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CLEANUP OF SAMPLES FOR H I G H  PERFORMANCE 
CHROMATOGRAPHY AND INSTRUMENTAL ANALYSIS 

H. M. Stahr, Duane Lerdal & Walter Hyde 

Chemistry Laboratory 
Veterinary Diagnostic Laboratory 

Iowa State University 
Ames, Iowa 

ABSTRACT' 

Cleanup methods have been developed which allow 
utilization of modern chromatographic techniques and 
instrumental readouts. A cellulose cleanup for organo- 
phosphorus pesticides and carbamates has already been 
reported. A particulate carbon column has been des- 
cribed for Rumensin. These columns maybe combined to 
improve the cleanup for organophosphorus and carbamate 
pesticides. This same column cleanup maybe used for 
Ochratoxin. Powder charcoal maybe used for the myco- 
toxins aflatoxin, and zearalenone. It maybe used for 
T-2 toxin and trichothecenes with some l o s s  (50-75% 
recovery). 

The thin layer plates themselves provide a back- 
ground reference for spectroscopy. 
maybe removed by "annealing" the plates at 400 C for 
2 hours. 

This backgoround 

Sweepco distillation maybe used to cleanup biolog- 
ical samples so that carbamates and organophosphorus 
pesticides maybe analyzed by thin layer chromatography. 
Trichothecenes mycotoxins maybe cleanuped with about 
40% loss. 

Modern toxicology requires analysis, both quanti- 
tative and qualitative, at the submicro level of con- 
centration in complex biological media. 
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1098 STAHR, LERDAL, AND HYDE 

The analysis of complex matrices €or toxic com- 
pounds requires sample preparation before the system, 
which can be used for chemically clean samples such as 
analytical standards, may be used. 

If quantitative Thin Layer Chromatoqraphy (TLC) 
and/or Instrumental Confirmation GC-Mass Spectroscopy, 
fluorescence spectroscopy are to be done routinely, 
the samples which are used must be sufficiently clean 
to (1) allow detection of substances without interfer- 
ence of the analyte matrix, and ( 2 )  to allow analysis 
without severely impairing continued use of the instru- 
ments and equipment. 

This paper will discuss means of greatly improving 
the matrix ‘‘junk” to analyte ratio without causing 
destruction of the analyte. 

The first method will deal with the use of carbon 
to remove pigments and absorbable substances, the 
second a volatalization with a Sweepco Distillation 
Unit and the third is a means to remove “background” 
materials from thin layer plates used for analytical 
separations. 

Methods using a carbon cleanup by Storherg, Getz 0 , 
a et all Stahr , et al; have been proposed to cleanup 

pesticide extracts (1 & 2 )  and (3) plant tissue extracts 
for the analysis of alkaloills, nitrates and sugars. 
These methods all were successfully applied to the 
appropriate need. 

EXPERIMENTAL/REAGENTS & APPARATUS 
Nanogradg hexane, petroleum ether, methanol, chlor 

oform, and ethyl acetate were obtained from Mallinkrodt 
or the equivalent quality was made by distillation or 
absorption. Trichloromethyl silane (TCMS) was obtained 
from Applied Science Laboratories. A mixture of 80% 
petroleum ether, 20% TCMS was prepared for deactivation. 
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CLEANUP OF SAMPLES 1099 

Thin layer chromatography plates ( E .  Merck) were 
obtained from Brinkman Instruments or equivalent pour 
plates were made with E. Merck Silica gel G. Whatman 
Whatman Silica Gel Multi K, and reverse phase TLC plates 
were also used. 

A Kontes Sweepco distillation apparatus was used. 
It was modified as discussed below. 

A Finnigan 4000 gas chromatograph mass spectrome- 
ter was used for mass spectra. 

A self cleaning Admiral range was used to clean 
apparatus - glass and TLC plates. 

Darco G-60 powdered carbon, Barneby Chaney #72462 
carbon. Whatman CF-4 cellulose was vacuum drained, and 
stores in a dessicator until used. 

Anhydrous, crystalline, Na2S04-was obtained from 

Carbons used in methods 1 & 2 are no longer avail- 
Mallinkrodt Chemical Co. 

@ able, and alternative carbons were discussed by Carson . 
Obioha and Stahr@ reported that the analysis of afla- 
toxin sample extracts could be greatly improved by car- 
bon treatments, and the procedure was extended to other 
mycotoxins and pesticides by Stahr@, as well as to 
Rumensin . 0 

EXPERIMENTAL/METHODS 
1.) Sample Cleanup 

After preliminary preparation of the sample, ex- 
tracting, defatting, and solvent partitioninq, the sam- 
ple may be treated with Darco G60 decolorizing carbon 
(0.100 g/100 ml of CHCl solvent). The carbon is fil- 
tered off and the sample concentrated for further in- 
strumental analytical techniques. 

In all cases, the sample is amended with the 
material of interest and this serves as a check on 
possible loss. It is often possible to add more carbon: 
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1100 STAHR, LERDAL, AND HYDE 

i n  f a c t ,  i t  may be n e c e s s a r y  t o  s u f f i c i e n t l y  remove 
t h e  c o l o r e d  " junk"  which o c c u r s  w i t h  t h e  sample.  

The "Rumensin ~ l e a n u p " ~ ,  i nvo lved  t h e  u s e  of a par -  

t i c u l a t e  carbon.  This  has  t h e  advan tage  of p r e v e n t i n g  

t h e  d i s t r i b u t i o n  o f  carbon beyond t h e  p o i n t  of use .  The 
carbon column ( a s  shown i n  F i g u r e  l), 2 c m  i n  d i a m e t e r ,  
is packed w i t h  a volume o f  4 0  m l  w i t h  Barneby Chancy 
p a r t i c u l a t e  carbon and a i r  bubb les  a r e  r ecove red  w i t h  

pe t ro leum e t h e r  and a rubbe r  s u c t i o n  b u l b .  One-half 
i n c h  of sand  i s  p laced  on t h e  g l a s s  f r i t  on t h e  bot tom 
o f  t h e  column and one  i n c h  o f  sand  i s  p l a c e d  on t o p  
o f  t h e  carbon t o  "anchor"  i t  i n  a band. Ten grams of 

c r y s t a l l i n e ,  anhydrous sodium s u l f a t e  i s  added t o  t o p  
t h e  column. The e x t r a c t  i s  p l a c e d  on  t o p  o f  t h e  column 
i n  1 m l  o f  ch loroform.  One hundred m i l l i l i t e r s  of p e t  
e t h e r  a r e  added and a l lowed t o  e l u t e  through t h e  colump, 
t h e n  1 0 0  m l  of ch lo ro fo rm are added t o  t h e  column and 
t h i s  e l u e n t  i s  saved  and c o n c e n t r a t e d  t o  n e a r  d r y n e s s .  

The volumne i s  a d j u s t e d  t o  a measured volume and t h i n  
l a y e r  chromatography,  GLC or o t h e r  t e c h n i q u e s  a re  done.  
Sweepco Cleanup-the Sweepco U n i t  i s  Shown i n  F i a u r e  2 .  

A c leanup  p rocedure  f i rs t  developed  f o r  c l e a n i n g  
up f a t s  and p e s t i c i d e s  may be ex tended  t o  organophos- 
phorus  p e s t i c i d e s ,  carbamates and s c i r p e n e  mycotoxins .  
The column w a s  modi f ied  t o  c o n t a i n  a sand  l a y e r ,  g l a s s  

bead l a y e r  ( 8 0 %  o f  t u b e ) ,  and a f i n a l  sand  l a y e r ,  a l l  
suppor t ed  by g l a s s  w o o l  p l u g s  ( F i g u r e  3 ) .  

The sample e x t r a c t  which i s  t h e  u s u a l  e q u i v a l e n t  

o f  a P A P P  p e s t i c i d e  p r e p a r a t i o n ,  may s t i l l  have a ma-  
t r i x  r e s i d u e .  A f low of 700 ml/minute of d r y  n i t r o q e n  
i s  used w i t h  t h e  d i s t i l l a t i o n  u n i t  a t  15OoC t e m p e r a t u r e  
f o r  organophosphorus and carbamate p e s t i c i d e s  o t h e r  t h a n  
( D D V P )  "Dichlorovos" .  Cleanup of Dichlorovos  i s  done 
a t  100°C w i t h  500  ml/minute of n i t r o q e n  f low.  Scir-  
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CLEANUP OF SAMPLES 1101 

F I G U R E  ONE 

Carbon Cellulose Column 
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1102 STAHR, LERDAL, AND HYDE 

FIGURE TWO 

Sweepco Distillation Unit 

pene mycotoxins are analyzed like orqanophosphorus pes- 
ticides. 
toxin. 

A temperature of 21O0C-22O0C is used for T-2 

The extract is injected on the column in 1 ml or 
R less volume and allowed to elute into the Teflon 

loop condenser and collection tube, maintaining a fluid 
seal in the Teflon ' .  tube. 

ml) portions of petroleum ether are added at intervals 
to elute the sample and maintain a fluid seal for €if- 
teen minutes. 

"Rinses" of 1 ml (total If! 
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CLEANUP OF SAMPLES 1103 

FIGURE THREE 

Sweepco D i s t i l l a t i o n  Column 
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1104 STAHR, LERDAT,, AND HYDE 

Between samples, the glass column is annealed to 
reduce any "memory" and silanized with 2 injections of 
1 ml trichloromethylsilane at operatinq temperature and 
condition with 2-2 ml injections of pet ether, before 
the next sample is injected. 

Figure 4 shows the recoveries with silanization 
of the Sweepco distillation unit. Figure 5 shows the 
typical concentration curve obtained by analyzing 
FuradanR directly on TLC after the SweepcoR cleanup. 
2.) Thin Layer Plate Clean% 

layer plates may still be too contaminated to run by the 
Samples which have been separated in bands on thin 

Carbafuran Recovery 

from Sweep Co-Distillation 

Oven 
Temp 

ColUlbn Sample Recovery 
Condition Matrix Percent 

160' unsil -- 40 -80 

160' sil -- 9s +loo 
140' unsil -- 80 -85 

140' eil -- 95 +loo 
140' sil Feed ext. fu 90 

120° Sil -- 85 +95 

F Z U S E  FOUR 

CarboFuran Recovery 
from Sweepco Distillation 
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CLEANUP OF SAMPLES 1105 

Long Warn UV Absorption 
Carbefuran Standards 

pg of CF 

F I G U R E  F I V E  

S tanda rd  Curve 
CarboFuran (Kontes Dens i tometer )  

s o l i d  i n l e t  sys tem o f  a mass s p e c t r o m e t e r .  A t y p i c a l  
mass s p e c t r o m e t e r  b l ank  from a t h i n  l a y e r  p l a t e  e x t r a c -  
t i o n  i s  shown ( F i g u r e  6 ) .  A W s p e c t r a l  b l a n k  i n  shown 
( F i g u r e  7 ) .  

A l t e r n a t i v e l y ,  t h e  p l a t e  may be developed  t o  remove 
s o l u b l e  m a t e r i a l s  ( 3 X  i n  c l e a n  s o l v e n t ,  methanol  was 
u s e d ) .  Th i s  i s  a long p r e p a r a t i o n  p rocedure .  Another 
means i s  t o  mere ly  immerse t h e  p l a t e  r e p e a t e d l y  i n  
s o l v e n t .  Th i s  h a s  t h e  obvious  advan tage  o f  speed .  I t  

s u f f e r s  from i t s  i n a b i l i t y  t o  s i m u l a t e  a c t u a l  sample 
c o n d i t i o n s  and a b l ank  r e s i d u e  may s t i l l  remain f o r  
sample e l u e n t s .  
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1106 STAHR, LERDAL, AND HYDE 

F I G U R E  S I X  

Thin Layer Chromatoqraphic 
Mass Spectrum of (TLC) Blank 

The preferred method is to anneal the plates in a 
self cleaning oven for three hours. This completely 
removes the background. If the solvent is weak enough 
so that sample loss or extremely long developments are 
required, the plate may be "deactivated" by methanol im- 
mersion. Air dried to remove excess methanol and then 
activated to the appropriate level of activity. "Con- 
ditioning" of the plate to a desirable level. of activity 
may also be done. 

RESULTS ANI) DISCUSSION 
By combining cellulose as described by Stahr@, et 

al., with the carbon very clean, extracts of rumen con- 
tents and chlorophyll bearing foods and feeds can be 
obtained. Rumensin, organophosphorous pesticides and 
carbamate pesticides elute in the chloroform fraction. 
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CLEANUP OF SAMPLES 1107 

Figure  8 shows t h i n  l a y e r  chromatographs b e f o r e  and 
a f t e r  cleanup.  F igu res  6 and 7 show backgrounds from 
t h e  s o l i d  probe and UV spectrometer  from t h i n  l a y e r  
chromatography bands e l u t e d  wi th  methanol. F i n a l l y ,  w e  
should say t h a t  a l l  compounds cannot  be  removed from 
TLC p l a t e s  w i t h  methanol, a l though it i s  o u r  s o l v e n t  o f  
cho ice  €o r  most compounds no t  extremely p o l a r  so t h a t  
s p e c t r o s c o p i c  measurement may be made d i r e c t l y .  

Po la r  compounds l i k e  Dicumarol may be  removed from 
TLC p l a t e s  by sp ray ing  t h e  band wi th  d i l u t e  HC1 and 
e l u t i o n  i n t o  e t h y l  acetate o r  4 t o  1 benzene methanol. 
I t  i s  q u i t e  i n s o l u b l e  i n  methanol. B e t t e r  y e t ,  0.2N 
HC1 a c i d  may be  used t o  q u a n t i t a t i v e l y  remove Dicumarol 
from TLC p l a t e s .  

W e  conclude t h a t  w i th  proper  c leanup p r e p a r a t i o n ,  
even very d i f f i c u l t  samples may be analyzed by a n a l y t i -  
cal  chromatography us ing  d i r e c t  a n a l y s i s  o r  removing 
bands f o r  s p e c t r o s c o p i c  measurements t o  complete t h e  
a n a l y s i s .  G a s  chromatographic column l i f e  i s  g r e a t l y  
extended and t h e  p o t e n t i a l  harm t o  GC/MS are  r e l i e v e d .  
The q u a l i t y  o f  s e p a r a t i o n s  are g r e a t l y  enhanced and a l s o  
t h e  amount o f  sample t h a t  can be  s p o t t e d  may be inc reased  

making t h e  s e n s i t i v i t y  of  t h e  a n a l y s i s  much g r e a t e r  i f  
c l eanup  procedures are used. 

Recoveries from t h e  carbon column i s  shown i n  Tables 
I and I1 T-2 t o x i n ,  Diacetoxyscirpenol  and Vomitoxin have 
been recovered by t h e  Sweepco p rocess .  

Roridan A must be converted to  t h e  acetate t o  ach ieve  a 
recovery by t h e  Sweepco. 80-90% o f  most p e s t i c i d e s  can 
be  recovered by Sweepco D i s t i l l a t i o n .  50-60% o f  S c i r -  
pene mycotoxins are recovered by t h e  Sweepco p r c c e s s .  
A Furadan and T-2 t o x i n  sample b e f o r e  and a f t e r  c l eanup  

are  shown i n  F igu re  9 and 10. 
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1108 STAHR, LERDAL, AND HYDE 

FIGURE SEVEN A 
Ul t rav io l e t  Spec t rum Of TLC 
Blank Before A n n e a l i n g  P l a t e  

TABLE 

Recovery of Organophosphorus  
P e s t i c i d e s  from C e l l u l o s e  Col.umn 

I d i  t h o u t  
Pesticide C e l l u l o s e  Column C e l l u l o s e  column 

Thimet  80% 

Methyl  P a r a t i o n  8 2 %  

M a  l a t h  io n 8 7 %  

P a r a t h i o n  9 0 %  

100% 

86% 

9 5% 

9 6 %  
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CLEANUP OF SAMPLES 1109 

FIGURE SEVEN B 
Ultraviolet Spectrum of TLC 
Blank After Annealing Plate 

TABLE I1 

Carbon-cellulose cleanup 

Compound 
% Recovery of Added Pesticide 

in a Sample Matrix 

+ 10% - 5 0 %  
R Ciodrin 

Th i rn e t 89 % - + 16% 

ParathionR (ethyl/methyl) 8 1% - + 10% 
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1110 STAHR, LERDAL, AND HYDE 

-_ FIGURE EIGHT 

Thin Layer Chromatogram (TLC) before and 
after Cleanup of Pesticide Extract 

Particulate carbon cellulose cleanup for orqanophos- 
phorus and carbamate pesticides are usually 75-85%. 

CONCLUSION 

Cleanup of samples before sophisticated analysis is 
done will increase sensitivity, selectivity, and prolong 
instrument life. It is possible to cleanup samples so 
that TLC quantitative analysis maybe done directly on 
a TLC plate. Cleanup of TLC plates reduces backqround 
interferences so that more definitive ultraviolet and 
mass spectrum maybe produced. 
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