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P R O  E X P E R I M E N T I S  

D e t e c t i o n  of M a r i j u a n a  S m o k e  in the  A t m o s p h e r e  of a R o o m  

Much progress  has  been  ach ieved  in m a r i j u a n a  s tud ies  
b y  t he  app l i ca t i on  of gas- l iquid  c h r o m a t o g r a p h y  as an  
ana ly t i ca l  tool. Whi l e  t he  m e t h o d  is now  a l m o s t  exclu- 
s ively used for t he  reso lu t ion  of c o n s t i t u e n t s  of p l a n t  
ext rac ts ,  smoke  compos i t i on  s tud ies  h a v e  been  less 
common.  As w i t h  tobacco,  m a r i j u a n a  smoke  is an  
e x t r e m e l y  complex  m i x t u r e  w i t h  h u n d r e d s  of c o m p o n e n t s  ; 
t he  l imi t ed  a m o u n t  of work  in t h i s  area  so far  l -s  has  no t  
para l le led  t he  success of h igh- reso lu t ion  gas ch roma tog -  
r a p h y  and  mass  s p e c t r o m e t r y  in tobacco  smoke  analys is  6-9 

D u r i n g  t he  course of m a r i j u a n a  smoke  s tud ies  9, we 
obse rved  t h a t  a cha rac t e r i s t i c  and  pe r s i s t en t  odor  is 
gene ra t ed  w h i c h  differs  f rom b o t h  tobacco  smoke  a n d  
u n b u r n e d  m a r i j u a n a .  I f  m a r i j u a n a  smoke  con ta ins  
cha rac te r i s t i c  c o m p o u n d s  wh ich  can  be  d e t e r m i n e d  in 
t race  quan t i t i e s ,  a m e t h o d  concern ing  t he  presence  and  
t y p e  of m a r i j u a n a  smoke  in a room a t m o s p h e r e  m a y  be 
e s t ab l i shed  to p rov ide  of ten  needed  cou r t - room evidence.  

A c o n c e n t r a t i o n  t e c h n i q u e  r ecen t ly  deve loped  for s tud ies  
of vo la t i l e  c o m p o u n d s  in  physio logica l  fluids1~ n was 
used in  c o n j u n c t i o n  w i t h  h igh- reso lu t ion  cap i l l a ry  gas  
c h r o m a t o g r a p h y  ~ to  c o n c e n t r a t e  a n d  sepa ra t e  t r ace  
c o n s t i t u e n t s  p re sen t  in the  a i r  of a 36 m a room.  

A smal l  glass t u b e  (95 m m  • 1.0 ram,  i.d.) was packed  
w i t h  a 15 m m  l e n g t h  of t h e r m o s t a b l e  porous  poly-p-2,  6- 
d i p h e n y l p h e n y l e n e  oxide  po lymer  par t ic les  13 and  con- 
d i t ioned  a t  350 ~ for severa l  h to  r emove  vola t i le  ma te r i a l s  
f rom the  po lymer  surface. The  t u b e  was t h e n  connec ted  
to a v a c u u m  line and  room air  p u m p e d  t h r o u g h  for  1 h 
(flow r a t e  400 ml /min) .  T race  a m o u n t s  of organic  com- 
p o u n d s  p r e sen t  in t he  a t m o s p h e r e  of t he  room (p r e sumab ly  
a t  less t h a n  p p b  levels) are ef fec t ively  concen t r a t ed  in 
the  t u b e  wh ich  is l a t e r  used as p a r t  of t he  s amp l ing  po r t  
in  a commerc ia l  gas c h r o m a t o g r a p h .  A high-eff ic iency 
glass cap i l l a ry  co lumn  t h e n  resolves tile c o n c e n t r a t e d  
organics  f rom the  room a t m o s p h e r e  in to  i nd iv idua l  
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A) ' B a c k g r o u n d '  c h r o m a t o g r a m  of the  room.  B) C h r o m a t o g r a m  o b t a i n e d  a f t e r  s m o k i n g  a m a r i j u a n a  c iga re t t e  ill the  room.  C) C h r o m a t o -  
g r a m  o b t a i n e d  a f te r  s m o k i n g  a s t a n d a r d  tobacco  c iga re t t e  in  the  room.  C h r o m a t o g r a p h i c  condi t ions :  60 m •  ram,  i .d.,  glass cap i l l a ry  
co lumn  coa t ed  wi th  SF-96  sil icone oil;  i n j e c t o r  t e m p e r a t u r e ,  300 ~ for  5 ra in  d u r i n g  t r a p p i n g ;  de t ec to r  t e m p e r a t u r e ,  230 ~ Peaks :  1. can-  
nabid io l ;  2, s  3. c a n n a b i n o l ;  4. nicot ine.  
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f r ac t ions  de t ec t ed  b y  t he  f l ame ion iza t ion  de tec tor .  The  
s a m p l i n g  p o r t  is m a i n t a i n e d  a t  300 ~ so t h a t  t he  sample  
is re leased f rom the  p o l y m e r  in to  t h e  f i rs t  p a r t  of a glass 
cap i l l a ry  c o l u m n  cooled b y  l iquid  n i t r ogen  in o rder  to  
avo id  sp read ing  of c h r o m a t o g r a p h i c  f rac t ions  due to 
n o n - i n s t a n t a n e o u s  deso rp t ion  of sample .  Cooling is 
s t opped  a f te r  5 m i n  a n d  t he  c o l m n n  t h e n  p r o g r a m m e d  
f rom 35~ ~o 210~ 

Prof i les  of vola t i les  p r e s en t  in t he  room in d i f fe ren t  
c i r c u m s t a n c e s  are c o m p a r e d  in t he  Figure .  Firs t ,  a b l a n k  
f rom t h e  p o l y m e r  a n d  t h e  ' b a c k g r o u n d '  of t he  room were 
recorded  (A). In  th i s  c h r o m a t o g r a m ,  a b o u t  100 peaks  can  
be  seen w h i c h  are p r e s u m a b l y  due  to t r ace  vo la t i l es  
(pa in t  cons t i t uen t s ,  plast ic izers ,  etc.) f rom t he  fu rn i tu re ,  
books  a n d  o the r  obj ects  in  t he  room.  T he  f rac t ions  m a r k e d  
as 'C'  are  caused  b y  t he  vola t i les  f rom t h e  c o n c e n t r a t i o n  
c o l u m n  w h i c h  c a n n o t  be  r e m o v e d  b y  cond i t i on ing  over  a 
long per iod  of t ime.  T he  p rocedure  was r epea t ed  a f te r  an  
e x p e r i m e n t a l  m a r i h u a n a  c iga re t t e  14 h a d  been  smoked  in 
t he  room b y  means  of a syr inge  (35 ml  puffs).  A t yp i ca l  
' f i n g e r p r i n t '  of m a r i j u a n a  smoke  can  be  seen in (B) as 
c o m p a r e d  to  t h e  d i f fe ren t  prof i le  f rom a s t a n d a r d  tobacco  
c iga re t t e  l~ in  (C). S imi la r  c h r o m a t o g r a m s  were o b t a i n e d  
w i t h  d i f fe ren t  c o m m e r c i a l  t obacco  c igaret tes .  Ag-tetra-  
h y d r o c a n n a b i n o l ,  c a n n a b i n o l  and  c a n n a b i d i o l  in  mar i -  
j u a n a  smoke  a n d  n ico t ine  in tobacco  smoke  were t e n t a -  
t ive ly  ident i f ied  f rom the i r  r e t e n t i o n  t imes.  I t  is ev iden t  
t h a t  m a n y  f rac t ions  are  c o m m o n  to m a r i j u a n a  and  
tobacco.  However ,  severa l  d i s t i nc t i ve  peaks  m a y  be 
d iagnos t i c  for m a r i j u a n a  smoke  in add i t i on  to t he  usual  
c a n n a b i n o i d s .  A d d i t i o n a l  s tud ies  b y  c o m b i n e d  gas 
c h r o m a t o g r a p h y  a n d  mass  s p e c t r o m e t r y  wilt be  necessa ry  
to  revea l  t h e  s t r u c t u r e s  of these  compounds .  

F u r t h e r  e x p e r i m e n t s  h a v e  shown  t h a t  m a r i j u a n a  smoke  
can  be  safely recognized in t he  presence  of t obacco  smoke  
even  a t  m u c h  smal le r  c o n c e n t r a t i o n s  t h a n  are  gene ra t ed  
f rom single c igaret tes ,  a n d  de tec t ion  in m u c h  larger  rooms 
shou ld  be  possible.  

Rep roduc ib i l i t y  of t he  descr ibed  e x p e r i m e n t s  is r em ark -  
able.  I t  is v e r y  l ike ly  t h a t  th i s  coupl ing  of a c o n c e n t r a t i o n  
t e c h n i q u e  w i t h  h igh- reso lu t ion  cap i l l a ry  gas c h r o m a t o g r a -  

p h y  will f ind  wider  use in  the  so lu t ion  of a n u m b e r  of 
p rob l ems  assoc ia ted  w i t h  t he  t r ace  ana lys i s  of complex  
vola t i le  m i x t u r e s  a t  c o n c e n t r a t i o n s  well  be low p p b  levels. 

Zusammen/assung.  Mit  e iner  A n a l y s e n m e t h o d e  gel ingt  
es, M a r i j u a n a r a u c h  yon  e iner  Z iga re t t e  oder  weniger  
d u r c h  K o m b i n a t i o n  yon  A n r e i c h e r u n g s v e r f a h r e n  m i t  
hochau f l6 sende r  G a s c h r o m a t o g r a p h i e  in  Z i m m e r l u f t  
nachzuweisen .  Cha rak t e r i s t i s che  Profi le  yon  200 bis  300 
K o m p o n e n t e n  ( d a r u n t e r  Cannab ino ide ) ,  die s ich deu t l i ch  
yon  denen  yon  T a b a k r a u c h  un te r sche iden ,  w u r d e n  m i t  
Hi l fe  von  Glaskapil lars/~ulen gewonnen .  
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A New Method of Estimatin~ Micropipette Tip Diameter 

The  diff icul t ies  i n v o l v e d  in e s t i m a t i n g  t he  d i a m e t e r s  
of t he  t ips  of v e r y  f ine e lect rolyte-f i l led  mic rop ipe t t e s  
used  in e lec t rophys io logy  are well  known.  For  m a n y  
purposes  i t  is des i rab le  t h a t  t h e  e x t e r n a l  d i a m e t e r  of t he  
t ip  should  be  a b o u t  0.2~t (200 nm)  or  less, and  t h i s  is well  
b e y o n d  t he  r e so lu t ion  of t he  l i gh t  microscope.  Some wor- 
kers  h a v e  used e lec t ron  mic roscopy  in  special  s tudies ,  b u t  
for  m o s t  r o u t i n e  purposes  t h e  e lect r ica l  r e s i s t ance  of t h e  
p r o b e  is m e a s u r e d  to  give a n  i n d i c a t i o n  of t ip  d i a m e t e r  1, 2. 

E s t i m a t e s  of t i p  d i a m e t e r  f rom res i s tance  m e a s u r e m e n t s  
are  un re l i ab le  for a n u m b e r  of reasons.  A group  of 
a p p a r e n t l y  identical,  m i c r o p i p e t t e s  f r e q u e n t l y  v a r y  wide ly  
in res is tance .  Th i s  m a y  be  due  to  p a r t i a l  b lockage  of t h e  
t ip  b y  smal l  par t ic les  f lushed in to  i t  d u r i n g  filling. The  
m i c r o p i p e t t e  r e s i s t ance  is n o n - O h m i c  and  depends  on  t he  
d i rec t ion ,  a m p l i t u d e  a n d  d u r a t i o n  of c u r r e n t  flow. I t  is 
also s t rong ly  d e p e n d e n t  on  t h e  t a p e r  angle  a t  t h e  t ip  a n d  
t he  res i s t iv i t ies  of t h e  f i l l ing a n d  b a t h i n g  media .  

Th i s  s h o r t  c o m m u n i c a t i o n  descr ibes  a s imple  a n d  
sens i t ive  m e t h o d  for e s t i m a t i n g  t i p  d i a m e t e r  w h i c h  
appea r s  to  avo id  t h e  a b o v e  u n s a t i s f a c t o r y  fea tures .  I t  is 
based  on  t h e  m e t h o d  o f  f i l l ing v e r y  f ine m i c r o p i p e t t e s  
desc r ibed  b y  MULLINS and  NODA 3 and  used r o u t i n e l y  in 

t h i s  l abo ra to ry .  The  mic rop ipe t t e  is he ld  in t he  a i r  a n d  
3 2!~ KC1 is in j ec ted  in to  t h e  ba r r e l  as close as possible  to  
t he  t ip ,  us ing  a microsyr inge .  Cap i l l a ry  ac t ion  t h e n  s lowly 
ejects  t he  r e m a i n i n g  a i r  in  t he  m i c r o p i p e t t e  t h r o u g h  t h e  
t ip .  Mot ion  of t he  so lu t ion  men i scus  t o w a r d s  t he  t ip  whi le  
i t  is some d i s t ance  f rom i t  c an  be  r ead i ly  obse rved  u n d e r  
an  op t ica l  microscope  of m e d i u m  power,  a n d  t he  t i p  
d i a m e t e r  can  be  ca lcu la ted  f rom the  mens i cus  speed as 
shown  below. 

Consider  t he  p robe  in t he  F igure  w h i c h  has  an  i n t e r n a l  
t ip  r ad ius  v 0. The  so lu t ion  meniscus  is a d v a n c i n g  t o w a r d s  
t h e  t i p  a t  speed v 1 w h e n  a t  a d i s t ance  11 f rom t h e  t ip ,  
where  t h e  r ad ius  of t he  p i p e t t e  is r~. Due  to  surface  t en s ion  
forces, t he  a i r  p ressure  a d j a c e n t  to  t h e  men i scus  is 
P1 = Po + 2T/rl ,  where  T is t h e  surface  t en s ion  a t  t h e  
in te r face  a n d  P0 is a t m o s p h e r i c  pressure .  
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