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THE QUANTITATION OF HEROIN AND 
SELECTED BASIC IMPURITIES VIA 

REVERSED PHASE HPLC. I I .  THE ANALYSIS 
OF ADULTERATED SAMPLES 

Ira S.  Lurie and Kevin McGuinness 
Drug Enforcement Administration 

Special Testing and Research Laboratory 
McLean, Virginia 221 02 

ABSTRACT 

Methodology i s  presented f o r  t he  q u a n t i t a t i o n  o f  heroin, 
06--monoacetylmorphine, acetylcodeine, noscapine and papaverine 
i n  adul terated i l l i c i t  h e r o i n  smp les .  
was employed using an HS-5 C18 column with a gradient  system. 
methodology used a multimode de tec t i on  scheme which consis ted o f  a 
photodiode array de tec to r  i n  se r ies  with a dual  electrochemical 
de tec to r  i n  the p a r a l l e l  mode. 
06-monoacetylmorphine, electrochemical de tec t i on  v i a  the  ox ida t i on  
mode proved necessary f o r  the q u a n t i t a t i o n  o f  th is  compound i n  
samples h i g h l y  adul terated with quinine. The use o f  r e l a t i v e  
r e t e n t i o n  times, UV spectra and dual  e lect rochemical  response 
r a t i o s  f o r  the screening o f  adul terants  i n  he ro in  i s  discussed. 

Reversed phase chromatography 
This  

Owing t o  i t s  h igh  s p e c i f i c i t y  f o r  

INTRODUC T I  ON 

For  forens ic  chemists t h e  simultaneous q u a n t i t a t i o n  o f  h e r o i n  and 

bas i c  i m p u r i t i e s  i n  i l l i c i t  he ro in  samples can be important f o r  

i n t e l l i g e n c e  purposes. The r e s u l t s  o f  these assays can form the bas i s  
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2190 LURIE AND MC GUINNESS 

for comparative ana lys i s  o f  e x h i b i t s .  

been repor ted f o r  the q u a n t i t a t i v e  determinat ion o f  he ro in  and/or 

bas i c  i m p u r i t i e s  i n  b o t h  unadulterated and adul terated samples (1-13). 

The ana lys i s  o f  the above compounds i n  adul terated samples can be 

d i f f i c u l t  because o f  poss ib le  in ter ferences.  L i m i t s  o f  de tec t i on  f o r  

bas ic  i m p u r i t i e s  can be h igher  i n  adul terated s m p l e s  due t o  column 

overload. 

and-shoot methods. 

such samples. 

GLC and HPLC procedures have 

This i s  a p a r t i c u l a r  problem with GLC methods using d i l u t e -  

There are few repor t s  deal ing w i t h  the ana lys i s  o f  

This paper repo r t s  a reversed phase procedure for the simul- 

taneous q u a n t i t a t i o n  o f  U6-monoacetylmorphine, acetylcodeine, heroin, 

noscapine and papaverine i n  the presence o f  l a r g e  q u a n t i t i e s  o f  common 

adu l te ran ts  such as sugars, po lyhydr ic  alcohols, procaine, acety l -  

procaine, ca f fe ine  and quinine. The chromatographic cond i t i ons  which 

have been p rev ious l y  repor ted (13) f o r  the ana lys i s  o f  unadulterated 

samples have been modi f ied.  I n  addi t ion,  a multimode de tec t i on  scheme 

cons is t i ng  o f  photodiode a r ray  de tec t i on  i n  se r ies  with dual e lec t ro -  

chemical d e t e c t i o n  i n  the p a r a l l e l  mode was employed. 

o f  screening f o r  poss ib le  adul terants  present i n  he ro in  samples v i a  

the use o f  r e l a t i v e  r e t e n t i o n  times, UV spect ra and dual  e lec t ro -  

chemical response r a t i o s  was examined. The use o f  the photodiode 

a r ray  de tec to r  f o r  general drug screening i n  t o x i c o l o g i c a l  samples 

has p rev ious l y  been repor ted ( 1 4 ) .  

obtained from coupl ing a s i n g l e  wavelength UV detector  w i th  a s i n g l e  

channel electrochemical detector  has been used f o r  drug screening 

(15) .  

electrochemical response r a t i o s  were used i n  the study by Jane e t .  a l .  

The f e a s i b i l i t y  

I n  add i t i on ,  response r a t i o s  

Twelve broad based categor ies based on u l t r a v i o l e t  and 
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QUANTITATION OF HEROIN AND IMPURITIES. 11. 

EXPERIMENTAL 

2191 

Mate r ia l s  

Methanol was acquired from Burdick and Jackson (Muskegon, 

MT,  U.S.A.) . Propanophenone was obtained from Pierce Chemical 

(Rockford, I L ,  U.S.A.). Reagent grade hexylamine was acquired from 

Eastman Chemicals (Rochester, NY, U.S.A. )  . Other chemicals were 

reagent grade. Drug standards o f  USP/NF q u a l i t y  were employed. 

The mobi le  phases were mixed i n t e r n a l l y  from solvent r e s e r v o i r s  

con ta in ing  pure organic component or amine-phosphate b u f f e r .  

preparat ion o f  the hexylamine-phosphate b u f f e r  and the i n j e c t i o n  

solvent has been described ( 1 3 ) .  

The 

Equipment 

The l i q u i d  chromatographic system consis ted o f  a Series 4 

l i q u i d  chromatograph (Perkin-Elmer, Norwalk, CT, IJ.S.A.), an ISS-100 

autosrmpler f i t t e d  with a 50 u l  loop (Perkin-Elmer); an HS-5 C18 

column (12.5 cm x 4.6 mm I.D.) (Perkin-Elmer); a Model 1040a photo- 

diode array de tec t i on  system (Hewlett-Packard, Waldbronn, FRG); a 

Model LC-48 dual  amperometric de tec to r  f i t t e d  w i th  a dual  TL-5 g lassy 

carbon e lect rode c e l l  i n  t h e  p a r a l l e l  mode, and an Ag/AgCl reference 

de tec to r  wi th the t o p  h a l f  o f  the c e l l  serv ing as the a u x i l i a r y  elec- 

t rode  ( B i o a n a l y t i c a l  Systems, Inc., West Lafeyette, I N ,  U . S . A . ) ;  four  

Model LCI-100 labo ra to ry  computing i n t e g r a t o r s  (Perkin-Elmer) i n t e r -  

faced t o  a Model 7500 data s t a t i o n  equipped w i th  Chromatographics 3 

software (Perkin-Elmer); and a Model PR-210 p r i n t e r  (Perkin-Elmer) . 
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2192 LURIE AND MC GUINNESS 

Standard Preparat ion 

Accurately weigh i n t o  FI 100 m l  vo lumetr ic  f l ask  1.0 mg each o f  

noscapine base and papaverine base; 1.5 mg o f  O6-monoacety1morphine 

base, 3.0 mg o f  acetylcodeine base and 90 mg a f  he ro in  base. 

d i l u t i n g  t o  volume with i n j e c t i o n  solvent, add t o  the f l ask  nalorphine 

and propanophenone i n t e r n a l  standards i n  i n j e c t i o n  solvent t o  g i ve  

f i n a l  concentrat ions o f  0.01 mg/ml and 0.04 mg/ml, respec t i ve l y .  

I n j e c t  50 u l  onto the  l i q u i d  chromatograph. 

Before 

Sample Preparation 

Accurately weigh i n t o  a vo lumetr ic  f l a s k  an amount o f  he ro in  

which r e s u l t s  i n  an approximate he ro in  base concentrat ion o f  0.90 

mg/ml a f t e r  d i l u t i o n  t o  volune. 

i n j e c t i o n  solvent, add t o  the f l a s k  nalorphine and propanophenone 

i n t e r n a l  standards i n  i n j e c t i o n  so lvent  t o  g i ve  f i n a l  concentrat ions 

o f  0.01 mg/ml and 0.04 mg/ml, respec t i ve l y .  

l i q u i d  chromatograph. 

Before d i l u t i n g  t o  volume w i t h  

I n j e c t  50 u l  onto the 

Chromatographic Condit ions 

Gradient e l u t i o n  cond i t i ons  were a m o d i f i c a t i o n  o f  a p rev ious l y  

This m o d i f i c a t i o n  al lowed for the e l u t i o n  o f  described system (13). 

h i g h l y  l i p o p h i l i c  adul terants .  

5% methanol, 95% phosphate b u f f e r  (0.023 M hexylamine, pH 2 . 2 ) .  

The i n i t i a l  cond i t i ons  consis ted o f  

A 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



QUANTITATION OF HEROIN AND IMPURITIES. 11. 2193 

l i n e a r  gradient  was employed f o r  20 minutes w i t h  the  f i n a l  cond i t i ons  

o f  the f i r s t  gradient  s tep cons is t i ng  o f  30% methanol, 70% phosphate 

b u f f e r .  The l a t t e r  cond i t i ons  Were h e l d  f o r  s i x  minutes. Next, a 

l i n e a r  gradient  was employed f o r  10 minutes w i t h  t he  f i n a l  cond i t i ons  

o f  t h i s  second gradient  step cons is t i ng  o f  60% methanol, 40% phosphate 

b u f f e r .  These f i n a l  cond i t i ons  were h e l d  f o r  n ine minutes. A re- 

e q u i l i b r a t i o n  t ime o f  10 minutes was found t o  be s a t i s f a c t o r y .  

f l ow  r a t e  o f  1.5 m l / m i n  was employed throughout. 

lengths were i d e n t i c a l  t o  those p rev ious l y  employed on the  photodiode 

a r r a y  de tec to r  ( 1 3 ) .  

and general screening, ox ida t i on  p o t e n t i a l s  o f  1.0 V and 1.1 V o r  

equiva lent  were used i n  the  electrochemical detector. 

A 

Detect ion wave- 

For t h e  q u a n t i t a t i o n  o f  06-monoacetylmorphine 

RESULTS AND DISCUSSION 

Q u a n t i t a t i o n  o f  H igh l y  Adul terated Samples 

I n  order t o  determine whether the  compounds o f  i n t e r e s t  could be 

determined i n  the presence o f  adul terants ,  unadulterated samples which 

were spiked w i th  l a r g e  q u a n t i t i e s  o f  c u t t i n g  agents were analyzed 

be fo re  and a f t e r  be ing adul terated.  

monoacetylmorphine, acetylcodeine, hero in ,  noscapine and papaverine 

cou ld  be determined i n  the  presence o f  sugars and polyhydr ic  a lcohols  

even when present r e l a t i v e  t o  he ro in  i n  a weight r a t i o  o f  100 t o  1. 

This determinat ion was f a c i l i t a t e d  by the  l ack  o f  any UV absorbance by 

sugars and po lyhyd r i c  a lcohols  a t  the wavelengths used f o r  analys is ,  

As t a b l e  1 i nd i ca tes ,  06- 
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As t a b l e  1 a lso  i nd i ca tes ,  the compounds o f  i n t e r e s t ,  i f  present, 

could be determined i n  t h e  presence o f  a 2O:l weight r a t i o  o f  ca f fe ine ,  

procaine and acety lprocaine r e l a t i v e  t o  heroin. 

The determinat ion o f  t he  compounds o f  i n t e r e s t  i n  the  presence o f  

l a r g e  amounts o f  the adul terant  qu in ine i s  i l l u s t r a t e d  i n  t a b l e  2. I t  

i s  not  uncommon f o r  t h i s  adu l te ran t  t o  be present i n  r a t i o s  as h igh  as 

60-8OX r e l a t i v e  t o  hero in.  As t a b l e  2 and f i g u r e  1 ind i ca te ,  UV de- 

t e c t i o n  i s  v i a b l e  up t o  approximately a 2O:l weight r a t i o  o f  qu in ine 

t o  hero in.  For l a r g e r  amounts o f  quinine, e lect rochemical  de tec t i on  

would be the  method o f  choice due t o  the great  s e l e c t i v i t y  o f  de tec t i on  

fo r  06-monoacetylmorphine. 

Good p rec i s ion  and accuracy were obtained v i a  bo th  UV and elec- 

trochemical de tec t i on  as shown i n  t a b l e  2 .  The favorable r e s u l t s  f o r  

electrochemical de tec t i on  were obtained by c a r e f u l  se lec t i on  o f  bo th  

the  working p o t e n t i a l  and the i n t e r n a l  standard. Hydrodynamic v o l t -  

ammograms fo r  06-monoacetylmorphine and nalorphine, a s t r u c t u r a l l y  

r e l a t e d  compound, are shown i n  f i g u r e  2.  Nalorphine, which was found 

t o  be chromatographical ly s u i t a b l e  for use as an i n t e r n a l  standard i n  

the present study, was used as an i n t e r n a l  standard f o r  the e lec t ro -  

chemical determinat ion o f  s t r u c t u r a l l y  s i m i l a r  morphine (16). 

g rea tes t  r e p r o d u c i b i l i t y  i t  was des i rab le  t o  work a t  t he  p la teau 

reg ion o f  t he  hydrodynamic voltammogram where responses va r ied  l i t t l e  

with changes i n  app l i ed  p o t e n t i a l .  

d r i f t s  i n  the  redox p o t e n t i a l  o f  t he  reference electrode. 

p la teau  reg ion the  responses o f  O6-monoacetylmorphine and nalorphine 

were e s s e n t i a l l y  s i m i l a r .  

For 

These changes could a r i s e  due t o  

A t  the 

Also a t  the  p la teau  reg ion  ove rpo ten t i a l  
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rr 
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\ Y  Y 240nr - r !  
O i  

r m  

k ,  )L 

t i j  I 11 0 

0 
I 

I I I I 

28,0 25,0 36,0 35.0 

S a w  I e 

20% quinine 
t 

I I I I I I 

0.0 10.0 15,B 201 0 251 1 38,B 3j18 

1. Chromatogram o f  he ro in  sample con ta in ing  2OX quin ine t o  hero in.  

e f fec ts ,  which could r e s u l t  i n  n o n l i n e a r i t y  o f  de tec t i on  o f  06-mono- 

acetylmorphine, were minimized. A t  h igher  so lu te  concentrat ions, 

uncompensated res is tances could occur which would r e s u l t  i n  the com- 

pound being detected a t  an e f f e c t i v e l y  lower p o t e n t i a l  and poss ib l y  

w i t h  a smaller response depending on the  operat ing p o t e n t i a l .  

a l so  des i rab le  t o  work a t  the p la teau reg ion t o  minimize temperature 

dependence e f f e c t s  on the so lu te  response ( 1 7 ) .  

It was 

Although smal l  changes 
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I I I I I I I 

,4488 ,5588 ,6686 ,7788 ,8806 ,9908 l , i 0 6 0  1,2186 
cx i da t  i on potent i a I 

2. Hydrodynamic voltmmograrns of 1.04 mg/ml nalorphine and 0.986 mg/ml 06- 
-monoacetylmorphine. 

cou ld  occur i n  t h i s  reg ion  due t o  the temperature dependence o f  the 

d i f f u s i o n  c o e f f i c i e n t s  o f  t he  so lutes,  they are compensated by  the  use of  

a s t r u c t u r a l l y  s i m i l a r  i n t e r n a l  standard ( 1 7 ) .  Another advantage elec- 

t rochemica l l y  f o r  the use o f  the i n t e r n a l  standard would be compensation 

fo r  any e lect rode p a s s i f i c a t i o n .  A t  an o x i d a t i o n  p o t e n t i a l  o f  1.1 V ,  

the 06-monoacetylmorphine peak area response normalized t o  i n t e r n a l  
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2198 LURIE AND MC GUINNESS 

Table 2 

Results of Analysis o f  a Sample Cut with Quin ine 

Ra t io  o f  Heroin 

Qu in ine  
Sample t o  (%I 

Detector uv1 

Parameters 228 nm 

uncut 61.1 

1 :20 60.0 

60.6 

60.1 

60.6 

60.5 

1 :80 60.5 

06- 
(XI 
- 
uv 

218 m 

1.2 

1 .I 

1.1 

1.1 

1 . I  

1.2 

* 

Acet y l -  
06- codeine Noscapine PaDaverine 

1.1v 228 nm 

1.2 4.2 

1.2 4 , l  

1.2 4.2 

1.2 4.1 

1.3 4.2 

1.2 4.2 

1.3 4.1 

uv 

228 nm 

8.3 

8.2 

8.0 

8 .O 

8.0 

8.0 

8.4 

uv 

240 nm 

1.7 

1.6 

1.6 

1.7 

1.6 

1.6 

1.6 

*Ob-monoacetylmorphine peak no t  resolved. 
A l l  compounds determined v i a  peak area. 
(1 )  U l t r a v i o l e t .  
(2 )  Electrochemical. 

standard was l i n e a r  between 0.525 and 304 ug/ml. 

determination, a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9998 was obtained w i t h  

the  p l o t  passing through the o r i g i n .  

For the l i n e a r i t y  

As shown i n  tab les  1 and 2, peak area was used i n  c e r t a i n  

instances. I t  is known (13) t h a t  because o f  the p o s s i b i l i t y  o f  obta in-  

i n g  minor i n te r fe rences  i n  the  complex chromatograms obtained and higher 
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p r e c i s i o n  a t  low l e v e l s ,  peak height  i s  normally p re fe r red  over peak 

area, However f o r  the present study, i f  l a r g e  moun ts  o f  bas ic  adul- 

t e r a n t s  were present, t he  l i n e a r  isotherm f o r  compounds o f  i n t e r e s t  

was a l t e r e d  so t h a t  t he  use o f  peak height  was no longer v iab le .  

For t he  q u a n t i t a t i o n  o f  o ther  adul terants ,  a l t e r n a t i v e  wavelengths 

o f  de tec t i on  o r  the use o f  e lect rochemical  de tec t i on  was found t o  be 

use fu l  due t o  s e l e c t i v e  detect ion.  For example, as f i g u r e  3 i l l u s -  

t r a t e s ,  papaverine can be determined i n  the  presence o f  diphenhydrmine. 

For c e r t a i n  sanples, electrochemical de tec t i on  could prov ide s e l e c t i v e  

de tec t i on  f o r  06-monoacetylmorphine or noscapine. 

Sc ree n i  ng 

The methodology repor ted here i s  appl icable t o  the screening o f  up- 

wards o f  50 compounds whose presence has been repor ted i n  he ro in  samples. 

The q u a l i t a t i v e  i d e n t i f i c a t i o n  o f  these compounds a t  l e v e l s  o f  1.0% or 

grea te r  could be accomplished by  the use o f  r e l a t i v e  r e t e n t i o n  times, 

UV spect ra and dual  electrochemical response factors.Table 3 presents 

r e l a t i v e  r e t e n t i o n  times and dual  e lect rochemical  response r a t i o s  for  

these compounds. 

Acetylcodeine was chosen as the reference compound since i t  i s  pre- 

sent i n  every sample a t  r e l a t i v e l y  h i g h  concentrat ion l eve l s ,  i t  e lu tes  
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3 .  Chromatogram o f  he ro in  s m p l e  conta in ing 5X diphenhydramine t o  heroin. 

i n  the  middle o f  t he  chromatogram, and i t s  k' value i s  r e l a t i v e l y  con- 

s tan t  over column l i f e t i m e .  

The UV spect ra were evaluated using vendor software "EVALUP" which 

measures 

slope, apex and downslope o f  a peak. 

peak p u r i t y  b y  examining normalized UV spectra a t  the up- 
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Table 3 

R e t e n t i o n  R e l a t i v e  t o  Acety lcodeine  and Dual 
E l e c t r o c h e m i c a l  Response R a t i o s  (:or Compounds 
P r e s e n t  i n  Hero in  Samples 

Compound RRT A / A  
€ A  EB 

t a r t a r i c  a c i d  
n i c o t i n i m i d e  
morphine 
e p h e d r i n e  
p r o c a i n e  
d i p y r o n e  
aminopyrene  
t r i p e l e n n a m i n e  
m e t h a p y r i l e n e  
methamphetamine 
n a l o r p h i n e  
phenmet r a z i n e  
c o d e i n e  
p y r i l a m i n e  
l i d o c a i n e  
ace taminophen 
03-monoacetylmorphine 
06-monoacet y lmorphine  
q u i n i d i n e  
a c e t y l p r o c a i n e  
q u i n i n e  
e t h y l m o r p h i n e  
b a r b i t  a 1  
s t r y c h n i n e  
s a l i c i l a m i d e  
t r o p a c o c a i n e  
c o c a i n e  
c a f f e i n e  
b e n z t r o p i n e  
t h e b a i n e  
a c e t  y l c o d e i n e  
a n t i p y r e n e  
h e r o i n  
meconin 
a s p i r i n  
n o s c a p i n e  
p h e n o b a r b i t a l  
p h e n a c e t i n  
p a p a v e r i n e  
s a l i c y l i c  a c i d  
t e t r a c a i n e  
d i p h e n y d r a n i n e  
propanophenone  
propoxyphene 
a m i t r i p t y l i n e  
s e c o b a r b i t a l  
methaqualone  
p h e n o l p h t h a l e i n  
d iazepam 

0.0607 
0.0697 
0.149 
0.163 
0.175 
0.204 
0.217 
0.218 
0.221 
0.256 
0.267 
0.267 
0.J25 
0.341 
0.342 
0.380 
0.414 
0.454 
0.465 
0.550 
0.570 
0.603 
0.742 
0.745 
0.814 
0.829 
0.864 
0.887 
0.890 
0.94 
1.000 (16.56 min 

1 .oso 
1 .I90 
1.270 
1.410 
1.440 
1.480 
1.490 
1 .s10 
1 .S40 
1.660 

2.160 
2.240 
2.250 
2.270 
2.270 
2.420 

i . o m  

2.080 

.) 

1 
1 
3 
1 
2 
2 
2 
1 
1 
1 
5 
1 
1 
2 
1 
3 
1 
3 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
2 
1 
1 
1 

1 
1 
3 
1 

W e a k  a r e a  normal ized  t o  n a l o r p h i n e  a t  e l e c t r o d e  A d i v i d e d  
by  peak  a r e a  normal ized  t o  n a l o r p h i n e  a t  e l e c t r o d e  8. 
A l l  compounds were measured at a c o n c e n t r a t i o n  o f  0.01 t o  
0.05 mg/ml. 
1. 
2. 
3. 
* C o e l u t e s  wi th  q r a d i e n t  a r t i f a c t .  

Response b e f o r e  r i s i n g  p o r t i o n  o f  hydrodynanic  voltanmogram. 
Response  a t  r i s i n g  p o r t i o n  o f  hydrodynamic voltamnogram. 
Response a t  p l a t e a u  r e g i o n  o f  hydrodynamic vol tanmogran .  
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2202 LIJRIE AND MC GUINNESS 

Dual electrochemical response r a t i o s  were reported as one o f  t h ree  

broad categor ies i n  order t o  minimize changes i n  r a t i o s  which r e s u l t  

from d r i f t s  i n  the reference e lect rode redox p o t e n t i a l ,  sample over- 

p o t e n t i a l  e f f e c t s  o r  changes i n  temperature. 

plat inum-derived cancer chemotherapy drugs, Ding and K r u l l  r epo r t  on 

the d i f f i c u l t y  o f  ob ta in ing  reproducib le  absolute response r a t i o s  on 

a day-to-day bas i s  ( 1 8 ) .  

n a l  standard nalorphine were used i n  order  t o  minimize e f f e c t s  due t o  

e lect rode p a s s i f i c a t i o n .  The th ree  categor ies were as fo l lows:  

For  the ana lys i s  o f  

Peak area responses normalized t o  the i n t e r -  

1 .  Responses be fo re  the r i s i n g  p o r t i o n  o f  hydrodynamic v o l t -  

ammogram, i.e., a dual  response r a t i o  o f  e s s e n t i a l l y  zero. 

I n  p r a c t i c e  any normalized response a t  the higher r a t i o  

e lect rode p o t e n t i a l  o f  0.2 o r  l e s s  was used as a c u t o f f  t o  

p lace a sample i n  category 1. 

2. Responses a t  the r i s i n g  p o r t i o n  o f  hydrodynamic v o l t -  

ammogram, i .e.,  a r a t i o  o f  1.3 or  greater  w i t h  the norrnal- 

i zed  response a t  the h igher  e lect rode p o t e n t i a l  greater  

than 0.2. 

3 .  Responses a t  the p la teau  reg ion o f  a hydrodynamic v o l t -  

ammogram, i .e . ,  a response r a t i o  o f  less  than 1.3. 

Based on a f i v e  sigma window f o r  r e l a t i v e  r e t e n t i o n  t imes and the 

comparison o f  UV spectra, a s i n g l e  component from the l i s t  i n  t a b l e  3 
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was uniquely i d e n t i f i e d .  

sponse r a t i o s  gave a d d i t i o n a l  independent conf i rmat ion.  

one compound was present i n  the  sane r e l a t i v e  r e t e n t i o n  t ime window, 

d i s t i n g u i s h i n g  them v i a  UV spectra could be d i f f i c u l t  depending on 

r e l a t i v e  concentrat ions and/or s i m i l a r i t y  o f  UV spectra. 

o f  an e lect rochemical  response r a t i o  could a i d  i n  i d e n t i f i c a t i o n  o f  

Categories from the dual electrochemical re- 

I f  more than 

The presence 

mixtures. For example, i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  v i a  UV spectro- 

scopy phenolphthalein i n  the  presence o f  methaqualone. 

phenolphthalein has an electrochemical response r a t i o  o f  approximately 

1 .O, wh i le  methaqualone has no response a t  e i t h e r  p o t e n t i a l .  

However, 

A t e s t  mix ture o f  f i v e  representat ive compounds gave a s i n g l e  day 

average c o e f f i c i e n t  o f  v a r i a t i o n  o f  r e l a t i v e  r e t e n t i o n  t imes o f  0 .25%.  

Over a per iod o f  four weeks the average percent v a r i a t i o n  f o r  t e n  t e s t  

compounds was 4.5%. 

have been prev ious ly  explained (13). Reproduc ib i l i t y  o f  UV spect ra was 

dependent on whether the  instrument was c o r r e c t l y  ca l i b ra ted ,  which was 

determined by examining spect ra o f  standard components on a d a i l y  bas is .  

Reproduc ib i l i t y  o f  broad-based electrochemical response fac to rs  was 

dependent on the frequency w i t h  which voltammograms for  06-monoacetyl- 

morphine were obtained. 

pounds whose r a t i o s  occur near the boundaries o f  the categories. 

best  r e s u l t s ,  suspected compounds should be confirmed by standard 

i n j e c t i o n  on the  sane day o f  analysis. 

The changes which occur du r ing  colunn l i f e t i m e  

Changes could most l i k e l y  occur f o r  those com- 

For 
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