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ABSTRACT: During the past two decades, the great increase of the use of photocopying 
machines has given the forensic scientists many practical difficulties in identifying the origins 
of copied documents. Analysis of chemical properties of toners can be helpful for photocopier 
discrimination. Several techniques including infrared spectroscopy (IR) pyrolysis gas chro- 
matography/mass spectrometry (Py-GC-MS) and scanning electron microscope-energy dis- 
persive X-ray analysis (SEM-EDX) have been extensively used. 

In this study, a Curie-point pyrolyser, a dual wide-bore capillary column GC equipped 
with dual flame ionization detectors (FIDs) and a personal computer were connected on- 
line. The differentiation of photocopier toners, however, was based both on the comparison 
of retention indices and on conventional pattern recognition. The proposed method including 
the library search is quite simple, reliable and low-cost. 

KEYWORDS: questioned documents, Curie-point pyrolyser, retention index, dual wide-bore 
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Over the past two decades there has been a tremendous increase in the use of office 
and personal photocopying machines [1,2]. The speed, simplicity, accessibility and low- 
cost have made photocopying very convenient not only for legitimate use but also for 
illegal activities. 

Of the various crimes associated with photocopied documents, the most important are 
the ones concerning terrorism, fraud, counterfeit currency, false insurance certificates, 
anonymous letters, secret drawings, and other confidential materials. Being aware of the 
possibility of their being identified through the examinations of handwriting, typewriting, 
ink or paper, the perpetrators have often resorted to the use of photocopies to obscure 
the identifiable features of the original documents. Consequently, forensic examiners of 
questioned documents, in an effort to determine the source of the photocopied products, 
are encountering, with increasing frequency, photocopies rather than original documents. 

There are eleven class characteristics which the FBI laboratory uses to classify pho- 
tocopies: paper type, toner type, toner application, reduction, enlargement, magnetic 
properties, paper supply, marks, fusion method, color and laser [3]. Holland reviewed 
the photocopy processes and machines available in Australia [4]. The author described 
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how the seven features of photocopiers--electrostatic process, paper type, paper feed 
mechanism, toner type, drum, fixing system, and maximum copy size--can be used to 
characterize and classify photocopies. Most of these characteristics or features are fairly 
obvious and can be easily discerned in somewhat nondestructive fashions. The fusion 
(fixing) method is considered relatively difficult to determine. Crown has given the details 
of the techniques for differentiating various types of photocopy machines with an emphasis 
on fusing methods [5]. Very often, after the classification procedure based on the above 
characteristics, the number of possible source machines can still be large. Therefore, any 
additional examination of both the toners and photocopy papers would be useful [6-9]. 

While the comparison of defect marks serves to establish the link between a questioned 
document and a photocopier, it is often necessary to eliminate a large number of possible 
source machines before commencing this detailed examination. Usually, differentiation 
of toners offers a more effective means of achieving this elimination and is carried out 
prior to the examination of defect marks [I0,11]. 

Totty listed in a relatively recent review [12] ten major methods that had been applied 
to the problem of toner differentiation: visual examination, optical microscopy (low and 
high power), scanning electron microscopy, energy dispersive spectrometry (X-ray mi- 
croprobe analysis), detection of magnetic material, infrared spectroscopy, pyrolysis gas 
chromatography, pyrolysis gas chromatography/mass spectroscopy, differential scanning 
calorimetry, and maximum grey scale density determination. After a thorough and ob- 
jective evaluation, the author proposed a general and sequential approach to toner 
analysis 

1. Determination if photocopy is on plain or coated paper by visual examination. 
2. Determination if toner is dry or liquid by low power microscopy. 
3. Determination if toner is magnetic or nonmagnetic by a magnetic viewer. 
4. Determination of toner fusion method/examination of surface morphology of toner 

by medium power microscopy and/or scanning electron microscope. 
5. Determination of maximum optical density of toner by a microdensitometer. 
6. Analysis of inorganic content of toner by energy dispersive microscopy. 
7. Analysis of organic content of toner by infrared spectroscopy or pyrolysis gas chro- 

matography. 

These statements along with several other studies [12] indicated that the classification of 
photocopies by chemical analysis of the toners might be a useful addition to the classi- 
fication by physical characteristics. 

Three instrumental techniques, infrared spectroscopy (IR), pyrolysis-gas chromatog- 
raphy (Py-GC) and pyrolysis gas chromatography-mass spectrometry (Py-GC-MS), have 
been reported for the analysis of the complex organic mixtures, mainly polymeric resins, 
of toner [13-18]. Py-GC-MS is becoming more common and easier to use in the forensic 
science area. While it will provide detailed information on the organic components of 
the toner, the level of detail is, in practice, more than usually required. As to the relative 
merits of Py-GC and IR, Zimmerman et al. implied that greater discrimination of toners 
is achieved by the former. It was for this reason that we chose Py-GC as the method for 
the current study. 

Dual wide-bore capillary column GC equipped with dual FIDs has been used in our 
previous study of arson analysis, the match of chromatograms being based on both 
retention indices comparison and pattern recognition [19]. The success of that study 
prompted us to connect a Curie-point pyrolyzer with the established GC system to see 
if the modified Py-GC can serve as a better method for the differentiation of photocopy 
toners. During the course of this study, we found a report in the literature which described 
an automatic sampler for Curie-point Py-G C and measured the retention indices of the 
pyrolysates of such polymers as poly(methyl methacrylate) ,  poly(ethylene) and 
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poly(propylene) [20]. However, some critical points which we are concerned about with 
regard to the measurement of retention index were not given. 

Presumably because most of the conventional pyrogram comparisons were based on 
the patterns and retention times, the lack of responsibility has often been considered as 
one of the drawbacks of Py-GC. Moreover,  visual comparisons of a vast amount of Py- 
GC pyrograms are time-consuming and unreliable. By using relatively reproducible re- 
tention indices comparison, library search with the aid of a computer becomes more 
feasible. 

Experimental Procedure 

As dry toners are more common than liquid toners in Taiwan, this study dealt mainly 
with the dry. Should the liquid come to be the analyte in any real casework, the analytical 
procedure would remain the same except a more destructive removal of the fused toner 
(for example, by scraping it with a scalpel) from the copy and an extra pyrolysis for the 
paper fibers blank are required. Solvent extraction method usually does not perform well 
for the pretreatmental purposes. Photocopies produced on different photocopying ma- 
chines and different samples of bulk toner powder were obtained from company rep- 
resentatives in Taiwan. Information on the compatibility of each toner was also obtained, 
where possible. 

For the photocopy samples, the fused toner specimens to be analyzed were removed 
from the photocopies using a technique developed by Munson [18] but with a little 
modification. A piece of foil (23 by 9 ram) instead of a glass microslide was used directly 
as the sample lifter. An ordinary iron rather than a soldering iron was used to melt the 
toner. However, two glass slides were put on top of the foil and at the bottom of the 
copy, respectively, to assure the compactness between the foil and the copy. A substantial 
portion of the toner released from the paper and adhered to the foil. The foil with the 
attached toner was then slightly wound and inserted into the quartz sample tube for the 
pyrolysis. It is advantageous that the remaining characters on the photocopy are still 
legible. Figure 1 shows two typical examples of this technique. 

FIG. 1--Portions of the toner on the photocopies, (a) have been removed with the foil, (b). 
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TABLE 1--Experimental conditions. 

Pyrolysis 
Foil temperature 
Time for pyrolysis 
Transfer line temperature 
Carrier gas (N2) flow rate 

Gas chromatography 
Injector temperature 
Detector temperature 
Oven temperature program 

Carrier gas (N2) in each column 
Splitless 

590~ 
3s 
200~ 
-- 12 mL/min 

290~ 
280~ 
40~ initial 
2~ to 90~ 
12~ to 150~ 
4~ to 250~ 
hold 250~ for 5 rain 

12 mL/min 

For the bulk toner powder samples, approximately 0.5 mg of each sample was tightly 
sealed with a piece of foil in a manner described in the operator's manual. The foil with 
its filling was then inserted into the quartz sample tube for the pyrolysis. 

Paraffins n-C 6 through n-Czo were used as standards for retention indices calculation 
and were obtained from Merk Co. in Taiwan. A 0.3 to 0.5 tll aliquot of CS: solution 
(approximately 0.001 v/v with respect to each alkane component) of the paraffins was 
routinely injected into the pyrolyser via the injection port immediately after finishing the 
pyrolysis of each toner specimen. 

Pyrolysis was performed on a Model JHP-2 Curie-point pyrolyzer (Japan Analytical 
Industry Co.) according to the procedure given in the operator's manual. The pyrolysates 
along with the paraffins standard were swept by the carrier gas via a transfer line into 
the injection port of an HNU Model 421 GC, which is equipped with dual wide-bore 
capillary columns (SPB-1 and SPB-20, 30 m by 0.53 mm ID, 1.5 I~m film) and dual FIDs. 
The pyrograms from the two columns were displayed simultaneously on a personal com- 
puter terminal. The software used for the direction of the analysis and the calculation 
of the retention indices was obtained from Shiunn Hua Co. Ltd. The experimental 
conditions used are presented in Table 1. 

A dBase III Plus program was used to compile a retention indices data bank for all 
toner samples. This program should also be able to undertake searching for any matching 
source photocopier. 

Results and Discussion 

Several modifications were made on the previously reported Py-GC methods for toner 
analysis and differentiation. First of all, retention indices of the Py-GC peaks were 
measured as an additional parameter for the comparisons of pyrograms. While conven- 
tional pattern recognition and retention time comparison have proved useful to discrim- 
inate different toners, these visual methods are usually tedious and lengthy. The re- 
producibility of the retention indices of very complex GC peaks have been previously 
verified with various arson accelerants [19,21]. In this study, it was further demonstrated 
that the coupling of a pyrolyzer to a conventional GC would not reduce the reproducibility 
of the retention indices based on the examination of several toner samples. Table 2 shows 
the very small variations of fourteen arbitrary Py-GC retention indices from toner Sharp 
SF7750 in five discrete runs under the same conditions. The reproducibility of R.[. makes 
a computer-assisted library search more feasible for toner identification. Based on the 
theory, and our previous experiences, we set _+ 2 as the window for a typical match of 
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TABLE 2--The reproducibility (precision) of the retention indices of 14 selected Py-GC peaks 
from toner Sharp SF-7750 (raw powder) in 5 discrete runs on column SPB-1 under the condition 

described in Table 1. 

No. of Max. of Min. of Mean of Standard Relative 
Peaks R.I. R.[. 5 tests deviation S.D. (%) 

1 648.6 647.0 647.6 .626 .09 
2 755.8 754.9 755.4 .327 .04 
3 849.5 848.9 849.2 .224 .02 
4 974.5 974.0 974.1 .260 .02 
5 1049.3 1048.9 1049.1 .164 .01 
6 1127.9 1127.5 1127.7 .148 .01 
7 1215.2 1214.7 1214.9 .192 .01 
8 1329.1 1328.4 1328.8 .250 .01 
9 1455.3 1454.8 1455.1 .207 .01 

10 1537.3 1536.9 1537.0 .167 .01 
tl  1631.4 1630.8 1631.1 .239 .01 
12 1763.9 1763.2 1763.6 .292 .01 
13 1873.9 1873.1 1873.5 .328 .02 
14 1961.1 1960.4 1960.7 .370 .01 

two peaks under comparison. To compile an R.I. data library, as many toner samples 
as possible should be collected and as many as possible peaks' R.I. values should be 
included. When doing search, one first picks up manually most of the distinct peaks' R.I. 
from the pyrogram from the suspect sample, then inputs the R.I. values to the searching 
program and finally lets the computer search through the R.I. library. The program will 
do the search in a peakwise fashion, but the R.I. values to be searched will be input to 
the program all at once. The most critical thing is that atl the peaks on the pyrogram of 
a suspect sample should find their equivalents in one or more R.I. value sets in the 
library. For an R.I. library to be efficient, the number of peaks taken from a standard 
sample's pyrogram should always be larger than that taken from a corresponding suspect 
sample's pyrogram. In fact, conditions associated with the toner analysis are different 
from those of the arson analysis because a positive answer must exist under any circum- 
stances with regard to whether some kind of toner has been used although the arson 
analysis may sometimes not involve any arson accelerant at all. Ideally, a certain search 
made for a certain suspect sample should always lead to one and only one matching 
toner - - tha t ,  however, may be used for more than one machine model. The dBase III 
Plus program used for the searching purpose is listed in Table 3. On the other hand, 
pyrogram pattern recognition can still be referred to whenever needed. 

Dual wide-bore capillary columns and dual FIDs were used throughout this study. The 
two different pyrograms obtained along with two sets of R.I. data double the discrimi- 
nating power of each run. The 30 m by 0.53 mm ID wide-bore capillary columns offer 
a larger sample capacity than narrow-bore capillary columns while maintaining some 
degree of resolution of complex toner pyrolysates. 

Curie-point pyrolysers have previously been used in arson analysis [22]. It was, how- 
ever, in this study that this type of pyrolyser was for the first time used to replace other 
types of pyrolysers for toner analysis. The pyrolysis temperature can be reached in as 
short a time as 0.2 s and then maintained constant. The sample is completely pyrolyzed 
within a few seconds and the pyrolyzates are swept instantly away from the foil so that 
secondary reactions are minimized. As a result, much better accuracy and reproducibility 
can be achieved. The modified sample-lifter method further facilitated the analysis process 
with a Curie-point pyrolyser. Moreover, the foil is reusable. 

Thus far, although only 14 bulk toner powder samples as well as some of the corre- 
sponding photocopy samples have been analysed under the conditions described in Table 
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TABLE 3- -The  dBase III  Plus program used 
for the R.L library search. 

set talk off 
set echo off 
set stat off 
set device to print 
restore from pei20 additive 
use ci20 
i = 1  
do while i < 101 
keyl = ltrim(str(i,3)) 
mspb_l_&keyl = SPB_l_&keyl 
i = i + l  
enddo 
use chow20 
replace all qualify with .f. 
1 
do while .not. eof 0 
a = l  
i = 1  
do while i < 101 
key1 = ltrim(str(i,3)) 
key2 = ltrim(str(a,3)) 
if mspb_l_&key2 < =  SPB_l_&keyl + 2 
if mspb_l_&key2 >=  SPB_l_&keyl - 2 
a = a + l  
key2 = Itrim(str(a,3)) 
if a = 101 
replace qualify with .t. 
exit 
else 
if mspb_l_&key2 = 0 
replace qualify with .t. 
exit 
endif 
endif 
else 
exit 
endif 
endif 
i = i + l  
enddo 
skip 
enddo 
list model for qualify 
set device to screen 
wait 
u s e  

set stat on 
set talk on 
set echo on 

1, many  pre l iminary  tests  unde r  o the r  condi t ions  had  b e e n  carr ied out  on  these  two forms 
of samples.  No significant differences  in e i the r  py rog ram pa t te rns  or R.I .  values were 
obse rved  be tween  the  two forms of  samples.  Figure 2 shows an  example  of this type of 
compar isons .  Also,  for fused toner ,  sampl ing f rom different  parts  of the  same photocopy ,  
sampl ing  f rom dif ferent  pho tocop ies  f rom the  same mach ine  and  sampl ing f rom dif ferent  
pho tocop ies  f rom different  machines  using the  same tone r  had  little effect on  the  re- 
producibi l i ty  of the  py rog ram pa t t e rns  and  the R.I .  values if the  slight var ia t ions  of some 
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FIG. 2--The pyrogram pattern (shown for SPB-20 column only) from a Xerox 3990 photocopier 
raw toner powder sample, (a) t~ nearly the same as that from a corresponding fused toner sample, 
(b). 

very weak peak s were ignored. These were in agreement with those previously reported 
[18]. Accordingly, we simply used the bulk toner powder samples' data to compile the 
library. Table 4 displays the R.I. values obtained from the Py-GC analyses of the 14 
toners. Based on the above stated method, all of the 14 toner samples could be unam- 
biguously differentiated from one another. Also, ten simulated blind tests based on the 
established R.I. data and the dBase III  Plus searching program have been successfully 
conducted. In fact, for each pyrogram only 10 R.I. value were arbitrarily picked up to 
input to the searching program, and for each sample either pyrogram out of the two 
would be sufficient to definitely achieve the searching purpose. 

In order to get the best results, some preliminary tests on such experimental conditions 
as pyrolysis temperature,  pyrolysis time and GC conditions were also carried out. Figure 
3 shows the five pyrograms obtained from toner Mita 5585 at five different pyrolysis 
temperatures, with other conditions being the same. The 358 and 445~ pyrograms contain 
too small a number of peaks to be efficient for toner differentiation. The 590 670 and 
764~ pyrograms are all well suited for toner differentiation. However, the 590~ foil is 
cheaper and more durable than the latter two. Moreover, higher temperatures like 670 
or 764~ may yield more secondary products and cause the analyses to be less repro- 
ducible. Therefore, the 590~ foil is recommended for use. 

It was reported that the homogeneity of the sample is very important for the pyrolysis 
to be complete, which in turn is critical for a good reproducibility to be achieved [18]. 
However, this is not really the case for a Curie-point pyrolysis because of the different 
properties previously mentioned in this paper. In fact, as short as 3 s is usually enough 
for a 590~ pyrolysis of a toner sample to be comparatively complete, and no significant 
interference due to time lag for pyrolysis process will occur within such a short period 
of time. Figure 4 shows three pyrograms obtained from 1, 3 and 5 seconds, respectively, 
of pyrolysis of toner Xerox 3990, with other conditions being the same. We chose 3 
seconds for this study. 

Many efforts were made to choose an appropriate GC condition that can be applied 
to all of the toner samples. That is, the resolution of the GC peaks should always be 
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(d) 

(b) 

(c) L 

~ .  = ~  . 
(e) 

J 1 ~ L ,  A _ _  

I I I I i I I I I 

FIG. 3--Five pyrograms obtained from the pyrolyses of toner Mita 5585 (raw powder) at." (a) 764. 
(b) 670, (c) 590, (d) 445 and (e) 358~ respectively, with other conditions being the same. 

:1,11 (a) 

(h) 

FIG. 4--Three pyrograms obtained from: (a) 1, (b) 3 and (c) 5 sec, respectively, of pyrolysis of 
toner Xerox 3990 (raw powder), with other conditions being the same. 
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acceptable while the chromatography not too time-consuming. It was the condition de- 
scribed in Table 1 that we finally chose for this study. Displayed in Figure 5 is a typical 
pyrogram obtained from the Py-GC analysis of toner Toshiba BD-9100. The paraffins 
reference peaks and the R.I.  values of most of the pyrolysate peaks are also shown. It 
is noteworthy that the real resolution of the chromatographic peaks and the real re- 
producibility of the R.I. values are both far better than what can be shown in the rough- 
looking pyrogram. The time (60 min) taken for each run seems too long. However, this 
is normal for a 30 m by 0.53 mm ID capillary column and a complex sample like pho- 
tocopier toner. 

We have recently purchased a new Model JHP-3S Curie-point pyrolyser, which is in 
most aspects more sophisticated and more precise than the old Model JHP-2 Curie-point 
pyrolyser. The major difference between the two pyrolysers is that in the Model JHP- 
3S design the pyrolysis chamber is located right on top of the GC inlet and does not use 
a transfer line. This once again considerably reduces the probability of secondary reactions 
or condensation of the pyrolysates. Therefore, the new Model JHP-3S system was ex- 
pected to achieve better reproducibility and need smaller sample size than the old JHP- 
2 system. As far as the sample size is concerned, it turns out that the new Py-GC system 
usually took only approximately 50 p.g of bulk toner powder sample (that is, no more 
than 5 letters for fused toner, and the foil sample lifter can be cut into even small size.), 
which is about one tenth that for the old system. Of course, the paraffins injection amount 
should be reduced proportionally. As for the reproducibility, although the intrasystem 
reproducibility was improved with the new JHP-3S pyrolyser, the R.I. data were, un- 
fortunately, nontransferable between the two Py-GC systems probably due to the different 
designs with respect to the transfer line. Figure 6 shows the appreciable variations of the 
Py-GC data when raw toner powder Canon NP-5540 was pyrolyzed on the two different 
pyrolyzers but with the same Py-GC condition programming. 

~J 

c 

o 

0 2.5 
I 

7.5 10 
I I I I 

]2.5 15 ]7.5 20 22.5 25 
I 

27.5 30 32,5 
II[t~,te 

I 

35 .]7.5 40 

Z 

I I I t I I 

42.5 45 47.5 50 52.5 55 57.5 60 

FIG. 5 - -A typical pyrogram (shown for SPB-1 column only) obtained from the Py-GC analysis 
of toner Toshiba BD-9100 (raw powder). 



860 JOURNAL OF FORENSIC SCIENCES 

o•. 
0 

O• 
^ t -  
> 
E 

r 

r 
M 0 

m~ 

N 

~ c 

O .  

0 

( a )  

(b) 

o o 
o r  

OL 

I 

2.5 7.5 

2 

I I I I I 

0 2.5 5 ?.5 10 

I I I 

12.5 15 17.5 20 

i * T  

I L I t I 

22.5 25 27.5 30 32.5 
Min,te 

I I I 1  

35 37.5 40 42.5 
I I t t I I 

45 47,5 50 52,5 55 57.5 

I I I I I I I ~ I I I I t I I I I 

12,5 Z5 17.5 20 22.5 25 27.5 30 ~2.5 35 37.5 40 42.5 45 47.5 50 52.5 55 57.5 80 
Ni,ute 

FIG. 6 - - T h e  two pyrograms (shown for SPB-1 column only) obtained from the Py-GC analyses 
o f  toner Canon NP-5540 (raw powder) on: (a) JHP-2 pyrolyser/HNU 421 GC and (b) JHP-3S 
pyrotyser/HNU 421, GC, respectively. The Py-GC conditions used were both the same as those listed 
in Table 1 except in JHP-3S system there is no transfer line. Sample size: (a) 0.5 mg, (b) 50 I~g. 

C o n c l u s i o n s  

The results presented in this report demonstrated that the modified Py-GC is a useful 
technique for the differentiation of photocopying toners and that the computer-assisted 
library search based on retention indices comparison is a powerful approach to the locating 
of suspect photocopying machines. For a real questioned photocopy casework sample, 
the proposed Py-GC analytical procedure for the fused toner is summarized in Fig. 7. 
While it can still be referred to whenever needed, the conventional pyrogram pattern 
recognition has not been actually used yet so far and probably will hardly find its necessity 
for most of the samples. 



CHANG ET AL. - TONER ANALYSIS 861 

Foil as a sample lifter 

with the attached toner 

Pyrolysis in pyrolyzer 

for 3 sec 

l (Immediately) 
Reference mixture of 

C6-C20 paraffins injected 

into pyrolyzer 

GC separation on 

columnl(SPB-1) 

GC separation on 

column2(SPB-2) 

I I 
Retention indices 

calculation&display 

Retention indices 

zalculation&display 

I Library search & identification I 

FIG. 7--The flow chart of the Py-GC analysis. 

For the library to be efficient for searching for possible sources of a questioned pho- 
tocopy, many more standard toners including those used for laser printers would need 
to be analysed. In addition, the data would be more realistic if they could be obtained 
with the above described newer Py-GC device. As academic researchers, however, we 
are not inclined to start over again or proceed further for the time being. The primary 
objective of this paper is simply to introduce the novel methodology itself. Those real 
casework examiners who are interested in this paper may wish to compile their own data 
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library with their  own equipments  according to the above described procedure.  Also,  the 
manner  in which the paraffins standard is introduced to the pyrolyser may need to be 
modified if an automatic sampler is used. 
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zinc are found together in semen from a number of mammals. The zinc test strips do 
have the advantage of being cheaper and easier to use than the immunoassays for p30. 

Although for several centuries universities have made a fetish of the learned thesis as 
the ne plus ultra of scholarship, it has been clear for some generations that these in 
themselves make little contribution to fields of knowledge. Scholarly discourse now 
commonly employs the agency of the journal article. Only rarely is a thesis of such 
earthshaking import as to be worthy of publication and widespread dissemination. The 
only example of such a graduate thesis that comes readily to mind is that of Louis de 
Broglie which laid out the foundations of wave mechanics. Regrettably, the work under 
review is not of this caliber. Although it was presented as a thesis for a doctoral degree, 
this is a rather short work (only 133 pages with 203 references) written on the level of 
a masters dissertation. The quantity and quality of research it represents would also be 
more appropriate for a masters degree, rather than a doctorate. The author's research 
would have been better presented as an article in a scientific journal such as the Journal 
o f  Forensic Sciences. 

Although in English, this work was clearly not written by a fluent speaker. It abounds 
in ungrammatical constructions, incorrect word usages and annoying misspellings. It 
should have been submitted to the attentions of a competent editor before it was pub- 
lished. Taken as a whole, I can only recommend this work to the zinc-in-seminal-plasma 
aficionados who simply must  have every work on this subject. To the average forensic 
laboratory worker for whom the zinc spot test is merely one in a battery of such tests, 
it does not offer enough to justify its price. 

Erratum 

In the July 1993 issue, a misprint occurred. Figure 2 of the paper by Wei-Tun Chang, 
Chin-Wang Huang, and Yun-Seng Giang should appear as follows. 

(a) 

(b) 

i i 

FIG. 2--The pyrogram pattern (shown for SPB-20 column only) from a Xerox 3990 photocopier 
raw toner powder sample~ (a), is nearly the same as that from a corresponding fused toner sample, 
Co). 


