify the elementaterurin the illicit heroin. The

ICP-MS method was validated both by standard medwand heroin samples. Statistical
validation was performed by using eight replicates six unrelated samples.
Subsequently, the overall analytical and statisficacedures were applied to the case
samples. Comparison between the elemental compasitn the heroin samples and
other sources (drinking water and contaminated mvateas also performed. The
ultimate use of the ICP-MS data was to determieadtationships between the samples

at the distribution/street level.

4.8.1 ICP-M SProceduresfor the Profiling of Trace Elements
4.8.1.11CP-M SMethod

A Perkin Elmer SCIEX ELAN DRC-e ICP-MS equipped lwian ASX-520
autosampler was used in this study. The operatargrpeters of the instrument are
summarized in Table 4.10. The ICP-MS data weregssed by the ELAN (version 3.4)

software.
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Table 4.10: Operating parameters for the ICP-MS

Parameter Magnitude
Nebulizer gas flow/L mifi 0.82
Argon Auxiliary gas flow/L mift 1.2
Argon plasma gas flow/L mih 15
Lens voltage/V 6
ICP radiofrequency power/W 1550
Analog stage voltage/V -1850
Pulse stage voltage/V 950
Sampler cone Ni
Skimmer cone Ni

: Ryton, double-pass Scott-type spray chamber

Nebulizer and the GemTip Cross-flow
Scanning mode Peak hopping

4.8.1.2 Analysis of Heroin Case Samples
i) Dissolving Acid Solution (1% HNO3)

An appropriate amount of nitric acid (< 70%) waspectively added to 1) a
plastic bottle containing deionized water generdtedh an Elga Maxima (18.2 §)
filter to obtain a final solution of 1 L of 1% HNQand 2) a plastic bottle containing the
same deionized water to obtain 100 mL of 10% HNQOhe 1% acid solution was

prepared freshly on a daily basis.

ii) Standard Preparation

An appropriate amount of each of the standards mipstted out from the
element stock solution and placed in a plastic .tdlbee mixture of the standards was
then diluted with 1% HN@ Three standard mixture solutions and a qualitytrod

(QC) sample were prepared in the following concidns:
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1. Standard 1: minor elements at 0.01 ppm, major elements atpprh, Hg at
0.001 ppm

2. Standard 2: minor elements at 0.02 ppm, major elements atpp®, Hg at
0.002 ppm

3. Standard 3: minor elements at 0.1 ppm, major elements at pp, Hg at
0.005 ppm

4. QC sample: minor elements at 0.05 ppm, major elements atpp, Hg at

0.0025 ppm

All the standard mixtures were prepared freshlyaataily basis. A mixture of the four
ISs was prepared in a large container at 0.01 ppch.€The instrument was supplied

with the IS mixture from this external source.

iii) Calibration

Prior to calibration, the instrument was flushedhwi% HNGQG for 30 min after
which a daily internal performance check was penkt automatically by the
instrument. After the instrument passed the chéekihree standard solutions were run
on the instrument to obtain calibration curvestfa target elements. Subsequently, the
QC sample was analyzed and the quantitative resu#th the target elements in the QC
sample were obtained from the curves. The relighali the curves were verified when
the percent error in the concentration of each eignwas better than £ 20% (e.g. the

maximum acceptable error decided for this task).

iv) Sample Preparation
Approximately 30 mg heroin sample was weighed anttb mL plastic tube, to

which 10 mL of 1% HNG@ was added. The solution was shaken vigorously and
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sonicated for 10 min. Each solution was checkedHermpresence of particles. Another
10 min of sonication may be required to complewigsolve the particles. If further

sonication did not dissolve the particles, filtoatiwas performed using a filter paper (90
mm @ x 100 circles) that was previously rinsed vdéionized water. Each aliquot was
analyzed in duplicate by the ICP-MS pre-calibratgdStandards 1, 2 and 3. The QC
sample followed by a blank was inserted beforesdwmple sequence and carried out
after every fiftieth run. Only when the percentoesrof the QC sample fell within the

acceptance limits, those runs before this QC saroaie then be accepted for data

analysis.

4.8.1.3 Partial Method Validation
Six aspects of method validation were performedaisi standard mixture, QC

sample and illicit heroin samples.

1. Precision: The Standard 3 and QC sample respectively conti@D target
elements at the desired concentrations were imegight times consecutively
on the same day to assess the intra-day precisepedtability). Inter-day
precision (reproducibility) was studied by injegfirach of the mixture once on

eight different days.

2. Linearity, LOD and LOQ: A series of ten levels covering 0.01 — 10000 ppb o

the major elements, 0.001 — 1000 ppb of the mitements and 0.0001 — 100
ppb Hg were used to study the linearity of the deiés response. Each level
was injected six times consecutively. The LOD watedmined from the lowest
detectable level, whereas the LOQ was assessed basthe precision of the

analyte level.
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3. Recovery studies. A mixture of standards containing 5 ppb Hg, 100 ppthe

minor elements and 10000 ppb of the major elememats prepared. A sample
was spiked with 6 mL, 4 mL and 2 mL of the mixednstard in three tubes
before they were made up to 10 mL to yield the highdium and low levels of

spiked samples for recovery studies.

4. Sample precision: Three random case samples (marked ‘X', 'Y’ and) ‘&ere

chosen for sample precision studies. For the issraple precision, each sample
was prepared in a tube that was analyzed repedtmdéyx times. For the inter-
sample precision, the sample was prepared in dferent tubes, each was

analyzed in duplicate.

5. Sample weight studies. Two samples (high and low heroin purity respedyive

marked ‘H and ‘L") were prepared using six diffateweights in individual
tubes: 10 mg, 20 mg, 30 mg, 40 mg, 50 mg and 6Gardetermine the most

suitable weight for analysis. Each tube was andlgbe times.

6. Dissolution vessels: The contamination levels of two different commalci

brands of 15 mL plastic tubes were investigated.

7. Eiltration: The contamination and loss of elements arisingffittration were

estimated using three case samples.

4.8.2 Statistical Validation Using Simulated Heroin Links
Six samples (marked ‘1’ to ‘6’) showing highly dfent elemental

compositions were selected for this study. Eachpdamvas weighed into eight different
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plastic tubes, totaling to 48 samples for analyEise samples were prepared like case
samples and colloidal samples were filtered if seagy. Each aliquot was analyzed in

duplicate by the ICP-MS.

4.8.3 Additional Studies

Household water could have been used by the datart/dilute relatively pure
heroin samples. Therefore, the street heroin mayago metals coming from various
sources including the drinking/tap water. In tlegard, metal contents in various water

sources were also investigated.

4.8.3.1 Drinking Water

Data of 103 water samples were obtained from thpaltment of Chemistry
Malaysia. These samples were sampled from diffesentrces/states by the local
enforcement body in late-July, 2011 within the doyirand they were submitted as
drinking water samples (containing 1% HNGor trace metal analysis. The water
samples were analyzed by the same ICP-MS instrurasimy the same settings.
However, the obtained data were only spatiallyesentative of different locations and

not temporally representative of the sampling times

4.8.3.2 Piped Water and Water from a Contaminated Container

The following procedure was carried out in earlygiist, 2011.

Three different taps directing treated water for miediate household
consumption were selected. For each of the thrisxted taps, three samples were
taken. For each sample, 1 mL of 10% HN@as added into a 15 mL pre-rinsed plastic
tube containing 9 mL piped water. This was to emghat the final solution contained

1% HNO; to preserve the target elements.
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Some of the water was kept in a rusty contair@nfwhich three samples were
taken and prepared and treated like the piped water

Each of the above 12 samples was analyzed in étplry the ICP-MS.

4.9 Task 6: Data M anagement and Database Build-up
4.9.1 General Procedure
All instrumental findings were collected and ct#ld Data manipulation and

data storage were accomplished by using the fafigwi

1. Microsoft® Excel 2002: Descriptive statistics anatal pretreatment were
performed prior to multivariate analysis

2. Minitab 15: Inferential statistics (especially steand correlation analysis) and
multivariate analysis were carried out.

3. SPSS (ver. 18.00): Multivariate analysis was daneupplement information
not obtainable with Minitab 15

4. FileMaker Pro 8: All physical and chemical infornoat of the heroin cases were

collated and recorded as individual profiles inatattase.

4.9.2 Pretreatment Methods

Prior to sample classification, the data were etted to a number of
pretreatment methods such as normalization (Njdstaization (S), logarithm (L) and
fourth root application (4R). They were performediependently or in combination
with two or three pretreatments. Normalization Miilkt organize each sample/row of
data in a comparable format, limiting the dataht® thaximum value of 1 when divided
by the sum of the variables of the sample. Afterlormalization, some variables may

show high values (e.g. 0.193) as compared to thitselow values (e.g. 0.073). If the
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normalized data are not further pretreated appatglyi, the clustering outcome will
most probably be influenced by the high values. ddenhe second pretreatment step
will organize each variable/column in a compardbkenat, equating the role of all the
variables in the dataset. The specific pretreatsneimbsen for each task are discussed in

their respective sections.

4.9.3 Multivariate Analysis

Four major multivariate analyses, namely principamponent analysis (PCA),
hierarchical cluster analysis (HCA), K-means cldstg (K-MC) and discriminant
analysis (DA) were chosen. They were used to aliktesamples using data containing
at least four variables. Specifically, PCA commoaperates in correlation mode and
this is also the default mode used by most chemists final results obtained in this
mode are usually standardized data and therefdr¢hal variables have the same
weightage in the dataset. Preferably, the dataam@yzed in this mode if data
standardization is not intentionally ruled out.

For statistical validation, the covariance mode wa®sen to evaluate
pretreatments if standardization is deliberatelgdwut. Instead, if standardization is
required, it was performed separately prior to PEAr pretreatment methods ended
with standardization as the last step such as R + &, the use of N + 4R in correlation
mode during PCA will reveal the same data distitbutas the N + 4R + S in the
covariance mode. Depending on the objective, thdenal PCA is also mentioned in
the related sections to indicate the applicatiostandardization.

In this study, the correlation coefficient was adopto mean the coefficient of
determination @ obtained from the calibration regression linea@en correlation
coefficient (?) was used to measure the association betweenangettvariables. For

the latter, the symbol of instead of r is used throughout this study becéus®ws the
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relationship of the two variables being multipliad per r X r =7 In this study, the
symbol of £ is also used to mean the degree of agreement &etilie two variables or

two sets of data without specifically referringt®true meaning in the strictest sense.
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