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DETERMINATION OF NITRATE, NITRITE, 
AND PHOSPHATE AT 214 NM BY 

REVERSE PHASE HPLC 

T. C. Kuchnicki, L. P. Sarna, and G. R. B. Webster 
Pesticide Research Laboratory 

Department of Soil Science 
University of Manitoba 

Winnipeg, Manitoba, Canada R3T 2N2 

AbSTKACT 

Ni t ra te  and n i t r i t e  can be determined b y  reverse phase HPLC, u s i n g  

Phosphate can be determined u s i n g  1 : l : l  methanol-water-isopropyl 
1:1 methanol-water a t  pH 3.0 a s  the  mobile phase and U V  detecti.on a t  214 
nm. 
alcohol a t  pH 3.0. 
w i t h i n  5 m i n .  A comparison of the mobile phases 1 : l  methanol-water and 
Low UV PIC A reagent, ind ica tes  t h a t  1 : l  methanol-water y i e l d s  10 fold 
greater  s e n s i t i v i t y  t o  n i t r a t e  and 2 fold l e s s  t o  n i t r i t e .  The use of 
1 : l  methaiiol-water for  the ex t rac t ion  of n i t r a t e  and n i t r i t e  from s o i l  
r e s u l t s  i n  19% higher recovery than i n  the  case of water alone. 

A t  a flow r a t e  of 1.0 m L / m i n ,  these anions e l u t e  

INTRODUCTION 

The importance of determining n i t r a t e  and n i t r i t e  l e v e l s  i n  

a g r i c u l t u r a l  s o i l s  is i l l u s t r a t e d  by the numerous methods of ana lys i s  f o r  

these ions (1) .  A technique not commonly employed for  s o i l  n i t r a t e  and 

n i t r i t e  ana lys i s  is  high performance l i q u i d  chromatography (HPLC). 

Ion chromatography HPLC for  the  ana lys i s  of inorganic ions was f i rs t  

Both an a n a l y t i c a l  and a suppressor column reported by S m a l l e t g .  ( 2 ) .  
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1594 KUCHNICKI, SARNA, AND WEBSTER 

were used and the concentrat ions of the ions were measured w i t h  a 

conductivity de tec tor .  

detector  has been used by  numerous inves t iga tors  ( 3 , 4 , 5 ) .  Typical ly ,  

n i t r a t e  is  eluted w i t h i n  5 t o  6 m i n ,  w i t h  a detect ion l imi t  of 0.03-0.1 

mg/L. Haddad and Heckenberg (6) used a low-capacity ion exchange co lumn 

w i t h  an ind i rec t  r e f r a c t i v e  index detector .  Retention times of 4.58 m i n  

€or  n i t r i t e  and 5.63 m i n  for  n i t r a t e  were obtained w i t h  detect ion l i m i t s  

of 0.08 and 0.12 mg/L. 

Ion chromatography coupled w i t h  a conductivity 

Recently, reverse phase column packings have been used for  the 

separation of inorganic ions. Molnar et  a l .  ( 7 )  used a LiChrosorb RP-18 

column w i t h  a mobile phase of 0.002 M tetrabutylammonium hydroxide 

p l u s  0.05 M phosphate buffer (pH 6.7) t o  separate  var ious anions. 

For the separat ion of n i t r a t e  and n i t r i t e  i n  water samples, Kok e t  a l .  

(8) used a Radial-Pak 

a s  the mobile phase. Vilsmeier (9 )  used 1 mM tetrabuty1ammoni.um hydrogen 

s u l f a t e  and 25 mM NaH2P04 (pH 6.7) to  separate  n i t r a t e ,  n i t r i t e ,  and 

dicyandiamid. 

uBondapak column, w i t h  PIC A U V  grade reagent 

We have found tha t  n i t r a t e  and n i t r i t e  may be separated by a RP-18 

column u s i n g  only ac id i f ied  water a s  the mobile phase. 

examines the separat ion of n i . t ra te ,  n i t r i t e ,  and phosphate using 

ac id i f ied  water and alcohols  and compares these separat ions t o  those 

obtained w i t h  a paired i.on regent ,  Low UV PIC A .  The ana lys i s  of s o i l  

w i t h  added n i t r a t e  u s i n g  water and 1:l  methanol-water a s  an ex t rac t ing  

so lu t ion ,  is  a l so  examined and the r e s u l t s  compared w i t h  the  

phenoldisulphonic acid methud (10). 

T h i s  s t u d y  

MATERIALS AND METHODS 

HPLC ana lys i s  was performed u s i n g  a Waters S c i e n t i f i c  (Mississauga, 

O n t . )  Model M45 pump, Model U6K i n j e c t o r ,  and Model 441 UV detec tor .  The 
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NITRATE, NITRITE, AND PHOSPHATE 1595 

detector  was modified w i t h  the  opt ional  k i t  t o  allow detect ion a t  214 nm. 

The output was monitored w i t h  an Omniscribe s t r i p  chart  recorder .  A 4 mm 

I.D. x 250 mm 10 micron LiChrosorb RP-18 column (Merck) was operated a t  

ambient temperature (ca. 24OC). 

HPLC grade methanol, isopropyl a lcohol ,  methylene ch lor ide ,  and 

- n-heptane were obtained from Caledon Laboratories (Georgetown, Ontar io) .  

Low U V  PIC A (tetrabutylarnmonium hydrogen s u l f a t e )  (Waters S c i e n t i f i c )  

was prepared by dissolving the contents  of the v i a l  i n  one l i t r e  of 

d i s t i l l e d  water. Glass d i s t i l l e d  water was u s e d  for  a l l  preparat ions.  

A l l  reagents were the highest puri ty  ava i lab le .  

the mobile phases or the standards, the solvents  and water were f i l t e r e d  

w i t h  a 0.45 micron Mil l ipore f i l t e r  and degassed. 

w i t h  1 M H2S04 unless otherwise noted. 

buffer (pH 3.0) was made by adding 22.4 mL 0.1 M HC1 t o  50 mL 0.1 M 

potassium hydrogen phthalate .  

For the preparat ion of 

The  pH was adjusted 

Potassium hydrogen phthalate  

Almasippi s o i l ,  consis t ing of 89% sand, 5% si l t ,  and 6% c l a y ,  was 

used t o  determine the recovery of added n i t r a t e .  Native n i t r a t e  and 

phosphate leve ls  were 1.0 and 2.8 ppm, respect ively.  

7.9. 

The s o i l  pH was 

Ni t ra te  recovery experiments were performed a s  follows: Five or 10 

g of s o i l  was added t o  250 mL Erlenmyer f l a s k s  and n i t r a t e  was added a s  5 

or 10 m L  of 50 mg/L n i t r a t e  (KNO3), respect ively.  For one s e t  of 10 g 

s o i l  samples, the f l a s k s  were f i r s t  s i lan ized  by r ins ing  t h e  f l a s k  w i t h  a 

15% solu t ion  of s i l a n i z i n g  reagent ( S u r f a s i l ,  Pierce Chemical Co., 

Rockford, IL . ) ,  followed by r ins ing  w i t h  toluene and then acetone. The  

t rea ted  s o i l  samples were shaken i n  a water bath (Fisher Model 129) a t  

25°C f o r  30 m i n  and placed i n  a 95°C oven for  24 h t o  evaporate the 

water. 
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1596 KUCHNICKI, SARNA, AND WEBSTER 

The 5 g of s o i l  i n  o n e  f l a s k  (Sample  # 1 )  was e x t r a c t e d  w i t h  25 mL of 

n i t r a t e - e x t r a c t i n g  s o l u t i o n .  T h i s  s o l u t i o n  was p r e p a r e d  by m i x i n g  20 mL 

of  1 M CuS04 a n d  100 mL of  0.6% Ag2S04 a n d  d i l u t i n g  t o  1.00 L w i t h  

d i s t i l l e d  water. D u r i n g  t h e  30 min e x t r a c t i o n  p r o c e d u r e ,  0.16 g o f  

Ca(0H)2 a n d  0.50 g o f  MgC03 were a l s o  a d d e d .  

was t h e n  d e t e r m i n e d  by a m o d i f i e d  p h e n o l d i s u l f o n i c  a c i d  me thod  ( B r e m n e r  

1965). For  t h i s  p r o c e d u r e ,  5.0 mL of  t h e  s o i l  e x t r a c t  was p i p e t t e d  i n t o  

a 50 mL b e a k e r  and  e v a p o r a t e d  t o  d r y n e s s  a t  95°C. T h e  c o n c e n t r a t i o n  of 

t h e  n i t r a t e  was d e t e r m i n e d  w i t h  a Bausch  a n d  Lomb S p e c t r o n i c  710 a t  415 

nm, u s i n g  a 10 cm l i g h t  p a t h .  We p r e v i o u s l y  d e t e r m i n e d  t h a t  t h i s  me thod  

of n i t r a t e  a n a l y s i s  i n  t h i s  s o i l  r e s u l t e d  i n  100% r e c o v e r y  f o r  n i t r a t e  

c o n c e n t r a t i o n s  f r o m  10 t o  100 ppm ( u n p u b l i s h e d  r e s u l t s ) .  

The n i t r a t e  i n  t h i s  e x t r a c t  

The  f l a s k s  c o n t a i n i n g  10 g of  s o i l  were e a c h  d i v i d e d  i n t o  1)  a 5 g 

s o i l  s a m p l e  wh ich  w a s  e x t r a c t e d  w i t h  t h e  n i t r a t e  e x t r a c t i n g  s o l u t i o n  and  

a n a l y z e d  by t h e  p h e n o l d i s u l p h o n i c  a c i d  me thod  ( S a m p l e  # 2 ) ,  2)  a 2 g s o i l  

s a m p l e  e x t r a c t e d  w i t h  4 mL of d i s t i l l e d  water ( # 5 ) ,  a n d  3 )  a 2 g s o i l  

s a m p l e  e x t r a c t e d  w i t h  4 m L  of 1:l m e t h a n o l - w a t e r ,  pH 2.9 ( # 7 ) .  T h e  

s e c o n d  set o f  c o r r e s p o n d i n g  10 g s o i l  s a m p l e s ,  u t i l i z i n g  s i l a n i z e d  

f l a s k s ,  were l a b e l l e d  numbers  3, 6, a n d  8. 

The s o i l  e x t r a c t s  o f  s a m p l e s  4 t h r o u g h  8 were f i l t e r e d  w i t h  # 5  

Whatman f i l t e r  p a p e r .  One rn i l l i l i t r e  of t h e  f i l t e r e d  s o l u t i o n  was t h e n  

f i l t e r e d  w i t h  a 0.45 m i c r o n  d i s p o s a b l e  s y r i n g e  f i l t e r  ( M i c r o n  S e p a r a t i o n s  

I n c . ,  N.Y.). O n e  microl i t re  of t h i s  f i l t r a t e  was d i r e c t l y  i n j e c t e d  i n t o  

t h e  HPLC f o r  a n a l y s i s  a t  214 nm. 

~- RESULTS AND DISCUSSIONS 

S e p a r a t i o n  of N i t r a t e ,  N i t r i t e ,  P h o s p h a t e  

D i s t i l l e d  water, a t  pll > 5.5 a n d  f l o w  rates of 0.5 t o  1.0 mL/min, 

was i n e f f e c t i v e  a t  s e p a r a t i n g  n i t r a t e  a n d  n i t r i t e .  As t h e  pH was l o w e r e d  
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NITRATE, NITRITE, AND PHOSPHATE 1597 

t o  pll 2 .9 ,  the separat ion between n i t r a t e  and n i t r i t e  increased,  with 

n i t r a t e  e lu t ing  f i r s t  (Figure I A ) .  The choice of the ac id i fy ing  agent ,  

e.g., HC1,  a c e t a t e ,  or H 2 S 0 4 ,  was important i n  determining the  e lu t ion  

c h a r a c t e r i s t i c s .  Acidif icat ion t o  ptl 2.9 w i t h  HC1 (Figure 1B) resul ted 

i n  s l i g h t l y  longer re tent ion o f  n i t r a t e  and n i t r i t e ,  reduced s e n s i t i v i t y ,  

and a nois ie r  basel ine,  whereas the use o f  s u l f u r i c  acid produced a 

c leaner  and more s e n s i t i v e  chromatographic response. However, in  a l l  

cases ,  phosphate was Found to  have the same re ten t ion  time a s  n i t r a t e .  

Carbonate, phosphate, and hydrogen phthalate  buffers ,  methanol, and 

isopropyl alcohol were a l so  examined a s  mobile phases fo r  the separat ion 

of n i t r a t e ,  n i t r i t e ,  and phosphate. 

We found  tha t  potassium hydrogen phthalate  buffer ,  pH 3 .0 ,  was 

e f f e c t i v e  a t  separat ing n i t r a t e  and n i t r i t e ,  but peak shape de ter iora ted  

(Figure 1C). Ni t ra te ,  n i t r i t e ,  and phosphate can be more e f f e c t i v e l y  

separated with 4 mM potassium hydrogen phthalate ,  pH 4 .0 ,  using a Vydac 

anion column ( 6 ) .  Although n i t r a t e  and n i t r i t e  have been shown to be 

separated by 4 5 - 5 0  mM phosphate buffer ,  pH 3 .0 ,  using a Par t i s i l - lO SAX 

(strong anion exchange) column ( 1 1 )  we found potassium dihydrogen 

phosphate (0.005 M), pH 3.2,  was not e f f e c t i v e  a t  separat ing phosphate 

and n i t r a t e .  In conLrast t o  the separat ion of n i t r a t e ,  n i t r i t e ,  and 

phosphate possible w i t h  Dioriex low-capacity anion resin using 3.0 mM 

Nat1C03 + 2.4 mM Na2C03 ( 5 ) ,  the use of 0.1 N NaHCO?, pH 7 .6 ,  produced 

poor separat ion on  o u r  LiChrosorb RP-18 column. 

lsopropyl alcohol-water mixtures were found t o  r e s u l t  i n  a dramatic 

reduction i n  n i t r i t e  s e n s i t i v i t y .  However, a 3 : l  isopropyl alcohol-water 

mixture was e f f e c t i v e  a t  s l i g h t l y  separat ing phosphate from n i t r a t e  

(Figure 1 D ) .  
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IOC 
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F i g u r e  1: HPLC c h r o m a t o g r a m s  o f  25 mg/L n i t r a t e ,  25 mg/L n i t r i t e ,  a n d  
400 mg/L p h o s p h a t e  w i t h  m o b i l e  p h a s e s  o f  a )  water a c i d i f i e d  
t o  pH 3.0 w i t h  H2SO4, b )  water a c i d i f i e d  t o  pH 3.0 wi th  HC1, 
c )  p o t a s s i u m  h y d r o g e n  p h t h a l a t e  b u f f e r  pH 3.0, d )  3:l  i s o p r o p y l -  
water ptI 3.0, a n d  e )  1:l m e t h a n o l - w a t e r  pH 3.0. Peaks :  1 = 
n i t r a t e ,  2 = n i t r i t e ,  a n d  3 = p h o s p h a t e .  C o n d i t i o n s :  
L i c h r o s o r b  RP-18 column a t  25"C,  1.0 mL/min f l o w  r a t e ,  0.1 
i n / m i n  c h a r t  s p e e d .  Arrow i n d i c a t e s  p o i n t  o f  i n j e c t i o n .  
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A 1 : l  m i x t u r e  o f  m e t h a n o l  a n d  water (pH 2 . 9 )  was f o u n d  t o  r e s u l t  i n  

t h e  b e s t  s e p a r a t i o n  o f  p h o s p h a t e  f r o m  n i t r a t e  ( F i g u r e  1 E ) .  T h e  h i g h  

c o n c e n t r a t i o n  o f  p h o s p h a t e  n e e d e d  t o  e l i c i t  a d e t e c t o r  r e s p o n s e  i n d i c a t e s  

t h a t  p h o s p h a t e  would b e  e s s e n t i a l l y  n o n - d e t e c t a b l e  a t  c o n c e n t r a t i o n s  

n o r m a l l y  f o u n d  i n  o u r  s o i l s  (<  1 0 0  ppm). 

was r e q u i r e d  t o  c o n f i d e n t l y  d e t e r m i n e  t h e  r e t e n t i o n  time f o r  p h o s p h a t e .  

A t  t h i s  h i g h  c o n c e n t r a t i o n ,  i t  was f o u n d  t h a t  co lumn p e r f o r m a n c e  

d e t e r i o r a t e d  w i t h  p h o s p h a t e  u s e .  Column e f f i c i e n c y  c o u l d  b e  r e s t o r e d  by 

e l u t i n g  t h e  column w i t h  100 mL m e t h a n o l ,  100 mL m e t h y l e n e  c h l o r i d e ,  100 

mL 2 - h e p t a n e  a n d  t h e n  m e t h y l e n e  c h l o r i d e  a n d  m e t h a n o l  a g a i n .  

was t h e n  washed w i t h  1000 mL of  d i s t i l l e d  water. F low rates were 

a p p r o x i m a t e l y  2 . 5  mL/min. S u c c e s s i v e  a n a l y s i s  o f  2 mg/L n i t r a t e ,  100 

mg/L n i t r i t e ,  and  300 mg/L p h o s p h a t e  were a l s o  found  t o  r e s u l t  i n  

t e m p o r a r y  d e t e r i o r a t i . o n  of  t he  n i t r i t e  p e a k .  P e a k  w i d t h  was b r o a d e n e d  

s l i g h t l y  a n d ,  more s i g n i f i c a n t l y ,  t h e r e  was e x c e s s i v e  n o i s e  a t  maximum 

a b s o r b a n c e  making p e a k  h e i g h t  d e t e r m i n a t i o n  d i f f i c u l t .  However ,  it 

a p p e a r e d  t h a t  t h e  l e v e l s  of p h o s p h a t e  n o r m a l l y  found  i n  o u r  s o i l s  d i d  n o t  

i n t e r f e r e  w i t h  n i t r a t e  a n d  n i t r i t e  a n a l y s i s .  

A c o n c e n t r a t i o n  of 2000  mg/L 

The co lumn 

T h e  s e p a r a t i o n  o f  p h o s p h a t e  f r o m  n i t r a t e  is  e n h a n c e d  by u s e  o f  t h e  

m e t h a n o l  i n  t h e  m o b i l e  p h a s e  a n d  may b e  d u e  t o  a m o d e r a t i n g  e f f e c t  of  t h e  

m e t h a n o l  on  t h e  co lumn ( 1 2 ) .  T h e  m e t h a n o l  may i n t e r a c t  w i t h  t h e  bonded 

p h a s e  a l l o w i n g  t h e  i o n i c  s p e c i e s  t o  i n t e r a c t  w i t h  t h e  bonded  a l c o h o l .  

R u d z i n s k i  e t  a l .  ( 1 2 )  found  t h a t  a P a r t i s i l  5-ODS co lumn w i t h  1:3 

m e t h a n o l - w a t e r  as t h e  m o b i l e  p h a s e  r e s u l t e d  i n  e s s e n t i a l l y  " u n r e t a i n e d "  

n i t r a t e .  Van d e r  Houwen e t  a l .  ( 1 3 )  s p e c u l a t e d  t h a t  v e r y  p o l a r  u n c h a r g e d  

s u b s t a n c e s  c o u l d  i n t e r a c t  w i t h  r e s i d u a l  s i l a n o l  g r o u p s  a n d  a n  i n c r e a s e  i n  

a n  o r g a n i c  m o d i f i e r  would i n c r e a s e  t h i s  i n t e r a c t i o n .  No r e t e n t i o n  w a s  

s p e c u l a t e d  f o r  c h a r g e d  s u b s t a n c e s  u n l e s s  a h y d r o p h o b i c  p o r t i o n  was 
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present. We thereforespeculated t h a t  the addi t ion of an alcohol w i t h  a 

larger  carbon number would have a more modifying e f f e c t .  

Various proportions of methanol-water-isopropyl alcohol  were t r i e d  

t o  optimize the retent ion times and s e n s i t i v i t i e s  of the three  i o n s .  I t  

was found tha t  a 1:1:1 r a t i o  resul ted i n  adequate separat ion of n i t r a t e ,  

n i t r l t e ,  and phosphate (Figure 2 ) .  As the r d t i o  of methanol decl ined,  

the retent ion time of phosphate decreased and approached t h a t  of n i t r a t e .  

Conversely, as  the isopropyl alcohol r a t i o  increased,  the phosphate 

re tent ion increased. 

Low U V  P I C  A was ef fecLive  a t  separating n l t r a t e  and n i t r i t e  (Figure 

3 A ) .  In cont ras t  t o  the other  mobile phases s tud ied ,  Low U V  PIC A eluted 

n i t r i t e  f i r s t .  

detectable .  Table 1 shows the re ten t ion  times of n i t r a t e ,  n i t r i t e ,  and 

phosphate for  PIC A and 1 : l  methanol-water. 

Phosphate concentrat ions of u p  to  LOO0 mg/I, were not 

Response for  Ni t ra te  and N i t r i t e  

An absorbance of 0.001 of was obtained for  approximately 0.05 mg/L 

n i t r a t e  and 2.5 mg/L n i t r i t e ,  u t i l i z i n g  1 : l  methanol-water (pH 2.9) .  

TABLE 1 

Retention Times (min) of Ni t ra te ,  N i t r i t e ,  and Phosphate w i t h  1 : l  
Methanol-Water and Low UV PIC A .  

Mobile Retention Times For 
Phase Ni t ra te  N i t r i t e  Phosphate 

1: l  MeOH-H20 1.62 4.90 

Low UV PIC A 5.08 2.92 

2.57 

n.d 

n .d  - not de tec tab le  
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I 

u 
0 5  

TIME (MIN) 

e 

F 
F i g u r e  2 :  HPLC chromatograms of 25 mg/L n i t r a t e ,  25 mg/L n i t r i t e ,  

and 400 mg/L phosphate with r a t i o s  of a )  2:1:1, b )  l : l : l ,  
c )  1:14:1:1, d) 0.86:1:1, and e )  0 .67: l : l  of methanol-water- 
isopropyl alcohol. Peaks and condi t ions a s  for  Figure 1 except 
char t  speed f o r  e was 0.2 i n / m i n .  
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TIME(MIN1 

F i g u r e  3: C o m p a r i s o n  oE c h r o m a t o g r a m s  p r o d u c e d  by 50 mg/L n i t r a t e ,  
50 mg/L n i t r i t e ,  and  400 mg/L p h o s p h a t e  w i t h  a )  Low U V  PIC A ,  
and  b )  1:l m e t h a n o l - w a t e r  pH 3.0. P e a k s  a n d  c o n d i t i o n s  as  f o r  
F i g u r e  1. Flow ra te  f o r  PIC A was 2 .5  mL/min. C h a r t  s p e e d  
was 0.1 i n / m i n  f o r  a a n d  0 . 2  i n / m i n  f o r  b.  
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NITRATE, NITRITE, AND PHOSPHATE 1603 

W i t h  PIC A ,  approximately 1.0 mg/L n i t r a t e  and 0.6 mg/L n i t r i t e  were 

required t o  produce absorbances of 0.001. The  n i t r a t e  absorbances w i t h  

1 : l  methanol-water tended to  exhib i t  more v a r i a b i l i t y .  A t  the  95% 

confidence l e v e l ,  5 in jec t ions  of 1 mg/L produced absorbances varying by 

10.0% and a t  100 mg/L, by 1.7%. W i t h  PIC A ,  the  absorbance varied by 

< 1 .2% a t  a l l  concentrations. The n i t r i t e  absorbance values varied 

within 3.6% for  b o t h  1: l  methanol-water and PIC A. 

The n i t r a t e  standard curve produced w i t h  1 : l  methanol-water is 

l inear  from 0.1 t o  80 mg/l,, while the n i t r i t e  standard curve i s  l i n e a r  

from 2 . 5  t o  400 mg/L. Ni t ra te  concentrat ions greater  than 80 mg/L r e s u l t  

i n  non-linear responses. 

analyzed. W i t h  PIC A ,  the  n i t r a t e  standard curves were l i n e a r  from 0.75 

t o  100 mg/L (Figure 4 )  and the n i t r i t e  curves were l i n e a r  from 0.75 t o  

1.75 mg/L (Figure 5) .  The 1:l methanol-water system provides an 

approximate 10 times grea te r  s e n s i t i v i t y  for  n i t r a t e  than the  PIC A .  In 

c o n t r a s t ,  the PIC A i s  twice a s  s e n s i t i v e  to  n i t r i t e .  The 1:l 

methanol-water system gives b e t t e r  overa l l  s e n s i t i v i t y  than the PIC A 

reagent ,  although a t  a reduction i n  confidence. The 1 : l  methanol-water 

mixture is  l e s s  expensive and works a t  a lower flow r a t e ,  v i z . ,  1.0 v s  

2 .5  ml,/min, resu l t ing  i n  an overa l l  savings i n  mobile phase expense. 

N i t r i t e  concentrat ions > 400 mg/L were not 

U s i n g  the same type of column with PIC  A reagent and UV de tec t ion ,  

Kok e t  a l .  (8) calculated the detect ion l i m i t  t o  be  0.1 mg/L for  n i t r a t e  

and n i t r i t e .  

Analysis for  n i t r a t e  i n  s o i l  

Extracted s o i l  samples, analyzed w i t h  1 : l  methanol-water, revealed 

only two major peaks (Figure 6 ) .  The f i r s t  and l a r g e s t  peak was the 

n i t r a t e  peak. The second smaller peak is  current ly  unknown. The 

resolut ion of the peaks was b e t t e r  u s i n g  1 : l  methanol-water (Figure 6A) 
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Figure 4 :  Standard curves f o r  n i t r a t e  generated w i t h  1 : l  methanol- 
water (0-----(I) and Low UV PIC A ( A -  - - A ) ,  A minimum of 3 
assays for  the 1:l  methanol-water and 2 fo r  the Low U V  PIC A 
were performed aL each indicated concentration. 
analyses for  1 : l  methanol-water were not included i n  the  
s t a t  i s  t ic-a1 analy si s. 

The 100 mg/I, 

ra ther  than water (Figure 68) as  a s o i l  ex t rac t ing  so lu t ion .  

was used a s  the mobile phase (Figure 6C) only a n i t r a t e  peak appeared, 

although a nois ie r  basel ine was evident .  

When PIC A 

Of the 50 mg/L n i t r a t e  added t o  the s o i l ,  the  amount recovered 

ranged from a low of 46.0 ppm t o  a high of 59.0 ppm (Table 2 ) .  The data  
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F i g u r e  5: S t a n d a r d  c u r v e s  f o r  n i t r i t e  g e n e r a t e d  w i t h  1:l m e t h a n o l - w a t e r  
(0----4) a n d  Low U V  PIC A ( A -  - - A ) .  E a c h  c o n c e n t r a t i o n  
a s s a y e d  r e p r e s e n t s  a minimum o f  2 a n a l y s e s .  

f o r  f l a s k s  f r o m  w h i c h  t h e  s o i l  h a d  b e e n  removed ( s a m p l e  # I s  2 ,  3 ,  5-8) 

i n d i c a t e s  t h a t  t h e  amoun t  o f  n i t r a t e  r e c o v e r e d  f r o m  t h e  s o i l  i n  t h e  

s i l a n i z e d  f l a s k s  ( # I s  3, 6 ,  a n d  8) was 3.1 t o  14.6% h i g h e r ,  t h a n  t h a t  

r e c o v e r e d  f r o m  t h e  u n s i l a n i z e d  f l a s k s  ( # I s  2 ,  5 ,  a n d  7 ) .  T h i s  may 

i n d i c a t e  t h a t  wet s o i l s  d r i e d  i n  g l a s s  c o n t a i n e r s  c o u l d  loose up t o  15% 

o f  t h e  n i t r a t e  p r e s e n t  t h r o u g h  a d s o r p t i o n  t o  t h e  g l a s s  s u r f a c e .  
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F i g u r e  6 .  Chromatograms of s o i l  e x t r a c t s :  a and c from s o i l  e x t r a c t e d  
w i t h  water, and b from s o i l  e x t r a c t e d  w i t h  1:l methanol-water .  
A and b a n a l y z e d  w i t h  1:l  methanol-water  as t h e  mobi le  phase  
w i t h  c o n d i t i o n s  as f o r  F i g u r e  1. C was a n a l y z e d  w i t h  Low UV 
PIC A a s  t h e  mobi le  phase  w i t h  c o n d i t i o n s  as f o r  F i g u r e  1 
e x c e p t  t h e  f low rate was 2.5 mL/min. 
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NITRATE, NITRITE, AND PHOSPHATE 1607 

TABLE 2 

The Concentrations (ppm) of Ni t ra te  Recovered from Sandy S o i l  50 mg/L of 
n i t r a t e ,  a s  KN03, was added. Numbers i n  parenthesis  for  samples 2 and 3 
ind ica te  the percentages recovered i n  r e l a t i o n  t o  samples 1 a n d  those for  
samples 5 t o  8 i n  r e l a t i o n  t o  sample 4. 

HPLC ANALYSIS 
WITH MOBILE PHASE OF 

PH ENOLDISU FONIC 
ACID 

SAMPLE 1 : l  METHANOL-WATER LOW UV PIC A METHOD 
NO. TRIAL 1 TRIAL 2 TRIAL 1 TRIAL 2 TRIAL 1 TRIAL 2 

55.6 
(100.0) 

48.9 
(87.9)  

50.7 
(91.2) 

54.1 
(100.0) 

(79.9) 

45.3 
(87.3) 

54.4 
(100.6) 

59.0 
(109.1) 

43.1 

46.6 
(100.0) 

46.6 
(100.0) 

46.6 
( 100.0) 

50.5 
(100.0) 

44.8 
(88.7) 

47.3 
(93.7) 

53.1 
(105.1) 

60.1 
(119.8) 

51.5 
( 100.0) 

45.0 
(87.3)  

48.9 
(95.0)  

53.4 
(100.0) 

42.2 
(81.9)  

42.6 
(82.7) 

51.1 
(99.2) 

56.5 
(109.7) 

45.0 46.0 48.0 
(100.0) (100.0) (100.0) 

45.0 46.0 46.0 
(100.0) (100.0) (100.0) 

45.0 51.2 49.3 
(100.0) (111.3) (102.7) 

49.0 
(100.0) 

43.1 
(88.0) 

45.5 
(92.9)  

51.5 
( 105 .O)  

58.3 
(119.0) 

Sample No.: 1 .  Ni t ra te  ex t rac t ing  so lu t ion ,  same f lask  ana lys i s  
2 .  Ni t ra te  ex t rac t ing  so lu t ion .  
3. Ni.trate ex t rac t ing  so lu t ion ,  s i lan ized  f l a s k .  
4 .  Water ex t rac t ion ,  same f l a s k  ana lys i s .  
5 .  Water ex t rac t ion .  
6 .  Water ex t rac t ion ,  s i lan ized  f l a s k .  
7. 1 : l  methanol-water ex t rac t ion ,  s i lan ized  f l a s k .  
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1608 KUCHNICKI, SARNA, AND WEBSTER 

An approximate 20-30% increase i n  recovery was obtained by u s i n g  1: l  

methanol-water a s  an ex t rac tan t  compared t o  tha t  w i t h  water. No 

subs tan t ia l  difference in  recoveries  was noted between t h e  use of 1 : l  

methanol-water or P I C  A a s  the HPLC mobile phase. W i t h  P IC  A ,  t h e  use 

of 1 : l  methanol-water a s  a s o i l  ex t rac tan t  resu l ted  i n  another small peak 

e lu t ing  a t  approximately the  v o i d  volume and was a t t r i b u t e d  t o  t h e  

methanol i n  the ex t rac tan t .  

The r e s u l t s  ind ica te  tha t  1 : l  methanol-water is an e f f e c t i v e  eluant  

for  the ana lys i s  of n i t r a t e  and n i t r i t e  by RP-HPLC. The use of 1 : l  

methanol-water a t  a flow r a t e  of 1.0 mL/min  would r e s u l t  i n  a subs tan t ia l  

savings i n  the  cost  of the mobile phase without d e t e r i o r a t i o n  i n  HPLC 

performance. For phosphate ana lys i s ,  1 : l : l  methanol-wter-isopropyl 

alcohol a t  pH 3.0 can be used. Ni t ra te  may a l s o  be e f f e c t i v e l y  analyzed 

in  sandy s o i l ,  w i t h  maximum ext rac t ion  being obtained through the u s e  of 

1: l  methanol-water. 
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