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I D E N T I F I C A T I O N  OF NITROGENOUS O R G A N I C  
COMPOUNDS IN AQUATIC SOURCES BY 

STOPPED-FLOW SPECTRAL SCANNING TECHNIQUE 

1 2 N e i l  M. Rani and J .  C a r r e l 7  M o r r i s  

' U n i v e r s i t y  o f  Massachusetts, Department o f  C i v i l  Eng ineer ing  
Amherst, Massachusetts 01003 

'Harvard U n i v e r s i t y ,  D i v i s i o n  o f  App l i ed  Sciences 
Cambridge, Massachusetts 02138 

ABSTRACT 

The presence o f  n i t rogenous  o rgan ic  compounds i n  raw wa te r  sources 
f o r  mun ic ipa l  s u p p l i e s  i s  o f  env i ronmenta l  concern because many o f  them 
e x e r t  s i g n i f i c a n t  c h l o r i n e  demand ( l ) ,  w h i l e  some produce complex s t a b l e  
mutagenic p roduc ts  upon c h l o r i n a t i o n  (2,  3 )  o r  a r e  p recu rso rs  i n  ha lo fo rm 
f o r m a t i o n  (1 ) .  To a s s i s t  i n  assess inq t h e  impor tance o f  t h i s  problem 
h i g h  performance l i q u i d  chromatography (HPLC) was u t i l i z e d  t o  i d e n t i f y  
t r a c e  q u a n t i t i e s  o f  N-organic contaminants  i n  concen t ra ted  samples o f  
mun ic ipa l  water  supp l i es  o f  n o r t h e a s t e r n  Massachusetts. Chromatographic 
r e s o l u t i o n  o f  complex m i x t u r e s  was achieved on a reve rsed  phase column 
(Zorbax C-8, DuPont Co.) us ing  a 0.05 M phosphate b u f f e r  (pH = 6 . 9 )  o r  
a 0.05 M bo ra te  b u f f e r  (pH = 8.9) t o  50% methanol g r a d i e n t .  C o n s t i t u e n t s  
o f  concen t ra ted  samples were i d e n t i f i e d  by t h e  amount o f  t ime  r e q u i r e d  f o r  
e l u t i o n  from t h e  a n a l y t i c a l  column ( r e t e n t i o n  p o s i t i o n ) ,  and t h e  p o s i t i o n s  
o f  maximum and minimum U . V .  absorbances, which were measured by stopped- 
f l o w  s p e c t r a l  scanning of r e s o l v e d  chromatographic  peaks. A f l u o r o m e t r i c  
m o n i t o r  u t i l i z i n g  f luorescamine and b o r a t e  b u f f e r  revea led  groups o f  p r i m a r y  
amine compounds n o t  d e t e c t a b l e  by U . V .  spect roscopy.  

INTRODUCTION - ~ 

Repor ts  (4 -6 )  i n d i c a t i n g  t h e  widespread presence o f  m i c r o  q u a n t i t i e s  

o f  numerous o r g a n i c  contaminants  i n  ou r  wa te r  resources  have evoked concern 

because o f  t h e  p o t e n t i a l  ca rc inogen ic  and t o x i c  p r o p e r t i e s  o f  a number o f  

compounds. 

i n  n a t u r a l  water  by hydrocarbons and c h l o r i n a t i o n  d e r i v a t i v e s  i s  p r e s e n t l y  

under  e x t e n s i v e  examinat ion,  t h e  i d e n t i f i c a t i o n  o f  n i t rogenous  o rgan ic  compounds 

i n  these waters  has n o t  be s i g n i f i c a n t l y  pursued. 

A l though t h e  composi t ion and e x t e n t  o f  hydrocarbon con tamina t ion  

T h i s  i s  because many 
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n i t r o g e n o u s  m a t e r i a l s  a r e  r e l a t i v e l y  n o n - v o l a t i l e ,  so t h a t  t h e i r  i d e n t i f i c a t i o n  

and a n a l y s i s  by  gas  ch romatog raphy  i s  n o t  p o s s i b l e  w i t h o u t  p r i o r  f o r m a t i o n  o f  

v o l a t i l e  d e r i v a t i v e s .  Some n i t r o g e n o u s  h e t e r o c y c l i c  compounds (m-aminophenol  , 

u r a c i l ,  t r y p t o p h a n ,  p y r r o l e ,  c h l o r o p h y l l ,  a l a n i n e ,  p r o l i n e ,  2 -hydroxy-  

p ro1  i n e ,  and i n d o l e )  a r e  p r e c u r s o r s  o f  h a l o f o r m  f o r m a t i o n  d u r i n g  t h e  

c h l o r i n a t i o n  o f  w a t e r  s u p p l i e s  ( 1 ) .  O t h e r s  ( u r a c i l  and c y t o s i n e  f o r  

exd inp le )  p roduce  coi i ip lex s t a b l e  mu tagen ic  c h l o r i n a t e d  p r o d u c t s  when a l l o w e d  

t o  r e a c t  w i t h  c h l o r i n e  ( 2 ,  3 ) .  

Recent advances  i n  t h e  f i e l d  o f  h i g h  pe r fo rmance  l i q u i d  ch romatog raphy  

‘lave made t h e  d e t e c t i o n  o f  many n o n - v o l a t i l e  n i t r o g e n o u s  compounds a n a l y t i c a l l y  

f e a s i b l e .  HPLC s e p a r a t i o n s  o f  v J r i o u s  m i x t u r e s  o f  n i t r o g e n o u s  o r g a n i c  

compounds have been p r e v i o u s l y  d e s c r i b e d  ( T a b l e  1 )  ( 7 - 5 2 ) .  T h i s  s t u d y  

p r e s e n t s  t h e  c h r o m a t o g r a p h i c  methods used t o  s e p a r a t e  and i d e n t i f y  N- 

o r g a n i c  c o n s t i t u e n t s  found  i n  n a t u r a l  w a t e r s  and d i l u t e  a l g a l  c u l t u r e s .  

MATERIALS 

The ch ro ina tog rapb ic  system c o n s i s t e d  o f  a DuPont ( W i l n i i n g t o n ,  DE) 

848 p m p  w i t h  a DuPont 838 programmable  g r a d i e n t  a c c e s s o r y ,  a S c h o e f f e l  

(!Jestwood, NJ) SF 770 U . V .  m o n i t o r  w i t h  a SFA 3 3 9  wave leng th  d r i v e  

assembly ,  a FS 970 s p e c t r o f l u o r o  f l u o r e s c e n c e  m o n i t o r  w i t h  a wave leng th  

d r i v e ,  a Dup lex  min ipump ( L a b o r a t o r y  Data  C o n t r o l ,  R i v i e r a  Beach, FL) 

and a S c h o e f f e l  i:im 700 memory modu le .  B o t h  t h e  U.V.  and f l u o r e s c e n c e  

r i o n i t o r s  were f i t t e d  w i t h  wave leng th  d r i v e  mechanisms f o r  u s e  i n  

i d e n t i f y i n g  peaks by  a s t o p p e d - f l o w  s p e c t r a l  s c a n n i n g  t e c h n i q u e .  The 

memory modu le  p r o v i d e d  b a s e l i n e  c o r r e c t i o n  d u r i n g  s p e c t r a l  scann ing .  The 

min ipump was used t o  d e l i v e r  b u f f e r  and r e a g e n t s  f o r  p r o d u c i n g  f l u o r e s c e n t  

d e r i v a t i v e s  t o  t h e  column e f f l u e n t  b e f o r e  i t  e n t e r e d  t h e  f l u o r o m e t e r .  

F i g u r e  1 i s  a schemat i c  p r e s e n t a t i o n  o f  t h e  chro i i !d to ( ] rdph ic  sys tem 

and i s  s i m i l a r  t o  t h a t  used by  S t e i n  cfl. ( 5 3 ) .  A l l  T e f l o n  t u b i n g ,  
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RA!! AND MORRIS 

n 

Waste- 

Secondor) 
Eluant 
Reservoir 
and 
Gradient 
Device 

FI Pressure 

tl Eluant 

F I G U R E  1 : Schematic p r e s e n t a t i o n  o f  chromatographic  system. 

connectors  and tees  were purchased f rom R a i n i n  I n s t r u m e n t  Co. (Boston, 

M A ) .  250-ml r e s e r v o i r  b o t t l e s  were p l a c e d  approx ima te l y  3 f e e t  above 

t h e  minipump and connected t o  i t  by 1.5 mm 1.0. x 3.0 mi 0.0. t e f l o n  

t u b i n g .  

passed th rough  50% s u l p h u r i c  a c i d  i n  a gas t r a p  t o  remove t r a c e s  o f  

p r i m a r y  aniines. 

1.0. x 1.5 m O.D. t ub ing .  C o i l s  A ,  B, and C were approx ima te l y  0.40 m ,  

1.5 m, and 9 .0  m l e n g t h s  o f  0.3 iiun 1.0. x 1.5 mi 0.0. t u b i n g  r e s p e c t i v e l y .  

The c o i l e d  p ieces  o f  t u b i n g ,  A and 6, were i n s e r t e d  t o  p r o v i d e  s u f f i c i e n t  

m i x i n g  o f  t he  reagen ts .  

back-pressure t o  p r e v e n t  gas bubb le  f o r m a t i o n  when acetone was mixed 

w i t h  t h e  aqueous b u f f e r  a t  t h e  second t e e .  A back-pressure of abou t  

40 p s i  was i i i a in ta ined  and was mon i to red  by two l i q u i d  p ressu re  gauges. 

A i r  d i s p l a c i n g  the  f l uo rescamine  and b o r a t e  b u f f e r  was f i r s t  

The e x i t  v a l v e s  o f  t h e  pump were connected t o  0.8 mm 

C o i l  C was i n c l u d e d  t o  i nduce  s u f f i c i e n t  
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NITROGENOUS ORGANIC COMPOUNDS 801 

These gauges a l s o  he lped  t o  dampen t h e  p u l s a t i n g  f l o w  of  reagen ts  produced 

by t h e  p o s i t i v e  d isp lacement  r e c i p r o c a t i n g  p i s t o n  mechanism o f  t h e  minipump. 

METHODS 

A 4.6 mn x 25 cm Zorbax C-8 column (DuPont Co.) was used w i t h  e i t h e r  

a 0.05 M phosphate b u f f e r  (pH 6.9) or a 0.05 M b o r a t e  b u f f e r  (pH 8.9) t o  

50% methanol g r a d i e n t .  

ODS (DuPont Lo.) was p laced  between t h e  i n j e c t i o n  p o r t  and t h e  Zorbax C-8 

column t o  p reven t  f o u l i n g  o f  t h e  a n a l y t i c a l  column by sample o r  mob i l e  

phase contaminants. 

mo la r  c o n c e n t r a t i o n s  o f  KH2P04 and Na2HP04. 

o f  0.05 M sodium b o r a t e  (Na2B407 . 5H20) a d j u s t e d  w i t h  phosphor ic  a c i d .  

The c o n c e n t r a t i o n  g r a d i e n t  used i n  t h e  chromatographic  separa t i ons  i s  

shown i n  F i g u r e  2. 

F i v e  t o  50 ~1 samples concen t ra ted  1.000 t o  2,000 f o l d  b y  r o t a r y  

A 4.6 mn x 5 cm guard column packed w i t h  permaphase 

0.05 M phosphate b u f f e r  (pH 6.9) was made f rom equal 

Borax b u f f e r  was composed 

e v a p o r a t i o n  and l y o p h i l i z a t i o n ,  were i n t r o d u c e d  i n t o  t h e  chromatographic  

system through a Rheodyne (Berkeley,  CA) model 7120 s y r i n g e - l o a d i n g  

i n j e c t o r .  E l u t e d  compounds were de tec ted  by U.V. and f l uo rescence  

100 I , I I I I l I  

- 
.OW BUFFER 80 - 

- 

1:l MIXTURE OF 

20 - 
- 
0 20 4 0  60 80 100 

% TIME 

FIGURE 2: Concen t ra t i on  g r a d i e n t  used i n  chromatographic  e l u t i o n .  
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802 RAM AND MORRIS 

spect roscopy w i t h  o r  w i t h o u t  f l uo rescamine  d e r i v a t i z a t i o n .  

(4-phenylspiro-[furan-2(3H), lt-phthalan]-3,3'-dione) (Hoffman-LaRoche 

Inc. ,  Nu t ley ,  NJ) r e a c t s  ve ry  r a p i d l y ,  a t  room tempera tu re ,  w i t h  p r i m a r y  

amines i n  b o r a t e  b u f f e r  t o  y i e l d  h i g h l y  f l u o r e s c e n t  p y r r o l i n o n e  d e r i v a -  

t i v e s  which can be measured a t  p icomole l e v e l s  (53 -56 ) .  

was prepared by t i t r a t i n g  0.1 M b o r i c  a c i d  t o  pH 9.3 w i t h  4.5 M LiOH . H20 

and was i n t r o d u c e d  a t  a f l o w  r a t e  o f  about  15 m l /hou r .  The f l uo rescamine  

s o l u t i o n  c o n s i s t e d  o f  15 mg/L i n  acetone and was used a t  a f l o w - r a t e  

c a l c u l a t e d  t o  be l e s s  than  25-30:; o f  t h e  t o t a l  f l o w  (equal  t o  1 5  m l / h o u r ) .  

I d e n t i f i c a t i o n  o f  unknown r e s o l v e d  chromatographic  peaks was ach ieved  

F luorescamine 

B o r a t e  b u f f e r  

by  comparison o f  r e t e n t i o n  p o s i t i o n s  and u l t r a v i o l e t  data w i t h  those  o f  

r e f e r e n c e  compounds. U.V. d a t a  were o b t a i n e d  by s topped- f l ow  s p e c t r a l  

scanning o f  i n d i v i d u a l  chromatographic  peaks. 

RESULTS AND DISCUSSION 

Separa t i ons  o f  m i x t u r e s  o f  r e f e r e n c e  compounds u s i n g  phosphate 

and bo ra te  b u f f e r e d  mob i l e  phases a r e  shown i n  F i g u r e s  3 and 4 r e s p e c t i v e l y .  

A l though the  manu fac tu re r  r e p o r t e d  t h e  o p e r a t i n g  pH range f o r  t h e  Zorbax 

C-8 s t a t i o n a r y  phase t o  be between pH 2 and pH 9, i t  was found  t h a t  

d e t e r i o r a t i o n  o f  t h i s  m a t e r i a l  occu r red  a t  pH 6.9 and inc reased  r a p i d l y  

under  more a l k a l i n e  c o n d i t i o n s .  

d i s s o l u t i o n  a r i s i n g  f rom use o f  a l k a l i n e  e l u a n t .  

T h i s  was l a t e r  e x p l a i n e d  by s i l i c a  

Extended a n a l y t i c a l  column l i f e  was l a t e r  ach ieved  u s i n g  the 

guard column which was though t  t o  p r e s a t u r a t c  t h e  mob i l e  phase w i t h  

d i s s o l v e d  s i l i c a ,  t he reby  dec reas ing  t h e  r a t e  o f  s i l i c a  d i s s o l u t i o n  

i n  t h e  a n a l y t i c a l  column. 

A t y p i c a l  chromatoqrani o f  a c o n c e n t r a t e d  f i e l d  sample i s  shown 

i n  F igu re  5 .  

was based p redo i i i i nan t l y  upon r e t e n t i o n  p o s i t i o n s  and on t h e  p o s i t i o n s  

o f  maximum and minimum U.V. absorbances o f  r e s o l v e d  chromatographic  

I d e n t i f i c a t i o n  o f  c h r o m a t o g r a p h i c a l l y  separa ted  substances 
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NITROGENOUS O R G A N l C  COMPOUNDS 803 

10 

7 9 , i  
(mg/L) (mg/L) 

1. Barbituric acid 20 7 Thymine 75 
2. t-histidine 600 8. Pyrrole 75 
3. Cytosine 10 9. Purine 75 
4. Creotinine 50 10.Tryptophan 50 

5. Guanine 5 0  1 1 .  Pyrimidine 40 
6. 5-chlorourocil 50 12. lndole 90 

ii U.V. 

Fluoreromine 
t I uorescence 

0 5 10 15 20 25 
tcution time (minutes) 

F I G U R E  3: Chromatogram o f  m i x t u r e  of 12 compounds i n  water .  Column: 
25 cm x 4.1 mm Zorbax C-8. Mob i l e  phase: .05 M phosphate 
b u f f e r  (pH = 6.9) t o  501 MeOH, 10 m inu te  g r a d i e n t .  F l u o r -  
escamine and bo ra te  b u f f e r  i n t r o d u c e d  b e f o r e  f l u o r o m e t e r  
t o  m o n i t o r  d e r i v a t i z e d  p r imary  amine compounds. 
390 nm; emiss ion = 470 nm). 

( e x c i t a t i o n  = 

peaks measured by s topped- f low s p e c t r a l  scanning.  Absorbance r a t i o  

va lues  were n o t  used f r e q u e n t l y  as i d e n t i f i c a t i o n  parameters because 

t h e  presence of c o e l u t i n g  m a t e r i a l s  a l t e r e d  t h e  r e l a t i v e  absorbance 

magnitudes determined a t  seve ra l  U.V. wavelengths of  t h e  compounds be ing  

c h a r a c t e r i z e d .  

N-organic  compounds on t h e  bas i s  o f  r e t e n t i o n  t imes.  

o f  t h e  compounds were then c o r r o b o r a t e d  by comparing the U . V .  spec t ra  

o f  t h e  unknown m a t e r i a l s  t o  those  o f  re fe rence  substances. 

Unknown substances were i n i t i a l l y  i d e n t i f i e d  w i t h  p a r t i c u l a r  

The i d e n t i t i e s  

The spec t ra  o f  two re fe rence  n i t rogenous  o r g a n i c  compounds and two 

ch romatog raph ica l l y  separated unknown m a t e r i a l s  i d e n t i f i e d  w i th  these 

p a r t i c u l a r  N-organic  compounds a r e  shown i n  F igu res  6-9. The f i g u r e s  

i l l u s t r a t e  t h e  correspondence o f  p o s i t i o n s  o f  maximum and minimum U.V 
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(mg/L)  ( m g / L )  _- 
I Borbituric acid 2 0  7 Thymine 75 
2 ]-histidine 600 8 Pyrrole 100 
3 Cytosine 10 9 Purine 75 

11 4 5-chlorourocil 50 10 Tryptophon 50 
5 Creotinine 10 1 1  Pyrimidine 40 

6 Guanine 50 12 lndole 90 

2 

I 7 

I 

12 fi Fluorescamine 

- -.J 

I I I I 
5 0  

.. I - I .  -L~ I ---- 
0 5 10 15 2 0  25 3 0  35 40 45 

fluorescence sensitivity = 
36%, range = 0 2 pA 

' 8  

~ - - - .- . - ~ - - -  J .-! '.-._ .. ._ ~ - .  ~ . ~ 

Elution time (minutes1 

FIGURE 4 :  Chroniatogram o f  m i x t u r e  o f  12 compounds i n  wa te r .  Column: 
25 cm x 4.1 mm Zorbax C-8. M o b i l e  phase: .05 M b o r a t e  
b u f f e r  (pH = 8.9)  t o  50% MeOH, 20 m inu te  g r a d i e n t .  
and bo ra te  b u f f e r  i n t r o d u c e d  be fo re  f l u o r o m e t e r  t o  m o n i t o r  
d e r i v a t i z e d  p r imary  amine compounds. 
emiss ion = 470 nm). 

Fluorescamine 

( e x c i t a t i o n  = 390 nm; 

RESIN-  F ILTERED 
SAMPLE 

Flulion time (minutes) 

FIGURE 5 :  Chromatogram o f  M idd le ton  Pond (Danvers, MA) sample concen t ra ted  
1.000 f o l d .  Column: 25  cm x 4.1 min Zorbax C-8. Mob i l e  phase: 
.05 M b o r a t e  b u f f e r  (pH = 8.9)  t o  50% MeOH, 70 minute g r a d i e n t .  
Fl  uorescaniine and b o r a t e  b u f f e r  i n t r o d u c e d  be fo re  f l u o r o m e t e r  
t o  mon i to r  d e r i v a t i z e d  p r imary  amine compounds. 
390 nm; emiss ion = 470 nm). 

( e x c i t a t i o n  = 
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NITROGENOUS ORGANIC COMPOUNDS 805 

r 

I I 

350 300 250 200 

_cji 
W a v e l e n g t h  ( n r n  1 

FIGURE 6: U . V .  spect rum o f  u r a c i l .  

absorbances i n  t h e  s p e c t r a  o f  t h e  known and unknown m a t e r i a l s .  

U.V.  s p e c t r a  do n o t  p r o v i d e  c e r t a i n  i d e n t i f i c a t i o n ,  t hey  do, i n  c o n j u n c t i o n  

w i t h  r e t e n t i o n  da ta ,  p r o v i d e  a reasonab le  degree o f  con f i dence  i n  t h e  

proposed i d e n t i t i e s  o f  t h e  compounds. 

A l though  

The l a r g e ,  r a p i d l y  e l u t i n g  peak i n  F i g u r e  5, was observed i n  a l l  

chromatograms o f  concen t ra ted  f i e l d  samples. U n d e r i v a t i z e d  f l uo rescence  

f o r  t h i s  m a t e r i a l  was s u b s t a n t i a l l y  l e s s  t han  t h e  co r respond ing  d e r i v a -  

t i z e d  f l uo rescence  i n d i c a t i n g  t h e  presence of  p r i m a r y  amine substances i n  

t h i s  r a p i d l y  e l u t i n g  group o f  compounds. Many r e f e r e n c e  amino a c i d  com- 

pounds were a l s o  shown t o  e l u t e  r a p i d l y  f rom t h e  Zorbax column u s i n g  e i t h e r  

the  phosphate o r  b o r a t e  b u f f e r .  

F i g u r e  5 i l l u s t r a t e s  the  enhanced s e n s i t i v i t y  and s e l e c t i v i t y  o f  

f l uo rescence  d e t e c t i o n  ove r  conven t iona l  absorbance spect roscopy.  The 
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S u s p e c t e d  Compound 

U raci I 

no f e  r erii' c Compound 

Guanine 

F I G U R E  7 :  U . V .  spectrum o f  compound suspected t o  he u r a c i l .  
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350 3h0 250 200 
Wave lenq t h ( n nil  

F I t i I J K t  8: U.V. spectrui i i  o f  quanine.  
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c 

0 

200 

c S u s p e c t e d  Compound 
Guanine 

C 

-_rc 

300 7 5 0  

L 1 
7 
200 

FIGURE 9: U.V. spectrum o f  compound suspected t o  be guanine.  

fluorescamine-derivatized t r a c e  r e v e a l e d  groups o f  n i t r o g e n o u s  m a t e r i a l s  

hav ing  l i t t l e  o r  no U . V .  absorbance. However, r e s o l u t i o n  o f  t hese  groups 

o f  d e r i v a t i z e d  m a t e r i a l  i n t o  i d e n t i f i a b l e  chromatographic  peaks was n o t  

achieved.  Thus, w h i l e  f l uo rescence  d e t e c t i o n  u s i n g  f l uo rescamine  d i d  

i n d i c a t e  t h e  presence o f  p r imary  airline m a t e r i a l s  i n  t h e  concen t ra ted  r a w  

wa te r  sources,  i t  d i d  n o t  p r o v i d e  i n f o r m a t i o n  on t h e  s p e c i f i c  n a t u r e  o f  t h e i r  

compos i t i on .  

A number o f  N-organic  compounds were i d e n t i f i e d  i n  t h e  c o n c e n t r a t e d  

wa te r  s u p p l i e s ,  i n c l u d i n g  adenine,  5 - c h l o r o u r a c i l ,  c y t o s i n e ,  guanine, 

p u r i n e ,  thymine,  and u r a c i l .  The l e v e l s  found and env i ronmen ta l  s i g n i f i -  

cance o f  t h e i r  presence a r e  d i scussed  e lsewhere ( 5 7 ) .  

CONCLUSION -__._ 

N o n - v o l a t i l e  n i t rogenous  o r g a n i c  contaminants  can be i d e n t i f i e d  

i n  d i l u t e  a q u a t i c  sources by reversed-phase h i g h  performance l i q u i d  

chromatography and s topped- f l ow  s p e c t r a l  scanning techn ique .  F luorescence 

d e t e c t i o n  w i t h  f l uo rescamine  d e r i v a t i z a t i o n  r e v e a l s  groups o f  p r i m a r y  

amines and amino a c i d s  n o t  d e t e c t a b l e  by c o n v e n t i o n a l  a b s o r p t i o n  s p e c t r o -  

scopy. 
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