
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Solid-Phase Extraction Procedure for the Clean-up of Urine and Gastric
Juice Specimens for Nitrite and Nitrate Analysis by Ion Chromatography
William E. Utermahlen Jr.a; Donna W. Mellinia; Haleem J. Issaqa

a PRI/DynCorp NCI-Frederick Cancer Research and Development Center, Frederick, Maryland

To cite this Article Utermahlen Jr., William E. , Mellini, Donna W. and Issaq, Haleem J.(1992) 'Solid-Phase Extraction
Procedure for the Clean-up of Urine and Gastric Juice Specimens for Nitrite and Nitrate Analysis by Ion
Chromatography', Journal of Liquid Chromatography & Related Technologies, 15: 18, 3315 — 3322
To link to this Article: DOI: 10.1080/10826079208020886
URL: http://dx.doi.org/10.1080/10826079208020886

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826079208020886
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 15(18), 3315-3322 (1992) 

SOLID-PHASE EXTRACTION PROCEDURE FOR 
THE CLEAN-UP OF URINE AND GASTRIC JUICE 

SPECIMENS FOR NITRITE AND NITRATE 
ANALYSIS BY ION CHROMATOGRAPHY 

WILLIAM E. UTERMAHLEN, JR, DONNA W. MELLINI, 
AND HALEEM J. ISSAQ+ 

NCI-Frederick Cancer Research and Devehpment Center 
P. 0. Bm B 

Frederick, Maryland 21 702 

PRIIDynCop 

ABSTRACT 

A procedure was developed f o r  the clean-up o f  gas t r i c  j u i c e  and ur ine  specimens 
f o r  n i t r i t e  and n i t r a t e  analysis by ion  chromatography. A f te r  d i l u t i o n  w i t h  
deionized water, the sample i s  passed through two sol id-phase ex t rac t ion  columns 
( C  N i t r i t e  and n i t r a t e  are e lu ted  o f f  the 
col8umn and the sample i s  ready f o r  analysis. This treatment o f  the  samples 
el iminates any par t i c les ,  organics and in te r fe r i ng  ch lo r ide  ions. 

and IC-Ag*) connected i n  series. 

INTRODUCTION 

N i t r i t e ,  a meat preservative, may play a s ign i f i can t  r o l e  i n  carcinogen- 

esis;  the  i n  v ivo  in te rac t ion  o f  n i t r i t e  w i th  amines o r  amides can r e s u l t  i n  the 

formation o f  nitrosamines (1). The carcinogenic i ty o f  nitrosamines i n  animals 

has been demonstrated; cancer could be induced a t  spec i f i c  s i t es  i n  animals by 

nitrosamines and nitrosamides as we l l  as by n i t r i t e  administered together with 

*Author t o  whom correspondence should be addressed 
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3316 UTERMAHLEN, MELLINI, AND ISSAQ 

thi! corresponding amine o r  amide (1,2). Therefore, i t  i s  important t o  determine 

thi! n i t r i t e  concentrat ion i n  foods f o r  humans and animals. The amount o f  n i t r i t e  

inqested by humans may a lso  be determined by analyzing the  serum, g a s t r i c  j u i c e  

and ur ine .  The determinat ion o f  n i t r i t e  and n i t r a t e  has been accomplished by 

co or imet ry  (3 -a ) ,  i o n  s p e c i f i c  e lec t rode (3,9), chemiluminescence ( l o ) ,  gas 

cht*omatography (11,12), HPLC (13,14), and ion  chromatography (15-21). 

The problem w i t h  analyzing f o r  n i t r a t e  and n i t r i t e  i n  b i o l o g i c a l  samples 

by h igh  performance i o n  chromatography i s  the h igh  concentrat ion o f  ch lo r i de  ions 

wh Ich i n t e r f e r e s  w i t h  the  determinat ion o f  n i t r i t e  due t o  l a c k  o f  reso lu t i on  and 

co umn sa tura t ion  (21). The add i t i on  o f  s i l v e r  reagents o r  s i l ve r - l oaded  ca t ion  

exchange res ins  w i l l  reac t  w i t h  the  ch lo r i de  and leads t o  i t s  e l im ina t i on  as an 

i nce r fe r i ng  compound. However, i t  i s  reported t h a t  the  s i l v e r  ch lo r i de  

p r x i p i t a t i o n  process causes a subs tan t ia l  reduc t ion  i n  the  performance o f  i on  

ex8:hange columns used f o r  anions w i t h  i nso lub le  s i l v e r  s a l t s  (21). 

The present study repo r t s  on the  use o f  a solid-phase e x t r a c t i o n  procedure 

which e l im ina tes  no t  on ly  the  ch lo r i de  ions bu t  also p u r i f i e s  the  sample and 

makes i t  su i tab le  f o r  d i r e c t  i n j e c t i o n  and subsequent ana lys is  by HPIC. 

EXPERIMENTAL 

-- Mater ia ls  

A standard anion so lu t i on  w i t h  F- ,  C l - ,  NO,, PO:-, SO,'- as t h e i r  sodium 

sa l ts ,  was purchased from Dionex. Sodium n i t r i t e ,  sodium carbonate and sodium 

bicarbonate were purchased from Fisher S c i e n t i f i c .  The sodium n i t r i t e  was 

weighed on a Fisher S c i e n t i f i c  XA-200DS ana ly t i ca l  balance, and added t o  the 

an lon /sa l t  so lu t ion .  The so lu t i on  was d i l u t e d  t o  appropr iate concentrat ions w i t h  

deionized water i n  a volumetr ic f l ask .  

ADiiaratus and Method 

Ion  chromatography was performed w i t h  a Dionex i on  chromatograph Ser ies 

40OOi equipped w i t h  a 50 pL loop, Dionex AMMS-11 anion membrane suppressor, 

Diminex IonPac AS5 column, AG5 guard column, and conduc t i v i t y  de tec t ion  (30 1s). 
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CLEAN-UP OF URINE AND GASTRIC JUICE SPECIMENS 3317 

HPLC conditions: Mobile phase: 2.1 mM sodium bicarbonate/l.7 mM sodium carbonate 

Flow rate:  1.0 mL/min 

Regenerant: 700 pL H,SOJL deionized water 

A l l  chromatograms were integrated using a Hewlett Packard 3392A in tegra tor .  

Sample PreDaration and Extract ion 

A 200 mg C,, Burdick and Jackson solid-phase ex t rac t ion  SPE column was 

prepared by washing w i th  3 mL MeOH followed by 6 mL H,O. The C,, solid-phase 

ex t rac t ion  (SPE) column was then connected i n  series t o  an A l l t ech  1C-Ag' SPE 

column (300 mg), and washed w i th  6 mL H,O. The b io log ica l  samples were prepared 

as fo l lows: 500 pL ur ine and 1 mL o f  gas t r i c  j u i c e  were d i l u ted  each t o  3 mL w i th  

deionized water. 3 mL o f  sample was passed through both columns. The f i r s t  

e lu t i ng  mL was discarded and the second mL was co l lec ted  f o r  IC analysis. 50 pL 

of the extracted sample was then in jec ted  onto the ion  exchange column. 

RESULTS AND DISCUSSION 

Sol id-phase ex t rac t ion  i s  a simple and e f f i c i e n t  procedure f o r  sample 

preparation and subsequent analysis. By select ing the appropriate experimental 

conditions, e lu t i ng  solvent and column, the analyst can e lec t  t o  e i t he r  e lu te  the 

analytes of i n te res t  and r e t a i n  the undesirable compounds or  r e t a i n  the  analyte 

o f  i n te res t  and al low the  undesirable compounds t o  pass through. The analyte o f  

i n te res t  i s  then eluted i n t o  a clean container by e lu t i ng  o f f  the column wi th  an 

appropriate solvent. I n  t h i s  study, the f i r s t  procedure was selected since only 

one step i s  required. Clean-up o f  the human ur ine  and gas t r i c  j u i c e  specimen was 

car r ied  out by f i r s t  d i l u t i n g  each o f  the samples w i th  d i s t i l l e d  deionized water 

as spec i f ied  i n  the experimental section. The sample was then passed through the 

C,, solid-phase ex t rac t ion  (SPE) column which was connected i n  ser ies t o  the 

IC-Ag' column. The C,, SPE column i s  used as a f i l t e r  ( t o  remove any par t i c les )  

and t o  remove undesirable organic and biomolecules. The IC-Ag' removes the 
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FIGURE 1. A chromatogram of a standard mixture of ions obtained on an ion 
chromatograph equipped with a 50 pl loop, anion membrane suppressor, 
IonPac AS5 column (4 x 250 m), AG5 guard column and a conductivity 
detector. The mobile phase was made of 2.1 mM sodium bicarbonate 
and 1.7 mM sodium carbonate. Flow rate was set at 1 ml/min. 

chloride ions. This effective and simple procedure takes on the average about 

2 min/sample when working with a set of six samples at a time. 

As far as recovery of the ions of interest is concerned our results show 

that a recovery above 98% was achieved for nitrite and nitrate. 

Figure 1 shows the chromatogram of a standard solution containing chloride, 

nitrite, nitrate, phosphate and sulphate. Bromide eluted between chloride and 

phosphate. Figure 2 is the chromatogram of a 50 pl injection of diluted urine 

(1:6) with water. Note that the chloride peak interferes with nitrite peak. 

Figure 3 shows the chromatogram of the same urine specimen after clean-up. Note 

that the chloride peak was eliminated from the chromatogram. Figure 4 is a 
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FIGURE 2 .  

FIGURE 3 .  
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Chromatogram o f  untreated urine sample. Experimental conditions as 
i n  f igure 1. 
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FIGURE 4.  Chromatogram o f  untreated 
conditions as i n  f igure 1. 
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FI1;URE 5. Chromatogram o f  treated gastr ic  j u i c e  sample. Experimental 
conditions as i n  f igure 1. 

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



CLEAN-UP OF LJFUNE AND GASTRIC JUICE! SPECIMENS 3321 

chromatogram o f  a d i l u t e d  gas t r i c  j u i ce  sample. Here, as i n  urine, the ch lo r ide  

peak i s  very la rge  and overwhelms both the f l uo r ide  peak (before it) and the 

n i t r i t e  peak. When the specimen was passed through the C,, and Ag' SPE columns 

the ch lo r ide  peak was eliminated and n i t r i t e  can be quant i f ied,  f i gu re  5. 

The clean-up procedure f o r  ur ine and gas t r i c  j u i c e  specimens which 

el iminates organics, par t i cu la tes  and the i n te r fe r i ng  ch lo r ide  peak i s  very 

e f fec t i ve .  Approximately f i v e  hundred samples o f  u r ine  and gas t r i c  j u i c e  were 

analyzed using the same ana ly t i ca l  column before band broadening was observed. 

I t i s  simpler and fas te r  than the procedure described by Lippsmeyer e t  a l .  (21), 

i t  does not requ i re  the use o f  a centr i fuge and uses minimal amounts o f  organic 

solvents f o r  sample preparation and clean-up. The clean-up procedure can also 

be used f o r  the analysis o f  other ions i n  b io log ica l  samples. 
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