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REVERSED-PHASE HIGH-PERFOFW4N~ LIQum C-HIC 
D-ON OF NICCTTINE IN PESTICIDE F0E"ImS 

Alan R. Hanks, Lead R. Schronk, and Theod~re C. Arnst 
De-t of Agricultural Analytical Services, Texas 
A g ? A c u l t u r a l  Experinwt Station, College Station, Texas  77843 

A s-le and rapid reversed-phase high-performance 
liquid chrcaMtmgraphic procedure is described for  the 
determination of nicotine in liquid formulations. Samples 
are diluted w i t h  rrethanol, and naphthalene is added as the 
internal standard. Peak height ra t ios  obtained from injec- 
tions of standard and sample f i l t r a t e s  are used for  quanti- 
tation. &'I eluting Solvent O f  o.o5M_ ( N H 4 ) 2  HP04 IpH 7 . 5 )  - 
mthanol (40/60, V ~ J )  a t  a flow of 2 rL/min gives retention 
tines of 3.13 and 6.88 min respectively for nicotine and 
naphthalene. Sample analysis can be completed in approxi- 
mately one hour by the mthod described as compared t o  1.5 
days required by the Official AOAC gravimetric m e t h d  (6.176- 

6.177).  

INTRODUCTION 

Nicotine, (S) -3- (l-Methyl-2-p~rolidinyl) pyridine, is 
a botanical insecticide derived f m  tobacco. Although nico- 
t ine was used extensively a nmber of years ago, it has largely 
been replaced by newer insecticides, particularly the organo- 

Copyright 0 1980 by Marcel Dekker, Inc. 
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10 88 HANKS, SCHRONK, AND ARXST 

phosphates. Currently l i t t le  o r  no nicotine is produced in the  
U n i t e d  States, however, limited supplies are imported. Nicotine 
is registered for insect control on numerous f ru i t s  and vegeta- 
bles, and it is still  employed to a limited extent, primarily i n  
hcm gardens and greenhouses. 
laboratories must occasionally analyze nicotine formulations. 

Thus, State  and Federal control 

Since our laboratory infrequently encounters nicotine pro- 
ducts, it is cXfficult t o  minta in  the analytical s k i l l s  gener- 
ated through frequent application of the Official  AOPC gravi- 
mtric mthd, 6.176-6.177 (1). In addition, the of f i c i a l  
method is lengthy, taking approxhately 1.5 days for comple- 

tion. To reduce the e f for t  required for  nicotine analysis,  a 
sinple, rapid methcd was sought. 

The evolutionary, i f  not revolutionary, developnents i n  
gas-liquid chrcaMtcqraphy (GLC) during the past quarter cen- 
tury and high-performance liquid chrmtography (HPLC) i n  the 
current decade, have greatly changed the approach t o  pesticide 
analysis in  mst laboratories. In adopting the philosophy of 

employing chrmtographic methods when p s s i b l e ,  both GI% and 
HPLC were considered for developrent of a nicotine mthcd. 

GLC analysis  of nizotine is possible, but e i ther  derivatiza- 
t ion ( 2 )  or  a column packing not ccmonly used i n  pesticide 
analysis is needed (3). 
s i l i ca  gel ( 4 )  encouraged us to  explore this technique. To 

avoid the problems of mintaining s i l i c a  gel act ivi ty  and the 

lengthy equilibration typical of silica gel,  an HPLC rrerhod 

using a reversed-phase column for nicotine analysis was devel- 

A report of n o m l  phase HPLC on 

oped. 
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NICOTINE IN PESTICIDE 1089 

Apparatus and Reagents 

(a) High performance liquid chrcpMtograph.-Waters Me1 
ALC-202 equipped with We1 U6K septlanless injector (Waters 
Associates, Inc., Milford, MA) in conjuction w i t h  a k b r a t o r y  
Data Control Spectramnitor 111 detector (Laboratory Data Con- 
trol, Riviera Beach, FL) operating a t  1.0 absorbance units f u l l  
scale and 254 nm. An Qmi-Scribe recorder (Houston Instruments, 
Corp. , Austin, TX) was set a t  10 mV w i t h  a chart speed of 0 .2  
in/*. A flow rate of 2.0 mL/rnin. and a sample injection of 
20 llL was used throughout. 

(b) Chrmtographic col~mms.-30 an x 4 mn i.d. ~Bondapak 
C18 (Waters Associates) and 25 cm x 4.1 mn i.d. stainless steel 
colm slurry packed in the labratory w i t h  LiChrosorb RP-18 

(lOm,Alltech Associates, Arlington Heights, IL). The l a t t e r  
column was packed using 2-propanol (Burdick & Jackson, Inc., 
. ! ' e g o n ,  MI) as  the slurry and packing solvent. Packing was 
done w i t h  a Wel 705 st i r red slurry colm packer (Micro- 
meritics, Norcross, GA) and a Tracor .-el 950 puw (Tracor 
Corp. , A u s t i n ,  TX) operated in the constant sped M e  a t  9.99 

mt/min w i t h  IMximum pressure limit set a t  5,000 p.s.1. 
analytical column was preceded by a 1 0  cm x 2 rn stainless 
p reco lm (packed with Vydac Rp, Alltech Associates). 

Each 

(c) Chromtqraphic eluting solvent.-Methanol (Burciick & 

Jackson)-0.05 M - @ " H I 2  €PO4,  pH7.5 (60/40, w / ' J ) .  Fil ter  af ter  
mi.Uing and degas under l ight vacuum. 

(d) Internal standard solution.-10 mg/mL i n  rrethanol. 
Weight 1 . 0  q naphthalene (Eastmen K o d a k  Co., RDchester, NY) 
into a 100 rL volumetric flask, dissolve and dilute to  volume 
w i t h  mthanol. 

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



1090 HANKS, SCHRONK, AND ARNST 

(e) Mixed s t a d a r d  solution.-2 mg/mL nicotine and 2 mg/mL 

naphthalene in  mthaml. Weigh 0.1 g nicotine (Eastman) into a 
50 mL volumtric flask ard add by pipet 10 mt internal standard 

solution (d) . Mix, dissolve a d  di lu te  t o  volume with methanol. 

Preparation of Sanple 

Weigh portion of w e l l  mixed l iquid formulation equivalent 
to 0.1 g nicotine into 50 mL mlmtr ic  flask and add by pipet 
10 mL internal standard solution (a). 
With methanol. Fi l t e r  p r t i o n  through 0.5 lm Millipre f i l t e r  
( t y p  FHLe, Millipre Corp., Bedford, MA) into small v ia l  and 
cap. 

Mix and d i lu te  t o  volm 

Inject f i l t r a t e  into HPK u n i t  for qunt i ta t ion .  

Quantitation 

Inject  20 uL a l i c p t s  of mixed standard into HPLC un t i l  
variation in  peak heiqht ra t ios  of nicotine to naphthalene is 
ca. 1%. Adjust detector sensi t ivi ty  as needed to give peak 
heights ca.60-80% f u l l  scale. Inject  mixed standard, inject 

sample twice, and repeat injection of mixed standard. 
late peak height ra t ios  (nicotine : naphthalene) for the 2 

mixed stardard and sample injections. Average  peak height 
ra t ios  and calculate percent nicotine: 

Calcu- 

Nicotine, % = (R / R') x (W' / W) x P 

where R' and R = average peak height ra t ios  for mixed stardard 

and sample, respectively; W' = g nicotine stardard / 50 mL 

mixed standard solution ( 0 . 1  g for method described) ; W = g 
sanple clRighed for analysis; and P = percent purity of 
nicotine stardard. 

RESULTS AM) DISCUSSION 

Linearity of response was checked for 20 UL injections 
containing frm 8 t o  100 vg of both nicotine and naphthalene. 
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NICOTINE IN PESTICIDE 1091 

With the detector employed, the respnse, as measured by peak 
height, was linear fran 8 t o  50 ug injected for both capounds. 
An injection of 40 ug in 20 PI, was selected for use throughout 
the remainder of the study. This injection mass and volume 
permit reasonable sample weights and easily Itreasured injection 
vol~nnes. The average peak height ra t io  (nicotine : naplthalene) 
for 6 consecutive injections was 0.915 with a e f f i c i e n t  of 
variation of 0.111, demnstrating good precision. 

chromatography has a pH of 7.5, continuous use of the solvent 
could cause sane colm deterioration: however, periodic use 
of the solvent for 6 mnths did not significantly reduce the 
efficiency of the colm. This was probably due, a t  least in 
part, to protection provided by the precolumn. Additionally, 
the precisions of analysis w i t h  the laboratory and cmmercially 
packed columns were ccanparable. 
in arlalysis tim, the laboratory packed column was preferen- 
t i a l l y  used and the conmercial column reserved for mre d i f f i -  
cul t  separations. The chramatography of nicotine and naphtha- 
lene on the Ism columns is shown in Figures 1 and 2. 

Using the established chromatcqraphic conditions, three 

c o m c i a l  nicotine fomulations were analyzed for nicotine 
content. These samples were specified by their labels to 
contain 40% nicotine alkaloid. 
the s q l e s  are given in  Table 1. Nicotine levels a l l  

samples were found to be between 2 and 5% above the label 

claims. 
obtained for the three samples analyzed using the laboratory 
packed column. 
before a good conparison can be made, the limited data ob- 
tained with the m r c i a l  column indicates that the greater 
efficiency of t h i s  column is not necessary in routine analysis. 
Similar ly ,  the laboratory packed column has been found to be 

Since the solvent system selected as giving acceptable 

Thus, with a minor sacrifice 

The results of analysis for 

An average coefficient of variation of 0.45 was 

Although mre analyses muld be necessary 
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. NAPHTHALENE 

NICOTINE 

a 

- 
0 5 10 
TIME (MINI 

Figure 1. Nicotine and naphthalene, lsBondapk C18 colurrm 

I 

0 5 10 
TIME (MINI 

Figure 2 .  Nicotine and naphthalene, LiChrosorb RP column 
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NICOTINE IN PESTICIDE 109 3 

Table 1. Assay of Comuercial N i c o t i n e  Forn i la t ions  

Label claim, Nicotine founda 
Sample % COlUmn % 

%355 40.0 LiQyrosorb RP 42.94 + - .28 

#285 40.0 Lichrosorb RP 42.84 2 .42 

42.70 + .42 #355 40.0 uBondapak ‘18 - 

#679 40.0 LiChmsorb RP 41.14 2 .66 

%an of 3 determinations and coefficients of variation. 

adequate for HPLC determination of the majority of pesticides 

analyzed in our laboratory. 
ana lys i s  of rotenone. 

A notable excerkion is the HPLC 

One of the saxrples in  Table 1, C679, gave a r e s u l t  of 41.34% 

nicotine when analyzed by t h e  Aopc g r a v k t r i c  method (1) . 
value is not  s ign i f i can t ly  d i f f e r e n t  from t h e  values  obtained 
by WE. Thus, the method r e p r t e d  herein appears t o  o f f e r  a 
rapid procedure f o r  scanning formulations f o r  n ico t ine  content .  

This 
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