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A b s t r a c t  A s imple  method  for the extract ion of  5 thinner  
componen t s  f rom human  whole  b lood  and urine, using the 
headspace  so l id-phase  microext rac t ion  (SPME) method  is 
presented.  Af te r  heat ing a vial  conta ining the samples  
with 5 compounds  (toluene, benzene,  n-buty l  acetate,  n- 
butanol  and n - i soamyl  acetate) at 80 ° C, a po lyd ime thy l -  
s i loxane-coated  S P M E  fiber  was exposed  to the head-  
space of  the vial  to a l low adsorpt ion  of  the compounds .  
The  f iber  needle  was then injected into a capi l la ry  gas 
chromatography  (GC) port. The headspace  S P M E - G C  
gave  intense peaks  for  each compound  and a low level  of  
background  noise  was seen only for  whole  blood.  Recov-  
ery rates of  the 5 compounds  by  use o f  the headspace  
S P M E - G C  were 50 -70%.  Reproduc ib i l i ty  for headspace  
S P M E - G C  data  were  excel len t  for both  body  fluids. The 
cal ibra t ion curves showed l inear i ty  in the range 2 - 1 0 0  
ng/0.5 ml whole  b lood  or urine. The detec t ion  l imits  of  
each compound  were 1 .1-2.4  ng/0.5 ml  sample.  The pre- 
sent results  on the analysis  of  5 thinner  components  by  
headspace  S P M E - G C  suggest  its appl icabi l i ty  to a num- 
ber  of  other  vola t i le  compounds  in forensic  toxicology.  

K e y  w o r d s  Toluene • Benzene  • n-Butyl  acetate • 
n-Butanol  • n - I soamyl  acetate • Sol id-phase  
microext rac t ion  (SPME)  - Headspace  method  • 
Capi l la ry  gas ch romatography  

Introduction 

The inhala t ion of  thinner  vapor  occas iona l ly  causes indus-  
trial accidents ,  and thinner  abuse by  the young  genera t ion  
is a social  problem.  S imple  and rapid  analyt ica l  tech- 
niques are required to detect  thinner  components  f rom hu- 
man  samples  in forensic  toxicology.  In 1990 Pawl i szyn  
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and co-workers  deve loped  a new extract ion technique 
cal led  so l id-phase  microext rac t ion  (SPME)  [1] which  em- 
p loys  a s tat ionary phase  of  po lyd ime thy l s i loxane  coated 
on to a fused si l ica f iber  to extract  a compound  from aque- 
ous or vola t i le  samples  in sealed vials .  Af ter  equi l ibrat ion 
be tween  the headspace  and the coated fiber, the f iber  nee- 
dle can be di rect ly  injected into a gas ch romatography  
(GC) por t  for analysis .  In this paper,  we show that 5 thin- 
ner  components  can be  successful ly  extracted f rom hu- 
man  body  f luids by  headspace  SPME.  

Materials and methods 

Materials. Toluene, benzene, n-butyl acetate, n-butanol, n-isoamyl 
acetate and ethyl benzene were obtained from Wako Pure Chemi- 
cal Industries (Osaka, Japan). The SPME devices and 100 gm 
bonded polydimethylsiloxane fiber as assemblies for SPME were 
purchased from Supelco Inc. (Bellefonte, Pa.), and DB-WAX 
fused silica capillary columns (30 m x 0.32 mm i.d., film thickness 
0.25 gin) from J & W Scientific (Folsom, Calif.). Other chemicals 
used were of analytical grade. Whole blood and urine were ob- 
tained from healthy subjects. 

Headspace SPME procedure. The polydimethylsiloxane-coated 
fiber for SPME was preheated at 250 ° C for 1 h in an injection port 
of GC to remove fiber contaminants. 

Stock solutions (20 gg/ml) of toluene, benzene, n-butyl acetate, 
n-butanol and n-isoamyl acetate, and internal standard (IS) solu- 
tion (2 gg/ml) of ethylbenzene were prepared in methanol. Five 
microliters (100 ng) of the standards were added to a 7.5 ml-vial 
containing 0.5 ml of whole blood or urine together with 5 gl (10 
ng) of IS, 1.5 ml of distilled water and a magnetic stirring bar. The 
vial was rapidly sealed with a silicone septum cap and heated at 
80°C with stirring by use of an aluminum block heater (React- 
Therm heating/stirring model, Pierce, Rockford, Ill.). After heating 
for 15 min, the septum piercing needle of the SPME device was 
passed through the septum. The pretreated fiber was pushed out of 
the needle and exposed to the headspace of the vial for 5 min to al- 
low adsorption of the compounds (Fig. 1). The fiber was with- 
drawn into the needle, pulled out from the vial, and injected into 
the port of a capillary gas chromatograph. The fiber was exposed 
in the injection port for 3 rain to ensure complete desorption of all 
compounds. 

GC conditions. GC analyses were carried out on a Shimadzu GC- 
14B gas chromatograph equipped with flame ionization detection 
(Shimadzu Co., Kyoto, Japan). The GC conditions were: column 
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Fig. 1 Schematic illustration of the headspace SPME method 

temperature 35-230 ° C (1 min hold at 35 ° C, 20 ° C/min); injection 
temperature 200 ° C, and helium flow rate 4 ml/min. In the case of 
the authentic samples dissolved in methanol, a 1-gl aliquot was 
subjected to GC analysis. The samples were injected in the split- 
less mode and the splitter was opened after 1 min. 

Results and discussion 

Figure  2 shows gas chromatograms  for headspace  SPME 
extracts  f rom whole  b lood  and urine samples  (0.5 ml),  to 
which  100 ng each o f  5 thinner  components  had been 
added,  in the presence  of  e thy lbenzene  as IS (10 ng). The 
headspace  S P M E - G C  for whole  b lood  and urine gave in- 
tense peaks  for  each compound .  Separa t ion  o f  all com- 
pounds  f rom each other  and f rom impuri t ies  was gener-  
al ly satisfactory.  To check background  noise,  whole  b lood  
and urine were treated as above  in the absence of  the com- 
ponents  and IS. The background  for whole  b lood  gave 
small  impur i ty  peaks  over  a wide range of  temperatures  
(Fig. 2, upper  panels)  but  no interfer ing peaks  appeared  
around the compounds .  The background  for urine samples  
was very  clean. 

The recovery rates of  the 5 thinner components were cal- 
culated by compar ing  the peak  area obta ined  f rom non- 
extracted authentic compounds  dissolved in methanol  (100 
ng each on column)  with that obta ined f rom the headspace  
SPME extracts  of  whole  b lood  and urine samples ,  and 
were  in the range 5 0 - 7 0 %  for whole  b lood  and urine. 
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Fig. 2 Capillary GC with FID for 5 thinner components from hu- 
man whole blood and urine by use of headspace SPME. Key: 1, 
benzene; 2, toluene; 3, n-butyl acetate; 4, ethylbenzene (IS); 5, n- 
butanol; 6, n-isoamyl acetate 

'Fable 1 shows the reproducib i l i ty  o f  the headspace  
S P M E - G C  data for the 5 compounds  in human whole  
blood and urine. The CV values were not more than 5.98% 
for both whole  b lood  and urine samples.  

F igure  3 shows cal ibra t ion curves for 5 thinner compo-  
nents with different  amounts  of  the 5 components  after 
ext ract ion f rom whole  b lood  by  use of  the headspace  
SPME.  They  showed l inear i ty  in the range 2 - 1 0 0  ng/0.5 
ml (2 -100  ng/7.5 ml vial). The equat ions for the curves 
were: y = 0.015x + 0.0027 for toluene,  y = 0.019x + 
0.0021 for benzene,  y = 0.009x + 0.007 for n-buty l  ac- 
etate, y = 0.007x + 0.005 for n-butanol  and y = 0.015x + 
0.017 for n - i soamyl  acetate. The correla t ion coeff icients  
(r value)  o f  each cal ibra t ion curve were 0.999 for benzene  
and n- i soamyl  acetate,  0.986 for toluene,  n-buty l  acetate 
and n-butanol .  The cal ibra t ion curves for  the 5 com- 
pounds  added  to urine were also l inear  in the same range.  
The equations for the curves were:  y = 0.015x + 0.001 for 
toluene,  y = 0.020x + 0.007 for  benzene,  y = 0.010x + 
0.009 for  n-butyl  acetate,  y = 0.008x + 0.001 for n-butanol  
and y = 0.016x + 0.011 for n - i soamyl  acetate. The correla-  
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Table  1 Reproducibilities for headspace SPME-GC data of 5 compounds of thinner from whole blood and urine 

Compound Percent reproducibility ~ 

Benzene Toluene n-Butyl acetate n-Butanol n-lsoamyl acetate 

Whole blood 
Mean + SD 90 + 4.6 98 + 3.6 95 + 4.0 87 -+ 5.2 96 + 2.4 

CV 5.05 3.67 4.21 5.98 2.50 

Urine 
Mean + SD 105 + 4.2 101 + 3.0 97 + 3.8 89 -+ 4.4 99 + 2.0 

CV 4.00 2.97 3.92 4.94 2.02 

" The values were calculated by comparing the peak area on gas 
chromatograms obtained from distilled water extracts of the 5 thin- 
ner components with that obtained from extracts of whole blood 
and urine samples. 

Each compound (100 ng each) was added to 0.5 ml of samples. 
The values are means + SD (standard deviation) and CV (coeffi- 
cient of variation) from 6 experiments. 
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Fig.3 Calibration curves of benzene (El), n-isoamyl acetate (O), 
toluene ( I ) ,  n-butyl acetate (0) and n-butanol (A) for whole blood. 
Five compounds were measured against ethylbenzene (10 ng) as 
IS. Each point represents the mean of duplicate determinations 

t ion coefficients (r value) of each calibration curve were 
0.999 for benzene  and n- isoamyl  acetate, 0.987 for 
toluene, and 0.986 for n-butyl  acetate and n-butanol.  The 
detection l imit  of each compound  was about 1.1-2.4 
ng/0.5 ml  of whole blood and urine. 

This is the first report to extract and detect 5 thinner  
components  from human  body fluids by use of the head- 
space SPME-GC method. Data on SPME are l imited at 
present because it was developed only in 1990 [1] and 
is not  yet  in widespread use. The S P M E  method  has 
been applied to analysis of organic compounds  in water 
or groundwater,  caffeine in beverages, and halogenated 
volatiles in food [2-7]. In the previous reports, the thinner  
compounds  were separated from human  body fluids by 
use of the convent ional  headspace method [8-14].  For the 
analysis of volatiles by the convent ional  method, 0 .1-1 .0  
ml  of headspace vapor should be injected into GC ports. 
Thus middle-bore capillary columns with splitless injec- 
t ion cannot  be used for such a headspace method. The 
combinat ion  of SPME with the headspace method has en- 
abled the use of middle-bore capillary GC, which gives 
sharp peaks and much higher sensitivity (Fig. 2). 

The present results on the analysis of the thinner  com- 
ponents  by the headspace SPME-GC show its applicabil- 
ity to a number  of other volatile compounds  in forensic 
toxicology, although ethanol and methanol  cannot  be con- 
centrated by the SPME (unpublished observation).  
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Several textbooks on ballistics are available, predominantly deal- 
ing with interior and exterior ballistics. There are also numerous 
publications on the forensic aspects of wounds caused by firearms. 
Wound ballistics form the basis on which gunshot wounds are ex- 
amined from a forensic point of view. Despite the fact that many 
original articles on wound ballistics have been published, there are 
relatively few comprehensive books on the subject. This gap is 
now filled by Sellier and Kneubuehl ' s  book. 

A strong point of this book is the understanding of physical 
processes leading to biological effects. In the chapter "Physical 
Basics of Wound Ballistics", the principles of mechanics and fluid 
dynamics as well as measurement techniques are described and ex- 
plained. Even scientists who have been concerned with wound bal- 
listics for a long time are likely to benefit  from this chapter. After 
outlining the history of weapons and ammunit ion and a short pre- 
sentation of interior and exterior ballistics, the authors describe the 
main aspects of general wound ballistics and the use of tissue sim- 
ulants. The special wound ballistics of short handguns and shoul- 
der weapons are explained in separate chapters, emphasizing their 
special properties. A large chapter contains numerous tables on 
material properties, caliber and projectile designations, ballistics 

data of ammunition, twists, shotgun calibers and shot pellets as 
well as firing tables. The Anglo-American and the metric systems 
are considered together with conversion tables. The collection of 
tables and an English, German and French glossary of ballistic 
terms may be of great help in the daily routine. The bibliography 
and references contain more than 350 literature sources. 

The authors explain and evaluate the different concepts in wound 
ballistics. Not everybody will agree with every evaluation. For ex- 
ample, the authors seem to favour the Kinetic Energy Deposit 
Concept for measuring the effectiveness of handgun ammunition. 
This method has been rejected by FBI workshops and Martin 
Fackler among others. 

Nevertheless the authors have succeeded in writing a compre- 
hensive and precise textbook on wound ballistics which is easy to 
read despite the fundamental physical background. The book will 
be of great value to forensic scientists, pathologists, criminal law- 
yers and trauma surgeons. It can be used as an introduction to the 
subject as well as a reference book. 

The book is available in North America from Elsevier Science 
Inc., P.O. Box 945, Madison Square Station, NewYork, NY 10160- 
0757, USA and in the rest of the world from Elsevier Science B.V., 
Sara Burgerhartstraat 25, 1055 KV Amsterdam, The Netherlands. 
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