5.6 Profiling of Trace Elements by ICP-MS

After determining the major components and martufawy impurities in the
heroin samples, the remaining portions were subjetd the quantification of trace
elements using inductively coupled plasma-masstspeetry (ICP-MS). The subtasks
include: 1) ICP-MS method validation, 2) statiskigalidation of ICP-MS data using 6
batches of related samples, and 3) analysis of sa®@les for the identification of the
possible source of metal contamination as well as the purpose of sample

classification (street level sample-to-sample camspa).

5.6.1 ICP-MS Method Validation

ICP-MS is a well established technique which ugu#des not require extensive
optimization. However, method validation is cructal ensure that the method is
suitable for the analytical purpose.

Trace elements present in illicit heroin are asslinee have been primarily
introduced as contaminants from three sources, Iyaime processing method, cooking
utensils and water used in the cutting process.ekkample, sodium (Na) and calcium
(Ca) are usually the cations of the substancesiygodicarbonate and lime) added
during processing (Zeret al., 2005). On the other hand, iron (Fe) can be iniced
from the rusty piping system or cooking utensiliaif water is added together with the
adulterants during the cutting process, the ill@toin can acquire contaminants in the
form of trace elements from the drinking waterthrs task, a total of 20 trace elements
were tentatively chosen for the validation study.the following discussion, Na,
magnesium (Mg), potassium (K), Ca and Fe are gmb@semajor elements as they are
usually present in high levels. The remaining eletsiglexcept mercury, Hg) are
considered as minor elements. Hg is seldom preisetdp water and its level (if

present) is normally lower than that of the miniengents.
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5.6.1.1 Repeatability and Reproducibility

As with the chromatographic technique, intra-dagcgsion (repeatability) and
inter-day precision (reproducibility) must be validd to ensure that the ICP-MS is in a
good working condition. The performance of the rnmstent was confirmed with a
mixture of standard elements and the QC sample.cbneentration of each element
was measured relative to the IS chosen accordititetgroup of elements (Table 5.52).

On this basis, the RSD was also computed to eathatprecision of each element.

Table 5.52: RSD (%) for the repeatability and oelarcibility of 20 elements in a mixed
standard and a QC sample

Repeatability Reproducibility
Group Element lon, m/z (n=28) (n=18)

Standard® QC samplé Standard® QC samplé

B 11 0.11 3.16 0.26 3.59
(Na) 23 0.03 2.50 0.09 2.34
(Mg) 24 0.02 2.43 0.12 3.90
| Al 27 0.16 3.04 0.26 2.78
(K) 39 0.02 3.05 0.12 3.57
(Ca) 44 0.02 2.71 0.06 4.59
Sc 45 1S-1°
Cr 52 0.08 2.33 0.23 2.51
Mn 55 0.08 3.16 0.20 3.30
(Fe) 57 0.03 4.01 0.05 2.05
Ni 60 0.12 4.46 0.14 1.80
I Cu 63 0.10 3.67 0.19 2.16
Zn 64 0.09 4.14 0.24 2.34
As 75 0.09 4.20 0.39 2.99
Se 82 0.12 5.03 0.19 5.17
Rh 103 IS-11°
Ag 107 0.07 3.10 0.08 4.55
I cd 114 0.10 2.82 0.13 3.66
In 115 IS-111 ©
Sb 123 0.08 3.19 0.14 4.24
Ba 138 0.07 1.72 0.18 5.27
\Y Hg 202 0.59 8.64 2.43 14.05
Pb 208 0.09 2.74 0.13 5.81
Bi 209 I1S-IV ¢

®Major elements in parentheses at 10 ppm, minor elenaé6td ppm and Hg at 0.005 ppm.

®Major elements in parentheses at 5 ppm, minor elemeft®sppm and Hg at 0.0025 ppm.

IS was maintained at 0.01 ppm. Individual signal relativéhe IS is used for concentration calculation.
Each IS is responsible for different groups indicated$suffix | to V.
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According to Table 5.52, all the elements in bdté standard and QC samples
are repeatable with an RSD < 6% (except for Hg, RSI3%) and reproducible with an
RSD < 6% (except for Hg, RSD < 15%) whereby the RSR0% is considered as
acceptable in this study. The acceptable limieisas this level in order to accommodate
the trace levels of analytes which are usually gaveg the ppb to ppm levels. The QC
sample showed relatively high values of RSD asefkenents were prepared at lower
concentration levels. Since Hg was analyzed atven éower level, the relatively poor
inter-day precision (RSD < 15 %) is still considtras acceptable. Generally, the
instrument was found to be stable for elementallyaisaas there are no apparent

systematic errors in the precision studies.

5.6.1.2 Linearity, LOD and LOQ

A linear response of the detector over a selextedentration range is preferred
in quantitative analysis. Since some elements wetedetected at the trace levels, the
lower limit for the linear range was fixed at ttencentration that shows the presence of
the target element in at least two injections. gression line was constructed for each
linear range and all the elements achieved®an(.9975 (except for Hg,zr: 0.9938),
which is sufficiently linear for quantitative analg (Table 5.53).

The LOD and LOQ may sometimes vary according to specific purpose
(Thompson, Ellison & Wood, 2002; UNODC, 2009c). this study, the LOD and LOQ
are redefined to fit the profiling purpose. The L@[as defined as the level that gives
not more than 50% false negative results whereasLtQ should fall within the
acceptable precision exhibited by the instrumenti¢tvis RSD < 15%, the maximum
RSD for the reproducibility determined in Section6.2.1 Repeatability and

Reproducibility).
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From the series, the LOD was determined based erotliest concentration
level at which the element was detecte8 times out of the six injections so that it can
fit within the linear range (the lower limit of thimear range begins at the concentration
level that shows the presence of the analyte fabmeast 2 injections). Depending on
the elements in Table 5.53, the LODs ranging froB®01 — 1 ppb were obtained for all
the elements except for Ca (LOD = 100 ppb). Thed3B4 are sufficiently adequate for
the detection of the target trace elements. Causilly present in high levels and thus
the obtained LOD is acceptable for this study.

The LOQ was grossly estimated from the dilutioneseprepared. The initial
LOQ was determined as that when the element shameBSD < 15% from the six
injections. For the minor elements and Hg in T&bk8, the LOQs ranging from 0.1 — 1
ppb were obtained. In the case of the major elesneiné LOQs from 1 — 10 ppb were
observed except for K and Ca which showed LOQs GQ@ ppb and 500 ppb
respectively. In profiling studies, the LOD is mareportant than the LOQ since the
absolute concentration value of the element ixribeal.

As most data points were clustered at the bottothefplot, it was decided to
re-evaluate the’rvalues using bilogarithmic plots. The new plotigaded that boron
(B), K and Hg had a relatively poorer value. The value can be improved when the
LOD and the lower limit were reset at 0.1 ppb, b ppd 0.001 ppb respectively for the
three elements. Hence, all the elements were ablachieve an®r> 0.9, and this
indicates that the chosen concentration rangestf@dew range for B, K and Hg) are

sufficiently good for elemental analysis.
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Table 5.53: Analytical figures of merit (n = 6)

Concentration . . Correlation
Element l(‘;)p?))a I&%Qb; range covered #Lnneca;irgz coefficient,
(ppb) Original ® Log®
B 0.001 1 0.001—-1000 Y~ fdojfgx T 0.9996 0.8032
Na 1 10 01-10000 Y=10092x+ 4 ggqq 0.9937
20.542
M 1 1 01-10000 Y7=0:9867x+ 4 5500 0.9868
9 18.053
Al 0.001 1 0.001-1000 Y~ g'ggsgx " 0.9988 0.9007
(K) 001 100  001-10000 Y7 )oO%X* 10000 07566
Ca 100 500 100—10000 Y =0:9407x+ 4 9997 0.9798
20.894
Cr 0001 0.1 0.001 —1000 Y :??gfggx " 09997 0.9231
Mn 0001 0.1 0.001 —1000 Y :Zc).;a??gfx T 0.9998 0.9761
Fe 0.01 10 001—10000 Y= 0-9781x+ 4 gggq 0.9253
48.953
Ni 0001 0.1 0.001-1000 Y~ gfolggx T 0.9975 0.9827
Cu 0.1 1 01-1000 Y :féag)lggx " 0.9998 0.9916
Zn 0.001 1 0.001—1000 Y :£f22§79x " 0.9985 0.9285
As 0.1 1 0.01-1000 Y :fgsngx T 0.9999 0.9991
Se 0.01 1 0.001-1000 Y~ ?'23:9,,7" * 1.0000 0.9778
Ag 0.001 1 0.001-1000 Y :10699%350X ©0.9999 0.9653
cd 001 01  0001-1000 Y :gﬁé’g X* 09992 09987
Sb 1 1 1 -1000 y :gffgfx T 0.9996 0.9996
Ba 0001 01  0001-1000 Y :553,5339? X* 00999 09782
Hg 00001 0.1 0.0001-100 Y :00'5(57%85& " 0.9938 0.8995
Pb 0001 0.1 0.001—1000 Y~ ggsgx * 1.0000 0.9914

8 OD was decided based on the lowest concentration ttmated the element to be detected in at least

three injections out of six.
PLOQ was decided based on the lowest concentration thateshaw RSD < 15 % (the maximum
repeatability and reproducibility obtained) from the sixdtijns.

“The lower limit of the range was decided when at least tyextions showed the presence of the

element.

9 values derived from conventional plots (response againseatration).

%2 values derived from bilogarithmic plots (log responseraddg concentration).

"The ¢ value can be improved to > 0.9 when the LOD and lowet lahthe concentration range are

increased to 0.1 ppb (B), 1 ppb (K) and 0.001 ppb (Hg).
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5.6.1.3 Accuracy as Measured by Recovery

The accuracy of the method was assessed by regcdests. The mean
recoveries for the target elements are displayekhlrie 5.54. All the elements showed
a mean recovery between 92% and 108% except f@rsi\g (68%) and Hg (78%).
Due to the poor recoveries of the latter two eleethey were then excluded for
further analysis as the method is not suitablettiese elements. Their low recoveries
could be due to two reasons: 1) absorption by kastip vessels used in the analysis and
2) interference from the sample matrix. Hence rémeaining 18 elements were used for

subsequent investigation.

Table 5.54: Recovery (%) for 20 trace elements ftbenstreet heroin sample matrix

. . Standard
Element High Medium Low Mean deviation
B 103.05 98.05 97.74 99.61 2.98
(Na) 103.27 90.62 85.44 93.11 9.17
(Mg) 101.37 94.80 88.24 94.80 6.56
Al 101.74 95.82 100.40 99.32 3.10
(K) 98.66 91.47 87.11 92.41 5.83
(Ca) 101.78 94.65 84.19 93.54 8.85
Cr 93.56 95.21 92.50 93.76 1.37
Mn 91.75 95.73 90.75 92.74 2.64
(Fe) 97.49 101.44 94.77 97.90 3.35
Ni 98.45 101.92 97.04 99.14 2.51
Cu 102.10 105.57 99.31 102.32 3.13
Zn 104.04 104.81 104.41 104.42 0.39
As 111.36 102.97 107.21 107.18 4.20
Se 95.83 73.94 108.21 92.66 17.36
Ag 84.21 77.02 42.35 67.86 22.38
Cd 99.41 100.88 102.97 101.09 1.79
Sb 99.78 102.82 102.60 101.73 1.69
Ba 102.51 105.79 105.68 104.66 1.86
Hg 92.43 75.02 66.62 78.02 13.17
Pb 100.59 102.36 101.31 101.42 0.89

5.6.1.4 Sample Precision
It is more appropriate to assess the precisiom®fiICP-MS readings with the

presence of sample matrix. Three random heroin sas®les (marked ‘X’, 'Y’ and
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‘Z’) were selected to assess the sample precisamed on the RSD. As indicated in
Table 5.55, certain elements performed satisfdgtarell with low RSD values in one
sample, but sometimes badly with high RSD valueariather sample. For example,
barium (Ba) has a significantly poorer RSD valu&ample X compared to Samples Y
and Z for the intra-sample precision. This was ply due to the matrix effects from
the different samples. By excluding the outliet® tmean values of the intra-sample

and inter-sample precision showed RSD values df<abd < 14% respectively.

Table 5.55: Sample precision in RSD (%) ahdetermined from three random samples

Intra-sample precision (n = 6) Inter-sample precisin (n = 12)

Element X v - X Y i
B N.D. N.D. N.D. N.D. N.D. N.D.
(Na) 0.75 1.24 10.62 2.00 15.28 36.37
(Mg) 1.97 3.99 1.91 5.87 64.02 2.41
Al 8.09 5.11 11.49 2298 51.70 12.65
(K) 30.23 33.08 N.D. 35.68 33.38 N.D.
(Ca) 1.62 2.59 3.75 2.72 21.35 2.22
Cr 0.65 1.54 2.23 2.17 6.52 16.73
Mn 1.22 0.91 1.12 1.40 3.28 1.89
(Fe) N.D. N.D. 4.23 N.D. N.D. 12.63
Ni 7.49 5.24 2.13 17.48 58.93 5.16
Cu N.D. 2.26 10.75 N.D. 74.11 31.94
Zn 0.93 1.18 1.48 1.73 5.44 3.01
As N.D. N.D. 2.97 N.D. N.D. 2.80
Se N.D. N.D. 3.04 N.D. N.D. 2.78
Cd 13.06 14.40 6.77 11.39 27.02 7.23
Sb N.D. N.D. N.D. N.D. N.D. N.D.
Ba 46.76 8.29 3.97 28.15 49.39 8.16
Pb 1.61 1.28 3.78 2.98 34.19 6.94
Mean 9.53 6.24 4.68 11.21 34.20 10.19
Mean
(excluding 3.74 4.00 4.68 8.99 13.15 6.51
outliers)
Pearson
) 0.999 — 0.998 — 0.996 —
correrlgltlon, 1.000 1.000 1.000 1.000 1.000 1.000

N.D. = Not detected
Note: Figures in bold indicate unacceptable RSDs as definbti/brset al. (1998).
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The acceptable sample RSD aAdiefined by Myorset al. (1998) are RS
30% and T < 70% respectively. Many of the elements analyzeee Halfilled these
conditions in at least one sample in both the istmple and inter-sample categories
except for K and copper (Cu). With regard to K,eqteble RSD values could not be
obtained in both the categories whereas for Cuag anly achieved in the intra-sample
category. To assess the extent to which this vanatan affect sample-to-sample
comparison, the’rvalue was used to assess the correlation betveerelated samples
based on the detected elements. All the relategblssnachieved arf B 0.996 despite
the variation. This implies that the method is ddpaof clustering related samples

despite the measurably high RSD values.

5.6.1.5 Sample Weight Test

Hypothetically, a larger weight of sample will effa better precision (RSD) for
the findings. To test this hypothesis, a prelimjnatudy on the sample weight was
carried out using a relatively high purity sampheatked ‘H’) and low purity sample
(marked ‘L’). The performance of the samples isspreged in Figure 5.64. It was found
that high RSD values were more frequently assatiaith sample H irrespective of the
weight. Sample L however performed very much betieept for B (marked ‘Q1’) and
antimony (Sb) (marked ‘Q2’) using L40. The reason $ample H performing worse
than Sample L may be attributed to the sample hemeity. High purity samples
usually contain high amounts of natural alkaloidfichi are sticky and make
homogenizing difficult. For highly cut samples suab Sample L, the stickiness is
overcome by the presence of adulterants that aredndluring the cutting process,
making the whole sample readily homogeneous. Intiadd it is also inferred that
higher sample weights do not necessarily offerebe®SD values. In fact, the errors

associated with trace elements are not easily owagcby the sample weight at the
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milligram level. Despite this problem, most elenseshowed sufficient precision with
RSD < 20% (Figure 5.64). This indicates that sigfit precision can be afforded by

any of the weights.
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Figure 5.64: RSD of a high purity sample (dottew)iand low purity sample (black
line) analyzed at six different weights (The disoection of the line
indicates the absence of the element)

As some of the elements were not detected at fonpte weights (e.g. 10 mg),
the use of a higher weight (e.g. 50 mg) for casapda analysis was recommended.
However, this sample weight resulted in analytersdion (especially Na) and rendered
the solution too colloidal (particles in suspengidxternatively, the use of 30 mg as an

initial weight was employed in this study. Sampikeittbon may be required for samples

showing saturated Na at 30 mg.
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5.6.1.6 Dissolution Vessels

It is vital to determine the level of contaminatidoy trace elements in a
commercial tube so that extra measures can be takeimimize the errors arising from
this contamination. Two types of plastic tubes weargloyed in this study. Type J was
a sterile tube while Type H was non-sterile withtbof the 15 mL capacity. For each
type, two random tubes were sampled, to which 10f% HNG solution was added
without prior rinsing. From the analysis, Type Hpapred to be much cleaner with only
arsenic (As) and selenium (Se) (0.33 — 1.23 pphgatied in the tube. Type J on the
other hand displayed the presence of Na, alumin{g#), Ca, chromium (Cr),
manganese (Mn), Fe, Cu, As, Se, Ba and lead (Pthleimange of 0.01 — 25.65 ppb.
This study suggests the need for prior rinsinghait least two volumes of nitric acid)

before the tube is used for sample dissolution.

5.6.1.7 Sample Filtration

For high throughput analysis, direct sample digsmiuis preferred as it can
eliminate the tedious sample preparation proceddmvever, when this method is
employed, small particles may be present in thatswsl. Hence, the solution must be
filtered before it is directly aspirated into thesirument. However, this additional step
of filtration can impart errors to the readings @ filter paper may introduce
contaminants and/or absorb the target analytes franfiltering solution. Therefore,
three random samples labeled ‘1’, ‘2’ and ‘3’ wexgosen to estimate these errors.
Each sample was prepared in a 50 mL plastic boftie. solution is poured into two
plastic tubes directly. Two other tubes fitted wiilter papers (which were rinsed with
deionized water) were employed for filtering théusion. To estimate errors associated
with the filtration, the concentration differencetiveen the results obtained with the

fitered solution and the direct dissolution wasmputed as follows: the mean
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concentration of each element from the two filtereolutions minus the mean
concentration of that element from the two dirdssdlutions. Based on this, the direct
dissolution serves as a basis to estimate the titmviaf the reading from that of the
filtered solution. The resulting positive value gagts additional effects due to
contamination whereas the negative value indicatbssrptive losses. The concentration
differences of the elements in the three samplessammarized in Table 5.56. High
levels of contamination were associated with Nagmeaium (Mg), K and Ca. A
significant absorptive loss of Se was occasionalligerved. The other elements showed
insignificant contamination and losses. From thessults, filtered samples are not

suitable for accurate quantification.

Table 5.56: Concentration differences of the eldm&om three samples

Concentration difference (ppb)

Element 1 5 3

B N.D. N.D. N.D.
Na 1230.10 737.31 1235.16
Mg 46.64 31.90 50.84
Al 2.34 2.41 3.82
K 20.30 25.03 0.00
Ca 232.58 100.24 301.69
Cr -0.46 -0.52 -0.65
Mn 0.63 0.24 0.76
Fe 2.96 7.08 9.05
Ni 0.65 0.39 0.59
Cu 3.71 2.51 3.70
Zn -3.46 -2.45 0.56
As 0.00 -0.04 -8.73
Se -0.09 -0.16 -32.89
Cd 0.01 0.00 0.00
Sb N.D. N.D. N.D.
Ba 1.69 1.70 2.37
Pb 0.10 0.06 0.12

N.D. = Not detected
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As the aim of this study is to profile and clustee samples, it would be

beneficial to evaluate whether the contaminatiod &sses will impart significant

effects on the classification outcome. To this éd@A was performed to classify the

12 solutions using the obtained ICP-MS data (tharewtentatively subjected to

standardization to minimize the influence of higimcentration elements). According to

Figure 5.65,

(designated

the dendogram illustrates that boghdinect (designated ‘D’) and filtered

‘F’) solutions were successfully cliestewithin their respective groups

(indicated by the dark dotted square boxes) extmpSample 1F. This infers that to

some extent the elemental profiles of the filtesedutions are still useful in sample

grouping despite the errors introduced from theatiion. The reliability of the ICP-MS

data will again be statistically evaluated usindasger number of samples in the

subsequent section.
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Figure 5.65: A dendogram expressed in similaritpveing that the related samples

prepared by direct dissolution with or withoutriltion are clustered in
their respective groups using McQuitty linkage dnetlidean distance
on standardized variables (All samples are sucalgsfiustered except
sample 1F)
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5.6.1.8 Summary

The ICP-MS technique is sufficiently adequate tloe quantification of trace
elements present in the street doses of illicibimerThe method was found to be
simple, precise, sensitive and accurate for 18taetements. A majority of the target
analytes showed precision with an RSD < 30% desthiee matrix effects. It is
recommended that an initial sample weight of 30fanganalysis be employed. Dilution
may be required for concentrated analytes. As tdmaenination level varies highly in
different brands of plastic tubes, so it is sugggghat the tube be rinsed with at least
two volumes of nitric acid before use. Aliquots wsivg particle suspensions should be
filtered. Sample filtration was found to have sfgrant effects on the ICP-MS data but
it did not significantly influence the total elemieah composition for sample
classification. In summary, the overall ICP-MS noeths suitable for the purpose of

heroin profiling.
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5.6.2 Statistical Validation Using Related Samples

Apart from plant uptake, the trace elements presethe illicit heroin seized
from the street are most likely the combined rassoftcontamination taking place along
the route between opium purification to the packaficheroin samples. Therefore the
use of this chemical data in sample classificai®only confined to establishing the
relationships between samples at the distributice®s level since it is not possible to
determine the exact point where the elements ¢mngesamples. Six samples (marked
‘1’ to ‘6’) showing highly different elemental coropitions were selected for statistical
validation. Each sample was weighed into eightedéft plastic tubes, totaling to 48
samples for ICP-MS analysis. Colloidal samples wads® filtered like case samples.
After the analysis, it was found that boron andraahy determination were difficult
with certain samples. Hence, only 16 out of thesd8cessful trace elements verified in

Section 5.6.1 ICP-MS Method Validatiovere chosen for statistical validation.

5.6.2.1 Variation Associated with ICP-MS Analysis
There is a high degree of variation in the trde¢ermination of analytes in

highly complex matrices. For each sample, the R$Dhe concentration of each
element was calculated from 8 replicate analyseta(dre obtained in ppb). Table 5.57
summarizes the RSD values obtained from the 16 tedlements found in the six
unrelated samples. It was found that Ca, Cr, Mn znd (Zn) showed highly precise
readings (RSD < 20%) in the dataset. High RSD aluere consistently associated
with K and Cu which showed an RSD > 100% in attléas samples. The poor RSD
values were usually caused by inconsistent deteaifothe analytes in the samples,
meaning that out of the eight analyses, the armlyiere only detected once. The
dataset to some extent shows a similar inferentie tvat achieved in Section 5.6.1.4

Sample Precision, which indicates that the vanmat® highly affected by the sample
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matrix. Some of the analytes showed better RSDegaln certain samples but not in
others. The following section will detail the vaui statistical means to minimize the

overall variation associated with the ICP-MS anialys

Table 5.57: Variation in RSD (%) encountered in tfaaset containing 6 batches of
related samples analyzed by ICP-MS

Sample (n = 8)
Element 1 5 3 7 5 6

Na 2.07 8.85 14.33 14.24 3.76 73.06
Mg 7.67 48.30 59.02 55.37 5.18 3.74
Al 19.98 15.36 52.33 99.72 18.42 19.00
K 18.15 27.26 282.84 29.68 N.A. 282.84
Ca 2.43 1.44 4.40 19.41 2.23 2.25
Cr 2.22 4.37 2.74 6.52 2.00 16.92
Mn 1.60 1.34 9.60 15.85 4.42 2.47
Fe N.A. 7.09 14.40 198.03 N.A. 11.18
Ni 13.65 29.92 51.14 52.27 32.44 9.09
Cu N.A. 282.84 281.00 62.41 43.97 69.92
Zn 1.88 3.92 2.44 4.79 4.02 3.64
As N.A. N.A. N.A. 271.80 N.A. 3.60
Se N.A. N.A. 76.40 187.59 N.A. 3.65
Cd 8.11 8.91 7.09 94.56 13.54 2.89
Ba 48.53 20.71 33.40 51.59 75.97 24.07
Pb 4.05 1.82 27.32 90.20 14.26 17.00

N.A. = Not applicable.

5.6.2.2 Evaluation of Pretreatment Methods

The ICP-MS data reported in ppb units (equivalerthe element relative to the
selected IS) were subjected to various pretreatmezihods specified in Table 5.58.
The pretreated data were subsequently screenedClly iR covariance mode by
decomposing the multivariate data into three ppakctomponents. Finally, the sample

classification outcomes were scrutinized for thst lggouping.
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Table 5.58: Pretreatment methods for ICP-MS data

Pretreatment

Abbreviation

Description

No pretreatment

Normalization

Standardization

Fourth root

Logarithm

Fourth root +
standardization

Logarithm +
standardization

Normalization +
standardization

Normalization + fourth
root

Normalization + fourth
root + standardization

Ori

4R

4R+ S

L+S

N + 4R

N+4R+S

Each element is maintained in its ppb
reading

Each element is divided by the sum of
elements (Similar to the concept or PRS)

Each element is divided by the standard
deviation calculated from that element
variable

Application of fourth root to eadhraent
Application of logarithm to each elenien

Each forth rooted element is divided by
the standard deviation calculated from that
forth rooted element variable.

Each logarithm pretreated element is
divided by the standard deviation
calculated from that logarithm pretreated
element variable.

Each normalized element is divided by the
standard deviation of that normalized
element variable

Application of fourth root to each
normalized element

Application of standardization to the N +
4R data.

The respective score plots revealed that Ori, N4Rdnethods were not able to

segregate certain sample units of one group framother groups. On the other hand, S,

L,4R+S,L+S, N+ SandN + 4R + S showed themtial to classify the samples in

to their groups but with insufficient distinctiomse the sample units in the groups were

only widely packed. A better outcome was achievgedubing N + 4R (Figure 5.66),

through which the groups become more distinctiliecaigh not all the sample units are

successfully clustered in their groups. Therefdle use of N + 4R is useful to
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compensate for the weight difference between agsalylf is also able to moderately
minimize the effect of high concentration such asilNthe dataset. According to Figure
5.66, Groups 1 and 5 showed closely packed sanmite. GGroups 2 and 6 respectively
showed a slightly distant sample unit. Group 3 stubwne relatively distant sample
unit. Group 4 showed the worst clustering with ¢hsample units being well-separated
from the relatively closely packed cluster and thias also consistently observed with

other pretreatment methods.

PC3

Figure 5.66:A score plot representing 16 N + 4R pretreated efeal data of 48 data
points decomposed by PCA in covariance mode inteetldimensions,
%V1= 71.4%, %\ = 12.2% and %Y= 10.8% (The distribution shows
distinct groups)

The loadings in Table 5.59 suggest that Ca, Fearfks Se with loadings > 0.3
were associated with the first component. As andv8ee associated with the second
component while none of the elements were sigmflgaassociated with the third
component. This also infers that the data varigiilecomes less significant in the third

component. A total of 94.4% data variability wakaneed in the first three components.
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Table 5.59: Loadings of the first three principamponents of 16 N + 4R data of 48

samples
N + 4R of element PC1 PC2 PC3
Na -0.471 -0.152 0.056
Mg 0.260 0.039 -0.175
Al 0.048 -0.153 -0.024
K -0.211 -0.268 -0.874
Ca 0.417 -0.312 0.151
Cr 0.031 0.038 0.061
Mn 0.069 0.046 -0.111
Fe 0.399 -0.691 0.010
Ni 0.067 -0.008 -0.076
Cu 0.081 0.131 -0.287
Zn 0.116 -0.033 -0.066
As 0.314 0.305 -0.203
Se 0.446 0.398 -0.166
Cd 0.016 -0.022 0.002
Ba 0.057 -0.125 0.016
Pb 0.008 -0.127 0.013

5.6.2.3 Evaluation of Linkages and Distance Measuse

The 48 N + 4R data points were used to assesbesielinkage methods and
distance measures for HCA. Successful techniguesiidhshow zero or the least
number of mistaken units as well as the lowegtwvdlue. These results and the
classification outcomes generated with the ICP-M& @re presented in Table 5.60 and

Figure 5.67.

Table 5.60: Number of samples erroneously cludtarel the g value in parenthesis
obtained with 48 samples analyzed by HCA

Distance measure

Method Euclidean Manhattan  Pearson Squ_ared Squared
Euclidean  Pearson

5 Average 6(12.14)  4(9.84) 4(1841) 6(253)  4(5.27)
2 cCentroid  4(13.84) 4(1044) 4(20.61) 6(2.26)  4(5.33)
©  Complete 6(11.22)  4(9.00) 5(17.16)  6(1.96) 5 (4.59)
o McQuitty  6(13.06) 4(10.05) 5(20.13) 6(2.68)  5(6.23)
2 Median 4(16.34)  4(11.04) 6(19.05) 6(2.84)  5(7.22)
< Single 4(15.71)  3(11.70) 6(16.32) 4(3.70)  6(3.44)
= ward 4 (2.31) 4 (1.66) 4(3.43)  4(0.42)  4(0.95)
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Figure 5.67: Dendograms expressed in distance isfjothe distance relationships

between 48 random case samples using (a) Singegenand Manhattan
distance and (b) Ward linkage and Squared Euclidedance.
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According to Table 5.60, none of the combinatiohshe linkage method and
distance measure was able to give zero mistakegleSManhattan (Figure 5.67(a)) is
the only combination that gave the least humbemidtakes (6% or 3 out of 48
samples) but itsglvalue is relatively high. This indicates that th&er-group distance
is very close to the distances within the groupd &ence the poorer separation.
Alternatively, it was decided to select the Wardt&ed Euclidean (Figure 5.67(b)) as
the preferred combination since it showed a redslgriaw number of mistakes (8% or

4 out 48 samples) as well as the lowgsvdlue among all other combinations.

5.6.2.4 Summary

From the statistical analysis of the ICP-MS dattimied from the 6 batches of 8
related samples, both PCA and HCA revealed thatMR+was the ideal pretreatment
method for sample clustering. Both the statistieahniques were not able to cluster all
the related samples under their respective batdh#spy using the Ward-Squared
Euclidean only 8% mistakes were made with the @isstiminative power expressed as
dm were achieved with the N + 4R data in the HCA .sTieichnique will be applied to

the case samples for distribution/street level canspn.
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5.6.3 Analysis of Heroin Case Samples

A total of 309 genuine heroin case samples cosfifim Task 3 were analyzed
using the validated ICP-MS and statistical meth@isantitative analysis was achieved
by using a three-point calibration method andtal KCP-MS data were obtained in ppb
units for 16 target elements. Only elements thakeveeiccessfully detected in both the
duplicate analyses were considered as being trelsemt.

In this subtask, polyatomic interferences couldepasproblem. Hence, sample
classification was assessed on the basis of the-toasharge (m/z) ratio represented by

the selected trace elements rather than the temeesits per se.

5.6.3.1 Sample Analysis

The simple direct dissolution procedure undertakethis study is the preferred
method for high throughput analysis. However, thethud itself has its limitations.
Using 30 mg (the gross sample weight) of illicitr¢ia as an initial weight was
sufficient for the detection of the 16 target eletsen the majority of the samples, but
at this weight, 37 samples showed saturated Nahadgiguired further sample dilution
or reduction of weight (e.g. 10 mg) for a secondlgsis. In addition, approximately
10% of the samples contained undissolved partiéed, thus requiring an additional
step of sample filtration to remove the particldhe particles were usually the
unidentified substances (e.g. dirt) which are asslimo have been acquired from the
uncontrolled environment during processing and ack

In terms of the instrumental contamination, thenklanalysis indicated that the
instrument showed some degree of contamination With (1.4 ppb), K (4.1 ppb), Cr
(0.003 ppb), Mn (0.002 ppb), Fe (5.3 ppb), As (Epb), Se (0.3 ppb), cadmium (Cd)
(0.01 ppb), Ba (0.009) and Pb (0.006). Despite sucttamination, the performance of

the instrument was checked by a control sampleadinthe elements showed percent
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errors within £20%. Hence, the ICP-MS data usethis study are sufficiently reliable.
Furthermore, the reported value for each elemerg w@nfirmed by the duplicate
analysis of each sample. Also, possible interfexeinom the interfering species was
largely eliminated by checking the mass spectranér value. In relation to this, the
software has a function to automatically corregt possible isobaric and polyatomic
overlaps. Hence, the ICP-MS data are regarded lak fea establishing the elemental

profiles for the heroin samples.

5.6.3.2 Elemental Composition in Heroin Samples

From the duplicate analysis, the mean value reptex) the concentration of
the element in each sample was computed. The nwaetrations (ppb level) of the
16 target elements found in the 309 street hermmpdes are summarized in Table 5.61
(heroin column). The findings show that As was lédast common element which was
only present in 49% of the case samples. Otheregigsnincluding Al, K, Fe, nickel
(Ni), Cu, Se, Cd, Ba and Pb were frequently deteatemore than 77% of the total
number of samples within the instrumental detectionits. The remaining elements
comprising Na, Mg, Ca, Cr, Mn and Zn were deteateall the samples.

According to Table 5.61, the standard deviationth&® concentration of each
element varied significantly, indicating a markedfedence in the concentration
between the samples. Hence, the median valuesathstethe mean values should be
used as the latter are not reliable to evaluate cémstral tendencies of the data,
especially when it involves a large number of zestues. The median statistics show
that Na was present in extremely high levels (&B). The second highest was Ca
(~0.9 ppm), followed by K (~43 ppb), Zn (~27 ppk)g (~22 ppb) and Fe (~16 ppb) in

a decreasing order. Other elements were only medsuiess than 10 ppb.
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Trace elements in high levels represented by Hhivel guartile (Q3) show a
slightly different order. Q3 represents the levetie element at 75% position in the
dataset before approaching the maximum value ferelement in the dataset. It was
common for Na and Ca to be found at the ppm lelkis was followed by K (~93
ppb), Al (~67 ppb), Zn (~44 ppb), Fe (~38 ppb), A@8 ppb) and Cr (~12 ppb). The
other elements were still present at less thanpb0 phe concentration of Al in Q3 is 7
folds of its median value. Perhaps, the instrumesa$ unable to detect its presence
since the level tended to fall below the LOD.

Although Cd was present in 77% of the sampledeitsl was however very low
(median = 0.01 ppb, Q3 = 0.02 ppb) probably becthiseelement is a rare element in
the environment.

At this stage of analysis, the high level of Naagsumed to have come from
sodium bicarbonate (which changes to sodium catkdnaot water), a substance used
to precipitate out the white heroin (Zeetlal., 2005). Similarly, the high level of Ca
could be ascribed to the use of lime in morphiratson (Zerelet al., 2005) or the
addition of Ca-containing substances such as caldicarbonate, ascorbic acid and
talcum powder to the heroin samples as thinndesBil(infanteet al., 1999). Fe, Al, Zn
were probably leached from the metal containersl us®pium cooking (Infantet al.,
1999; Boraet al., 2002). Other elements could have been merelyigmhfrom plant
uptake and/or introduced as contaminants from tireemous sources involved in the
chain of distribution. For instance, K and Ca aaéurally high in poppy straw (Copur,
Goger, Orbey &Sener, 2005) and they could have been passed dretbn@al heroin
products. As the samples in this study were highlt; potential contaminants from
secondary sources such as water and containers insemltting were further

investigated.
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Table 5.61: Summary of elemental content (ppbhdébin 309 street heroin and 103 water samples

Mean Standard deviation Median First quartile, Q1 Third quartile, Q3
Element  Frequency (rirgigg) (r\]/\/:atleor3) (rljirgigg) (rY\/:atle()r3) Heroin Water Heroin Water Heroin Water
Na 309 (100%) 11059.00 4472.00 17465.00 3566.00 8611.0 3828.00 6262.00 1871.00 12596.00 6118.00
Mg 309 (100%) 50.09 606.60 111.40 377.30 21.89 716.10 15.32 216.30 37.86 809.00
Al 299 (97%) 45.58 817.00 67.57 3078.00 9.46 57.00 814 29.00 67.49 196.00
K 210 (68%) 76.65 2019.00 136.86 1260.00 42.96 1922.0 0.00 1101.00 93.37 2667.00
Ca 309 (100%) 1889.00 5941.00 14944.00 4815.00 933.004999.00 715.00 806.00 1276.00 9243.00
Cr 309 (100%) 10.15 1.98 3.32 7.72 9.75 0.00 7.24 0.00 11.87 0.50
Mn 309 (100%) 6.75 18.41 8.31 28.25 4.36 9.00 2.45 01.8 9.11 26.70
Fe 247 (80%) 32.07 167.80 135.12 275.10 15.75 67.20 89 2. 33.50 38.48 117.20
Ni 280 (91%) 0.59 2.25 4.88 5.18 0.14 0.70 0.06 0.20 270 1.20
Cu 295 (95%) 1.37 120.70 2.82 585.40 0.56 2.00 0.28 60 0. 1.11 4.00
Zn 309 (100%) 33.06 53.30 26.12 106.80 27.40 15.40 7416. 6.20 44.41 36.60
As 151 (49%) 0.25 1.62 1.20 1.95 0.00 1.20 0.00 0.50 070 1.60
Se 237 (77%) 1.11 0.33 4.93 0.24 0.15 0.30 0.04 0.20 300 0.50
Cd 239 (77%) 0.02 0.01 0.02 0.04 0.01 0.00 0.00 0.00 .020 0.00
Ba 303 (98%) 1.14 39.03 2.06 91.15 0.61 10.10 0.40 05.6 1.12 16.10
Pb 305 (99%) 0.54 18.20 151 102.40 0.21 0.40 0.15 00.2 0.37 0.90
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5.6.3.3 Potential Elements from Tap Water and Mixig Container

During the cutting process, the high purity herigircut with adulterants using
water as a mixing agent to homogenize the sampladdition, food dyes are also
added to color the final product. The mixture isrttplaced in a metal container which
is subjected to mild heating. Water is therefore of the sources from which metal
contaminants are introduced into the sample. Andliglo drinking water or piped
water is always employed by a drug dealer for sammpixing. Water samples from
various sources were thus investigated in thisystAd indicated in Table 5.61 (water
column), the median values indicate that extrenmédn levels of Na, K and Ca were
common in the tap water, but more than 50% of thges did not contain Cr and
cadmium (Cd). Other elements were only presentacetamounts. Hence, Na, K and
Ca found in the post-cut heroin were likely the sofrelements inherited from plant
uptake, processing as well as from the piped wates.additive effects would cause an
increase in the overall concentration levels indineet heroin. Using the mean, median,
first quartile (Q1) or third quartile (Q3) as a t#en-making criterion, it was found that
only Na and Cr in the illicit heroin were alwaygher than their corresponding levels
in the water while Zn and Se in the illicit herairere higher than their corresponding
levels in the water in only some cases. This offers inferences. First, the additive
effects were observed in Na but not in K and Cabse the latter two could have been
diluted by the bulky adulterants to the extent thair levels became very low. Second,
the large proportions of Cr, Zn and Se in theitllleeroin were likely acquired from
plant uptake and processing and less likely from phiped water. However, this
postulation is only a general statement and isapplicable to exceptional cases. For
example, a piping system which is highly contanedatvith certain metals is likely to
increase the metal content in the water samples Thuld explain the higher mean

value of Zn in the water rather than in the illitieroin in Table 5.61 due to this
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exceptional case. The same applies to the highelslef Se in the median, Q1 and Q3.
If these occurrences are known, then Zn and Sadrheroin could also be acquired
from the piped water provided that their levels avéficiently high to overcome the
dilution effects.

As the real piped water and cooking utensils usgdhle criminals were not
available, it was decided to pilot test the waiezated from three in-house taps and the
water stored in a rusty container in order to exsmmetallic contamination imparted
by these sources. Three samples were taken fromm @athese sources. The rusty
container represented an extreme condition undeéchwitne heroin samples could be
prepared although in most cases they do not invalgty containers. According to
Table 5.62, the tap water shows a close agreemeheistatistics with that of the 103
samples in Table 5.61. This also means that thgamic elements in the piped water in
Malaysia are very likely to fall within the elemahtranges reported in Table 5.61.
Moreover, this illustrates the low temporal and tgpavariation in the elemental
composition since the water samples (103 water kEmrgnd 9 piped water samples)
were collected at two different times (respectivigdte-July and early-August, 2011)
from various locations. Upon testing the mean \&loketap water and water from the
rusty container using a 2-sample t-test to measutes difference is significant at p-
value < 0.05, it was found that in the water frome trusty container, the levels of
several elements are significantly higher than ¢hf®m the piped water. These
elements could have been leached from the rustiaicen. They included Na, Al, Fe,
Zn, Mn and Ba as the major contaminants and Ni,@Gmds the minor contaminants. Cr
was another significant contaminant exclusively omrfrom the rusty container since

it was absent in the piped water.
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Table 5.62: Comparison of elemental content (fy@veen tap water and water from a
rusty container

Tap water Rusty p-value for Tap water Rusty
Element (n=9) contfuner 2 sample (n=9) contiuner
(n=3) t-test’® n=3)
Mean Standard deviation
Na 3139.34 3709.04 0.001 32.04 56.43
Mg 870.82 805.75 0.152 25.27 59.30
Al 28.66 50.64 0.000 5.90 3.23
K 2610.45 2485.79 ®0.033 30.62 41.99
Ca 9753.88 9780.12 0.911 600.76 343.74
Cr 0.00 6.98 - 0.00 0.26
Mn 33.53 64.14 0.000 4.81 1.40
Fe 328.11 4002.37 0.000 169.65 79.91
Ni 1.07 8.27 0.000 0.49 0.18
Cu 0.56 6.09 0.000 0.17 0.04
Zn 360.57 960.00 0.000 240.76 11.50
As 0.51 0.59 0.051 0.05 0.04
Se 0.10 0.06 0.487 0.12 0.06
Cd 0.13 0.10 0.627 0.16 0.01
Ba 11.26 56.72 0.000 0.38 1.46
Pb 10.36 11.65 0.807 14.77 0.34

%-value < 0.05 indicates a significant differenegvieen two groups. The variance is assumed unequal
as the standard deviations of the element in twas are apparently different. For the elementkén
rusty container that were present in higher comaéinns than those in the tap water, only Na, Ah,M
Fe, Ni, Cu, Zn and Ba show significant differences.

®This indicates the concentration of K is signifitgnhigher in the tap water than in the rusty
container.

Based on the additional studies, it is proposetthi@findings in Table 5.61 are
the combined results of contamination occurringhat processing and cutting levels.
High levels of Na derived from the baking soda addere further enhanced by the
high level of Na from the piped water. Ca origingtirom lime and Fe, Al and Zn from
the cooking container were not enhanced by the elésnfrom the piped water and
mixing container, as their levels were severelytdidl by the presence of adulterants.
Furthermore, as only a small quantity of dilutednpke was analyzed in this study,

hence lower amounts were detected. The low levé&roin the illicit heroin could be
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specifically contributed by the metal containereTiemaining elements found in the
illicit heroin could be from diverse sources inchgiwater and container.

As a result, the quantitative levels of the 16 egata in highly cut samples do
not establish links between samples at the sourgaiand manufacturing levels. The
elemental composition is a sum of elements acquirech plant uptake to packing.
Therefore, clustering using these elements is amlyant for sample-to-sample

comparison at the distribution/street level.

5.6.3.4 Correlation between Elements

The 16 target elements were correlated with edbbraand the?rvalues are
presented in Table 5.63. Four pairs (Mn-Ca, FeF&aMn and Se-As) were found to
have an% > 0.700, indicating that these pairs always cateixi a linear manner. This
also means that the presence of one element aleags to the presence of the other in
the pair. On the other hand, 24 pairs showed negjatirrelations. High negatives 6f r
infer that the presence of one element tends tdué&cthe other in the pair. The
presence of one element may also lead to the pres#rihe other in the pair and this is
represented by a very poor positivealue. As many?rvalues are close to zero (while
the perfect correlation is indicated By=r1), the elements in the pairs are thus generally
not associated with each other. This also indictuaisthe elements chosen in this study
are mostly uncorrelated and hence the use of theld®ents is ideal for cluster
analysis. In profiling studies, one of the highlyrrelated variables {+ 0.9) may be
excluded because its variation can be representéebother variable in the pair. This
is preferably done when too many variables are Iy for statistical analysis.
However, there is no strong evidence to supporeitwdusion of any element as most of
the Fvalues are less than 0.9 in this study. Fe-Ca @asS(F > 0.9) were retained

because the elements also showed low correlatichsother elements.
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Table 5.63: Pearson correlation coefficientfatween 16 target elements found in 309 streeiheamples

Na Mg Al K Ca Cr Mn Fe Ni Cu Zn As Se Cd Ba
Mg 0.231
Al 0.024 0.183
K 0.169 0.305 0.157
Ca -0.010 0.615 0.225 0.062
Cr 0.088 0.025 0.589 0.092 -0.002
Mn -0.052 0509 0.124 0.132 0.719 0.011
Fe -0.006 0.628 0.338 0.095 0.977 0.154 0.702
Ni 0.001 0.172 0.095 0.017 0.277 0.097 0.203 0.296
Cu 0.201 0.226 0.156 0.208 0.038 -0.053 0.045 0.0630200.
Zn -0.069 0.147 -0.063 -0.123 0.025 0.007 -0.043 0.03B046 -0.063
As -0.000 0.119 -0.008 -0.013 0.089 -0.067 0.124 0.102040 0.102 0.073
Se -0.002 0.076 -0.047 -0.032 0.030 -0.108 0.071 0.031017 0.074 0.105 0.986
Cd -0.040 0.229 0.014 0.035 0.223 -0.080 0.257 0.2670960 0.061 0.149 0.136 0.120
Ba 0.063 0.152 0.063 0.165 0.053 -0.064 0.095 0.09103%0. 0.260 0.118 0.131 0.129 0.179
Pb 0.236 0.140 -0.057 -0.057 0.098 -0.125 0.198 0.08%056 0.120 0.316 0.189 0.244 0.148 0.229
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5.6.3.5 Classification of Heroin Case Samples by dce Elements

The 16 trace elements of the 309 genuine heroia samples seized from the
four geographical locations were first subjectedh® N + 4R pretreatment. The street
level relationships between these samples werssessdy PCA (covariance mode) and
HCA and the results are respectively shown in EEgu.68 and 5.69. According to the
score plot, the samples are clustered in two daress. Samples in the dense area are
assumed to have experienced the same degree of coetamination. A few data
points (such as samples 23, 199 and others) wege remotely related and these
samples are assumed to have experienced significdifferent degrees of metal
contamination. Similarly in the dendogram, at timailarity level = -384.46, all the case
samples were clustered in three major groups, eantaining approximately an equal
number of samples. The three clusters could havee tldifferent contamination
histories. At this level, the samples in each eustre assumed to have undergone the
same contamination history and distribution aggegit Two final groups are converged
at the similarity level = -1353.39. This infers tlmoth clusters are most likely to have

very dissimilar elemental compositions.

356



0.75

pci1 0.50
0.25
0.00 0.0
o KL
pc2 | % St
O NS
A pH

PC3 . 0.0 0.6

Figure 5.68: A score plot representing-MR pretreated elemental data obtained from
309 cases analyzed by PCA in covariance mode; £6¥4.5%, %\ =
19.2% and %Y= 13.6%
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Figure 5.69: A dendogram expressed in similaritgvehg the relationships between
309 case samples using Ward linkage and Squardai&ar distance
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5.6.3.6 Summary

Elemental composition data from street heroinwager, piped water and water
stored in a rusty container were compared. It veagd that a number of elemental
contaminants in the heroin samples could have doone water, contaminated utensils
and other unreported sources. Hence, the ICP-M& dlatiained from the highly cut
samples were only useful for sample-to-sample coisgma at the distribution/street
level. In addition, PCA and HCA suggested that meaise samples are closely related
in at least two major clusters. The samples in edcister are assumed to have
experienced the same degree of metal contaminbé&éore they reached the street for

sale.
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5.7 Task 6: Data Management and Database Buildup

Five aspects of information including physical idweristics, 5 types of plastic
films, 8 major components, 12 impurity peaks andtrbé8e elements were collected
from the 311 case samples throughout Tasks 1 tined fumber of case samples is
subject to the feasibility in each task). This mf@ation has been statistically evaluated
in their respective sections. In this final tagkaimed to store the information in a well-

organized database.

5.7.1 Development of a Database

A database was developed using Filemaker Pro 8. aliove-mentioned five
aspects were incorporated in the database in edablteet which represents a profile of
a single case sample (Figure 5.70). The methoddta input was designed in a manner
to ensure that detailed data can be preservedetnthiegorical data are still traceable.

An example is given as follows,

Example:

For the date, it should b1 20 | | May | | 201¢ | in three separate fields aadin

a single field such a This input method will help one track the records

by day, month or year or the combination of thehthé single field is used, tracking

must be forcibly done by specifying the detaileitecia.

The database enables one to search a single paoofiteatched profiles that
share similar characteristics. By updating the rimiation, sample classification can be
effortlessly done by matching suitable charactesstThe database provides a fast

gateway to retrieve relevant profiles. By trackitige samples through ‘keyword
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searching’, rare cases can be quickly assessedsditweare is user-friendly and even

novices are able to use the database without nnaictirtg.

HEROIN PROFILING
University of Malaya Q

Department of Chemistry Malaysia

ID No. 126

Laboratory Mo,  PA(FOR) 38550 0-0 State in Malaysia  [B- Selangor ]
Police Report No. [012888-1298210 | Location [Klang ]
Subgroup i | Date of Seizure 24 | Mac | Eoto ]
Label g2 | case Category OF @39a1 O3942 O 398

No. of Samples 15 |

Side 8 Side B Substance

The substance is contained in

O Straw O Big packet O Big packet (Double)
@ Plastic packet O Plastic packet (Double)

| Straw Tube | Plastic Packet Big Plastic Packet ]

Type [Type 3a- 2 seals 2 margins, 5 portions |
Weight mattn1 B2 mgii® Seal Tpe [-Reclange |
width E B Jnstma]emme  tre [Cloarand compiel |
Thickness Bl . Jumstns um 2 Nomber [Bingle

Material (FTIR) [Type 1 Polypropylene-hased |

Color 1 fretlow | color2 ot applicable ]
Aways start with the white or light color for substance made up of 2 colors
Texture [® Coarse O Midture o C&F__ OFine |
Weight of Substance [i B8 Jaxtn1[0.08 |2 m2
Dangerous Drugis) [ Heroin g5 %
(< Monoacetydmarphines 0.s0 %
B tarphine B %
[ codeine EE %,
Major Components [ Acetylcodein n.ss %
] Paracetamol %
] Cafizine Ez7a_ | %
] Dextrametharphan %
Impurities [ 1: Meconine

] 2: 4-0-Acetylthehaol

B 2: Unknown-270

[ 4: 6-0,M-Diacetynarcadeing

[ 5: Unknown-254

[ 6: 4-Acetoy-3,B-dimethog-5-[2-(N-methyl-acetamidoj]ethylphenanthrene
(< 7: 3-0,6-0,N-Triacetyinormorphine
(<] &: M-Acetyinoraudanosing

[ 9: Unknown-151

< 10: N-Acetyinornarcoting

1 11: (E)-M-Acetylanhydranamarceing
[112: (Z)-N-Acetylanhydronornarceine

Trace Metals E=RE 1zgez e8] ppb |[BMi 0.23 pph
(< Mg 1647 | pph | Cu bro | pph
g bagz | ppb ([Ezn Boas | pob
B K Figz_| ppo |[ODAs nph
ca 115368 | ppb |[C Se npb
B Cr [i5.15 pph ||E Cd pot pRb
<] hin B2z | pph ([XIBa paz | pph
Fe Fza0 | ppb |[E P bzo_ | npb

Figure 5.70: A datasheet for a case sample indtebdse
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For example, when a search starts with ‘case asession’, ‘April’, ‘plastic
packet’ and ‘off white for the substance’, 18 plediare obtained (Figure 5.71). When
the profiles are collated in an Excel spreadsharendt, the qualitative and quantitative

information can be easily assessed.

Microsoft Excel - 1

] Fle Edt vew Inset Fomat Iools Dats  window Help

DEHSE|SRY § R@a-F o-c- @ -4 3| @ -0, ~w . BZuU B sx,
32 he £

A B C D E F G H | J K L M N [0) =
1 | ID No. Laboratory No. State in Malaysia = Police Report No. Location Subgroupis) Date of Seizure Month Year Label No. of Samples Type Plastic Weight decimal  SD  —
2 138 4420100 B - Selangor 5727-5728/10 Petaling Jaya 1 7 April 2010 DD 5 Type 3a - 498 7 528
3 138 4491100 C - Pahang 185-186/2010 Kuala Lipis 1 8 April 2010 A 6 Type 3a- 446 ] 71
4 141 4603100 /B - Selangor 0105621056310 | Hulu Langat (Kajang) 1 12Apil | 20103 4 Type Ja- 514 6 138
5 142 4604100 B - Selangor 1541-1542/10 Hulu Langat {Kajang) 1 7 Apil | 2010C 10 Type 4b - 509 o 173
6 143 4619100 6 - Selangor 2601410 Petaling Jaya 1 9 April 2010 DD 8 Type 3a - 541 &) 658
7 144 4886100 B - Selangor 188410 Hulu Selangor 1 7 April 2010 2D B Type 3a - 536 8 jeichel
8 145 4588100 WP - Kuala Lumpur 1223310 Dang Wangi 1 9 April 2010 D 5 Type 3a - 357 g 20
9 147 4534100 B - Selangor 7B16/2010 Shah Alam 1 11 April 2010 H 11 Type 3a - 447 4 B5
10 150 4760100 WP - Kuala Lumpur  12702-03A10 Dang Wangi 1 13 April 2010 MH 5 Type 3a - 361 4 187
1 181 4774100 B - Selangar 004774-4775/10 Petaling Jaya 1 15 April M0 ZL 10 Type 3a - 536 9 345
12 156 4873100 N - Negeri Sembilan 3042010 Port Dickson 1 T4 April 2010 Aht 6 Type Ja - 354 3 x5
13 167 4915100 WP - Kuala Lumpur  12662-63/10 Dang Wangi 1 12 April 2010 NR 4 Type 3a - 583 4 B6.7
14 162 5043100 N - Negeri Sembilan  001664/10 Part Dickson 1 22 April 2010 G 4 Type 3a - 269 7 103
15 164 5227100 WP - Kuala Lumpur  13942-43A10 Dang Wangi 1 19 April 2010 SF 3 Type 3a - 536 B B2
16 168 5423100 B - Selangor 00524210 Petaling Jaya 1 26 April 2010 FA B Type 3a - 535 5] 221
17 170 5453100 B - Selangor 756-757/10 Sepangy 1 28 April 2010 5Y 11 Type 3a - 549 4 252
18 7 5458100 B - Selangor 761410 Sepangy 1 28 April 2010 E 11 Type 3a - 514 3] 248
19 172 5462100 WP - Kuala Lumpur  14733-34/10 Dang Wangi 1 30 April 2010 MH1 4 Type Ja - 414 7 91
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Figure 5.71: Summary of 18 matched profiles geeer&iom the database

5.7.2 Summary

The design of the datasheet was decided basedheorspecific information
collected from the case samples. Basically, it st&®f physical and chemical data of a
single case sample. With an updated database,hsgafoecomes simple and rapid.

Matched profiles can also be obtained for direchgarison.
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