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ABSTRACT: Although methods for sampling and testing illicit heroin are well known, a 
method for the homogenization of a heroin sample has not been statistically established. This 
paper reports the conditions for homogenizing granular or powdery illicit heroin samples 
using a blender. The experimental results and statistical analysis show that the homogenization 
of illicit heroin containing various concentrations of diamorphine can be achieved after blend- 
ing for three rain. 
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The analysis of illicit heroin is well established [1], and there are several sampling 
procedures for obtaining a representative sample [2-4]. However, method of homoge- 
nization of illicit heroin, which is normally received by the laboratory in the form of a 
granular or powdery substance, has so far not been published although the conditions 
for the blending and premixing of metal powders have been discussed in detail [5]. 

Homogenization is a very important step in the laboratory quantification of diamor- 
phine irl illicit heroin exhibits. This is especially so in cases where the drug traffickers 
face capital punishment for trafficking in quantities of the drugs in excess of the specified 
limits. In Singapore under the Misuse of Drugs Act (1985 Edition), trafficking in more 
than 15 grams of diamorphine is a capital offense. In this paper, the blending of granular 
or powdery substances is studied using both simulated mixtures containing different 
amounts of codeine and glucose and illicit heroin exhibits to establish the conditions and 
time necessary to achieve a homogeneous product. Quantification of codeine in the 
simulated mixtures and of diamorphine in illicit heroin exhibits are carried out with high 
pertbrmance liquid chromatography (HPLC). 
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Materials and Methods 

Instrumentation 

A Hewlett-Packard 1090 Series L liquid chromatograph equipped with an autoinjector 
and a filter photometric detector was used in this study. HPLC chromatograms were 
recorded on a HP 3396A integrator. 

HPLC separation was carried out at 40~ on a 200 by 4.6 mm i.d. column packed with 
Hypersit ODS (5 ~xm). The mobile phase was methanol/phosphate buffer (1:1) at a flow 
rate of 1.5 mE/rain. The eluent was monitored at 280 nm. 

Blending was carried out by either a Kenwood domestic blender or a Waring laboratory 
blender. Both were used with a one-liter container. 

Chemicals 

Methanol (HPLC grade) was obtained from J. T. Baker Chemical Co. Diamorphine 
hydrochloride was obtained from MacFarlan Smith Ltd., UK. Codeine phosphate (BP) 
was obtained from Sunward Pharmaceutical Pte Ltd, Singapore. Nalorphine hydrobrom- 
ide was obtained from The Welleome Foundation Ltd., UK. All other chemicals used 
were of analytical grade. 

Mobile Phase 

Phosphate buffer (pH 6.6) was prepared by mixing solutions of potassium dihydrogen 
orthophosphate and dipotassium hydrogen orthophosphate, both 0.01 tool/L, in the ratio 
of 5:2. The buffer was mixed with methanol in the ratio of 13:12 and filtered through a 
0.45 Ixm membrane filter before use. 

Analytical Standards 

Working solutions of codeine and diamorphine were prepared by dissolving the drug 
in methanol to give a concentration equivalent to 1.0 mg/mL of free base. A 1.0 mg/mL 
solution of nalorphine, which was used as the internal standard, was similarly prepared. 
All solutions were stored under refrigeration, 

Homogenization Studies 

Different amounts of codeine phosphate and glucose were used to give a codeine 
concentration (calculated as codeine base) of 4.9, 10, and 20% while maintaining the 
total weight of the powder at 150 g. The powder was mixed in the Kenwood blender 
over a period of 12 rain. After each minute interval, 16 test samples of about 0.25 g each 
were removed at random and analyzed by HPLC for the codeine content. 

A codeine/glucose mixture containing 10% of codeine was blended in a Waring blender 
as described above. After each minute interval, 16 test samples were removed and 
analyzed. A similar mixture was blended for 20 rain in the Waring blender and sixteen 
test samples were removed and analyzed. 

Illicit heroin samples used for the studies were obtained from exhibits submitted to 
the laboratory by the enforcement agency. Only exhibits weighing between 200 to 400 g 
that could be blended in one portion in the one-liter container were selected. To establish 
the extent of homogeneity of each exhibit before blending, 16 random test samples of 
about 0.25 g each were removed before blending from the exhibit and analyzed by HPLC. 
The rest of the exhibit was then mixed in the Waring blender and 16 samples were 
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removed and analyzed at one-minute intervals as described for the codeine/glucose 
mixtures. 

Sample  Preparation 

About  0.25 g of sample (codeine/glucose mixture or heroin exhibit) was accurately 
weighed and dissolved in a suitable volume of methanol. A 1 mL aliquot was transferred 
to a stoppered tube containing 1 mL of the internal standard solution. A total of 10 p.L 
of this solution was injected into the HPLC. Quantitative determination was carried out 
by measuring the peak areas of codeine (or diamorphine) and the internal standard. 

Statistical Analysis 

Since the coefficient of variation (CV) is a measure of relative variability, it can be 
regarded as a measure of homogeneity. In our experiment, 16 test samples were with- 
drawn randomly after each one-minute interval of blending, and the content of codeine 
was analyzed by HPLC. The estimated % CV is obtained from the results of the 16 test 
samples as 

% CV = Sample Standard Deviation 
Sample Mean 

x 100% 

A plot of the estimated CV against time is constructed to assess the point at which the 
CV will level off and approach the value of the limiting CV. The limiting CV is the 
variation attributable to the analytical technique at the particular codeine concentration. 
The mixture can be regarded to be sufficiently homogenized if the estimated CV is close 
to the limiting CV. 

To assess whether the difference in homogeneity (or variability) between two sets of 
samples is statistically different, we consider the conventional variance homogenization 
test based on the following statistic 

Tt.j = ~  

where S~ and S~ are the sample variances for sets of samples collected after blending for 
i and j minutes, respectively. 

It is well known that if the sample observations come from a Normal distribution, 
(n i - 1 ) S ~ / ~  and (nj - 1)sf/cr] are distributed as a X 2 distribution with (ni - 1) and 
(nj - 1) degrees of freedom. Since the samples are drawn independently, it follows that 
if cr~ -- cry, T/,j is distributed as a F-distribution with (ni - 1) and (nj - 1) degrees of 
freedom [6]. Thus, Ti,j may be used to assess whether the difference in homogeneity (or 
variability) between two sets of samples is statistically different, that is, we can test the 
null hypothesis that cr~ = crf. In particular, if the limiting CV is reached after k minutes, 
we consider the statistic T~,k which, under the conditions of our experiments will be 
distributed as a F-distribution with (n~ - 1) and (nj - 1) degrees of freedom, 

Results and Discussion 

Table 1 shows the results derived from a typical homogenization experiment together 
with mean, standard deviation (SD) and the estimated CV calculated for each time 
interval. Table 2 summarizes the statistical data obtained from the codeine/glucose mix- 
tures containing different codeine concentrations. A plot of CV against time is given in 
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Fig. 1. Several interesting points were observed from Table 2 and Fig. 1. First, in all 
cases the CV decreases rapidly within two minutes of blending, and level off within about 
five minutes. Second, the higher the codeine content, the smaller is the initial CV (at 
one minute) and the faster the CV decreases. Third, a domestic blender (Kenwood) is 
as effective as a laboratory blender (Waring) in producing a homogeneous mixture. 
However, the laboratory blender produces a homogeneous mixture in a shorter time than 
the domestic blender. 

To determine the limiting CV at each codeine concentration, 16 replicates of HPLC 
analysis were carried out on one single test sample for each codeine concentration. The 
CVs were found to be 0.87, 0.76, and 0.54% for 4.9, 10 and 20% codeine, respectively. 
Comparing these values with those in Table 2, it is observed that the CVs at 12 minutes 
are only marginally higher than the limiting CVs in all cases. In one study (10% codeine 
content), the codeine mixture was blended for 20 minutes with a Waring blender. The 
CV was found to be 0.86%, which is similar to that at 12 minutes. Based on the above 
observations, it can be concluded that blending with an ordinary domestic blender would 
produce a homogeneous mixture within about five minutes irrespective of the concen- 
tration of codeine present. Further blending does not significantly improve the homo- 
geneity. 

Another  interesting observation is that in all cases, the means were very close to the 
expected values (ranging from - 2 . 8 %  to 1.5% of the expected values) irrespective of 
the blending time and CV. In the case of the 4.9% codeine mixture, for example, the 
CV at one minute was 7.8%, yet the mean was 99.5% of the expected value (Table 2). 
This suggests that in cases where samples cannot be properly homogenized, taking a 
sufficient number of random test samples would effectively provide a good estimate of 
the actual mean. 

Since the limiting CV is reached within 12 minutes, we consider the statistic T~.12. With 
nl = n~2 = 16, we compare the value of Ti,12 with the F-distribution with (15,15) degrees 
of freedom. Table 3 shows the values of T~,12 for the codeine/glucose mixtures. Since the 
95th percentile of the F-distribution with (15,15) degrees of freedom is 2.40, we can infer 

10 
% CV 

4.9% 10% 20% 10% 
(Kenwood) (Kenwood) (Kenwood) (Waring) 

\ 

\ 

I I I I I I I I I I r i 

Min 2 Min 3 Min 4 Min 5 Min 6 Min 7 Min 8 Min 9 Min 10 Min 11 Min 12 MIn 

Time Intervals 

FIG. i - -P lo t  of  %CV Against Time for Codeine~Glucose Mixtures. 



CHOW ET AL. �9 HOMOGENIZATION OF HEROIN SAMPLES 891 

TABLE 3--Values of Ti, l~ for codeine~glucose mixtures. 

Time interval Mixture 1 Mixture 2 Mixture 3 Mixture 4 

1 min 65.71 13.78 19.86 21.74 
2 min 12.63 6.57 8.04 3.59 
3 min 5.78 4.97 6.23 2.54 
4 min 2.28 3.86 4.55 2.18 
5 min 2.28 3.05 2.66 1.85 
6 rain 1.97 2.13 1.86 1.30 
7 min 1.47 1.51 2.05 1.27 
8 min 1.63 1.51 1.71 1.19 
9 min 1.22 1.14 1.38 1.14 

10 min 1.27 1.07 1.03 1.05 
11 min 0.88 1.05 1.11 1.10 
12 min 1.00 1.00 1.00 1.00 

f rom Tab le  3 tha t  at  a = 0.05 the variabi l i ty  af ter  b lend ing  for 6 minu tes  is no t  significantly 
di f ferent  f rom tha t  at  the  l imit ing CV,  tha t  is, af ter  b lend ing  for 12 minutes .  Wi th  the 
99th percen t i l e  of  the F-dis t r ibut ion  with (15,15) degrees  of  f r eedom be ing  3.52, the  
variabi l i ty  af ter  b l end ing  for  five minu tes  is no t  significantly di f ferent  at  a = 0.01 f rom 
tha t  a f te r  b lend ing  for 12 minutes .  This  conclus ion is consis tent  with  the  plot  of  C V  
against  t ime.  

It  can be conc luded  f rom the  above  observa t ions  tha t  a plot  of the  C V  against  t ime  
can be  usefully adop ted  as an  indica tor  for the  degree  of  homogene i t y  in illicit he ro in  
analysis and  tha t  the m i n i m u m  b lend ing  t ime requi red  to p roduce  a h o m o g e n e o u s  p roduc t  
is 5 minutes .  Th ree  illicit he ro in  exhibi ts  were analyzed before  and  af ter  b lend ing  at 1, 
3, 5, 7 and  12 minu te  t ime intervals .  Tab le  4 shows the typical results  ob ta ined  f rom one  

TABLE 4 - -  Typical statistical data of an illicit heroin exhibit. 

Sample 0 Min 1 Min 3 Min 5 Min 7 Min 12 Min 

1 7.564 7.601 7.172 7.308 7.333 7.438 
2 7.320 7.356 7.364 7.147 7.359 7.334 
3 7.725 7.419 7.287 7.260 7.109 7.385 
4 7.384 7.301 7.114 7.091 7.418 7.425 
5 6.602 7.340 7.038 7.074 7.360 7.448 
6 7.697 6.930 7.249 7.183 7.358 7.416 
7 7.237 7.850 7.044 7.126 7.396 7.417 
8 7.286 7.282 7.096 7.354 7.385 7.478 
9 7.466 7.328 7.090 7.146 7.307 7.125 

10 5.331 7.367 7.370 7.356 7.363 7.412 
11 7.376 7.286 7.244 7.054 7.368 7.406 
12 7.275 7.336 7.113 7.120 7.415 7.332 
13 7.569 7.348 7.125 7.103 7.129 7.321 
14 7.714 7.888 7.113 7.104 7.381 7.307 
15 7.372 7.339 7.177 7.140 7.123 7.174 
16 7.314 7.263 7.390 7.160 7.314 7.212 

Mean 7.265 7.390 7.187 7.170 7.320 7.352 

Standard deviation .580 .228 .117 .097 .104 .103 

Coeff of variation 7.985% 3.083% 1.622% 1.348% 1.416% 1.406% 

Difference between 
highest and lowest 
values 44.90% 13.82% 5.00% 4.28% 4.34% 4.95% 
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heroin exhibit while Table 5 summarizes the statistical data for the three cases. The plots 
of CV against time for the three heroin exhibits are shown in Fig. 2. Table 6 shows the 
values of Ti, l~ for the three illicit heroin exhibits. 

As can be seen from Table 4, the CV can be as high as 8% if no blending was carried 
out. The difference between the highest and lowest values is about 45% indicating a 
relatively low degree of homogeneity. After five and 12 minutes of blending, the CV 
declined to about 1.3 and 1.4%, with the difference between the highest and lowest 
values being about 4.3 and 4.9%, respectively, indicating a high degree of homogeneity. 
The values of TIA 2 show that the variability after blending for three minutes is not 
significantly different from that after blending for five, seven, and 12 minutes at both 

= 0.05 and a = 0.01. This shorter time was expected because illicit heroin exhibits 
already have some degree of homogeneity (Table 4) whereas the simulated codeine/ 
glucose mixtures were initially completely heterogeneous. 

It is also observed from Table 5 that the mean values obtained for illicit heroin exhibits 
without blending and after blending for one, three, five, seven, and 12 minutes were all 
very close to each other in all cases. These results are consistent with the inferences 
drawn from the codeine/glucose mixture experiments. 

TABLE 5--Statistical data of illicit heroin exhibits. 

MEAN SD CV (%) 
Time 
interval Ex 1 Ex 2 E• 3 Ex 1 Ex 2 Ex 3 Ex 1 Ex 2 Ex 3 

0 min 10.08 7.26 3.22 0.69 0.58 0.26 6.86 7.98 8.09 
1 min 9.85 7.39 3.24 0.15 0.22 0.03 1.49 3.08 0.83 
3 min 9.81 7.18 3.26 0.17 0.11 0.04 1.71 1.62 1.07 
5 rain * 7.17 3.14 * 0.09 0.02 * 1.34 0.69 
7 min 9.75 7.32 3.06 0.10 0.10 0.02 0.98 1.41 0.75 

12 min 9.66 7.35 3.01 0.14 0.10 0.03 1.44 1.40 0.96 

*Analysis not done. 

10 
% CV 

Exhibit 1 Exhibit 2 Exhibit 3 
l I �9 I I I �9 i I I 

�9 �9 ~ i i , = =  ~ "  �9 _ 

T I T I I I 

0 M i n  1 M i n  3 M i n  5 M i n  7 M i n  12 M i n  

T ime  In te rva ls  

FIG, 2--Plot of %CV Against Time for lllicit Heroin Exhibits. 
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TABLE 6--Values of Ti. lz for illicit heroin exhibits. 

Time interval Exhibit 1 Exhibit 2 Exhibit 3 

0 rain 24.29 33.64 75.11 
1 min 1.15 5.29 1.00 
3 min 1.47 1.44 1.78 
5 rain * 1.00 0.44 
7 rain 0.51 1.00 0.44 

12 min 1.00 1.00 1.00 

*Data not available. 

C o n c l u s i o n s  

The homogenization experiments demonstrated that the CV may be usefully adopted 
as a measure of homogeneity in illicit heroin analysis. A plot of CV against time provides 
useful information regarding the homogeneity of the mixture. The experiments and 
statistics also demonstrated that: 

1. granular or powdery substances can be homogenized after 3 minutes of blending 
using a domestic blender; 

2. regardless of the homogeneity of the exhibit, a sufficient number of random samples 
can provide an accurate estimate of the content of drug in the exhibit. 
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