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Summary and Recommendations 

Ni t rogen  c o n c e n t r a t i o n s  i n  t h e  P m l i c o  R i v e r  e s t u a r y  

changed seasona lPy  w i t h  h i g h s  o c c u r r i n g  i n  w i n t e r  and e a r l y  

s p r i n g  and lows o c c u r r i n g  i n  summer, Of t h e  f i v e  forms o f  

n i t r o g e n  measured ( n i t r i t e ,  n i t r a t e ,  ammonium, d i s s o l v e d  

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

f r a c t i o n  was t h e  l a r g e s t .  C o n c e n t r a t i o n s  o f  t o t a l  i n o r g a n i c  

n i t r o g e n  v a r i e d  o v e r  d i s t a n c e  and o v e r  t i m e ,  b a s i c a l l y  

r e f l e c t i n g  n i t r a t e  f l u x u a t i o n s ,  S e a s o n a l  peaks  i n  n i t r i t e  

and n i t r a t e  c o n c e n t r a t i o n s  o c c u r r e d  i n  w i n t e r  w i t h  concen- 

t r a t i o n s  a t  b a r e l y  d e t e c t a b l e  l e v e l s  i n  summer, Concen- 

t r a t i o n s  were c o n s i s t e n t l y  h i g h e r  ups t ream and were reduced  

t o  low Bevels  n e a r  t h e  mouth of  t h e  e s t u a r y  d u r i n g  a l l  

s e a s o n s o  Ammonium was p r e s e n t  i n  r e l a t i v e l y  h i g h  concen- 

t r a t i o n s  year round and was d i s t r i b u t e d  u n i f o r m l y  th roughou t  

t h e  e s t u a r y o  D i s s o l v e d  s r g a n i c  n i t r o g e n  c o n c e n t r a t i o n s  were 

a t  Beast  e q u i v a l e n t  t o  i n o r g a n i c  n i t r o g e n  c o n c e n t r a t i o n s  

most of t h e  y e a r .  Seasonal p a t t e r n s  were n o t  e v i d e n t  y e t  a  

s l i g h t  downstream i n c r e a s e  was d e t e c t e d .  P a r t i c u l a t e  

n i t r o g e n  d i s t r i b u t i o n  w a s  s i m i l a r  b u t  c o n c e n t r a t  i o n s  were 

on ly  a f r a c t i o n  of t h e  d i s s o l v e d  o r g a n i c  n i t r o g e n  v a l u e s .  

O f  t h e  s e v e r a l  pathways o f  n i t r o g e n  t r a n s f o r m a t i o n  

p o s s i b l e ,  b i o l o g i c a l  u p t a k e  and release were most i m p o r t a n t ,  

D e s p i t e  c o n s i d e r a b l e  n i t r a t e  p r o d u c t i o n  i n  t h e  upper  r e a c h e s ,  

e s p e c i a l l y  i n  w i n t e r ,  u p t a k e  r e s u l t e d  i n  a  n e t  d e c r e a s e  i n  

i n o r g a n i c  n i t r o g e n  c o n c e n t r a t i o n s  f o r  t h e  g r e a t e s t  p o r t i o n  of 



t h e  e s t u a r y .  S u p p o r t i n g  e v i d e n c e  came from enzyme and 14c- 

u p t a k e  s t u d i e s .  C o n s i d e r a b l e  n i t r o g e n  release was e v i d e n t  

from o b s e r v a t i o n s  of h i g h  exchangeab le  ammonium concen- 

t r a t i o n s  i n  mud s e d i m e n t s  and from h i g h  release rates o f  

sediment  ammonium t o  t h e  o v e r l y i n g  w a t e r s .  Ni t rogen  

r e l e a s e  i n  t h e  water column n e a r l y  e q u a l l e d  t h e  h i g h  rate 

of u p t a k e  i n  summer, Organ ic  n i t r o g e n  u t i l i z a t i o n  was 

e v i d e n t  from low u r e a  c o n c e n t r a t i o n s ,  c o i n c i d i n g  w i t h  h i g h  

u r e a  decomposi t ion  rates. I n  a d d i t i o n ,  u r e a  and amino a c i d  

e n r i c h e d  e s t u a r y  waters appeared  t o  s t i m u l a t e  b i o l o g i c a l  

carbon u p t a k e ,  U n f o r t u n a t e l y ,  t h e  e x t e n t  t o  which t h e  

o r g a n i c  n i t r a g e n  p o o l  was u t i l i z e d  was n o t  de te rmined .  O t h e r  

b i o l o g i c a l  n i t r o g e n  t r a n s f o r m a t i o n s  were c o n s i d e r e d  

n e g l i g i b l e  from i n d i r e c t  e v i d e n c e  ( u t i l i z a t i o n  o f  a t m o s p h e r i c  

n i t r o g e n )  o r  needed a d d i t i o n a l  i n v e s t i g a t i o n  f o r  a s s e s s m e n t  

( c o n v e r s i o n  of n i t r a t e  t o  a tmospher ic  n i t r o g e n ) .  

The c a l c u l a t e d  a n n u a l  i n o r g a n i c  n i t r o g e n  budget f o r  the 

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

e n t e r i n g  t h e  sys tem,  n e a r l y  40% d i s a p p e a r e d .  The predominant  

form i n  t h e  t r i b u t a r y  i n p u t s  was n i t r a t e ,  which w a s  r educed  

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

e s t u a r y ;  n i t r i t e  fo l lowed  a similar p a t t e r n .  I n  c o n t r a s t ,  

ammonium c o n c e n t r a t i o n s  i n  i n f l o w i n g  waters i n c r e a s e d .  S i n c e  

t h e  n e t  d e c r e a s e  i n  n i t r i t e  and n i t r a t e  was two o r d e r s  of  

magni tude  greater t h a n  ammonium i n c r e a s e ,  a  n e t  decrease i n  

t ~ t a l  i n o r g a n i c  n i t r o g e n  r e s u l t e d ,  I t  w a s  a p p a r e n t  from h i g h  

c o n c e n t r a t i o n s  of  t h e  o r g a n i c  n i t r o g e n  f r a c t i o n  ( u s u a l l y  



i n c r e a s i n g  downstream) t h a t  t h e  d i s a p p e a r a n c e  of  i n o r g a n i c  

n i t r o g e n  was r e f l e c t e d ,  i n  p a r t ,  i n  o r g a n i c  n i t r o g e n  

i n c r e a s e ,  

A b a l a n c e  s h e e t  of  c o n t r i b u t o r s  t o  i n c r e a s e  and d e c r e a s e  

of i n o r g a n i c  n i t r o g e n  i n  t h e  e s t u a r y  i n d i c a t e d  t h a t  i n  

w i n t e r ,  t h e  u p t a k e  of n i t r o g e n  w a s  a d e q u a t e  t o  accoun t  f o r  

t h e  n e t  d e c r e a s e  i n  i n o r g a n i c  n i t r o g e n  w i t h i n  t h e  e s t u a r y ,  

I n  summer, t h e  l a r g e  d i s c r e p a n c y  between e s t i m a t e d  n i t r o g e n  

up take  and n e t  d e c r e a s e  i n  i n o r g a n i c  n f t r o g e n  w i t h i n  t h e  

e s t u a r y  i n d i c a t e d  t h a t  i n o r g a n i c  n i t r o g e n  release t o  t h e  

e s t u a r y  w a t e r s  a lmos t  matched The h i g h  u p t a k e  rates ,  

Although t h e  o r g a n i c  n i t r o g e n  f r a c t i o n  was n o t  i n c l u d e d  

i n  t h e  n i t r o g e n  b u d g e t ,  e v i d e n c e  of h i g h  c o n c e n t r a t i o n s  o f  

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

s l i g h t l y  downstream) i n d i c a t e d  t h a t  t h i s  f r a c t i o n  was l a r g e l y  

r e f r a c t o r y  and r e p r e s e n t e d  a t r u e  n i t r o g e n  l o s s  from t h e  

e s t u a r y ,  

A t  p r e s e n t ,  n i t r o g e n  a p p e a r s  to b e  a  magor f a c t o r  

l i m i t i n g  t h e  p r o d u c t i o n  of t h e  e s t u a r y  a l t h o u g h  t h e  amounts 

e n t e r i n g  have caused  no n o t i c e a b l e  ill e f f e c t s .  Y e t ,  d e n s e ,  

non- toxic  a l g a l  blooms have been l i n k e d  t o  s e a s o n a l l y  h i g h  

i n o r g a n i c  n i t r o g e n  i n p u t s  P o s s i b l e  problems c o u l d  deve lop  

if h i g h  n i t r o g e n  i n p u t s  c o i n c i d e d  w i t h  m i l d ,  calm wea the r  

c o n d i t i o n s .  I n  t h i s  s i t u a t i o n ,  t h e  h i g h  c o n c e n t r a t i o n s  o f  

n i t r o g e n  would b e  q u i c k l y  e x h a u s t e d  due t o  r a p i d  u p t a k e  and 

s low e s t u a r y  f l u s h i n g ,  p r o d u c t i o n  would i n c r e a s e  ( a s  w e l l  a s  

r e s p i r a t o r y  a c t i v i t y )  w i t h  t h e  h i g h e r  water t e m p e r a t u r e s  and 



deoxygenation could fo l low.  F o r t u n a t e l y ,  t h e  combination 

of t h e s e  f a c t o r s  does no t  normally occur  i n  t h e  e s t u a r y ,  

High n i t r o g e n  i n p u t s  occur  du r ing  c o l d  w i n t e r  months wi th  

high r i v e r  f lows  and low n i t r o g e n  i n p u t s  normally occur  

dur ing  t h e  warm and calm summer months. 

E f f o r t s  should be  d i r e c t e d  p a r t i c u l a r l y  toward w i s e  l and  

dra inage  programs and c a r e f u l  u se  of  a g r i c u l t u r a l  f e r t i l i z e r s  

i n  t h e  e s t u a r y  b a s i n ,  toward a n t i c i p a t i n g  and d e a l i n g  w i t h  

t h e  problem of i nc reased  sewage i n p u t s  b e f o r e  t h e  problem 

develops and toward p reven t ing  any a c t i v i t i e s  which could  

s e r i o u s l y  impede wate r  movement i n  t h e  e s t u a r y  ( e . ~ , ,  - 
impoundments), 

Fu tu re  r e s e a r c h  should  be conducted,  p r e f e r a b l y  u t i l i z i n g  

t h e  1 5 ~  i s o t o p e ,  t o  b e t t e r  quan t i fy  t h e  important  t r a n s -  

fo rma t iona l  pathways of n i t rogen  i n  t h e  e s t u a r y  ( e . g . ,  b io-  - 
PogicaP uptake and r e l e a s e )  and t o  b e t t e r  determine t h e  

importance of t h e  sediments  as a n i t r o g e n  s i n k  and a n i t r o g e n  

source .  Addi t iona l  work could a l s o  be  conducted t o  c l a r i f y  

t h e  va r ious  f a c t o r s ,  a s i d e  from n i t ~ o g e n ,  which l i m i t  t h e  

e s t u a r i e s '  p roduc t ion  and t o  a s s e s s  t h e i r  r e l a t i v e  importance,  
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INTRODUCTION 

I n v e s t i g a t i o n s  of  f a c t o r s  c o n t r o l l i n g  p r imary  p r o d u c t i o n  

have t r a d i t i o n a l l y  f o c u s e d  upon c y c l e s  o f  n i t r o g e n  and 

phosphorus .  E a r l y  s t u d i e s  were b a s e d  on f i e l d  c o r r e l a t i o n s  

between n u t r i e n t  c o n c e n t r a t i o n s  and changes  i n  t h e  rate  of  

p r imary  p r o d u c t i o n ,  L a t e r ,  l a b o r a t o r y  s t u d i e s  were added and 

p h y s i o l o g i c a l  t e c h n i q u e s  such  a s  r a d i o i s o t o p e s  r e v e a l e d  t h e  

v a r i o u s  pathways t h e s e  n u t r i e n t s  f o l l o w  i n  t h e  o r g a n i c  matter 

c y c l e 4  More r e c e n t l y ,  n u t r i e n t  c y c l e s  have been viewed a t  t h e  
. . 

sys tem l e v e l  where n u t r i e n t  b u d g e t s  a r e  c a l c u l a t e d  and r e l a t e d  

t o  p r o d u c t i o n  of t h e  e n t i r e  s y s t e m ,  Although t h e r e  is  

c o n s i d e r a b l e  i n f o r m a t i o n  on n u t r i e n t  c o n c e n t r a t i o n  c y c l e s  i n  

e s t u a r i e s ,  much less i n f o r m a t i o n  is a v a i l a b l e  from l a b o r a t o r y  

and r a d i o i s o t o p e  s t u d i e s  and p r a c t i c a l l y  no  e s t i m a t e s  of  

n u t r i e n t  b u d g e t s  f o r  t h i s  a q u a t i c  envi ronment .  

The Pamlico  R i v e r  e s t u a r y  o f  e a s t e r n  North C a r o l i n a  i s  

a r e l a t i v e l y  o l i g o t r o p h i c  ecosys tem which is  e n t e r i n g  t h e  

i n i t i a l  s t a g e s  of c u l t u r a l  e u t r o p h i c a t i o n  ( n o t i c e a b l y  

i n c r e a s e d  n u t r i e n t  l o a d i n g ) ,  The e s t u a r y  is  n a t u r a l l y  r i c h  

i n  phosphorus and i n d i r e c t  e v i d e n c e  i n d i c a t e s  t h a t  n i t r o g e n  

p robab ly  l i m i t s  p r imary  p r o d u c t i o n ,  Although p r e l i m i n a r y  

f i e l d  s t u d i e s  of s e a s o n a l  changes i n  c o n c e n t r a t i o n s  of  t h e  

forms of  n i t r o g e n  i n  t h e  e s t u a r y  have been made, more d e t a i l e d  

i n v e s t i g a t i o n s  i n t o  t h e  v a r i o u s  pathways of  n i t r o g e n  movement 

and t r a n s f o r m a t i o n  were needed t o  d e t e r m i n e  t h e  impor tance  of 

n i t r o g e n  i n  c o n t r o l l i n g  p r o d u c t i o n  i n  t h e  e s t u a r y ,  I n  o r d e r  
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t o  answer t h e s e  q u e s t i o n s ,  a  s t u d y  o f  t h e  n i t r o g e n  c y c l e  of  

t h e  e s t u a r y  was u n d e r t a k e n ,  I n  a d d i t i o n  t o  o b s e r v i n g  

s e a s o n a l  changes  i n  c o n c e n t r a t i o n ,  l a b o r a t o r y  s t u d i e s  and 

r a d i o i s o t o p e s  were used  t o  f o l l o w  c y c l i n g  of  n i t r o g e n  and an  

a n n u a l  budge t  was c a l c u l a t e d .  

Harvey (1926,.1928) and Rakestraw (1933) were among t h e  

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

of  i n o r g a n i c  n i t r o g e n ,  p r i m a r i l y  n i t r a t e  and ammonium, and 

pr imary  p r o d u c t i o n ,  Most notewor thy i n  t h e s e  s t u d i e s  were 

o b s e r v a t i o n s  o f  a lmos t  comple te  d i s a p p e a r a n c e  of i n o r g a n i c  

n i t r o g e n  c o n c u r r e n t  w i t h  maxima o f  p h y t o p l a n k t o n  p o p u l a t i o n s .  

S u p p o r t i n g  d a t a  came from a d d i t i o n a l  s t u d i e s  i n  which e n t i r e  

s e a s o n a l  c y c l e s  were i n v e s t i g a t e d  (cog,, Cooper,  1933;  
/' 

Newcornbe -- e t  a l .  , 1939;  Harvey,  1 9 4 2 ) ,  T h i s  approach p r o b a b l y  A 

c u l m i n a t e d  i n  v a r i o u s  a t t e m p t s  t o  summarize f a c t o r s  a f f e c t i n g  

a q u a t i c  p r imary  p r o d u c t i o n  (e ,g , ,  Harvey,  1942;  R e d f i e l d ,  

1958) and  a t tempts  t o  e q u a t e  phy top lank ton  p o p u l a t i o n  changes  

q u a n t i t a t i v e l y  w i t h  env i ronmenta l  f a c t o r s ,  i n c l u d i n g  t h e s e  

e s s e n t i a J  n u t r i e n t s  ( R i l e y ,  1946) .  Although a  r e l a t i o n s h i p  

d i d  e x i s t ,  t h e  r e l a t i v e  s u c c e s s  of t h e s e  a t t e m p t s  a t  

c o r r e l a t i o n  c o u l d  have  been a t t r i b u t e d ,  i n  p a r t ,  t o  t h e  

i m p r e c i s e  methodology a v a i l a b l e  a t  t h a t  t i m e  f o r  measur ing  

b o t h  n u t r i e n t  c o n c e n t r a t i o n s  and p r imary  p r o d u c t i o n .  

S i n c e  t h i s  s i m p l i f i e d  approach was n o t  a lways  r e l i a b l e  

(Cooper,  1 9 3 3 ) ,  t h e  n e x t  s t e p  was t o  i n t e g r a t e  b o t h  f i e l d  

and l a b o r a t o r y  s t u d i e s ,  I n  a s t u d y  of  t h e  n i t r o g e n  c y c l e  of 

Long I s l a n d  Sound ( H a r r i s ,  1 9 5 9 ) ,  l a b o r a t o r y  s t u d i e s  i n d i c a t e d  
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t h a t  some 50% of t h e  n i t r o g e n  r e q u i r e m e n t s  f o r  t h e  r e s i d e n t  

phy top lank ton  c o u l d  be s u p p l i e d  by zoop lank ton  e x c r e t i o n ,  I n  

a d d i t i o n ,  r a p i d  & s i t u  r e g e n e r a t i o n  of  ammonium accoun ted  

f o r  a l a r g e  p a r t  s f  t h e  y e a r l y  n i t r o g e n  t u r n o v e r ,  a fact  

which w a s  n o t  e v i d e n t  from measurement of n i t r o g e n  concen- 

t r a t i o n  changes a l o n e ,  

The i n t r o d u c t i o n  of  t r a c e r  s t u d i e s  u s i n g  i s o t o p e s  o f  

c a r b o n ,  phosphorus  and n i t r o g e n  ( g , ~ . ,  Steeman-Nielsen,  

1952;  Rig ler ,  1956;  Dugdale and Goer ing ,  1967)  c l a r i f i e d  

many n u t r i e n t - p h y t o p l a n k t o n  r e l a t i o n s h i p s ,  One i m p o r t a n t  

f i n d i n g  from t h e s e  e a r l y  s t u d i e s  was t h a t  t h e  c y c l i n g  o r  

t u r n o v e r  r a t e s  of  t h e  e s s e n t i a l  n u t r i e n t s  were ve ry  r a p i d ,  

i n  t h e  range  of  minu tes  t o  days ,  r a t h e r  t h a n  i n  t h e  r a n g e  of  

months o r  years as was h y p o t h e s i z e d  from a n n u a l  changes i n  

n u t r i e n t  c o n c e n t r a t i o n ,  Another  f i n d i n g  w a s  t h a t  p r imary  

p r o d u c t i o n  may n o t  b e  c o n t r o l l e d  by a s i n g l e  n u t r i e n t ,  b u t  

by an i n t e g r a t i o n  of s e v e r a l  f a c t o r s ,  o f t e n  i n c l u d i n g  minor 

e l ements  (Ry ther  and Gui lBard ,  1959;  Goldman, 1960) .  

The most r e c e n t  approach h a s  been t o  c o n s i d e r  n u t r i e n t -  

p r imary  p r o d u c t i o n  r e l a t i o n s h i p s  a t  t h e  ecosys tem l e v e l .  

T h i s  i n  c o n t r a s t  w i t h  t h e  p r e v i o u s  works i n  which 

c o n s i d e r a t i o n  was g i v e n  on ly  t o  s p e c i f i c  sys tem compartments ,  

F r i n k  (1967)  and Hannan -- e t  a l ,  (1972) have developed n i t r o g e n  

and phosphorus  b u d g e t s  f o r  l a k e  ecosys tems i n  an e v a l u a t i o n  

of  t h e  r o l e  of t h e s e  n u t r i e n t s  i n  pr imary  p r o d u c t i o n  l e v e l s ,  

Shannon and Brezonik  (1972)  have gone one  s t e p  f u r t h e r  and 

t r e a t e d  t h e  problem s t a t i s t i c a l l y ,  s o  t h a t  t h e y  c o u l d  o b t a i n  



r e l a t i o n s h i p s  between n i t r o g e n  and phosphorus  l o a d i n g  rates 

and ecosys tem t r o p h i c  s t a t u s .  E c o l o g i s t s  have  now a t t e m p t e d  

a g e n e r a l i z e d  e v a l u a t i o n  o f  t h e  d e g r e e  of o r g a n i c  p r o d u c t i o n  

of  ecosys tems w i t h  e i t h e r  n u t r i e n t  c o n c e n t r a t i o n s  o r  l o a d i n g  

r a t e s  as c r i t e r i a  (Vol lenweider ,  1970) .  The most mean ingfu l  

assessment  of  t h e  r e l a t i o n s h i p  between n u t r i e n t s  and p r imary  

p r ~ d u c t i o n  l e v e l s  r e q u i r e s  an i n t e g r a t i o n  o f  as many 

i n v e s t i g a t i v e  approaches  as p o s s i b l e .  

Recent  awareness  of  t h e  a c c e l e r a t e d  r a t e  of  o r g a n i c  

p r o d u c t i o n  ( o r  e u t r o p h i c a t i o n )  of a q u a t i c  env i ronments  h a s  

f u r t h e r  s t i m u l a t e d  i n v e s t i g a t i o n  i n t o  t h e  r o l e  o f  e s s e n t i a l  

n u t r i e n t s .  I n  t h e  f o r e f r o n t  h a s  been c o n s i d e r a t i o n  of 

phosphorus and n i t r o g e n  ( L i k e n s ,  1972;  Vol lenweider ,  1970) .  

The e s s e n c e  of t h e s e  s t u d i e s  was t h a t  phosphorus  g e n e r a l l y  

i n i t i a t e s  a c c e l e r a t e d  e u t r o p h i c a t i o n ,  s i n c e  h i g h  r e l a t i v e  

c o n c e n t r a t i o n s  a r e  p r e s e n t  i n  i n d u s t r i a l  and c u l t u r a l  w a s t e  

p r o d u c t s  and  o n l y  s m a l l  amounts are r e q u i r e d  f o r  i n c r e a s i n g  

o r g a n i c  p r o d u c t i o n  a t  t h e  pr imary  p r o d u c e r  level. A f t e r  

phosphorus  c o n c e n t r a t i o n s  have exceeded requ i rement  l e v e l s ,  

n i t r o g e n  may t h e n  become t h e  l i m i t i n g  f a c t o r ,  s o  t h a t  n i t r o g e n  

enr ichment  would f u r t h e r  i n c r e a s e  o r g a n i c  p r o d u c t i o n ,  Ry the r  

and Dunstan (1971)  have  i n v e s t i g a t e d  t h e  r o l e  of  phosphorus  

and n i t r o g e n  i n  e u t r o p h i c  c o a s t a l  ecosys tems and have  

concluded t h a t  n i t r o g e n  was t h e  l i m i t i n g  f a c t o r ,  R e l a t i v e  

t o  p r o d u c t i v i t y  r e q u i r e m e n t s ,  w a t e r s  e n t e r i n g  t h e s e  c o a s t a l  

ecosys tems c a r r i e d  l imi ted  n i t r o g e n  b u t  an e x c e s s  of  

phosphorus ,  



The Pamlico R i v e r  e s t u a r y ,  North C a r o l i n a ,  a l t h o u g h  

s t i l l  r e l a t i v e l y  o l i g o t r o p h i c ,  is a l s o  r e c e i v i n g  e x c e s s  

phosphorus i n p u t s ,  The amount of  phosphorus  e n t e r i n g  t h e  

sys tem,  from t r i b u t a r i e s  and from a  phospha te  mining p l a n t ,  

h a s  been s t e a d i l y  i n c r e a s i n g  and h a s  a lmos t  t r i p l e d  i n  t h e  

p a s t  seven  y e a r s  (Bobbie ,  197Oa; Hobbie -- e t  a l . ,  1972) .  

N u t r i e n t  enr ichment  exper iments  by H a r r i s o n  ( u n p u b l i s h e d  d a t a )  

and Carpen te r  (1971)  showed t h a t  n i t r o g e n  was p robab ly  a  ma jor  

f a c t o r  l i m i t i n g  pr imary  p r o d u c t i o n  i n  t h e  e s t u a r y .  A s  a  

r e s u l t  o f  t h e s e  f i n d i n g s ,  a  program was i n i t i a t e d  f o r  

m o n i t o r i n g  n i t r o g e n  e n t e r i n g  t h e  e s t u a r y  w i t h  t h e  purpose  of  

b o t h  d e s c r i b i n g  t h e  amounts and s e a s o n a l  d i s t r i b u t i o n  and o f  

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

c o n d i t i o n s  and b i o l o g i c a l  p a r a m e t e r s  such  as phy top lank ton  

abundance,  The main concPusions  drawn from t h i s  s t u d y  

(Hobbie -- e t  a l , ,  1972)  were: 1 )  i n o r g a n i c  n i t r o g e n  concen- 

t r a t i o n s  v a r i e d  s e a s o n a l l y  w i t h  highs i n  w i n t e r  ( c o r r e l a t e d  

w i t h  h i g h  f r e s h w a t e r  i n f l o w )  and lows i n  summer; 2)  n i t r a t e  

w a s  t h e  dominant form of  n i t r o g e n  i n  w i n t e r ,  d ropp ing  t o  

a lmos t  z e r o  i n  summer when ammonium was t h e  dominant form;  

3 )  n i t r i t e  c o n c e n t r a t i o n s  were n e g l i g i b l e ;  4 )  n i t r a t e  concen- 

t r a t i o n s  and a s s i m i l a t i o n  were c o r r e l a t e d  w i t h  w i n t e r  p e a k s  

i n  a l g a l  p o p u l a t i o n ;  5 )  t h e  o r g a n i c  f r a c t i o n  ( d i s s o l v e d  and 

p a r t i c u l a t e )  was l a r g e r  t h a n  t h e  i n o r g a n i c  f r a c t i o n  and was 

p robab ly  b i o l o g i c a l l y  i n e r t .  

The impor tance  o f  n i t r o g e n  i n  t h e  Pamlico  R i v e r  e s t u a r y  

and a  need f o r  more d e t a i l e d  i n v e s t i g a t i o n  i n t o  i ts s o u r c e s ,  
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t r a n s f o r m a t i o n s  and f a t e  upon e n t e r i n g  t h e  e s t u a r y  a s  w e l l  as 

t h e  need f o r  n u t r i e n t  budget  e s t i m a t e s  f o r  e s t u a r i n e  env i ron-  

ments  i n  g e n e r a l  p r o v i d e d  t h e  impetus  f o r  t h i s  s t u d y  of t h e  

n i t r o g e n  c y c l e  i n  t h e  s y s t e m ,  

The o b j e c t i v e s  of  t h e  s t u d y  were: 1 )  t o  d e t e r m i n e  

p o s s i b l e  s o u r c e s  o f  i n o r g a n i c  n i t r o g e n  e n t e r i n g  t h e  e s t u a r y ;  

2 )  t o  d e t e r m i n e  p o s s i b l e  f a t e s  of  t h e  n i t r o g e n  e n t e r i n g  t h e  

e s t u a r y ;  3 )  t o  de te rmine  n i t r o g e n  l o a d i n g  o f  t h e  s y s t e m ;  

4)  t o  f o r m u l a t e  an annua l  n i t r o g e n  budget  b a s e d  on t h e  above 

i n f o r m a t i o n .  



DESCRIPTION OF ESTUARY 

The Pamlico River  e s t u a r y  is  an o l i g o h a l i n e  system 

(Copeland and Hoston, 1969) extending some 65  km seaward 

from t h e  e a s t e r n  l i m i t  of t h e  Tar River a t  Washington, North 

Ca ro l ina  d i r e c t l y  i n t o  t h e  Pamlfco Sound (F ig .  I ) ,  The 

e s t u a r y  is  r e l a t i v e l y  broad (13 km maximum) and shal low 

(mean depth of  3 , 5  m) w i t h  wate r  c i r c u l a t i o n  and mixing 

s i g n i f i c a n t l y  i n f luenced  by wind-generated t i d e s ,  S ince  t h e  

sound is a  b a r r i e r  i s l a n d  system, l u n a r  t i d e s  i n f l u e n c i n g  

t h e  e s t u a r y  a r e  g r e a t l y  dampened ( t o  about 1 5  cm), S a l i n i t y  

d i s t r i b u t i o n  is  p r i m a r i l y  c o n t r o l l e d  by r i v e r  flow and v a l u e s  

range from ze ro  t o  20 O/os, S a l i n i t y  s t r a t i f i c a t i o n  is 

p r e s e n t  b u t  does no t  become very s t r o n g  due t o  f r equen t  and 

vigorous  wind mixing. Temperatures range from 3 t o  3 0 ' ~  and 

may c o n t r i b u t e  t o  r e l a t i v e l y  s t r o n g  summer s t r a t i f i c a t i o n  

du r ing  b r i e f  p e r i o d s  s f  calm. Water t u r b i d i t y  dec reases  

seaward wi th  t h e  1% s u r f a c e  l i g h t  PeveP ranging  from P m a t  

t h e  head t o  4 rn at  t h e  mouth, 

Phytoplankton a r e  dominated by d i n o f l a g e l l a t e s  (Hobble, 

1971) w i th  a pronounced bloom of Per idinium t r ique t rum 

o c c u r r i n g  y e a r l y  from December through March, The assemblages 

a r e  s i m i l a r  t o  t h o s e  found in o t h e r  sha l low,  slow-flowing 

e s t u a r i e s .  

Zooplankton a r e  dominated by t h e  copepod A c a r t i a  t o n s a  

( P e t e r s ,  1968) and most sf t h e  f i s h  p r e s e n t  a r e  s a l t  wate r  

forms; i n c l u d i n g  permanent r e s i d e n t s  ( zo f fo ,  whi te  pe rch ,  





s t r i p e d  anchovy, hogchoker ) ,  s p e c i e s  p r e s e n t  e x c e p t  i n  w i n t e r  

( e . g . ,  s p o t ,  c r o a k e r )  and m i g r a t o r y  s p e c i e s  (zag., h i c k o r y  

and American s h a d ) .  

B e n t h i c  organisms a r e  dominated by t h e  b i v a l v e s  Rangia 

c u n e a t a  i n  t h e  f r e s h w a t e r  s e c t i o n s  and Macoma b a l t h i c a  i n  t h e  - 
s a l t i e r  a r e a s  (Tenore ,  19721,  Pronounced s e a s o n a l  changes  i n  

s p e c i e s  and  d i s t r i b u t i o n  o c c u r ,  mainly  b e c a u s e  of oxygen 

v a r i a t i o n s ,  

The 11 ,137  km2 d r a i n a g e  b a s i n  of  t h e  e s t u a r y  i s  s p a r s e l y  

p o p u l a t e d  and Is 71% farmland (68% o f  t h i s  is  f o r e s t e d )  w i t h  

tobacco  a s  t h e  c h i e f  a g r i c u l t u r a l  c r o p ,  The remainder  of  t h e  

d r a i n a g e  b a s i n  is swamp and u n p r o d u c t i v e  woodland. The 

l i m i t e d  i n d u s t r i a l  a c t i v i t y  is  dominated by f e r t i l i z e r  

p r o d u c e r s  and f i s h  p r o c e s s o r s .  

N u t r i e n t s  e n t e r i n g  t h e  e s t u a r y  are p r i m a r i l y  phosphorus  

( b o t h  n a t u r a l l y  o c c u r r i n g  h i g h  l e v e l s  and h i g h  i n p u t s  from a 

phospha te  mining i n d u s t r y )  and n i t r o g e n  ( l i k e l y  from 

a g r i c u l t u r a l  f e r t i l i z e r s $ ,  I n c r e a s e d  phosphorus  l e v e l s  have  

n o t  appeared  t o  a f f e c t  t h e  b i o l o g y  of  t h e  e s t u a r y  a p p r e c i a b l y  

( C a r p e n t e r ,  1971;  S h e r k ,  l 9 6 9 ) ,  b u t  t h e r e  is e v i d e n c e  o f  

phospha te  accumuPation i n  t h e  s e d i m e n t s  ( D a v i s ,  1 9 6 8 ) .  

Ni t rogen  a p p e a r s  t o  b e  l i m i t i n g  p r o d u c t i o n  i n  t h e  e s t u a r y  

( C a r p e n t e r ,  l 9 7 l ) ,  



MATERIALS AND METHODS 

Sampling 

The f i e l d  sampl ing  w a s  d i v i d e d  i n t o  two s e p a r a t e  s t u d i e s .  

The h y d r o g r a p h i c - n u t r i e n t  m o n i t o r i n g  s t u d y  was c a r r i e d  o u t  by 

t e c h n i c i a n s  a t  t h e  Pamlico Marine Lab and was,  as t h e  name 

i m p l i e s ,  a  s t u d y  m o n i t o r i n g  t h e  hydrograph ic  c o n d i t i o n s  and 

n u t r i e n t  c o n c e n t r a t i o n s  i n  t h e  e s t u a r y .  The e x p e r i m e n t a l  

s t u d y  was a s e p a r a t e  series of  f i e l d  and l a b o r a t o r y  measure- 

ments of  v a r i o u s  t r a n s f o r m a t i o n a l  pathways o f  n i t r o g e n ,  

S t a t i o n s  used  i n  t h e  h y d r o g r a p h i c - n u t r i e n t  m o n i t o r i n g  

s t u d y  ( P i g ,  2 )  were sampled e v e r y  two weeks. Measurements 

of t e m p e r a t u r e  and s a l i n i t y  were made i n  t h e  f i e l d  w i t h  a 

Beckman RS5-3 i n d u c t i o n  s a l f n o m e t e r .  Samples of  s u r f a c e  

water f o r  chemica l  a n a l y s i s  were c o l l e c t e d  w i t h  a b r a s s  

Kemmerer s a m p l e r ,  p l a c e d  i n  p l a s t i c  b a g s ,  immedia te ly  f r o z e n  

w i t h  d r y  i c e  and t r a n s p o r t e d  back t o  t h e  l a b o r a t o r y  f o r  

a n a l y s i s .  

For  each s t a t i o n  used  i n  t h e  n i t r o g e n  e x p e r i m e n t a l  

s t u d y  ( F i g ,  31 ,  t e m p e r a t u r e  and s a l i n i t y  were measured i n  

t h e  f i e l d  w i t h  a thermometer  and Goldberg r e f r a c t o m e t e r ,  

Water samples  were t a k e n  from a  d e p t h  o f  1 m w i t h  a  non- 

m e t a l l i c  Kemerer s a m p l e r ,  p u t  i n t o  amber Nalgene b o t t l e s  and 

k e p t  i n  a n  i n s u l a t e d  c o o l e r  d u r i n g  t r a n s p o r t a t i o n  ( l e s s  t h a n  

3 h r )  back t o  t h e  l a b o r a t o r y  f o r  a n a l y s i s .  The sampl ing  was 

d i v i d e d  i n t o  two 2-week s t u d y  p e r i o d s ;  one i n  w i n t e r  and one 

in summer, 
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Figure  2. Location of sampling s t a t i o n s ,  hydrographic -nu t r ien t  monot i r ing s tudy :  
( )- e s t u a r y  s t a t i o n s ;  (.)-tributary s t a t i o n s ;  - ) - t r i bu t a r i e s  used 
i n  c a l c u l a t i n g  i n o r g a n i c  n i t r o g e n  load ing ;  ( G ) -  gauged f o r  wa te r  flow 





Chemical Analysis  

Five forms of  n i t r o g e n  were analyzed i n  wate r  samples 

from t h e  hydrographic -nu t r ien t  moni tor ing  s t u d y :  1 )  n i t r i t e  

(NOZ)9 2 )  n i t r a t e  (NO3)' 3 )  ammonium p l u s  amino a c i d s  

(NH4 + a . a . ) ,  4 )  t o t a l  u n f i l t e r e d  n i t r o g e n  (TUN) and 5)  t o t a l  

f i l t e r e d  n i t r o g e n  (TFN). A l l  forms were conver ted t o  

n i t r i t e  f o r  a n a l y s i s ,  N i t r i t e  was measured c o l o r i r n e t r i c a l l y  

a s  an azo dye a f t e r  r e a c t i n g  wi th  s u l f a n i l a m i d e  and 

N-(1-naphthy1)-ethylenediamine. N i t r a t e  was conver ted t o  

n i t r i t e  through r educ t ion  by copperized-cadmium, Ammonium 

p l u s  amino a c i d s  were conver ted t o  n i t r i t e  through o x i d a t i o n  

by a l k a l i n e  h y p o c h l o r i t e *  Both t o t a l  u n f i l t e r e d  and f i l t e r e d  

n i t rogen  were conver ted t o  a  mix ture  of n i t r i t e  and n i t r a t e  

through o x i d a t i o n  by a s t r o n g  UV l i g h t  sou rce .  This  was a l l  

conver ted t o  n i t r i t e  by subsequent r educ t ion  t rea tment  w i t h  

copperized-cadmium. P a r t i c u l a t e  n i t r o g e n  ( P N )  was c a l c u l a t e d  

a s  t h e  d i f f e r e n c e  between t o t a l  u n f i l t e r e d  and t o t a l  

f i l t e r e d  n i t r o g e n ,  Dissolved o rgan ic  n i t r o g e n  (DON) was 

c a l c u l a t e d  a s  t h e  d i f f e r e n c e  between t o t a l  f i l t e r e d  n i t r o g e n  

and t h e  sum of n i t r i t e ,  n i t r a t e  and ammonium p l u s  amino a c i d s .  

Except f o r  t o t a l  u n f i l t e r e d  n i t r o g e n ,  a l l  wa te r  samples were 

i n i t i a l l y  f i l t e r e d  through Gelman A g l a s s  f i b e r  f i l t e r s  

b e f o r e  n i t r o g e n  de t e rmina t ion .  A more d e t a i l e d  d e s c r i p t i o n  

of t h e  chemical t echniques  o u t l i n e d  above can be found i n  

S t r i c k l a n d  and Parsons  (1968) ,  Technique p r e c i s i o n  f o r  

n i t r i t e  and n i t r a t e  ana lyses  was s i m i l a r  t o  t h a t  desc r ibed  i n  

t h e  l i t e r a t u r e ,  Crawford -- e t  a l .  (1973) found t h e  average 
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c o n c e n t r a t i o n  of  d i s s o l v e d  f r e e  amino a c i d s  i n  t h e  e s t u a r y  

t o  b e  o n l y  around 20 p g  C liter-' and t h e i r  c o n t r i b u t i o n  t o  

t h e  ammonium a n a l y s e s  was p r o b a b l y  n e g l i g i b l e .  The greatest 

e r r o r  o c c u r r e d  i n  a n a l y s e s  of  p a r t i c u l a t e  and d i s s o l v e d  

o r g a n i c  n i t r o g e n .  The UV a p p a r a t u s  used  by t h i s  l a b o r a t o r y  

h a s  been found t o  u n d e r e s t i m a t e  t h e  amount a c t u a l l y  p r e s e n t .  

Although t h e  e r r o r  h a s  n o t  been found t o  be q u a n t i t a t i v e l y  

c o n s i s t e n t ,  it c a n  s t i l l  b e  s a i d  t h a t  t h e  v a l u e s  o b t a i n e d  

are minimum e s t i m a t e s .  

I n  t h e  n i t r o g e n  e x p e r i m e n t a l  s t u d y ,  s i x  forms o f  

n i t r o g e n  were measured:  1 )  n i t r i t e ,  2 )  n i t r a t e ,  3 )  ammonium, 

4 )  t o t a l  f i l t e r e d  n i t r o g e n ,  5 )  p a r t i c u l a t e  n i t r o g e n  and 

6 )  u r e a .  N i t r i t e ,  n i t r a t e  and t o t a l  f i l t e r e d  n i t r o g e n  were 

de te rmined  as d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n ,  Ammonium 

was de te rmined  c s l o r i m e t r i c a l l y  a f t e r  r e a c t i n g  w i t h  p h e n o l  

and h y p o c h l o r i t e  a t  h i g h  pH t o  form indopheno l  b l u e  ( s o l 6 r z a n 0 ,  

1969), P a r t i c u l a t e  n i t r o g e n  ( r e t a i n e d  ow 4 . 2 5  c m  Reeve Angel 

934-AH glass f i b e r  f i l t e r s )  was de te rmined  c o l o r i m e t r i c a l l y  

a f t e r  c o n v e r s i o n  t o  ammonium by a c i d  d i g e s t i o n  and complexing 

w i t h  n i n h y d r i n  and h y d r i n d a n t i n  (Holm-Hansen, 1968) .  Urea 

was de te rmined  by t h e  carbamido d i a c e t y l  r e a c t i o n  y i e l d i n g  

a n  o range  to r e d  c o l o r  (Newell e t  a l e ,  l 9 6 7 ) ,  -- 
D e t e r m i n a t i o n s  were a l s o  made o f  p a r t i c u l a t e  c a r b o n ,  

a l k a l i n i t y ,  pH and d i s s o l v e d  oxygen. P a r t i c u l a t e  carbon w a s  

de te rmined  by w e t  o x i d a t i o n  of  t h e  p a r t i c u l a t e  m a t t e r  

r e t a i n e d  on 934-AH g l a s s  f i b e r  f i l t e r s  ( S t r i c k l a n d  and 

P a r s o n s ,  1968). A l k a l i n i t y  was de te rmined  by t h e  a c i d  



t i t r a t i o n  method of  Kar lg ren  (1962) ,  I n  t h i s  t e c h n i q u e ,  a 

s u i t a b l e  q u a n t i t y  o f  water sample  (up  t o  50  ml)  was 

c o n t i n u o u s l y  purged w i t h  C02-free N2, a mixed i n d i c a t o r  (SBV) 

was added,  and t h e  sample was t i t r a t e d  w i t h  0.02N HC1 u n t i l  

an e n d p o i n t  ( i n d i c a t o r  c o l o r  change)  was r e a c h e d ,  u t i l i z i n g  

t h e  amount of  a c i d  r e q u i r e d  f o r  c a l c u l a t i n g  a l k a l i n i t y  o f  

t h e  sample ,  A glass e l e c t r o d e  pH meter was used  t o  measure  

pH and oxygen was de te rmined  by t h e  method of C a r p e n t e r  (1965) .  

Ni t rogen  Exper imenta l  S t u d x  

N e t  Changes i n  I n o r g a n i c  Ni t rogen  i n  t h e  Water Column 

Water samples  were c o l l e c t e d  from t h e  c e n t r a l  s t a t i o n s  

of  each t r a n s e c t  ( F i g .  3 ) .  A t  t h e  l a b o r a t o r y ,  a  1 l i t e r  

subsample from each  sample was immedia te ly  f i l t e r e d  th rough  a 

934-AH g l a s s  f i b e r  f i l t e r  and f r o z e n  f o r  l a t e r  a n a l y s i s  of 

n i t r i t e ,  n i t r a t e  and  ammonium. The remainder  of  each  sample 

was d i s p e n s e d  i n t o  d u p l i c a t e  1 l i t e r  g l a s s - s t o p p e r e d  Pyrex  

b o t t l e s .  The b o t t l e s  were t h e n  p l a c e d  i n  a f l o w i n g  w a t e r  

sys tem o u t d o o r s  t o  m a i n t a i n  near-ambient  l i g h t  and t e m p e r a t u r e  

c o n d i t i o n s  d u r i n g  t h e i r  8 t o  24 h r  i n c u b a t i o n  p e r i o d .  A t  t h e  

end of  i n c u b a t i o n ,  each sample was immedia te ly  f i l t e r e d ,  

f r o z e n ,  and l a t e r  a n a l y z e d  f o r  n i t r i t e ,  n i t r a t e  and ammonium, 

The n e t  change i n  i n o r g a n i c  n i t r o g e n  was c a l c u l a t e d  a s  t h e  

d i f f e r e n c e  between t h e  mean v a l u e  of  t h e  d u p l i c a t e  i n c u b a t e d  

b o t t l e s  and t h e  v a l u e  f o r  t h e  i n i t i a l  sample .  T h i s  exper iment  

was run  t w i c e  ( a b o u t  one week a p a r t )  d u r i n g  b o t h  w i n t e r  and 

summer s t u d i e s .  



Met Exchange of Nitrogen Between t h e  Water and Sediment 

Four t roughs  ( F i g ,  4 )  were cons t ruc t ed  of p o l y s t y r e n e  

s e c t i o n s  bonded w i t h  epoxy and s e a l e d  on t h e  i n s i d e  w i t h  

1 n e r t o l B  (Koppers Corpora t ion ,  P i t t s b u r g ,  Penn. ) rubbe r i zed  

s e a l a n t .  Each t rough was connected wi th  1 cm ( I ,  D o )  l a t e x  

tub ing  t o  a 60 l i t e r  ho ld ing  tank  (HT) from which t h e  

e s t u a r i n e  water w a s  g r a v i t y  f e d .  A l l  f low r a t e s  were 

a d j u s t e d  ( t o  approximately 1 m l  s e c - l )  by screw clamps and 

measured p e r i o d i c a l l y  w i th  gradua ted  c y l i n d e r s .  A 

submersible  pump was used t o  t r a n s f e r  water from a 1200 

l i t e r  r e s e r v o i r  (R) t o  t h e  ho ld ing  t ank .  

Sediment and wate r  used i n  t h i s  experiment were 

c o l l e c t e d  from South Creek, a  t r i b u t a r y  of t h e  Pamlico River  

e s t u a r y .  Sedfment w a s  d i s t r i b u t e d  a long  t h e  bottom of t h r e e  

of t h e  f o u r  t roughs  t o  a  depth  of  5 cm, Two were cons idered  

d u p l i c a t e  undis turbed  sediment systems (T-1, T-2) and t h e  

t h i r d  con ta ined  p rev ious ly  au toc laved  sediment (T-K).  The 

f o u r t h  t rough conta ined  no sediment and w a s  cons idered  t h e  

c o n t r o l  system ( C ) .  Before be ing  f e d  i n t o  t h e  r e s e r v o i r ,  

t h e  e s t u a r i n e  wate r  used i n  t h e  experiment was passed  through 

a  F i l t e r i t e B  ( F i l t e r i t e  Corpora t ion ,  Timonium, Maryland) 

p r e f i l t e r i n g  appara tus  con ta in ing  a  1 p nominal pore  s i z e  

po lye thy lene  tube  f i l t e r .  The i n l e t  and o u t l e t  openings 

f o r  t h e  t roughs  were l o c a t e d  s o  t h a t  8 cm of water would be  

above t h e  sediment o r ,  i n  t h e  ca se  of t h e  c o n t r o l  sys tem,  

t h e  bottom of  t h e  t rough .  



Figure  4. Laboratory apparatus  f o r  measuring n i t rogen  exchange between water  and 
sediment : (R)- r e s e r v o i r ;  (HT)- holding t ank ;  (T-1, T-2)- undisturbed 
sediment systems; (T-K)- autoclaved sediment system; (C)- c o n t r o l  system 

4 (no sediment ) 
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A t  t h e  t ime t h e  experiment was s t a r t e d  ( i . e . ,  when water  - - 
was in t roduced  i n t o  t h e  t r o u g h s ) ,  a 1 l i t e r  wate r  sample was 

taken from t h e  ho ld ing  t a n k ,  immediately f i l t e r e d  through a 

934-AH g l a s s  f i b e r  f i l t e r  and f rozen  f o r  l a t e r  a n a l y s i s  of 

n i t r i t e ,  n i t r a t e ,  ammonium and d i s s o l v e d  o rgan ic  n i t r o g e n ,  

In  a d d i t i o n ,  two 100 m l  samples were f i l t e r e d  and t h e  g l a s s  

f i b e r  f i l t e r s  f rozen  f o r  l a t e r  p a r t i c u l a t e  n i t r o g e n  a n a l y s i s .  

The wate r  was al lowed t o  fill t h e  t roughs  and t h e  sediment 

al lowed t o  s e t t l e  be fo re  t rough e f f l u e n t s  were sampled. A t  

6 ,  12 ,  24, 48 ,  72 and 84 h r  from t h e  i n i t i a t i o n  of t h e  

exper iment ,  t rough e f f l u e n t s  were sampled, whereas t h e  

ho ld ing  t a n k  was sampled a t  0 ,  24, 48, 72 and 84 h r ,  The 

experiment was t e rmina t ed  a f t e r  84 h r  as t h e  r e s e r v o i r  wate r  

supply became exhausted.  The n e t  exchange of n i t r o g e n  was 

c a l c u l a t e d  a s  t h e  d i f f e r e n c e  between t h e  mean c o n c e n t r a t i o n  

f o r  t h e  two undis turbed  s y s t e m s  (T-1, T-2) and t h e  c o n t r o l  

system' ( C ) ,  expressed  as pg-at N m-2 day-'. Temperature,  

s a l i n i t y ,  pH and d i s s o l v e d  oxygen were monitored f o r  t h e  

ho ld ing  t ank .  One exper imenta l  s e r i e s  w a s  run f o r  each of  

t h e  w i n t e r  and summer s t u d i e s .  

Urea and Urea Decomposit i on  

Samples f o r  u r e a  were taken  from t h e  c e n t r a l  s t a t i o n s  

of each t r a n s e c t  ( F i g .  3 )  a t  two t o  f o u r  week i n t e r v a l s  

f o r  a 13 month p e r i o d ,  Addi t iona l  samples were taken  a t  t h e  

above s t a t i o n s  a s  w e l l  a s  from t r i b u t a r y  s t a t i o n s  ( F i g .  3 )  

du r ing  t h e  w i n t e r  and summer exper imenta l  s t u d i e s .  



Urea decomposi t ion  was de te rmined  f o r  w a t e r  samples  

c o l l e c t e d  from t h e  c e n t r a l  s t a t i o n s  of each  t r a n s e c t  ( F i g .  3 )  

twice (approx imate ly  one week a p a r t )  and from t r i b u t a r y  

s t a t i o n s  once  d u r i n g  each  o f  t h e  w i n t e r  and summer s t u d i e s .  

The t e c h n i q u e  employed was a m o d i f i c a t i o n  of t h a t  o f  Remsen 

e t  a l ,  (1972) .  I n  t h e  p r e s e n t  s t u d y ,  sample  volume was -- 
20 m l ,  1 p C i  of  urea-14C was added p e r  sample ( a l t h o u g h  t h e  

t o t a l  amount o f  u r e a  added was t h e  same on a p e r  l i t e r  b a s i s  

a s  Remsen a d d e d ) ,  t h e  r e a c t i o n  was s t o p p e d  by add ing  H2S04, 

and 14C02 was absorbed  by phenethylamine .  The a p p a r a t u s  and 

g e n e r a l  t e c h n i q u e  used  was s i m i l a r  t o  t h a t  o f  Hobbie and 

Crawford (1969) .  A f t e r  t h e  r e a c t i o n  was t e r m i n a t e d ,  r a d i o -  

a c t i v i t y  was de te rmined  by l i q u i d  s c i n t i l l a t i o n  u s i n g  a  

c o c k t a i l  c o n s i s t i n g  o f  one p a r t  T r i t o n  X-100 (Packard  

Ins t rument  Co. , Downers Grove, 111, ) , two p a r t s  t o l u e n e  and 

one package Omnif l o u r  (New England Nuclear  Corp. , Bos ton ,  

Mass.)  p e r  l i t e r  of l i q u i d ,  D u p l i c a t e  f l a s k s  were r u n  f o r  

each sample i n  a d d i t i o n  t o  c o n t r o l s  c o n s i s t i n g  of  one f l a s k  

c o n t a i n i n g  a  sample i n i t i a l l y  f i l t e r e d  th rough  a 0 . 4 5  p 

M i l l i p o r e  f i l t e r  and a n o t h e r  f l a s k  c o n t a i n i n g  an  u n f i l t e r e d  

sample which had been i n i t i a l l y  k i l l e d  (H2S04 added) .  

N i  t r a t e  Reductase  A c t i v i t y  

Samples were c o l l e c t e d  a t  t h e  same s t a t i o n s  and times 

f o r  n i t r a t e  r e d u c t a s e  a s s a y s  a s  t h o s e  f o r  u r e a ,  The a s s a y  

t e c h n i q u e  used  w a s  t h e  method of  Eppley et (1969)  as 

s l i g h t l y  m o d i f i e d  by H a r r i s o n  ( 1 9 7 3 ) .  The f i l t e r s  u s e d  were 



4.25  em 934-AH g l a s s  

f i l t e r e d  were 200 t o  

f i b e r  f i l t e r s  and sample volumes 

Nitrogen Enrichment 

Water samples were c o l l e c t e d  from t h e  c e n t r a l  s t a t i o n s  

of each t r a n s e c t  (F ig .  3 )  once du r ing  each of t h e  w i n t e r  and 

summer s t u d i e s ,  These samples were analyzed a t  t h e  

l abo ra to ry  f o r  p h o t o s y n t h e t i c  response t o  enrichment w i t h  

n i t r i t e ,  n i t r ~ t e ,  ammonium, u rea  and a mixture  of  some 18  

amino a c i d s ,  Addi t iona l  samples were taken on ano the r  d a t e  

from a s i n g l e  s t a t i o n  f o r  each s tudy  and analyzed f o r  

p h o t o s y n t h e t i c  response t o  each of 18 amino a c i d s .  The 

procedure  used was similar t o  t h a t  of Goldman (1960);  125 m l  

pyrex b o t t l e s  were used.  F ive  b o t t l e s  con ta ined  enr ichments  

of 10 pg-at NO2-N l i t e r - '  ( a s  NaN02) o r  100 pg-at NO3-N 

l i t e r - '  ( a s  KN03) o r  50 ug-at NH4-N liter-' ( a s  NH4Cl) o r  

50 pg-at urea-N l i t e r " '  o r  48 pg C l i t e r - '  of a mix ture  of 

18 amino a c i d s ,  Three b o t t l e s  were unenr iched (two l i g h t  

b o t t l e s  and one dark b o t t l e ) ,  Each b o t t l e  was i n o c u l a t e d  

w i t h  1 pCi N E L H ' ~ C O ~  and incuba ted  i n  an outdoor  f lowing  

wate r  system ( t o  main ta in  near-ambient t empera ture  and l i g h t  

c o n d i t i o n s )  f o r  6  h r .  The incuba t ion  was s topped  by adding 

10 drops  of  Lugo l ' s  sodium a c e t a t e  s o l u t i o n  t o  each b o t t l e .  

The same procedure  was used f o r  t h e  i n d i v i d u a l  amino a c i d  

enr ichments ,  I n  t h i s  c a s e ,  t h e r e  were 21  - 125 m l  b o t t l e s  

used., Eighteen b o t t l e s  con ta ined  enrichment from d i f f e r e n t  

amino a c i d s  and t h e  remaining t h r e e  b o t t l e s  were unenr iched 

(two l i g h t  b o t t l e s  and one dark b o t t l e ) ,  



I n o r g a n i c  Ni t rogen  C o n c e n t r a t i o n  i n  Rainwater  

Once d u r i n g  t h e  w i n t e r  and summer s t u d i e s  1 l i t e r  a c i d -  

c l e a n e d  b e a k e r s  were p l a c e d  i n  s e v e r a l  l o c a t i o n s  o u t s i d e  t h e  

l a b o r a t o r y  f o r  t h e  c o l l e c t i o n  of r a i n w a t e r ,  The b e a k e r s  were 

p l a c e d  1 m above t h e  ground and i n  an open a r e a  i n  o r d e r  t o  

c o l l e c t  on ly  d i r e c t - f a l l i n g  r a i n w a t e r ,  The b e a k e r s  were 

l e f t  o u t  ( approx imate ly  2 h r )  u n t i l  a  s t o r m  had p a s s e d  a t  

which t i m e  a l l  t h e  samples  were p o o l e d ,  f r o z e n  and l a t e r  

a n a l y z e d  f o r  n i t r i t e ,  n i t r a t e  and ammonium, 

Exchangeable I n o r g a n i c  Ni t rogen  i n  Sediment  

Sediment samples  were c o l l e c t e d  w i t h  a  P e t e r s o n  d redge  

from t h e  s t a t i o n s  of e a c h  t r a n s e c t  ( F i g .  3 )  once  d u r i n g  b o t h  

t h e  w i n t e r  and summer s t u d i e s .  A t  t h e  l a b ,  a  subsample was 

oven d r i e d  a t  1 0 0 " ~  f o r  24 h r  f o r  d e t e r m i n a t i o n  of  water 

c o n t e n t ,  Another subsample was a n a l y z e d  f o r  exchangeable  

i n o r g a n i c  n i t r o g e n  by t h e  method of  Jackson  (1958) .  T h i s  

subsample ( 2 5  g w e t  w e i g h t )  was t r a n s f e r r e d  t o  a 500 mP 

Erlenmeyer f l a s k  c o n t a i n i n g  s 200 m l  s o l u t % o n  of 10% NaCl 

(pH 2,5). The f l a s k  was i n t e r m i t t e n t l y  shaken f o r  30 min 

and t h e  c o n t e n t s  t h e n  f i l t e r e d  th rough  an  11 c m  934-AH g l a s s  

f i b e r  f i l t e r .  An a d d i t i o n a l  250 m l  of t h e  NaCl s o l u t i o n  

w a s  used  t o  wash t h e  f l a s k ,  The c l e a r  s u p e r n a t a n t  was f r o z e n  

and l a t e r  a n a l y z e d  f o r  n i t r i t e ,  n i t r a t e  and ammonium, 



Nitrogen Budget 

To ta l  Amount of Nitrogen i n  t h e  Es tuary  Waters 

Nitrogen concen t r a t i on  was measured nea r  t h e  s u r f a c e  of  

t h e  wate r  and was assumed t o  be uniform w i t h  dep th .  The 

volume of water r ep re sen ted  by each s t a t i o n  w a s  c a l c u l a t e d  

from an a r b i t r a r y  r e c t a n g u l a r  boundary a r e a  (Appendix D 

F igure  2 )  and from mean water  depth  f o r  t h a t  a r e a ,  The s i d e s  

of each r e c t a n g u l a r  a r e a  r ep re sen ted  a Pine approximately  

e q u i d i s t a n t  from s t a t i o n  l o c a t i o n s ,  A l l  c aPcu la t ions  

(Appendix A Table 2 )  were based on t h e  d a i l y  average for 

each month, 

The t o t a l  amount of i no rgan ic  n i t r o g e n  e n t e r i n g  t h e  

e s t u a r y  from i ts t r i b u t a r i e s  (F ig .  2 )  was c a l c u l a t e d  from 

t h e  n i t r o g e n  eoncen t r a t i ons  and from flow volumes (Appendix A 

Tables 3-8; Appendix B Table 21, N i t r f t e ,  n i t r a t e  and 

ammonium concen t r a t i ons  were measured for t r i b u t a r y  s u r f a c e  

waters and were assumed t o  be  uniform w i t h  depth .  Values 

f o r  t r i b u t a r i e s  not  measured were assumed t o  be  t h e  same as 

f o r  t r i b u t a r i e s  i n  c l o s e  proximity  for which measurements 

were made. Flow volume informat ion  came from permanent 

U , S , G . S ,  flow gauges (F ig .  11, An average d a i l y  f low volume 

was c a l c u l a t e d  from d a i l y  va lues  f o r  t h e  e n t i r e  month t o  

compensate f o r  l a g  e f f e c t s ,  This Bag is  de f ined  a s  t h e  

d i f f e r e n c e  between flows measured a t  d i s t a n t  t r i b u t a r y  gauges 

and f lows a c t u a l l y  e n t e r i n g  t h e  e s t u a r y ,  Flow volume f o r  



t r i b u t a r i e s  not  gauged was e s t ima ted  by t h e  p ropor t ion  

r e s u l t i n g  from comparing t h e i r  d ra inage  b a s i n  w i th  t h a t  of 

nearby gauged t r i b u t a r i e s ,  

Net Inc rease  o r  Decrease i n  Inorganic  Nitrogen Within 

t h e  Estuary 

The amount of i n c r e a s e  o r  dec rease  i n  i no rgan ic  n i t r o g e n  

w i t h i n  t h e  e s t u a r y  was c a l c u l a t e d  a s  t h e  d i f f e r e n c e  between 

t o t a l  t r i b u t a r y  i n p u t s  and ou tpu t  through t h e  e s t u a r y  mouth 

(Appendix A Table 3 ) .  I npu t s  used were t h e  va lues  c a l c u l a t e d  

i n  t h e  prev ious  s e c t i o n  on n i t r o g e n  load ing .  Outputs were 

c a l c u l a t e d  a s  t h e  product  of outf low volume and t h e  concen- 

t r a t i o n  of i n o r g a n i c  n i t rogen  a t  t h e  mouth of t h e  e s t u a r y  

( c o r r e c t e d  f o r  d i l u t i o n ) .  For t h e s e  c a l c u l a t i o n s ,  t h e  out-  

flow volume was assumed t o  be equa l  t o  t h e  in f low volume 

( p r e c i p i t a t i o n  and e v a p o t r a n s p i r a t i o n  were ba lanced) .  

Con t r ibu to r s  t o  Inorganic  Nitrogen Inc rease  

The amount of i no rgan ic  n i t r o g e n  r e l e a s e d  from Pamlico 

River e s t u a r y  sediments  w a s  c a l c u l a t e d  from t h e  product  of 

t h e  r a t i o  of t h e  e s t u a r y  sediment s u r f a c e  a r e a  t o  t h e  exper i -  

mental  t rough sediment s u r f a c e  a r e a  t imes t h e  exchange r a t e  

c a l c u l a t e d  from t h e  l a b o r a t o r y  exper iments  (Appendix A 

Table 9 ) .  Only t h e  s u r f a c e  a r e a  of t h e  e s t u a r y  mud sediments  

(same type  used i n  l abo ra to ry  exper iments)  was used i n  t h e  

c a l c u l a t i o n s .  Approximately 60% of t h e  Pamlico River  e s t u a r y  

sediments  a r e  muds which a r e  l o c a t e d  i n  t h e  deeper  wa te r s  

s t a r t i n g  a t  approximately t h e  1 m contour .  
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The t o t a l  amount of i n o r g a n i c  n i t r o g e n  r e a c h i n g  t h e  

e s t u a r y  from d i r e c t  r a i n f a l l  w a s  e s t i m a t e d  from t h e  concen- 

t r a t i o n  of  i n o r g a n i c  n i t r o g e n  i n  t h e  r a i n w a t e r ,  t h e  amount of  

r a i n f a l l  and t h e  s u r f a c e  area of  t h e  e s t u a r y  (Appendix A 

Table  l o ) ,  

C o n t r i b u t o r s  t o  I n o r g a n i c  Ni t rogen  Decrease 

The amount of  i n o r g a n i c  n i t r o g e n  a s s i m i l a t e d  i n  t h e  

water column was caBcuPated as a f r a c t i o n  of t h e  amount of  

carbon a s s i m i  l s t e d  ( f rom 14c-uptake e x p e r i m e n t s )  by assuming 

a c o n s t a n t  a s s i m i l a t i o n  r a t i o  o f  l 0 0 : 1 6  (C:N),  a g e n e r a l l y  

a c c e p t e d  r a t i o  f o r  t h e  c a r b o n ,  n i t r o g e n  compos i t ion  of most 

p h y t o p l a n k t o n  (Fogg, 1965) .  For  a l l  s t a t i o n s  where measure- 

ments o f  1 4 ~ - a s s i r n i l a t i o n  were made, t h e  v a l u e s  were 

m u l t i p l i e d  by t h e  w a t e r  volume r e p r e s e n t e d  by t h e  p a r t i c u l a r  

s t a t i o n  ( s e e  s e c t i o n  on t o t a l  m o u n t  of n i t r o g e n  i n  t h e  

e s t u a r y )  c o r r e c t e d  f o r  l i g h t  e x t i n c t i o n  ( W i l l i a m s ,  1966)  and 

summed (Appendix A Table  11), 

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

i n c r e a s e  OP d e c r e a s e  in i n o r g a n i c  n i t r o g e n  w i t h i n  t h e  e s t u a r y  

were by no means comple te ,  b u t  were c o n s i d e r e d  t h e  major  

o n e s ,  A 1 1  c a l c u l a t i o n s  were e x p r e s s e d  a s  d a i l y  a v e r a g e s  f o r  

t h e  months p r e s e n t e d  (February  and August ,  19721,  

Computer Maps 

Computer maps were produced w i t h  t h e  SYMAP (Synagraph ic  

Computer Mapping) program developed by t h e  Gradua te  Schoo l  

of Design a t  Harvard  U n i v e r s i t y  (Cambridge, M a s s a c h u s e t t s ) .  



RESULTS 

Hydrographic Data  

Temperatures i n  t h e  Pamlico  R i v e r  e s t u a r y  from August 

1971 t o  August 1972 ( F i g .  5 )  ranged from less t h a n  5 ' ~  i n  

February  t o  h i g h e r  t h a n  2 5 ' ~  i n  J u l y  and August ,  T y p i c a l  

s p a t i a l  d i s t r i b u t i o n  d u r i n g  t h e  ext reme s e a s o n s  ( F i g .  6 )  

i n d i c a t e d  l i t t l e  d i f f e r e n c e  i n  t e m p e r a t u r e s  th roughou t  t h e  

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

i n  w i n t e r  and s l i g h t l y  warmer t e m p e r a t u r e s  i n  summer were 

o f t e n  found ups t ream,  
0 

S a l i n i t i e s  g r e a t e r  t h a n  4 /oo were seldom found 

f a r t h e r  ups t ream t h a n  mid e s t u a r y  e x c e p t  d u r i n g  t h e  la te  

summer and e a r l y  f a l l  ( F i g .  7 ,  81, During l a t e  s u m m e r ,  

s a l i n i t i e s  g r e a t e r  t h a n  6 O/oo were g e n e r a l l y  found through-  

o u t  most s f  t h e  e s t u a r y .  The p a t t e r n  o f  h i g h e r  s a l i n i t i e s  

i n  summer, e x t e n d i n g  f a r t h e r  up i n t o  t h e  e s t u a r y ,  and low 

w i n t e r  v a l u e s  due t o  h i g h  f r e s h w a t e r  f l o w ,  is t h e  same as 

w a s  found i n  ear l ier  hydrograph ic  work i n  t h e  e s t u a r y  

(Hobbie,  1970b) .  Lower o v e r a l l  v a l u e s  f o r  t h e  p r e s e n t  s t u d y ,  

a s  compared w i t h  p r e v i o u s  d a t a ,  were caused  by t h e  

e x c e p t i o n a l l y  heavy r a i n f a l l  d u r i n g  t h e  y e a r  ( s e e  a l s o  

Appendix B Table  1 ) .  

N u t r i e n t  Data  

Ni t r i te  c o n c e n t r a t i o n s  were very  low th roughou t  t h e  y e a r  

( F i g .  9 )  i n  comparison w i t h  t h e  o t h e r  forms of n i t r o g e n  found 

i n  t h e  e s t u a r y .  Values  ranged from g r e a t e r  t h a n  0 . 5  vg-at N 





. . .  ...... 
6.2 :::::: ........... PAMLICO RIVER ............... ... """ s.9C:""... ...... ............. 5.7::::::: .... .:. .................................... .............................. ........ .......... .... 4.8 .............. ........... ............. 5.2 ::::.. . . ........... . . .  ................... ........... 5.5 ::"' ...... .................. ................ ........ 5.3 .:::.j:p::::::: ....... .......... ................ ............... ....... 32:::::: :::::::::::::::::: .............. ..... ... ...... ::,, :;; ::::: 5.0 ........................ ........... a , . .  ... ................ ................................ 4.9 :::::::... " """"" .. 5.3,""""""" .................... """"" "" """' ". 

.::' .."". ................... 5.0 ...................................... ':::::' .::: ........................................................................ ................................................................ ....... 4.8 ...... 4.8 ::...5, ................................. ................ ..$ - ................................... ........................................................ ..................... ................ .................. 
23 February 1972 

po ........................ 4.8: s.7"..s .,"" """"... """".."""" .......... 5,0 .... 4.4 ................ 4.7""""'4.5 """' ....................................................... ......................................... Tamperatura-S (C) ..n,sv ,:.:::, M-uu-..uuv ................................................. ....... ..................... 4.8 :::::::::: 4.6 :::::::: .................................................. ......... ................................... . . . .  ........ ........................... ........................... 13:::IA.T : ...... .................... ...... ............... ........................ Q .........- 4 ........................... ...................... KM ..................... ..................... .................... ................... ................... .................. .................. 

1 
1 " * l P  

Figure 6. Surface temperature distribution 
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Figure 7. Yearly s a l i n i t y  c y c l e ,  August 1971- 
August 1972 
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F i gu re  8. Su r f ace  s a l i n i t y  d i s t r i b u t i o n  



Figure  9. Yearly cyc l e  of n i t r i t e  c o n c e n t r a t i o n s ,  
August 1971-August 1972 
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liter-' d u r i n g  t h e  w i n t e r  months t o  a lmos t  u n d e t e c t a b l e  

l e v e l s  ( 0 . 1  pg-at N l i t e r - ' )  t h e  remainder  o f  t h e  y e a r .  The 

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

c o n c e n t r a t i o n s  i n  t h e  upper  r e a c h e s  o f  t h e  e s t u a r y  ( F i g .  1 0 ) .  

The y e a r l y  c y c l e  of  n i t r a t e  c o n c e n t r a t i o n s  ( F i g .  1 1 )  

was s i m i l a r  t o  t h a t  of n i t r i t e ,  a l t h o u g h  c o n c e n t r a t i o n s  were 

much h i g h e r  (up  t o  35 ~ g - a t  N l i t e r - ' )  and t h e  h i g h  concen- 

t r a t i o n s  p e r s i s t e d  f o r  a much l o n g e r  p e r i o d  of t i m e .  Concen- 

t r a t i o n s  g r e a t e r  t h a n  5 yg-at  N l i ter- '  were found th rough  a 

large p o r t i o n  of t h e  e s t u a r y  from September th rough  March, 

C o n c e n t r a t i o n s  were always h i g h e r  ups t ream and u s u a l l y  d i d  

n o t  f a l l  below 1 0  pg-at N l i ter- '  year round i n  t h e  upper  

r e a c h e s .  Very l i t t l e  n i t r a t e  was found n e a r  t h e  mouth o f  t h e  

e s t u a r y  d u r i n g  any s e a s o n ,  The g e n e r a l  p a t t e r n  of  d e c r e a s i n g  

c o n c e n t r a t i o n  downstream and t h e  s e a s o n a l  c o n t r a s t s  i n  t h e  

amount o f  n i t r a t e  found i n  t h e  e s t u a r y  were a l s o  a p p a r e n t  

from d a t a  f o r  i n d i v i d u a l  sampl ing  d a t e s  ( F i g .  1 2 ) .  

A s e a s o n a l  p a t t e r n  f o r  ammonium p l u s  amino a c i d s  ( F i g ,  

1 3 )  was d i f f i c u l t  t o  d e t e c t  e x c e p t  f o r  t h e  s l i g h t l y  h i g h e r  

c o n c e n t r a t i o n s  obse rved  d u r i n g  a  s h o r t  p e r i o d  i n  w i n t e r .  

Most of t h e  v a l u e s  f o r  t h e  y e a s  f e l l  w i t h i n  a r e l a t i v e l y  small 

range  of 4 t o  8 yg-at N liter-', The s p a t i a l  d i s t r i b u t i o n  f o r  

ammonium p l u s  amino a c i d s  ( P i g ,  14) a l s o  i l l u s t r a t e d  no 

d e f i n i t e  p a t t e r n ,  even s e a s o n a l l y ,  

A y e a r l y  p a t t e r n  f o r  d i s s o l v e d  o r g a n i c  n i t r o g e n  ( F i g ,  15, 

1 6 )  was a l s o  d i f f i c u l t  t o  d e t e c t ,  There d i d  appear  t o  be less 

p r e s e n t  d u r i n g  t h e  w i n t e r  when i n o r g a n i c  n i t r o g e n  was h i g h .  
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Figure 10. Surface n i t r i t e  d i s t r i b u t i o n  



Figure  11. Yearly cyc l e  of n i t r a t e  c o n c e n t r a t i o n s ,  
August 1971-August 1972 
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Figure  12. Surface  n i t r a t e  d i s t r i b u t i o n  
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Figure 13. Yearly cycle of ammonium plus amino acids 
concentrations, August 1971-August 1972 
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Figure 14. Surface ammonium plus amino acids 
distribution 



F i g u r e  15. Year ly  c y c l e  o f  d i s s o l v e d  o r g a n i c  n i t r o g e n  
c o n c e n t r a t i o n s ,  August 1971-August 1972 
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In a d d i t i o n ,  concen t r a t i ons  appeared h ighe r  downstream much 

of t h e  yea r .  Again, extreme seasona l  d i f f e r e n c e s  were not  
-1 

p r e s e n t .  Concent ra t ions  were g r e a t e f  than  15  pg-at N l i t e r  

most of t h e  yea r  and t h u s  d i s s o l v e d  o rgan ic  n i t r o g e n  was t h e  

most abundant form of n i t r o g e n  p r e s e n t  yea r  round. 

The y e a r l y  concen t r a t i ons  of p a r t i c u l a t e  n i t r o g e n  

(F ig .  17 )  d i d  no t  fo l low any p a t t e r n  e i t h e r ,  Values between 

1 and 5 pg-at N l i t e r - '  were most commonly found and concen- 

t r a t i a n s  of g r e a t e r  t han  15 pg-at N l i t e r - '  were r a r e .  No 

p a t t e r n  i n  s p a t i a l  d i s t r i b u t i o n  of p a r t i c u l a t e  n i t r o g e n  was 

d e t e c t e d  (Fig .  18) .  S i m i l a r  p a t t e r n s  for a l l  n i t r o g e n  forms 

desc r ibed  h e r e  have a l r eady  been observed f o r  t h i s  e s t u a r y  

(Hobbie e t  a l . ,  1972) ( s e e  a l s o  Appendix B Table 1 ) .  

Nitrogen Experimental  Study 

Net Changes i n  Inorganic  Nitrogen i n  t h e  Water Column 

During exper imental  i ncuba t ions  of wate r  samples t h e r e  

was a s l i g h t  n e t  i n c r e a s e  (0 .10 )  i n  n i t r i t e  i n  t h e  uppe'r 

e s t u a r y  and a s l i g h t  decrease  (0 .02 vg-at N li ter- 'dayw') 

downstream (F ig .  1 9 ) .  The s t a t i s t i c a l  s i g n i f i c a n c e  (5% l e v e l )  

of t h e  changes measured, u s ing  t h e  s t u d e n t ' s  t - t e s t  (Snedecor 

and Cochran, 1968) ,  i n d i c a t e d  t h a t  t h e  n e t  i n c r e a s e  i n  

n i t r i t e  upstream was r e a l  f o r  bo th  samplings (Appendix C 

Table 1). No s i g n i f i c a n t  changes i n  n i t r i t e  were d e t e c t e d  

f o r  t h e  middle reaches  and only changes measured f o r  t h e  23 

February sampling were s i g n i f i c a n t  f o r  t h e  downstream s t a t i o n s  

of t h e  r i v e r .  In t h i s  c a s e ,  t h e r e  w a s  a n e t  decrease  i n  

n i t r i t e .  












































































































































































































































































