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The a t t ached  r e p o r t  is t h e  f i r s t  of a s e r i e s  covering work completed 
under P r o j e c t  0-004-MC, "Changes During Eut rophica t ion  of an Estuary,"  
Matching Grants  Program, Of f i ce  of Water Resources Research, U. S. Depart- 
ment of t h e  I n t e r i o r .  The s tudy was i n i t i a t e d  by D r .  Donald Horton and 
brought t o  conclusion by D r .  John E. Eobbie, Department of Zoology, N. C. 
S t a t e  Univers i ty  a t  Raleigh. 

This  r e p o r t  on t h e  phosphorus concent ra t ions  i n  a North Caro l ina  e s t u a r y  
summarizes d a t a  c o l l e c t e d  bi-weekly s i n c e  1967. The conclusions a r e :  

The Texas Gulf Sulphur Company is adding l a r g e  amounts 
of phosphorus t o  t h e  waters  of t h e  Pamlico River ,  This  
phosphorus i s  e n t e r i n g  from t h e  p l a n t  s i te  and n o t  from 
t h e  decant  water  of t h e  s l i m e s - s e t t l i n g  bas in .  

The phosphorus added by t h e  phosphate mining and f e r t i -  
l i z e r  manufacturing ope ra t ion  does n o t  appear t o  be 
changing t h e  ecology of t h e  River because more than  enough 
phosphorus f o r  normal a l g a l  photosynthes is  is  a l r eady  
present .  

Phosphorus concent ra t ions  i n  t h e  Tar River e n t e r i n g  t h e  
upper e s t u a r y  have t r i p l e d  s i n c e  1967. This  is l i k e l y  
due t o  sewage and i n d i c a t e s  t h a t  n i t r o g e n  compounds a r e  
a l s o  inc reas ing  (unpublished evidence bea r s  t h i s  o u t ) .  

Phosphorus concent ra t ions  a r e  a l r eady  above t h e  0.04 mg ~ / 1  
(2.8 ug-at P/1) l e v e l  t h a t  marks t h e  l i m i t  between po l lu t ed  
and unpolluted waters ,  I f  s u f f i c i e n t  n i t rogen  compounds 
become a v a i l a b l e  from sewage o r  farm land dra inage ,  then  
i n t e n s e  eu t roph ica t ion  and even tua l ly  p o l l u t i o n  of t h i s  
e s t u a r y  w i l l  r e s u l t  w i th in  t h e  next  two decades. 





ADDENDA -- WRRI REPORT NO, 33 

Page 7 ,  second paragraph under River Flow, add: 

A short-term flow study of t h e  Pamlico River 
i n  1967 us ing  rhodamine B dye by Horton, et&, provided 
a d d i t i o n a l  i n s i g h t  i n t o  t h e  f l u s h i n g  c h a r a c t e r i s t i c s  of 
t h e  e s tua ry .  (See WRRI Report No, 6,) 

Page 44 should be  l abe l ed  page 47 .  
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ABSTRACT 

The Pamlico R ive r  i s  a  n a t u r a l l y  r i c h  e s t u a r y  t h a t  ex t ends  from Washington, 

North Ca ro l i na  some 35 m i l e s  t o  e n t e r  t h e  west  s i d e  of Pamlico Sound. It i s  

sha l low (average dep th  10.5 f e e t ) ,  and ha s  on ly  a  s i x  i nch  l una r  t i d e .  

The n a t u r a l  l e v e l s  of  phosphorus i n  t h e  e s t u a r y  a r e ,  f o r  t o t a l  phosphorus ,  

1 - 2 ug-a t  P I 1  (0.031 - 0.062 mg P /1) .  A s  a  r e s u l t  of phosphate  mining 

a c t i v i t i e s ,  phosphate  l e v e l s  a s  h igh  a s  93 ug -a t  P / 1  (2.9 mg ~ / 1 )  have been 

measured i n  t h e  e s t u a r y ,  however, r e l e a s e  i s  i n t e r m i t t a n t  and t h e  h igh  phos- 

phorus  wate r  i s  found a s  pa t ches  t h a t  move seaward a long  t h e  sou th  sho re  of  t h e  

e s t u a r y ,  Because t h i s  e s t u a r y  appears  t o  have more t han  enough phosphorus f o r  

normal a l g a l  pho to syn the s i s ,  i t  i s  be l i eved  t h a t  t h e  phosphorus added by t h e  

phosphate mining and f e r t i l i z e r  manufactur ing o p e r a t i o n  ha s  l i t t l e  e f f e c t  on 

t h e  b io logy  of t h e  r i v e r  a t  t h e  p r e s e n t  t ime.  

Even more s e r i o u s  i s  a  r ise i n  t h e  c o n c e n t r a t i o n  of phosphorus e n t e r i n g  

t h e  upper e s t u a r y  from t h e  Tar  R ive r .  Th is  added phosphorus ha s  t r i p l e d  over  

t h e  p a s t  t h r e e  y e a r s .  Because t h i s  phosphorus appea r s  t o  come from sewage, 

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

t h e  r i v e r  cou ld  t a k e  p l a c e  w i t h i n  10 - 20 y e a r s .  





INTRODUCTION 

The e s t u a r i e s  of t h e  United S t a t e s  a r e  important  t o  t h e  n a t i o n  a s  a  whole 

a s  a  p l ace  f o r  r e c r e a t i o n ,  a s  a  nursery  ground f o r  many of t h e  commercial f i s h ,  

and a s  water  a v a i l a b l e  t o  i ndus t ry  f o r  cool ing  waters  and t r a n s p o r t a t i o n .  For 

most of t h e s e  uses  i t  i s  important  t h a t  t h e  e s t u a r i e s  remain a s  unpol lu ted  a s  

p o s s i b l e .  Yet,  w i th  t h e  i nc reas ing  growth of popula t ion  and indus t ry  i n  North 

Ca ro l ina ,  i nc reas ing  amounts of n u t r i e n t s  a r e  e n t e r i n g  t h e  r i v e r s  and e v e n t u a l l y  

t h e  e s t u a r i e s .  Given t ime,  t h e s e  n u t r i e n t s  w i l l  change t h e  e s t u a r i e s  through 

enrichment of t h e  phytoplankton and o t h e r  p l a n t s .  For t h i s  r ea son ,  i t  i s  impor- 

t a n t  t o  monitor t h e  concen t r a t i on  and e f f e c t s  of t h e  va r ious  n u t r i e n t  chemicals 

e n t e r i n g  t h e  North Caro l ina  e s t u a r i e s .  Th i s  information i s  important  no t  only 

f o r  i t s  va lue  a s  an i n d i c a t o r  of t h e  changes i n  North Caro l ina  e s t u a r i e s ,  b u t  a l s o  

w i l l  g ive  important  in format ion  f o r  r e g u l a t o r y  bodies  and o t h e r  app rop r i a t e  s t a t e  

agenc ies .  

Under t h e  impetus of t h e  es tab l i shment  of phosphate mining indus t ry  on the  

e s t u a r i e s  of North Ca ro l ina ,  an  e s t u a r i n e  l abo ra to ry  was s e t  up near  Aurora,  

North Caro l ina  under t h e  d i r e c t i o n  of The Department of Zoology, North Caro l ina  

S t a t e  Un ive r s i t y .  S ince  1965 t h i s  l abo ra to ry  h a s  c a r r i e d  4 s e r i e s  of sampling 

p r o j e c t s  and experimental  work. These p r o j e c t s  have covered such d i v e r s e  t o p i c s  

a s  phosphate concen t r a t i on ,  n i t rogen  concen t r a t i on ,  f i s h  abundance and d i s t r i b u t i o n ,  

phytoplankton abunda.nce, t h e  reasons  f o r  zooplankton abundance a t  va r ious  t imes of 

t h e  y e a r ,  and t h e  d i s t r i b u t i o n  and abundance of ben th i c  (bottom dwel l ing)  animals .  

The r e p o r t  h e r e ,  which covers  t h e  phosphate concen t r a t i ons  i n  t h e  Pamlico River ,  

i s  t h e  f i r s t  of a  s e r i e s  of r e p o r t s  which w i l l  d e a l  w i t h  t h e  monitor ing d a t a  

ga thered  over t he  p a s t  fou r  yea r s .  It i s  expected t h a t  they w i l l  cover s a l i n i t y ,  

t empera ture ,  d i s so lved  oxygen, n i t r o g e n ,  a l g a l  concen t r a t i ons ,  and b e n t h i c  animals .  



Not on ly  w i l l  t h e s e  d a t a  p r e s e n t  a  b a s e - l i n e  s t u d y  f o r  comparison i n  f u t u r e  changes ,  

b u t  a l s o  w i l l  e v a l u a t e  and d e l i n e a t e  changes t h a t  have a l r e a d y  o c c u r r e d  i n  t h e s e  L 

e s t u a r i e s ,  

Phosphate  i s  a  v i t a l  p a r t  o f  e v e r y  l i v i n g  o r g a n i s m ,  y e t  i s  found i n  n a t u r e  

a t  a  ve ry  low c o n c e n t r a t i o n ,  For  example, t h e  u s e  of ca rbon ,  n i t r o g e n ,  and phos- 

phorus by organisms i n  n a t u r e  h a s  t h e  approximate  r a t i o  of 106:16:1  (C:N:P:) 

( R e d f i e l d ,  Ketchum and R i c h a r d s ,  1963).  E s t u a r i e s  u s u a l l y  c o n t a i n  around 1 - u g - a t  

 liter ( e q u a l  t o  3 1  ug P / l i t e r ) .  Ketchum (1969) s t a t e s  t h a t  t h e  maximum concen- 

t r a t i o n  of phospha te  found i n  u n p o l l u t e d  w a t e r s  i s  abou t  2 .8  u g - a t   liter f o r  

c o a s t a l  w a t e r s ,  T h i s  i m p l i e s  t h a t  i f  more t h a n  t h i s  amount were found,  e u t r o p h i -  

c a t i o n  o r  t h e  speed up of b i o l o g i c a l  a c t i v i t y  and t h e  r e s u l t a n t  changes  i n  t h e  

b i o l o g i c a l  p o p u l a t i o n  w i l l  b e g i n .  Th is  a l s o  i m p l i e s  t h a t  t h e  n e c e s s a r y  n i t r o g e n  

and o t h e r  n u t r i e n t s  a r e  p r e s e n t .  I n  f a c t ,  i n  many c o a s t a l  a q u a t i c  ecosystems 

t h e r e  i s  n o t  enough n i t r o g e n  p r e s e n t  and i t  i s  s a i d  t h a t  t h e  n i t r o g e n  i s  t h e  

l i m i t i n g  f a c t o r .  

I n  s p i t e  of t h e  importance of phosphorus i n  e s t u a r i e s ,  t h e  a n n u a l  c y c l e s  uf 

phosphorus have n o t  been w e l l  s t u d i e d  on t h e  e a s t  c o a s t  e s t u a r i e s .  I n  one ex- 

t r emely  p o l l u t e d  s i t u a t i o n ,  Morr iches  Bay on Long I s l a n d ,  t h e  t o t a l  phosphorus 

reached  80 u g - a t   liter i n  t h e  r i v e r  e n t e r i n g  t h e  bay (Barlow, Lorenzen and Myren, 

1963) ,  A t  t h e  o t h e r  extreme,  t h e  open ocean h a s  around 1 u g - a t   liter. I n  a  

r e c e n t  s t u d y ,  C a r p e n t e r ,  P r i t c h a r d ,  and Whaley (1969) r e p o r t e d  t h a t  most o f  

Cheseapeake Bay had between 1 and 2  u g - a t  P i l i t e r .  

Paml ico  R i v e r  E s t u a r y  

The r i v e r  e n t e r s  Pamlico Sound d i r e c t l y  t o  t h e  wes t  of Cape H a t t e r a s .  The 

e s t u a r y  e x t e n d s  from Washington,  N.  C .  on t h e  w e s t ,  some 35 m i l e s  t o  Pamlico P o i n t  

where t h e  r i v e r  e n t e r s  t h e  sound, The maximum w i d t h  i s  abou t  8  m i l e s  (Fig .  1 ) .  The 

average  d e p t h  i s  o n l y  10.5  f e e t  and t h e  o u t e r  banks damp o u t  t h e  l u n a r  t i d e  e f f e c t  



Figure 1. Top--Station numbers for samples taken in the Pamlico River between 
March, 1967 and February, 1968. 
Middle--Same, June, 1968 to July, 1969. 
Bottom--Salinity (parts per thousand) in the Pamlico River, I?. C. 
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s o  t h a t  t h e  t i d e  i s  o n l y  6 i n c h e s .  Most of t h e  change i n  w a t e r  l e v e l ,  up t o  3 t o  

4 f e e t ,  i s  caused by wind t i d e s ,  

T h i s  t y p e  o f  e s t u a r y ,  i n  which a  r i v e r  s p r e a d s  o u t  i n t o  a  s lowly  moving b road  

body of  w a t e r  and becomes mixed w i t h  s e a  w a t e r ,  h a s  been c a l l e d  a n  oligoha'dne 

e s t u a r y .  I n  a  r e c e n t  r e p o r t  t o  FWPCA, d a t a  from t h e  Pamlico River  were  used a s  

a n  example o f  t h i s  t y p e  o f  e s t u a r y  (Copeland, Horton,  and Tenore ,  p u b l i s h e d  r e -  

p o r t  i n  p r e p a r a t i o n ) .  The m a t e r i a l  t h a t  f o l l o w s  i s  t a k e n  from t h i s  r e p o r t  a s  w e l l  

a s  from unpubl i shed  r e p o r t s  and t h e s e s  by g r a d u a t e  s t u d e n t s  i n  t h e  Department o f  

Zoology, North C a r o l i n a  S t a t e  U n i v e r s i t y .  

The e s t u a r y  i s  c h a r a c t e r i s t i c " d y  sha l low w i t h  low s a l i n i t y  (F ig .  1 )  and h i g h  

t u r b i d i t y .  Large amounts o f  f r e s h  w a t e r  r u n o f f  can  s h i f t  t h e s e  s a l i n i t y  i s o c h l o r s  

a s  much a s  10 m i l e s  t o  t h e  wes t  ( t o  t h e  r i g h t  i n  F i g .  I ) ,  and it i s  t h i s  f l u c t u a t -  

i n g  s a l i n i t y  t h a t  may be  most impor tan t  i n  d e c i d i n g  t h e  d i s t r i b u t i o n  o f  p l a n k t o n  

and b e n t h i c  organisms,  

The p l a n k t o n  i s  dominated by a  tremendous a l g a l  bloom which reached  r e d  

t i d e  p r o p o r t i o n  i n  t h e  numbers of P e r i d i n k m t r i q u e t r u m  i n  J a n u a r y ,  February  and 

March of e v e r y  y e a r .  A f t e r  t h e  bloom, t h e  a l g a e  remain a t  low p o p u l a t i o n  l e v e l s  

f o r  t h e  r e s t  of t h e  y e a r .  The zooplankton is  dominated by t h e  common e s t u a r i n e  

copepod, A c a r t i a  t o n s a .  Most of t h e  f i s h  found a r e  s a l t  w a t e r  f i s h ,  a l t h o u g h  

f r e s h  w a t e r  forms do occur  c l o s e  t o  Washington, N , C .  The permanent r e s i d e n t  f i s h  

i n c l u d e  mummichog, t h e  r a i n w a t e r  k i l l i f i s h ,  t h e  naked goby, w h i t e  p e r c h ,  t h e  s t r i p e d  

anchovy, American e e l ,  and t h e  hogchoker.  Another group of  f i s h  i s  p r e s e n t  y e a r  

round e x c e p t  i n  t h e  w i n t e r .  These  i n c l u d e  t h e  t i d e  w a t e r  s i l v e r s i d e ,  t h e  rough 

s i l v e r s i d e ,  t h e  common s i l v e r s i d e ,  s p o t ,  a t l a n t i c  c r o k e r ,  p i n f i s h ,  a t l a n t i c  men- 

haden,  summer f l o u n d e r ,  and t h e  n o r t h e r n  p i p e  f i s h ,  Other  f i s h  are found on ly  

d u r i n g  t h e i r  m i g r a t i o n s  through t h e  e s t u a r y .  These i n c l u d e  h i c k o r y  shad ,  t h e  

a l e w i f e ,  g l u t  h e r r i n g ,  American shad ,  g i z z a r d ,  shad ,  s t r i p e d  b a s s ,  and t h e  common 

s t u r g e o n .  



The deeper  w a t e r s  o f  t h e  e s t u a r y  a r e  f r e q u e n t l y  v e r y  low i n  d i s s o l v e d  

oxygen d u r i n g  t h e  summer which appears  t o  l i m i t  t h e  b e n t h i c  i n v e r t e b r a t e s  t o  

t h e  sandy sed iments  founds i n  t h e  sha l low w a t e r s ,  The clam, Rangia c u n e a t a ,  

dominates  t h e  o l i g o h d i n e  p o r t i o n  of t h e  e s t u a r y  whereas t h e  b i v a l v e  Macoma 

B a l t h i c a  i s  impor tan t  th roughout  t h e  e s t u a r y ,  Also  o c c u r r i n g  i n  t h e  s h a l l o w  

zones a r e  e x t e n s i v e  s t a n d s  of r o o t e d  a q u a t i c  p l a n t s ,  Ruppia,  and Potamogeton, 

which f u r n i s h  food f o r  w i n t e r i n g  ducks and geese .  

The b l u e  c r a b  and shrimp a s  w e l l  a s  t h e  clam (Rangia ) ,  and t h e  o y s t e r  a r e  

h a r v e s t e d  from t h i s  r i v e r  i n  s i z a b l e  q u a n t i t i e s .  

Texas Gulf Sulphur  Company began mining phosphate  o r e  on t h e  s o u t h  s i d e  

o f  t h e  e s t u a r y  i n  1965, Th is  company now h a s  a  l a r g e  mine and a  f e r t i l i z e r  

p l a n t  n e a r  Aurora ,  N. C , ,  and e x p o r t s  b o t h  t h e  o r e  and t h e  f i n i s h e d  f e r t i l i z e r .  

The mining o p e r a t i o n  i s  a n  open,  d r y  p i t  mine and t h e  o r e  i s  f i r s t  c o n c e n t r a t e d  

and s e p a r a t e d  from t h e  accompaning c l a y  and sand ,  T h i s  w a s t e  m a t e r i a l  r e s u l t i n g  

from t h i s  s e p a r a t i o n  and c o n c e n t r a t i o n ,  c a l l e d  s l i m e ,  i s  pumped some 8 m i l e s  

i n t o  a  l a r g e ,  750 a c r e  s e t t l i n g  b a s i n  from which t h e  w a t e r  r u n s  o f f  i n t o  t h e  

e s t u a r y .  It was i n i t i a l l y  expec ted  t h a t  most of t h e  phosphorus added t o  t h e  

r i v e r  would come from t h i s  r u n o f f  from t h e  l a r g e  s e t t l i n g  b a s i n .  However, i t  

soon became a p p a r e n t  t h a t  Lee Creek,  which r u n s  through t h e  p l a n t  i t s e l f ,  i s  

add ing  much more phosphorus t h a n  t h e  s e t t l i n g  pond r u n o f f .  

Many peop le  p a r t i c i p a t e d  i n  t h e  p l a n n i n g ,  d a t a  c o l l e c t i n g ,  and d a t a  

r e d u c i n g  phases  o f  t h i s  p r o j e c t .  Among t h o s e  who shou ld  be  g i v e n  c r e d i t  a r e  

Edward C a r p e n t e r ,  James B e r r y ,  David G o s s e t t ,  Nat Smith ,  J a n  Lee,  N i t a  Scob ie  

and Nancy H a l l ,  D r .  Donald Horton d i r e c t e d  t h e  e a r l y  d a t a  c o l l e c t i o n  and was 

c o i n v e s t i g a t o r ,  



METHODS 

At least four different series of stations have been used in the past. 

Only the last two are reported here (Fig. 1). 

At two week intervals, surface samples were taken at each station and re- 

turned to the laboratory for analysis. Analysis methods followed in general 

those proposed by Strickland and Parsons (1965). Part of the sample was filtered 

through Gelman type A Glass Fiber Filters prior to analysis and part of the un- 

filtered and part of the filtered sample was digested by the potassium persul- 

phate oxidation method of Menzel and Corwin (1965) using an autoclave. All 

three samples were then analyzed by the mixed reagent method of adding molyb- 

dic ac'd , ascorbic acid, and trivalent antimony. 

not filtered ---  digested - - -  analyzed = Total unfiltered P 

Sample filtered - - -  digested - - -  analyzed = Total Filtered P 

not filtered - - -  not digested--- analyzed = Reactive P 

The color development was read in a Beckman DU I1 spectrophotometer and 

calibrated against standards. These standards proved to be constant and a 

factor of 5.0 multiplied by this spectrophotometer reading gave the concentration. 

However, it was noted in 1969 that the calibration curve was not linear above 

10 ug-at  liter and that the previous readings obtained were underestimates, 

Therefore, the concentrations measured prior to October 14, 1969, are low and 

can be corrected by multiplying by a factor of 1.0 at 10 ug-at  liter and 1.6 at 

20 ug-at Plliter. Because this correction makes no difference to the conclusions 

of this paper, it was not applied to the data. It was also found that the curves 

for total (digested) and reactive (undigested) phosphate concentrations versus 

extinction had different slopes. Again the differences are slight, but this 



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

of phosphorus w i l l  c l e a r  up most of t h e  d i s c r e p a n c i e s  of t h e  d a t a  where t h e  r e -  

a c t i v e  phosphorus is  h i g h e r  t h a n  t h e  t o t a l  phosphorus.  

Phosphorus i n  t h e  sediment  was measured i n  a  manncr s i m i l a r  t o  t h e  t o t a l  

u n f i l t e r e d  phosphorus ,  A measured amount of sediment  was p laced  i n  a  beaker  

and t h e  p e r s u l f a t e  o x i d a t i o n  c a r r i e d  o u t  i n  a n  a u t o c l a v e  b e f o r e  a n a l y z i n g  w i t h  

mixed r e a g e n t .  The d r y  w e i g h t  o f  t h e  sediment  was determined a f t e r  two o r  t h r e e  

h o u r s  of d r y i n g  i n  a  1 0 0 ~ ~  oven, 

RESULTS 

River  Flow 

The o n l y  w a t e r  f low d a t a  z v a i l a b l e  from t h e  s t u d y  a r e a  i s  t h a t  o f  t h e  U. S. 

G e o l o g i c a l  Survey ( r e p o r t s  f o r  1966, 1967, and 1968 were  o b t a i n e d  from t h e  Water 

Resources  D i v i s i o n ,  U .  S. G e o l o g i c a l  Survey,  R a l e i g h ) .  One s t a t i o n  r e p o r t e d  i n  

F i g u r e  2  i s  on t h e  Tar  River  a t  Tarboro ,  North C a r o l i n a ,  49 ,2  m i l e s  ups t ream from 

Washington,  N, C, The o t h e r  s t a t i o n  i s  on Durham Creek n e a r  Edward, N. C . ,  a b o u t  

6.7 m i l e s  ups t ream ( s o u t h )  from t h e  e s t u a r y  (Durham Creek i s  t h e  l a r g e  c r e e k  

e n t e r i n g  t h e  s o u t h  s i d e  o f  t h e  Pamlico R i v e r  j u s t  t o  t h e  w e s t  of Texas Gulf Su lphur  

( s e e  F i g .  1 ) ) .  

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

h i g h  w a t e r  ( F i g ,  2 ) .  Some of  t h e  h i g h  f l o w o e u r r i n g  a t  one s t a t i o n  d i d  n o t  ap- 

p e a r  a t  t h e  o t h e r  ( f o r  example t h e  h i g h  f low i n  J u n e ,  1967 i n  t h e  T a r  R i v e r ) ,  

p robab ly  because  o f  t h e  l o c a l  c h a r a c t e r  o f  t h a t  p a r t i c u l a r  s torm.  The h i g h  f low 

i n  t h e  Tar  River  lagged t h a t  of Durham Creek by 6  t o  15 d a y s ,  r e f l e c t i n g  t h e  

more immediate r e s p o n s e  o f  t h e  s m a l l  Durham Creek wate r shed  (21 s q u a r e  m i l e s )  

v e r s u s  t h e  2 ,140 s q u a r e  m i l e s  of t h e  Tar  R i v e r ,  

The w a t e r  f low was i r r e g u l a r  a t  b o t h  s t a t i o n s  b u t  t h e r e  was more f low d u r i n g  

t h e  w i n t e r .  High f low p e r i o d s  i n  t h e  T a r  R i v e r  were:  1967 i n  e a r l y  March, end o f  



t+ 
(I) 
0) 
r" 

F i g u r e  2. Water f low (cubic  f e e t  pe r  second) i n  t h e  Tar  River  a t  Tarboro ,  N. C.  
and i n  Durham Creek nea r  Edward, N. C. 



August, early September, December; and in 1968 in January and at the end of March. 

For Durham Creek high flow occurred in: 1967 in mid February, July, August, Sept- 

ember, and December; and in 1968 in January, mid March, and the beginning of June. 

Phosphorus Concentrations 

Measurements began in 1965 at five stations which were located at about HI, 

H4, H6, H8, and Hll (Fig. 1). These early results, which measured only reactive 

phosphorus, were almost always below 1 ug-at P/liter (Table 1). Sampling dates 

were June 29, August 4, August 19, September 23, November 12, and December 16, 

Station HI H4 H 6 H8 HI1 

29 June Surface 0.15 0.00 0,25 0.25 0.50 
Bottom 0.15 0.15 0.25 0-25 0.40 

19 August Surface 0,85 0,70 0-05 0.40 1.25 
Bottom 1.25 1.45 1-00 1-15 0.18 

12 December Surface 0.00 0.02 0 . 02 0.01 0-03 
Bottom 0-00 0.01 0.02 0,04 0.04 

Table 1. Some samples from 1965 data of the concentration of reactive phosphorus 
(ug-at  liter) in the Pamlico River (See Fig. 1 for location of stations). 

Although these few data are not enough for definite conclusions, it appears 

that the upstream stations are higher in reactive phosphorus and that low amounts 

reach Pamlico Sound, Another interesting result is the higher concentrations in 

some of the bottom water samples during the summer. This is due to the phosphate- 

iron relationship at low oxygen concentrations, When the Eh sinks, the insoluble 

ferric phosphate changes to the soluble ferrous phosphate which then enters the 

water from the sediment. 

Regular sampling began in 1967 and the data are presented in Tables, and for 

the total unfiltered phosphorus, in Figures, For the purpose of this paper, the 

total unfiltered phosphorus was chosen because the other two measurements are 

subfractions of this, The distribution and especially the sources of the phos- 

phorus was adequately illustrated by these concentration data and little additional 



in format ion  could be  gained by p r e s e n t a t i o n  of a l l  t he  d a t a .  

The phosphorus concen t r a t i on  d a t a  a r e  presen ted  i n  Tables  2  through 8 .  I n  

t he se  Tab le s ,  t h e  upper r i v e r ,  t h a t  which i s  una f f ec t ed  by Texas Gulf Sulphur ,  i s  

r ep re sen t ed  by s t a t i o n s  1 - 6 and H9, H10, H 1 1 ,  H16, and H17. The middle s t a t i o n s ,  

where h ighe r  phosphorus concen t r a t i ons  can o f t e n  be a t t r i b u t e d  t o  Texas Gulf Sul-  

phur o p e r a t i o n s ,  a r e  r ep re sen t ed  by s t a t i o n s  11 - 35, and H4 - H7. The lower 

r i v e r  water  t h a t  e n t e r s  Pamlico Sound i s  given by s t a t i o n s  36 - 39 and 111 - H3. 

The same d a t a  f o r  t o t a l  u n f i l t e r e d  phosphorus a r e  a l s o  presen ted  i n  F igu re s  3 

through 14. The fo l lowing  d i scus s ion  c e n t e r s  around t h e  f i g u r e s  a s  they summarize 

t h e  d a t a  w e l l ,  

The samples from e a r l y  1967 (F ig ,  3) i n d i c a t e  a  g e n e r a l l y  low amount of t o t a l  

phosphorus i n  t h e  r i v e r  w i t h  va lues  l y ing  between 1 and 3 ug-at   liter (0.031-0.093 

mg  liter). The sample from May 9,  however, does have a  va lue  of 6.04 a  l i t t l e  

downstream from t h e  Texas Gulf Sulphur p l a n t .  S t u d i e s  of t h e  r i v e r  c u r r e n t s  

(Horton, Kuenzler ,  and Wood, 1967) i nd i ca t ed  t h a t  t h e  water  from Texas Gulf Sulphur 

would flow towards Pamlico Sound along t h e  south  shore  of t h e  r i v e r ,  s o  t h i s  con- 

c e n t r a t i o n  can probably be  a t t r i b u t e d  t o  outf low from t h e  p l a n t .  S l i g h t l y  hFgher 

than normal va lues  of t o t a l  u n f i l t e r e d  phosphorus a r e  a l s o  seen  a long  t h e  same 

bank of  t h e  r i v e r  on June 27 and J u l y  13 (Fig.4) and a  very  h igh  va lue  of 7.32 i s  

noted 31  J u l y .  During t h i s  same s e r i e s ,  t h e r e  is  no s i g n  of  h igh  phosphorus con- 

c e n t r a t i o n s  due t o  t h e  o u t f a l l  from t h e  s l imes  s e t t l i n g  pond ( a r ea  t o  t h e  southwest  

of Ind i an  I s l a n d ) .  The peninsu la  t h a t  ex tends  toward Ind i an  I s l a n d  (Hickory Po in t )  

formerly reached t h e  i s l a n d  s o  t h e  water  t h e r e  is  extremely shal low and t h e  c u r r e n t  

flow i s  aga in  a long  t h e  south shore .  

The f i r s t  very  h igh  concen t r a t i ons  of phosphorus was seen  on August 23 (Fig.5) 

when 23.1 ug-a t   liter was noted (0.32 mg  liter). By August 30 t h i s  a r e a  of h igh  

concen t r a t i on  had moved downstream and was o f f  Hickory Po in t  (high of 8.0).  Three 

weeks l a t e r  (Sept.20) t h e  whole of  t h e  r i v e r  was aga in  very  low i n  phosphorus. 



Table 2. Phosphorous Concentration (ug-at ~/1) in the Pamlico river expressed as Total Unfiltered (TU), Total 
Filtered (TF), and Reactive (R). Mar. 10 - Aug. 23, 1967 

Stations: 1 2 3 4 5 6 7 8 9 10 11 12 13 

Mar. 10 
1967 (No Data) 

Mar. 23 
1967 TU 

TF 
R 

I Apr. 11 
1967 TU 

TF 
R 

May 9 
1967 TU 

TF 
R 

June 7 
1967 (No Data) 

June 28 
1967 

July 13 
1967 

July 31 

Aug. 23 
1967 
No Data on 



T a b l e  2 .  Continued ( M a r .  10  - Aug. 23, 1967) 

S t a t i o n s :  14 15 16 17 18 19 2 0 2 1 22 23 24 2 5 

Mar. 10 
1967 (No Data)  

Mar. 23 
1967 TU 

TF 
R 

Apr. 11 
1967 TU 

TI? 
R 

May 9 
1967 TU 

TF 
R 

J u n e  7 
1967 (No Data)  

J u n e  28 
1967 TU 

TF 
R 

J u l y  1 3  
1967 TU 

TF 
R 

J u l y  3 1  
1967 TU 

TF 
I R 

Aug. 23 
1967 TU 
No Data  on TF 

R 
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I Table 3. Phosphorous Concentration (ug-at ~/1) in the Pamlico river expressed as Total Unfiltered (TU), Total 
Filtered (TF), and Reactive (R). Aug. 30 - Dec. 19, 1967 

w 

Stations: 
-- 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Aug. 30 
1967 
No Data on 

Sept. 20 
1967 

Oct. 4 
1967 

Oct. 17 
1967 

Oct. 30 
1967 

Nov. 14 
1967 

Nov. 28 
196% 



T a b l e  3 ,  Continued (Aug. 30 - Dee. 19,  1967) 

Stat i o n s  : 14 15 16 17 18 1 9  20 2 1 2 2 2 3 24 2 5 26 

Aug. 30  
1967 
No Data on 

Oct. 4 
1967 

Oct. 17 
1967 

Nov. 14 
1967 

Nov. 28 
1967 



T a b l e  3 . Continued (Aug. 30 - Dec. 19,  1967) 

2 7 28 2 9 30 3 1 32 3 3 34 
P 

S t a t i o n s :  35 3 6 3 7 38 39 a 

Aug. 30 
1967 
No Data on 

Sep t .  20 
1967 

Oct.  4 
1967 

Oct .  17 
1967 

Oct .  30 
1967 

Nov, 14 
1967 

Nov, 28 
1967 

Dec. 19 
1967 



Table4. Phosphorous Concentration (ug-at ~/1) in the Pamlico river expressed as Total Unfiltered (TU), Total 
Filtered (TF), and Reactive (R) Jan. 8 - April 2, 1968 

Stations: 1 2 3 4 5 6 7 8 9 10 11 12 13 

Jan. 8 
1968 TU 

TF 
R 

Jan. 29 
1968 TU 

TF 
R 

Feb. 14 
1968 TU 

TF 
R 

Feb. 26 
1968 TU 

TF 
R 

Mar. 11 
1968 No Data 

April 2 
1968 No Data 



Table 4 ,  Continued (Jan. 8 - April 2, 1968) 

w 
Stations: 14 15 16 17 18 19 2 0 2 1 22 23 24 2 5 26 O0 

Jan. 8 
1968 TU 

TF 
R 

Jan. 29 
1968 TU 

TF 
R 

Feb. 14 
1968 TU 

TF 
R 

Feb, 26 
1968 TU 

TI? 
R 

March 11 
1968 No Data 

April 2 
1968 No Data 
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Table 5. Phosphorous Concentration (ug-at ~/1) in the Pamlico river expressed as Total Unfiltered (TU), Total 
Filtered (TF) , and Reactive (R) . June 29 - NOV. 21, 1968 

N 

Stations: H1 H2N H2 H2S H3N H3 H3S H4N H4 H4S H5 H6N H6 H6S H7N 0 

June 29 
1968 No Data TU 
No Data on TF 

July 16 
1968 

Aug. 6 
1968 

Aug. 23 
1968 

Sept. 6 
1968 

Sept. 30 
1968 

Oct. 11 
1968 

Nov. 21 
1968 



, T a b l e  5 .  Continued June 29 - sov.. 21, 1968 

S t a t i o n s :  H 7 H7S H8N H8 H8S H9 HI0 H I 1  HI2 H13 H14 H15 H16 H17 

June  29 
1968 No Data TU 
N o D a t a o n  TF 

J u l y  16 
1968 

Aug. 6 
1968 

Aug. 23 
1968 

Sep t .  6 
1968 

Sep t .  30 
1968 

Oct. 11 
1968 

Nov. 21  
1968 
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T a b l e  6 ,  Continued Dee. 1 3 ,  1968 - June  19,1969 

S t a t i o n s :  H7 H7S H8N H8 H8S H9 HI0 H 1 1  H12 H13 H14 H15 H16 H17 

Dec. 1 3  
1968 

Feb.  6 
1969 

Feb. 26 
1969 

Apr. 1 
1969 

Apr, 15 
1969 

May 2 
1969 

J u n e  3 
1969 

June  19 
1969 



Thble 7. Phosphorous Concentration (ug-at Pll) in the Pamlico river expressed as Total Unfiltered (TU), Total 
Filtered (Tl?), and Reactive (R). Jul. 4 - Oct. 29, 1969 

IU 
C 

Stations: -- H1 H2N H2 H2S H3N H3 H3S H4N H4 H4S H5 H6N H6 H6S H7N 

Jul. 4 
1969 

Aug. 6 
1969 

Aug. 21 
1969 

Sept. 3 
1969 

Sept. 17 
1969 

Oct. 1 
1969 

Oct. 17 
1 1969 

Oct. 29 
1969 
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Table 8,  Phosphorous Concentration (ug-at ~/1) in the Pamlico river expressed as Total Unfiltered (TU), Total 
I Filtered (TF), and Reactive (R) Nov. 12, 1969 - Jan. 2, 1970 
I 

N 

Stations: H1 H2N H2 H2S H3N H3 H3S H4N H4 H4S H5 H6N H6 H6S H7N 

Nov. 12 
196~9 

Dec. 3 
1969 

Dec. 15 

Jan. 2 
1970 



Table 8. Continued (Nov. 12, 1969 - Jan. 2,  1970) 

Sta t ions :  H7 H7S H8N H8 H8S H9 H10 H I 1  HI2 H13 H14 H15 H16 H17 

Nov. 12 
1969 TU 4.48 19.40 2.95 4.00 4.19 3.60 3.38 5,02 5.60 10.50 11.58 11.00 7.15 5.00 

TF 4.40 19.60 2.69 2.15 2.83 2.94 3.23 3.68 5.79 8.70 11.42 10.25 4.10 2.35 
R 2.18 15.48 1.92 1.97 2.08 2.07 1.72 1.82 4.25 7.20 10.72 9.95 4.92 1.85 

Dec. 3 
1969 TU 2.95 14.53 4.06 3.20 5,72 5.30 2.70 10,20 5.00 3.92 4.42 4.07 9.58 3.65 

TF 2.17 13.75 3.20 2.80 3.65 4.28 2.10 5.58 2.88 3.28 3.40 3.19 3.48 1.68 
R 1.56 15.55 2.50 2.20 3.14 2.90 1.38 2.78 2.44 2.87 2.86 2.53 2.08 1.00 

Dec. 15 
1969 TU 3.10 6.80 3.48 2.89 3.38 6.08 k.53 5.50 4.35 5.10 4.10 4.07 4.07 3.31 

?IF 2.55 2.62 2.30 2.10 2.22 2,67 2.05 2.25 3.60 4.00 3.24 3.19 2.08 2.45 
R 1.85 2.35 1.57 1.62 1.70 1 2  1.32 1.55 3.20 3.37 2.67 2.52 1.25 1.72 

Jan. 2 
1970 TU 3.38 12.09 3.00 2.35 5.40 2.42 3.45 2.35 3.17 4.35 1.93 3.35 2.02 1.55 

TF 1.87 8.95 2.47 1.85 3.00 1.48 1.47 1.80 2.53 3.21 1.96 3.27 1.48 1.20 
R 0.54 8.35 0.75 0.50 0.98 0.37 0.50 0.67 0.87 2.72 0.67 1.20 0.51 0.40 

S ta t ions  : Runyan Washington 

Jan. 2 
1970 TU 1.55 1.55 

TF 0.95 0.98 
R 0.20 0.32 
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APR. 11, 1967 

PAMLlCO RIVER 

MAY 9, 1967 

Figure 3. Total unfiltered phosphorus (in ug-at  liter) in the Pamlieo River 
on 22 March, 11 April and 7 May, 1967. 
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JUNE 27, 1967 

PAMLICO RIVER 

TOTAL UNFILTERED PO4 

JULY 13, 1967 

PAMLICO RIVER 

JULY 31, 1967 

F i g u r e  4. T o t a l  u n f i l t e r e d  phosphorus ( i n  u g - a t  P / l i t e r ) i n  t h e  Pamlieo River 
on 27 June ,  1 3  J u l y ,  and 3 1  J u l y ,  1967. 
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PAMLICO RIVER 

SEPT. 20, 1967 

Figure 5. Total unfiltered phosphorus (in ug-at  liter) in the Pamlico River 
on 23 August, 30 August, and September 20, 1967. 



The r e s u l t s  from October through August 6  sampling (Fig.  4 ,  5 ,  6 ,  and 7 )  

fol lowed much t h e  same p a t t e r n  w i th  some pa tches  of h igh  phosphorus wa t e r  e n t e r i n g  

t h e  r i v e r  from t h e  Texas Gulf Sulphur p l a n t  a r e a  and pa s s ing  downstream. O f  p a r -  

t i c u l a r  i n t e r e s t  i s  a  v a l u e  of  25.97 (0.80 ug -a t  P / l i t e r )  on 14 November (Fig.7).  

For some r ea son ,  a pa t ch  o f  h igh  phosphorus wa t e r  (12,OO ug -a t  ~ f l i t e r )  i s  found 

a c r o s s  t h e  r i v e r  a g a i n s t  t h e  n o r t h  sho re  on 28 November (Fig .5) .  Th i s  i s  t h e  

on ly  t ime t h a t  h igh  phosphorus wa t e r  was found a long  t h i s  sho re  and it i s  p o s s i b l e  

t h a t  a  windstorm moved t h e  wate r  i n  t h i s  d i r e c t i o n .  

Another s l u g  of h igh  phosphorus wa t e r  e v i d e n t l y  reached t h e  r i v e r  s h o r t l y  

a f t e r  December 19. By January  8  (Fig.  8)  t h e  ve ry  h igh  phosphorus wa t e r  (40 ug -a t  

o r  1.24 mg  liter) had moved down t o  Hickory Po in t .  By January  29, h igh  phos- 

phorus wa t e r  was even f a r t h e r  towards Pamlico Sound and on ly  r e s i d u a l  amounts 

were l e f t  by February 13 (Fig.  8  and 9 ) .  T h i s  conf i rms  t h e  g e n e r a l  c u r r e n t  f low 

map p r e sen t ed  by Horton,  Kuenz le r ,  and Woods (1967),  b u t  i n d i c a t e s  a  much s lower  

flow than  t h e  one m i l e  p e r  day t hey  e s t ima t ed .  

Beginning on August 23,  1968 (Pig.  10) and l a s t i n g  u n t i l  J u l y  4 ,  1969 

(Fig.  14) ,  t h e r e  were  no h igh  phosphorus pa t ches  of  wa t e r  found i n  t h e  r i v e r .  

There  were ,  however, c o n c e n t r a t i o n s  t h a t  reached 5 ug-a t  ~ l l i t e r  (Fig .  11) t h a t  

showed t h a t  t h e  phosphorus was s t i l l  r e ach ing  t h e  r i v e r  from Texas Gulf Sulphur .  

It may be s een  i n  F i g u r e  12 t h a t  r e l a t i v e l y  h i g h  amounts of  phosphorus were 

coming down t h e  Pamlico R i v e r ,  presumably from Washington, N. C. ( t h e  e x a c t  sou rce  

i s  unknown). For  example, on February  6  t h e r e  was g r e a t e r  t han  6  ug -a t   liter 

upstream and a s  low a s  1 ug -a t  p i l i t e r  downstream. Another c l e a r  r e d u c t i o n  i n  

phosphorus i s  s een  February  26 w i t h  h igh  (4 ug-a t   liter) v a l u e s  upstream and 

low v a l u e s  downstream. The same g e n e r a l  p a t t e r n  i s  a l s o  s een  on 19 June  (Fig.14).  

The d a t a  p l o t t e d  i n  t h e  f i g u r e s  ends on 4  J u l y ,  1969, and l e aves  t h e  i m -  

p r e s s i o n  t h a t  t h e  h igh  phosphorus a d d i t i o n s  t o  t h e  r i v e r  by Texas Gulf Sulphur  

had s topped.  However, a s  s een  i n  Tab le  7  and 8  and i n  F i g u r e  15 ,  t h e r e  were h igh  
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F i g u r e  6. T o t a l  u n f i l t e r e d  phosphorus ( i n  ug-a t  ~ I l i t e r )  i n  t h e  Pamlico R ive r  
on 3 October ,  17 October ,  and 30 October ,  1967. 
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Figure 7. Total unfiltered phosphorus (in ug-at Plliter) in the Pamlico River 
on 14 November, 28 November and 19 December, 1967. 
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Figure 8, Total unfiltered phosphorus (in ug-at  liter) in the Pamlico River 
on 8 January, 29 January, and 13 February, 1968, 
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F i g u r e  9. T o t a l  u n f i l t e r e d  phosphorus ( i n  u g - a t  P l l i t e r )  i n  t h e  Pamlico R i v e r  
on 26 F e b r u a r y ,  16 J u l y ,  and 6 August ,  1968. 
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Figure 10. Total unfiltered phosphorus (in ug-at piliter) in the Pamlico River 
on 23 August, 6 September, and 30 September, 1968. 
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F i g u r e  11. T o t a l  u n f i l t e r e d  phosphorus ( i n  ug -a t   liter) i n  t h e  Pamlico River  
on 11 October ,  2 1  November, and 3 1  December, 1968. 
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F i g u r e  12 .  T o t a l  u n f i l t e r e d  phosphorus ( i n  u g - a t  P l l i t e r )  i n  t h e  Pamlico R i v e r  
on 6 F e b r u a r y ,  26 February ,  and 1 August,  1969. 
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F i g u r e  13. T o t a l  u n f i l t e r e d  phosphorus ( i n  ug -a t   liter) i n  t h e  Pamlico R ive r  
on 15 A p r i l ,  2 May, and 3 June ,  1969. 
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Figure 14. T o t a l  unfiltered phosphorus (in ug-at  liter) in the Pamlico River 
on 19 June and 4 J u l y ,  1969. 
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I UPPER SECTION 

MIDDLE SECTION 

F i g u r e  15. The means and ranges  f o r  t h e  t o t a l  u n f i l t e r e d  phosphorus (ug-a t   liter) 
i n  t h r e e  s t r a t a  o f  t h e  Pamlico R i v e r ,  1967-1969. The upper  s e c t i o n  
( c l o s e s t  t o  Washington,  N, 6 , )  c o n t a i n s  S t a t i o n s  1-6 (1967-1968) and 
H9, 10 ,  11, 16,  17 ,  (1968-1969). The midd le  s t r a t u m  c o n t a i n  s t a t i o n s  
11-35 (1967-1568) and H4-7 (1968-1969). The lower s t r a t u m  c o n t a i n  s t a -  
t i o n s  36-39 (1967-1968) and HI-3 (1968-1969). 



phosphorus pa t ches  of  wa t e r  i n  t h e  r i v e r  a f t e r  August,  1969. One c o n c e n t r a t i o n  

reached 93.33 ug -a t  P l l i t e r  (2 .9  mg P l l i t e r ) .  

When t h e  t o t a l  u n f i l t e r e d  phosphorus d a t a  a r e  summarized f o r  t h e  upper ,midd le ,  

and lower r i v e r  (Fig .  15) i t  becomes obvious t h a t  t h e r e  h a s  been a  g e n e r a l  i n c r e a s e  

i n  t h e  c o n c e n t r a t i o n  of  phosphorus i n  t h e  upper r i v e r  over  t h r e e  y e a r s  of  sampling.  

I n  t h i s  g raph ,  t h e  means and ranges  a r e  p l o t t e d  and n o t  a l l  s t a t i o n s  have  been i n -  

c luded.  For example, s t a t i o n s  7  - 9 f e l l  i n t o  an  i n t e rmed ia t e  r e g i o n  between t h e  

upper and t h e  middle  r i v e r  and were omi t ted .  I n  s p i t e  of t h e  s c a t t e r  of  v a l u e s  

and t h e  s ea sona l  changes ,  t h e r e  was a  t r i p l i n g  i n  t h e  phosphorus c o n c e n t r a t i o n  i n  

t h e  upper r i v e r .  

The middle  r i v e r  (middle s e c t i o n  of F i g .  15) was g r e a t l y  a f f e c t e d  by t h e  h i g h  

c o n c e n t r a t i o n  of  phosphorus e n t e r i n g  from Texas Gulf Sulphur .  These h i g h  con- 

c e n t r a t i o n s  s t a r t e d  i n  August,  1967 (a  d a t a  p o i n t  i s  mi s s ing  i n  t h e  graph b u t  one 

v a l u e  reached 23 ug-a t  ~ I l i t e r )  and ended t h e  n e x t  August (1968),  b u t  d i d  s t a r t  

a g a i n  a  yea r  l a t e r  (August of 1969).  

The lower s e c t i o n  of t h e  r i v e r  h a s  fewer s t a t i o n s  b u t  a l s o  seems t o  be  

s t r o n g l y  a f f e c t e d  by Texas Gulf S u l p h u r ' s  a c t i v i t i e s .  The p e r i o d s  of r e l a t i v e l y  

h igh  phosphorus c o n c e n t r a t i o n s  c o r r e l a t e  w e l l  w i t h  t h e  h igh  va lue s  i n  t h e  middle  

s e c t i o n  c l o s e r  t o  Texas Gulf Sulphur.  While it i s  d i f f i c u l t  t o  s a y  whether  o r  

n o t  t h e  amount of  phosphorus r e ach ing  Pamlico Sound i s  i n c r e a s i n g ,  most of t h e  

t i m e  on ly  low l e v e l s  r e a c h  t h e  sound. 

Phosphorus i n  Sediment 

A t o t a l  o f  48 samples were  t aken  i n  t h e  r i v e r  i t s e l f  f o r  a n a l y s i s  of  t h e  

phosphorus i n  t h e  s u r f a c e  sediment .  The r i v e r  was d iv ided  i n t o  s i x  s t r a t a  and 

8 random samples were  t aken  i n  each  s t r a t a  (Tenore,in.preparation). 

Another set  of 25 samples were  t aken  i n  a s e r i e s  of  t r a n s e c t s  o f f  t h e  Texas 

Gulf Sulphur  p l a n t  and y e t  ano the r  of 44 samples were  t aken  o f f  t h e  s l i m e s  se t t l -  

i ng  pond. A l l  samples  were c l a s s e d  a s  e i t h e r  sand o r  mud. 

- 



The s e r i e s  i s  d i f f i c u l t  t o  i n t e r p r e t  as one set was t aken  i n  J u l y  ( r i v e r )  and 

t h e  o t h e r s  i n  October.  There  might have been changes due t o  season  b u t  t h e s e  a r e  

a s  y e t  unknown. However, t h e r e  were no measurable  d i f f e r e n c e s  between t h e  s t r a t a  

even though Texas Gulf Sulphur  added phosphorus would a f f e c t  on ly  3  s t r a t a .  Be- 

s i d e s  t h e  g r e a t  d i f f e r e n c e s  between t h e  sand and t h e  mud, t h e r e  were a l s o  d i f f e r e n c e s  

t h a t  were  c o r r e l a t e d  w i th  d i f f e r e n t  oxygen c o n d i t i o n s  (Table  9) .  A s  a l r e a d y  no t ed ,  

when t h e  oxygen i s  very  low, t h e  phosphorus i s  t ransformed i n t o  a  s o l u b l e  form 

and l e aves  t h e  sediment .  

Some very  h i g h  v a l u e s ,  f o r  example 112.4 and 85.6 f o r  sand were found o f f  

Texas Gulf Sulphur  p l a n t  and t h e  average  f o r  t h e  mud i s  a l s o  very  h igh .  I nc r ea sed  

mud l e v e l s  were  no t i c ed  o f f  t h e  s l imes  b a s i n ,  w i t h  one va lue  r each ing  191.7 and 

ano the r  194.4. Desp i t e  t h e s e  h igh  v a l u e s ,  it  i s  d i f f i c u l t  t o  s ay  d e f i n i t e l y  t h a t  

t h e  phosphate  mining h a s  r a i s e d  t h e  phosphorus l e v e l  i n  t h e  sediment .  Th is  d i f f i -  

c u l t y  a r i s e s  from t h e  g r e a t  v a r i a b i l i t y  from sample t o  sample and t h e  l a c k  of  an  

adequate  number of  samples.  

Tab le  9. Phosphorus c o n c e n t r a t i o n s  i n  s u r f a c e  sediments  of  t h e  Pamlico R ive r ,  
J u l y  (River  Samples) and October  o f f  Texas Gulf Sulphur a r e  o f f  s l imes  
pond),  1968, Concen t r a t i ons  a r e  r e p o r t e d  a s  ug -a t  P/mg d r y  weigh t  of 
sediment .  

SAND : 
River  
Off TGS 
Off Sl imes 

MUD : 
Rive r ,  h igh  O2 
R ive r ,  low 02 
T o t a l  River  (low + h igh )  
Off TGS 
Off Sl imes Pond 

Mean - 

13.2 
44.6 
30,8  

43.8 
24.2 
37.0 

l l 3 , l  
121.8 

No.of Samples 



i s  s e t  up and i f  water  low i n  phosphorus passes  over t he se  sediments ,  some phos- 

phorus w i l l  go i n t o  t h e  water .  This  exchange e f f e c t  h a s  been shown i n  l a b o r a t o r y  

experiments  a t  t h e  Pamlico Marine Lab by H. L. Davis (Davis, 1967). 

Perhaps t h e  f i n d i n g  wi th  t h e  most impact f o r  t h e  f u t u r e  of t h e  e s t u a r y  i s  

t h e  t r i p l i n g  of t h e  phosphorus i n  t h e  Tar River  in f low over t h r e e  y e a r s .  It i s  

l i k e l y  t h a t  t h i s  phosphorus i s  accompanied by n i t rogen  and t h a t  it comes from 

sewage a s  farm land u s u a l l y  ho lds  very  t i g h t l y  t o  added phosphorus. Thus, 

sewage f e r t i l i z a t i o n  i s  r a p i d l y  i nc reas ing  i n  t h e  r i v e r  b a s i n  and i f  t h e  r a t e  

of i n c r e a s e  con t inues ,  can only  harm t h e  e s t u a r y  w i t h i n  t h e  next  few decades.  



DISCUSSION AND CONCLUSIONS 

It must be  pointed ou t  aga in  t h a t  t h i s  i s  on ly  t h e  f i r s t  of a  s e r i e s  of 

r e p o r t s  on t h e  Pamlico River ,  Only when t h e  d a t a  on t h e  s a l i n i t y ,  temperature ,  

o the r  n u t r i e n t s ,  oxygen and a lgae  cyc l e s  a r e  complete can the  complete and t h e  

t o t a l  e f f e c t s  of t h e  phosphate mining indus t ry  on t h e  ecology of t h e  r i v e r  be 

eva lua ted .  Unlike some p o l l u t a n t s ,  phosphate i s  no t  harmful by i t s e l f ,  a t  

l e a s t  not  a t  t h e  concen t r a t i ons  found i n  t h i s  r i v e r  o r  even those  found i n  

Tampa Bay where thousands of pounds of phosphorus a r e  be ing  dumped every day 

(Hobbie, r e p o r t  i n  p repa ra t i on  f o r  FWPCA). However, when o the r  n u t r i e n t s ,  such 

a s  n i t rogen  compounds a r e  a v a i l a b l e  t o  work i n  concer t  w i th  t h e  phosphorus, then  

t h e  ag l ae  w i l l  t ake  advantage of t h e  improved cond i t i ons ,  grow f a s t e r ,  change i n  

s p e c i e s ,  and even tua l ly  produce harmful blooms. U l t ima te ly ,  t h i s  speed-up of 

t h e  a l g a l  growth w i l l  produce an  e u t r o p h i c a t i o n ,  o r  enrichment of t h e  whole 

b i o l o g i c a l  system and lead  t o  a  r ap id  change i n  t h e  whole b i o t a .  For example, 

i f  t h e  type  of a l g a e  change, then t h e  o y s t e r  and t h e  clam l a r v a e  may not  su rv ive  

a s  w e l l  and e v e n t u a l l y  be e l imina ted  from t h e  r i v e r ,  The same could happen t o  

shrimp and f i s h  l a rvae .  The r i c h  environment w i l l  produce s o  much a l g a e  t h a t  

decay and odor problems w i l l  even tua l ly  reduce t h e  r e c r e a t i o n a l  o p p o r t u n i t i e s .  

The f i r s t  conc lus ion  t h a t  can be reached from these  d a t a  i s  t h a t  t h e  Pamlico 

River  i s  n a t u r a l l y  r i c h  i n  phosphate.  R e l a t i v e l y  h igh  concen t r a t i ons  a r e  p re sen t  

i n  t h e  Tar River  waters  e n t e r i n g  t h e  e s t u a r y  b u t  t he se  have probably t r i p l e d  i n  

t h e  p a s t  t h r e e  yea r s .  These concen t r a t i ons  a lone  equa l  and surpass  t h e  2 .8  ug-a t  

 liter suggested by Ketchum (1969) a s  a  l i k e l y  upper l e v e l  f o r  unpol lu ted  

c o a s t a l  waters .  The cons ide rab l e  amounts o f  phosphorus added from t h e  p l a n t  

wastes  of Texas Gulf Sulphur a r e ,  t h e r e f o r e ,  added t o  a  r i v e r  a l r eady  very r i c h  

i n  phosphate.  



Some biological data from this river have already been presented (Hobbie, 

in preparation for publication as an FWPCA Document) that indicate that little 

biological effect of the added phosphorus from Texas Gulf Sulphur can be measured. 

For example, there was no discernable additional algal quantities or photosynthesis 

in the areas of the river where there was high phosphorus concentrations. Experi- 

ments with added nutrients revealed that nitrate stimulated photosynthesis while 

phosphate did not. Finally, large scale experiments in one-half acre artificial 

estuaries revealed no effect of added slime pond decant water on periphyton 

(Sherk, 1969) and phytoplankton (Carpenter, 1969). Of course this is only a 

preliminary conclusion but it appears that nitrogen is limiting in this estuary 

and that the polluting effects of the Texas Gulf Sulphur phosphate are slight 

at this time. 

If these high amounts of phosphorus were added to a lake there would be 

a strong pollution effect. Luckily, there are several differences between a 

lake and an estuary. First of all, the estuary is a flow-through system and 

much of the phosphorus is removed from the estuary within a number of weeks. A 

lake, in contrast, would hold almost all the phosphorus in its waters and sediment 

where it could be recycled several times. A second difference lies in the slight 

amount of stratification in the estuary. Once phosphorus does reach the sediments, 

it is held by chemical precipation from returning to the water column. A strati- 

fied lake, on the other hand, has active recycling of soluble phosphorus because 

of the reducing nature of the lower water and the top of the sediments. In this 

estuary, significantly lower amounts of sediment phosphorus were found in those 

areas of low oxygen content (Table 9). 

The sediment, however, is also a dynamic exchange system for phosphorus, not 

merely a receptacle for sedimented material. Much of the phosphorus lost from 

the water goes into the sediment as the water moves downstream. An equilibrium 



REFERENCES CITED 

Barlow, J. P . ,  C. J. Lorenzen, and R. T. Myren. 1963. Eutrophification of 

a tidal estuary. Limnol. and Oceanogr. 8:251-262. 

Carpenter, E. J. 1969. Effect of phosphate mining waste on phytoplankton in 

artificial estuaries, Unpublished Ph.D, thesis, North Carolina State 

University. 

Carpenter, J. H., D. W. Pritchard and R, C. Whaley. 1969. Observations of 

eutrophication and nutrient cycles in some coastal plain estuaries, p. 210-221. 

In Eutrophification: causes, consequences, correctives. Proceedings of the - 

symposium. National Academy of Sciences, Washington, D. C. 

Davis, H. L. 1967. Phosphorus and sediments in laboratory experiments. Un- 

published M. S. thesis, North Carolina State University. 

Horton, D. B e ,  E. J. Kuenzler and W. J. Woods. 1967. Current studies in the 

Pamlico River, an estuary of North Carolina, N. C. University Water Resources 

Research Institute Report No, 6. 21 p. 

Ketchurn, B. H. 1969. Eutrophification of estuaries, ~"197-209. - In Eutrophifi- 

cation: causes, consequences, correctives. Proceedings of the symposium. 

National Academy of Sciences, Washington, D. C. 

Redfield, A. C,, B. H. Ketchum, and F. A. Richards. 1963. The influence of 

organisms on the composition of sea water, p,26-77. &I M. N. Hill (ed.) The 

Sea Vol. 2. Interscience, New York and London. 

Sherk, J. A. Jr. 1969. Effects of low levels of phosphate mining effluent on 

periphyton in controlled artificial estuaries. Unpublished Ph.D. thesis, 

North Carolina State University. 

Strickland, J.D.H. and T. R. Parsons. 1965. A practical handbook of seawater 

analysis. Bulletin 167, Fisheries Research Board of Canada. 




