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ABSTRACT 

A fou r  year  (1974-1978) i n v e s t i g a t i o n  of t h e  water q u a l i t y  r a m i f i c a t i o n s  
i n  e s t u a r i e s  of conver t ing  bordering f o r e s t s  t o  i n t e n s i v e  a g r i c u l t u r e  was 
conducted with r e f e rence  t o  land deve1opment .b~  Open Grounds Faini, Inc .  i n  
C a r t e r e t  County, Nbrth Caro l ina ,  a s  i t  inf luenced t h e  South River e s tua ry .  
S i g n i f i c a n t  changes occurred i n  s a l i n i t y  of su r f ace  waters ,  t u r b i d i t y , ' a n d  
d i s so lved  n u t r i e n t s  i n  t h e ' e s t u a r y .  However, no s i g n i f i c a n t  changes were 
noted i n  s a l i n i t y  of bottom waters  (except a t  one s t a t i o n ) ,  oxygen concen- 
t r a t i o n ,  o r  phytoplankton biomass. A l is t  of management recommendations i s  
presented  t o  guide t h e  development of  c o a s t a l  p l a i n s  wetlands which border  
e s t u a r i e s  i n  t h e  southeas te rn  United S t a t e s .  

. . 
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I I 

Sumnary, Conclusions, and Recommendations 

A four  year (1974-1978) inves t iga t ion  of the  water qual i tysramif ica t ions  
i n  e s t u a r i e s  of converting f o r e s t s  t o  in tens ive  a g r i c u l t u r e  was conducted i n  
Car te re t  County, North Carolina. The inves t iga t i cn  was made with reference  
t o  the  dra in ing and development by Open Grounds Farm, Inc. of t h e  pocosin and 
pine f o r e s t  wetlands surrounding the  upper South River es tuary ,  The major ' 

changes i n  t h e  water q u a l i t y  of the  upper por t ion  of t h e  es tuary  were: (1) a  
decrease i n  surface  water s a l i n i t y ;  ( 2 )  an increase  i n  t u r b i d i t y  m d ;  (33 an 
increase  i n  t h e  concentrat ion of phosphate, n i t r a t e  and ammonia. 'The i n t k n s i t y ,  
extent ,  and dura t ion  of  these  changes i s  d i r e c t l y  co r re la t ed  with r a i n f a l l  
and thus with runoff volumes from the  surrounding watershed. No s i g n i f i c a n t  
changes associa ted  with land development were noted i n :  (1) bottom water s a l i n i t y ;  
(except a t  one s t a t i o n )  (2 )  oxygen concentrat ions,  o r  (3)  concentrat ions of  
chlorophyll  - a  (phytoplankton biomass). 

The na tu ra l  wetlands which border t h e  e s t u a r i e s  of North Carolina export  
water t o  the  adjacent e s tua r ine  waters which a r e  of extremely high q u a l i t y  
(although a c i d i c  and highly colored).  The water i s  e s s e n t i a l l y  f r e e  of suspended 
s i l t  and dissolved n u t r i e n t  elements, The l a t e r a l  e s t u a r i e s  such a s  t h e  
South River which receive  t h i s  xet land runoff  i n  t h e i r  headwaters a l s o  serve  
as s inks  f o r  sediments (Riggs and OqConner, 1975) and dissolved n u t r i e n t s  from 
t h e  adjacent  'piedmont r i v e r  estui ir izs .  The development of  the  watershed 
surrounding a  non-t idal ,  slow nixing,  l a t e r a l  es tuary  ( the  South River) from 
f o r e s t  t o  a g r i c u l t u r e  has converted the  water q u a l i t y  of the  upper ha l f  of  t h e  
r i v e r  from i t s  na tu ra l  s t a t e  in fo  a f7models3 vers ion  of t h e  l a r g e r  piedmont 
r i v e r  es tuary  ( the  Neuse R i v e r ) . \  This ecologica l ly  and commercially important 
l a t e r a l  es tuary  i s  now per iod ica l ly  enriched a t  both ends with sediment, 
d issolved n u t r i e n t s ,  and o ther  mater ia l  associa ted  with human a c t i v i t i e s .  
Allthough, t o  da te ,  no b io log ica l  changes have been observed i n  t h e  South River, 
t h e  r e s u l t  of t h e  changes i n  water q u a l i t y  can only be t o  f u r t h e r  reduce 
t h e  f u t u r e  a s s imi la t ion  capaci ty  of  t h e  whole e s tua r ine  system. 

Based upon our r e s u l t s  and those of e t h e r s  ( p a r t i c u l a r l y  Hobbie and Smith, 
1975; and Kuenzler, e t  a l . ,  19771, and assuming t h a t  maintenance of e s tua r ine  . -- 
systems i n  t h e i r  "naturalv s t a t e  i s  the  ob jec t ive ,  we make t h e  following 
recommendat ions : 

I 

(1) Drainage from developed land i n t o  l a t e r a l  e s t u a r i e s ,  p a r t i c u l a r l y  those not 
f lushed by t i d e s ,  should be removed a s  f a r  a s  p rac t i cab le  i n  both time and space 
from t h e  es tua r ine  system. Such drainage should, i d e a l l y ,  pass through a buf fe r  
of unmodified wetlands before being allowed t o  en te r  t h e  headwaters of t h e  
e s tua r ine  system (Barber, e t  a l . ,  1979). The a l t e r n a t i v e  i s  t o  rou te  drainage -- 
i n t o  r ap id ly  c i r c u l a t i n g  waters (usual ly  as a r e s u l t  of s t rong lunar t i d e s )  
where discharges tiill be d i l u t e d  so  a s  t o  be unmeasurable within a shor t  
d is tance  from t h e  discharge. 

(2) The discharge o f  t h e  drainage water i.nto surrounding e s t u a r i e s  from developed 
land should be managed on a  wa tashed  b a s i s  i n  such a  way a s  t o :  (a) minimize t h e  
impact on t h e  v e r t i c a l  and hor izonta l  s a l i n i t y  p r o f i l e s ;  ( 5 )  reduce suspended 



s o l i d s  and; (c) reduce n u t r i e n t  loading which occurs a s  a  r e s u l t  of t h e  magnified 
e f f e c t  of highest  n u t r i e n t  concentrat ion occvrring c o n c ~ m i t t a n t l y  with h ighes t  
runoff  volumes. In d iscuss ing t h e  management of n u t r i e n t  loading, r egu la to ry  
agencies should seek t h e  advice of b i o l o g i s t s  f ami l i a r  with t h e  adapt ive  
s t r a t e g i e s  of  growth o f  phytoplankton as  they respond t o  changes i n  n u t r i e n t  
c o n c e n t ~ a t i o n s .  

(3) With reference  t o  t h e  a s s imi la t ive  capaci ty  of l a t e r a l  e s t u a r i e s , f o r  
n u t r i e n t s  and sediments, the  research programs of the  s t a t e  of North Carolina 
which involve s t u d i e s  of the  eutrophicat ion of e s tua r ine  systems should determine 
the  q u a n t i t a t i v e  importance of the  l a t e r a l  e s t u a r i e s  t o  the  e s tua r ine  system 
as, a whole. This  is p a r t i c u l a r l y  important i n  t h e  Pamlico Sound complex where 
t i d a l  f lushing with oceanic water i s -ext remely  slow, . This very slow f lush ing  
i s  what makes many North ~ a r o l i h a  e s t u z r i e s  unique and a t  t h e  same time 
suscept ib le  to~ ' eu t roph ica t ion .  
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In t roduc t ion  

In response t o  a  cont inuing  inc rease  i n  world demand f o r  food, land 
which has prev ious ly  been cansidered marginal f o r  farming i s  being 
developed i n t o  product ive  a g r i c u l t u r e .  Draining and c l e a r i n g  of wetlands 
which have s high water t a 3 l e  l ~ u t  r e l a t i v e l y  r i c h  s o i l  i s  one type  of 
development which is  now occurr ing  on a  l a r g e  s c a l e .  The sou theas t e rn  
United S t a t e s t  ccn ta ins  morc than  55% sf t h e  w t l a n d s  i n  t h i s  country 
(Geraghty -- e t  a l . ,  1973) which, while  not  v i r g i n ,  have been used most ly 
f o r  t imber product ion and w i l d l i f e ;  u ses  which havc l i t t l e  impact on 
surrounding waters .  

I n  o rde r  t o  u se  wetlands f o r  a g r i c u l t u r a l  product ion,  t h e  water balance 
must be a l t e r e d  wi th  l a r e e - s c a l e  dra inage  p r o j e c t s .  Such p r o j e c t s  have been 
common i n  t h e  southeas te rn  c o a s t a l  p l a i n  s i n c e  t h e  19th  century  (Miles, 1910; 
Le f l e r  and Newsom, 1954); however, many of  t h e  p r o j e c t s  have f a i l e d ,  I n  
North Caro l ina  by 1972 a p p r o ~ i r ~ ~ a t e l y  30% a£ t h e  c o a s t a l  p l a i n  had been dra ined  
and 40% more was bel ieved t o  be s u i t a b l e  f o r  a g r i c u l t u r e  i f  t h e  su r f ace  water  
t a b l e  could be lowered (Dorcet te  and P h i l l i p s ,  1978).  Since 1973 about 500,000 
a c r e s  of t h e  wetlands o f  t h e  c o a s t a l  p l a i n  i n  l jorth Caro l ina  have been dra ined  
and c l ea red  (Car te r ,  1975).  These type  8 scrublscrub  bogs and savannahs 
(Shaw and F re l ing ,  1956) have not  5een pro tec ted  by f e d e r a l  o r  s t a t 6  law and, 
i n  f a c t ,  d ra inage  of  such lands f o r  a g r i c u l t u r e  has  k e n  a c t i v e l y  a s s i s t e d  
and p r m o t e d  by t h e  Federal  and S t a t e  Governments. 

Federal  and S t a t e  laws do p r o t e c t  t h e  t i d a l  marshes and shallow open waters  
which surround t h e  ' suse lessP?  wetlands. The cu r ren t  view of  t h e  government i s  
t h a t  t h e  development of Type 8 wetlands must be accomplished SG a s  not  t o  
adverse ly  a f f e c t  t h e  surrounding "valuableu marshes and open water a r eas .  

A major problem r e l a t e d  t o  t h e  modi f ica t ion  qf wetlands i s  t h a t  t h e  
corpora t ions  o r  i nd iv idua l s  involved have purchased t h e  land, but t h e  water 
a f f e c t e d  5y t h e i r  a c t i v i t i e s  is  commn proper ty .  The c o n f l i c t  posed by t h i s  
land use  modi f ica t ion  i s  t h e  p o s s i b l e  dmage  t o  t h e  common s e c t o r  imposed by 
changes t h a t  t h e  p r i v a t s  s a c t o r  must make t o  p r o f i t a b l y  c a r r y  out  i n t e n s i v e  
a g r i c u l t u r e  on t h o  c l ea red  land.  

The economic problem posed by t h e s e  massive farms i s  made more complex 
by t h e  "openis n a t u r e  of  t h e  c s t u a r i n c  environment; t h a t  is,  t h e  f o r e s t ,  swamps, 
marshes and t i d a l  c reeks  a r e  coupled roge the r  so  t h a t  changes i n  one component 
a f f e c t  a l l  t h e  o t h e r  components. The dra inage  d i t c h e s  a f f e c t  t h e  runoff  
of  f r e s h  water and t h e  m a t e r i a l s  en t e r ing  t h e  e s tua ry .  Thus, a 45,000 a c r e  
dra inage  system dug i n  C a r t e r e t  Country could permanently and d i r e c t l y  a f f e c t  
t h e  income of  many ind iv idua l s  involved i n  t h e  f i s h i n g  indus t ry  by a l t e r i n g  
t h e  water  q u a l i t y  o f  surrounding e s t u a r i n e  a reas .  

The bas i c  eco log ica l  and e c o n m i c  ques t ion  t h a t  must be reso lved  i s  
how much damage t o  t h e  e s t u a r i n e  ecosystem w i l l  r e s u l t  from t h e  upstream 
modif ica t ions  of  t h e  bordering swemps and f o r e s t s .  The problem i s  of 
s p e c i f i c  importance i n  C a r t e r e t  'county involv ing  t h e  Open Grounds Farm, Inc . ,  
but it i s  of  even g r e a t e r  r eg iona l  s i g n i f i c a n c e  s i n c e  t h e  c o a s t a l  p ine  f o r e s t s  



of t h e  southeas te rn  United S t a t e s  r ep re sen t  one of t h e  few remaining land 
r e sources  p o t e n t i a l l y  capable o f  suppor t ing  i n t e n s i v e  a g r i c u l t u r e .  

In January 1974, 45,000 a c r e s  of land surrounding South River were purchased 
by a corpora t ion  t h z t  is  now r a i s i n g  c a t t l e  and growing corn, soy beans and 
o t h e r  row crops .  Figure 1 shows t h e  s i z e  and loca t ion  of t h e  development. 
Approximately h a l f  t h e  acreage  i s  irA t h e  South River  dra inage  bas in  with t h e  
o t h e r  h a l f  d iv ided  among numerous o the r  e s t u a r i n e  creek Fjasins. The maximum 
e l e v a t i o n  o f  t h e  land i s  approximately twelve f e e t .  

P r i o r  t o  1974 t h e  dra inage  bas in  of t h e  South River was covered by 
a mixture o f  p ine  swamp/forese, poccsin bog, and open grass land .  A few o l d  
d i t c h e s  remained from e a r l i e r  z t tempts  t o  d r a i n  t h e  land and an abandoned d i r t  
road crossed  t h e  land f r m  e a s t  t o  west. 'I'he su r f ace  dra inage  e n t e r i n g  t h e  
headwaters of t h e  t r i b u t a r i e s  of t h e  South River  cons i s t ed  of n a t u r a l ,  ? 'black 
water" swamp dra inage .  

During t h e  per iod  1374-1978 Open Grounds Farm, Znc. has converted 
most of t h e  South River  watershed i n t o  product ive  farmland. Development 
o f  t h e  land has followed a eene ra l  p a t t e r n  i n  which major dra inage  d i t c h e s  
were cons t ruc ted  through a swmp/ fo re s t  on a me-mi l e  square g r i d .  These were 
followed by t h e  c o n s t r w t i o n  of smal le r  f i e l d  d i t c h e s  spaced a t  approximately 
one-eighth mi le  i n t e r v a l s ,  running e i t h e r  north!south o r  eas t /wes t  between 
t h e  major d i t c h e s .  The land was "Lhen c l e a r e d ,  s l~aped f c r  dra inage ,  h e a v i l y  
limed ( t o  i nc rease  s o i l  pE), and .p lan tcd  i n  pas tu re  and/or row crops .  The 
main d i t c h e s  empty i n t o  t h a  surrounding e s t u a r i n e  headwaters a t  s e v e r a l  p a i n t s  
through f lood  ga ted  c u l v e r t s  foliowed by s h o r t  cana l s .  Most, i f  no t  a l l ,  of t h e s e  
o u t f a l l s  have t e e n  cons t ruc ted  a t  t h e  l o c a t i o n  3S previous ly  e x i s t i n g  d i t c h e s  
which have been c i e e c d  out  and ccnsideraLly enlarged.  Development of  t h e  
western h a l f  of t h e  farm i s  e s s e n t i a l l y  complete while t h e  process  o f  d i t c h i n g  
and c l e a r i n g  i s  cont inuing  a t  t h e  f a r  e a s t e r n  p a r t  o f  t h e  farm. 

P r i o r  t o  1974, even though the  surrounding watershed and t h e  q u a l i t y  
of  t h e  s u r f a c e  waters  of zhe t r i b u f x i e s  was b a s i c a l l y  una l t e r ed ,  t h e  South 
River  a s  a whole could not  t e  considered p r i s t i r r e .  There was k+xne r e s i d e n t i a l  
and farm development near  t h e  ?over reaches o f  t h e  western edge o f  t h e  r i v e r ,  
bu t  more important ly,  t h e  m j o r  c i r c u l a t i o n  of water i n  t h e  South River  was, 
and cont inues  t o  be, t r a n s p o r t  rif k u s e  River e s t u a r i n e  waters  i n t o  t h e  system 
along t h e  Sotton: These ileuse River waters  (averaging one - th i rd  s t r e n g t h  s e a  
water)  c i r c u l a t e  t c  ' t ho  headwaters of a l l  t h e  t r i b u t a r i e s  of  t h e  South River ,  
mixing continluously ~ , ~ i t h  t h e  surface  waters a s  they  rnove upstream. The name 
Sauth "River" Is thus  a m i ~ n n m e r ~ s i n c e  t h e  system i s  t r u l y  an e s tua ry .  The 
water q u a l i t y  of  t h e  South River system as a whole depended i n  l a r g e  p a r t  
upon t h e  water q u a l i t y  of  t h e  Neuse e s tua ry  which has a long h i s t o r y  of  
r ece iv ing  human irspacts (WoSbie and Smith, 1975).  

The Neuse River  has a dra inage  bas in  of  over 6,000 square mi l e s .  The 
e s t u a r y  forrced by t h e  Iu'euse extends f r o r  above New Bern, Ncrth Ca ro l ina  t o  
t h e  Pamlico Sound, a d i s t a n c e  of over 40 mi les .  The c i r c u l a t i o n  of t h e  
waters  of  t h e  Neuse Estuary i s  complex with hpth upstream/downs tream and 
ac ros s  stream components (Woods, 1969; Kno-dles, 1975).  The waFar q u a l i t y  , 

of t h e  Neuse Estuary (Hobbie m d  Sxi th ,  1975) i s  t y p i c a l  of  t h a t '  f o r  a 
b i o l o g i c a l l y  r i c h  system which r ece ives  runoff  from both a g r i c u l t u r e  and 
urban d i scha rges .  To quote Hobbie and Smith (1975, page 3 ) ;  "In s p i t e  of 



F i g u r e  1. Map of Open Grounds Farm, I n c .  l o c a t e d  !in C a r t e r e t  County, North 
C a r o l i n a .  The c r o s s  h a t c h  g r i d  r e p r e s e n t s  t h e  l o c a t i o n  of major  d r a i n a g e  
d i t c h e s .  S t a t i o n s  a r e  "OG" numbers and l e t t e r s  a s  d e s c r i b e d  i n  Methods. Water " 

q u a l i t y  d a t a  f o r  t h e s e  s t a t i o n s  a r e  g i v e n  i n  Appendix I .  



t h e  seeming good h e a l t h  o f  t h e  e s tua ry  : ~ d a y ,  t h e r e  is a t h re sho ld  a t  
some po in t  t h a t  i s  t h e  upper l i m i t  of t h e  Neuse River t o  handle man's wastes  
and added n u t r i e n t s .  This  l e v e l  i s  no t  known p r e c i s e l y  but  every a d d i t i o n  
t o  t h e  present  load b r ings  us  c l o s e r  t o  t h i s  l i m i t . "  

The South River  (Figure 2)  i s  a  shal low,  l a t e r a l  embayment o f  t h e  Neuse 
River approximately 13  km long wi th  an average depth of 2 meters .  The mouth 
of t h e  e s tua ry  has  a  shallow sand bar s i l l ,  approximately 1 meter deep, 
s epa ra t ing  it from t h e  Neuse, There i s  a  narrow channel,  approximately 
3 meters  deep through t h i s  s i l l .  In s ide  t h e  s i l l  t h e  depth  of t h e  r i v e r  i s  
3-4 meters ,  slowly becoming shal lower towards t h e  headwaters of t h e  t r i b u t a r y  
c reeks  where, even when t h e  chmne! i s  only 5 meters wide, t h e  depth  i s  s t i l l  
g r e a t e r  than  1 meter.  The South River has  2 very  smooth, f l a t  bottom wi th  
sediments composed of send and h igh ly  organic  s i l ts .  In  i t s  upper reaches  
it i s  h ighly  s t m t i f i e d  with f r e s h  waters  from t h e  land over ly ing  t h e  salt  
waters  from t h e  Neuse. T ida l  he ight  i n  t h e  South River is  mainly a  f u n c t i o n  
o f  wind speed and d i r e c t i o n  and c i r c u l a t i o n  is  a func t ion  of  wind mixing 
combined wi th  t h e  wind t i d e s .  The upper h a l f  of t h e  e s t u a r y  has  a  l a r g e  system 
of  i r r e g u l a r l y  flooded narshes  Letween t h e  water and land.  The e s t u a r y  
i s  t y p i c a l  o f  e s t u a r i n e  systems i n  the  sou theas t e rn  United S t a t e s  which 
r e c e i v e  f r e s h  water  from pine f o r e s t s  and c o a s t a l  p l a i n  swamps. In  North 
Caro l ina  e s t u a r i e s  such as t h e  South River make up a l a r g e  percentage  of  
t h e  t o t a l  e s t u a r i n e  a r e a  and a r e  of  cons iderable  importance as nu r se ry  
ground for  comnercial spec i e s ,  Thcse systems a l s o  probably s e r v e  as 
n a t u r a l  "s inksf7  f o r  n u t r i e n t s  f r o m  t"ie waters  of t h e  l a r g e r  piedmont r i v e r  
e s t u a r i e s  of t h e  Neuzc, Pamlico and Roanoke Rivers ,  

During t h e  yews 1974-3978 we kave undertaken an i n t e n s i v e  r e s e a r c h  
and monitoring program involving Loth Open Grounds Farm and t h e  South River  
e s tua ry .  The b a s i c  ques t ion  which we have asked is:  W'nat are t h e  water  
q u a l i t y  r a m i f i c z t i o n s  i n  e seua r i3s  of conver t ing  f o r e s t  t o  i n t e n s i v e  a g r i c u l t u r e ?  
This  r e p o r t  d e a l s  wi th  rhe ~ e s u l t s  obtained and t h e  i n t e r p r e t a t i o n  o f  t h e s e  
results as a d a t a  base f o r  i:n-ferstanding t h e  changes which have occurred i n  
t h e  p a s t  a.ld a-e ccntj.nuing t o  occur i n  North Caro l ina  e s t u a r i e s .  

Methods 

During 1974-1976 :,ate= s a p l e s  were c o l l e c t e d  approximately tw ice  
each month from s t a t i o n s  loca t ed  on and around Open Grounds Farm 
(Figure 1)  and t h e  South River  (Figure 2 ) .  During 1977-1978 water  samples 
were c o l l e c t e d  only  from t h e  So~ l th  River ,  kliater samples on t h e  
farm were c o l l e c t e d  by ? ; a s t i c  bucket,  being c a r e f u l  no t  t o  d i s t u r b  bottom 
sediments,  returned t o  a four-uneel  d r i v e  v e h i c l e ,  and t r e a t e d  i n  t h e  f i e l d  
a s  descr ibed  below. Surface water samples from s t a t i o n s  on t h e  South 
River were c o l l e c t e d  f r o a  a boat with a p l a s t i c  bucket whi le  t h o s e  from t h e  
bottom were t a k a  approxi.:natsly 25 cm fr3m t h e  sediment water i n t e r f a c e  
us ing  a  Van Dorn b c t t l e .  The water c o l l e c t e d  fram t h e  farm and t h e  r i v e r  
rece ived  t h e  fo l lowing  th ree  t r e a t n e n t s :  





Aliquots were drawn i n t o  g lass  b o t t l e s  and chemically f ixed  
f o r  l a t e r  analyses (oxygen, ammonia) . 
h l i q u o t s  were drawn i n t o  one-gallon polyethylene carboys, kept 
i n  t h e  shade a t  ambient temperature, and returned t o  t h e  labora tory  
(general ly within l e s s  than 4 hours) where subsamples were f i l t e r e d  
f o r  p a r t i c u l a t e  organic carbon (POC) and ni t rogen (PON), photo- 
syn the t i c  pigments (chlorophyll a ) ,  and ses ton.  Other subsamples 
were used immediately f o r  t h e  deFermination of pH and t u r b i d i t y .  

Aliquots  were drawn i n t o  250 m l  polyethylene b o t t l e s ,  kept on 
i c e  i n  t h e  dark, f i l t e r e d  inmediately upon r e t u r n  t o  t h e  labora tory ,  
and s tored  on i c e  (24-48 hours) u n t i l  analyses were completed 
(phosphate, n i t r a t e ,  n i t r i t e ,  s i l i c a t e ) .  During 1977-1978 these  
iced samples were used f o r  t h e  analyses l i s t e d  above under (2)  
and the  use  of one-gallon polyethylene carboys was discontinued.  

Water f o r  a l l  n u t r i e n t  analyses was f i l t e r e d  through g lass  f i b e r  
f i l t e r s ,  t h e  same day a s  co l l ec ted ,  t o  remove p a r t i c u l a t e  mat ter .  Occasionally 
(1974-1976) very t u r b i d  water was centr ifuged under r e f r i g e r a t i o n  before 
f i l t e r i n g .  L i m i t s  of de tec t ion  f o r  n u t r i e n t s  (Str ickland and Parsons, 1968; 
Koroleff,  1970) were a l t e r e d  from those published due t o  t h e  spectro-  
photometric technique which used only 1-cm c e l l s .  The limits of de tec t ion  
(pg-a t / l )  were ca lcu la ted  t o  be: phosphate, 0.20; n i t r a t e ,  0.25; n i t r i t e ,  
0.20; and ammonia, 0.30. 

The following procedures were used i n  the  chemical and physical  
cha rac te r i za t ion  of t h e  water a t  each sampling s i t e :  

Light ex t inc t ion  was measured i n  t h e  f i e l d  by Secchi d i sk .  

S a l i n i t y  was determined i n  t h e  f i e l d  with a YSI o r  Beckman 
por table  salinometer.  

Temperature was read i n  t h e  f i e l d  w i t h  a YSI o r  Beckman t e l e -  
thermometer . 
Dissolved oxygen was f ixed i n  the  f i e ld  and determined i n  t h e  
labora tory  by t h e  Winkler method (Str ickland and Parsons, 1968). 

Phosphate ( reac t ive)  was determined spectrophotometrical ly 
(Str ickland and Parsons, 1968). 

N i t r a t e  - and n i t r i t e  were determined spectrophotometrical ly 
(St r ickland and Parsons, 1968) using cadmium-copper columns - - 

f o r  n i t r a t e  reduction.  

S i l i c a t e  was determined spectrophotometrical ly (St r ickland and 
Parsons, 1968). 

Ammonia was f ixed i n  t h e  f i e l d  and analyzed i n  t h e  labora tory  
spectrophotometrical ly (Xoroleff,  1970). 

P a r t i c u l a t e  organic carbon samples were f i l t e r e d  through combusted 
g l a s s  f i b e r  f i l t e r s  and analyzed with a modified Coleman CH analyzer  
and a Becklnan I R  analyzer (Menzel and Vaccaro, 1964). 



P a r t i c u l a t e  n i t rogen  samples were f i l t e r e d  through combusted g l a s s  
f i b e r  f i l t e r s  and analyzed wi th  a Coleman EQodel 29 Nitrogen Analyzer. 

Pigments: Chlorophyll-a  and Phaeaphytin were determined by 
f luorescence  emission OF an acetone e x t r a c t  i n  a Turner Model 
111 fluorometer  (S t r i ck l and  and Parsons, 1968).  

Seston ( t o t a l  suspended s o l i d s )  was determined g rav ime t r i ca l ly  
(S t r ick land  and Parsons, 1368).  

pH was measured wi th  a F isher  Accumet Por tab le  pH meter.  

Turb id i ty  was measured nephelometr ica l ly  on a ljach Turbidimeter ,  

The farm s t a t i o n s  (Appendix I)  sampled i n  1975 included t h e  fol lowing 
s t a t i o n  l o c a t i o n s  (Figure 1): , I  , 

S t a t i o n  OG 1 - Bridge over creek (3.4 mi les  no r th  on Merrimon Road 
from 1-!ighway 7 0 )  dra in ing  a swamp f o r e s t .  Sometimes had 
a t i d a l  in f luence  from t h e  North River es tuary .  L i t t l e  
o r  no Open Grounds Ferm inf luence .  

I 

S t a t i o n  OG 2 - Simpson Road Creek (3.8 mi les  no r th  on Merrimon Road 
from Highway 70) r ece iv ing  non-farm f o r e s t  d ra inage  
mixed with dra inage  from t h e  southwest corner  of  
Open Grounds Farm. 

S t a t i o n  OG 3 - Farm d i t c h  0.25 mi les  from i t s  junc t ion  with headwaters 
of  Back Creek. 

S t a t i o n  OG 4 - Fie ld  d i t c h  d ra in ing  p a s t u r e  with o r  without cows; p a r t  
o f  o r i g i n a l  pas tu re  land developed p r i o r  t o  1974. 

S t a t i o n  OG 5 - Fie ld  d i t c h  d r a i n i n g  pas tu re  wi th  cows. 
, 
S t a t i o n  OG 6 - F i e l d  d i t c h  d ra in ing  new p a s t u r e  without cows. 

S t a t i o n  OG 7 - Fie ld  d i t c h  d ra in ing  new f i e l d ,  c l ea red  and t i l l e d .  

S t a t i o n  OG 8 - Natural  pocosin dra inage  from undeveloped watershed. 

S t a t i o n  OG 9 - Main farm d i t c h  d r a i n i n g  i n t o  Nest Fork, South River ,  
Same a s  South River S t a t i o n  SR 9. 

S t a t i o n  OG 10- Natural  f o r e s t  stream. 

S t a t i o n  OG 11- Fores t  d i t c h e s  with ear then  plugs.  

S t a t i o n  OG 100 - Bridge over  creek (2.1 mi les  no r th  on Merrimon Road 
from highway 70) d ra in ing  i n t o  North River from farms and 
a small community. T i d a l l y  mixed. 



S t a t i o n  OG 101 - Laurel road, 0 . 2  miles  e a s t  0-f highway 101. Draining 
land c leared  by logging opera t ions  not  associa ted  with 
Open Grounds Farm. 

S t a t i o n  OG 102 - Bridge over small creek dra in ing  i n t o  Wards Creek. In  
Otway community, 0.6 mi les  south of highway 70. Res ident ia l  
and a g r i c u l t u r a l  drainage.  T ida l ly  mixed. 

The farm s t a t i o n s  samyled i n  1976 included the  following loca t ions  
[Figure 1): 

S t a t i o n  OG A $4  Same as BG 3 .  

S t a t i o n  OG B - Culvert pipe a t  Farm d i t c h  d ra in ing  i n t o  headwaters 
of Southwest Creek. 

S t a t i o n  OG C - Culvert pipe a t  Farm d i t c h  dra in ing  i n t o  West Fork. 
Close t o  OG 9 and South River S ta t ion  SR 9,  

S t a t i o n  OG D - Natural pocosin flow. Same a s  OG 8. I n  Earch 1976 t h e  
loca t ion  was moved t o  t h e  south c e n t r a l  Farm near  Wards 
Creek because t h e  previous n a t u r a l  flow had been 
d is rupted  bj- Earz development. 

S t a t i o n  OG E - East s i d e  of ga te  on In te rna t iona l  Paper Company road.  

S t a t i o n  OG F - Same d i t c h  z s  OG 2 but located 0.7 miles  e a s t  where 
t h e  drainage from t h e  southwest sec t ion  of t h e  Farm 
entered t h e  p r e v i o ~ s l y  e x i s t i n g  d i t c h .  

, 

The South River s t a t i o n s  sampled [Appendix 11) during 1974-1978 
included t h e  following sea t ion  loca t ions  (Figure 2 ) :  

S t a t i o n  SR 1 - Located a t  m. r k e r  ''lU i n  Neuse River adjacent  t o  t h e  
mouth of t h e  Sciuth River.  Sampled 1974-1978. 

S t a t i o n  SR 2 - Located i n  middle of the  South River,  2.74 km from 
SR I ,  opposi te  Big Cre& Tr ibutary  of South River. 
Ssmpled 1974-1978. 

S t a t i o n  SR 3 - Located i n  Ea~cman Creek, 9.67 km from SR 1. Width of 
the  creek approximately 20 meters.  Sainpled 1974-1978. 

S t a t i o n  SR 4 - Located i n  t h e  head:mters of Eastman Creek, 10.3 km 
frm SSR 1 .  Width of t h e  creek approximately 5 meters .  
Sampled 1974-1978. 

S t a t i o n  SR 5 - Located i n  t h e  middle of South River,  7.95 km from 
SR 1, opposi te  t h e  mouth of Southwest Creek. Sampled 
1974-1978. 3 

S t a t i o n  SR 6 - Located i n  the n iddle  of South River,  10.1 km from 
SR 1. Sampled 1974-1978. 



S t a t i o n  SR 7 - Located i n  t h e  middle of South River ,  12.3 krn from 
SR l ,  a t  junc t ion  of East and West Forks.  Sampled 1974-1978. 

S t a t i o n  SR 8 - Located i n  middle of  West Fork, 13.9 km from SR 1, 
oppos i te  t h e  en t rance  of t h e  main dra inage  d i t c h  Erom 
t h e  western p a r t  of t h e  Farm. Sampled 1974-1978. 

/ I  

S t a t i o n  SR S - Located i n  t h e  middle of t h e  main dra inage  d i t c h  
(approximately 7 meters wide),  14 , ?  km from SR 1 
(0.2  km from SR G ) .  Sampled 1974-1976. 

S t a t i o n  Sit 10- Located i n  headwaters of West Fork, 14.6 km from 
SR 1. Width of creek approximately 5 meters ,  Sampled 
1974-1978. 

S t a t i o n  SR 11- Located i n  Eastman Creek, 8.8 kn from SK 1. 
Sampled 1977-1978. 

S t a t i o n  SK 12- Located i n  middle of t h e  iriouth of Eastinan Creek 6.5  km 
f ron  SR 1. Saxpled June 1977 - August 1977. 

( 

S t a t i o n  SR 13- Located i n  middle of South River oppos i te  Eastman creek  
6.5 km from S2 1. Sampled August 1977 - November 1978. 

S t a t i o n  SR 14- Located i n  Southwest Creek, 9.62 km f ron  SR 1.  
Sampled October 1977 - November 197d. 

A log of  f i e l d  observa t ions  was kept  which d e s c r i b e s  each f i e l d  t r i p  
wi th  s p e c i f i c  r e f e rence  t o  t h e  s t ages  i n  t h e  development of t h e  Farm and 
n o t e s  on water q u a l i t y  frorn f i e l d  observa t ions .  T h i s  log  i s  a v a i l a b l e  
f o r  i n spec t ion  a t  t h e  D ~ k e  Univers i ty  Plarine Laboratory. 

Resul t s  

A l l  o f  t h e  d a t a  on water  q u a l i t y  of  samples taken from Open Grounds 
Farm and the South River a r e  presented i n  Appendices I and 11. Appendix I1 
(South River) i nc ludes  some d a t a  co l l ec t ed  p r i o r  t o  the. i n i t i a t i o n  o f  t h i s  
p r o j e c t  (SR 1-13) and d a t a  c o l l e c t e d  dur ing  t h e  pre l iminary  phase of  t h i s  
p r o j e c t  (SR 14-18).  Appendix I I I  i s  a  copy of  s r e p o r t  on t h e  concent ra t ion  
of  co l i form b a c t e r i a  i n  water samples taken on and around Open Grounds Farm 
and no f u r t h e r  explana t ion  of t h e s e  data  is  given a s  t h e  r e p o r t  is  s e l f  
explanatory . 
OPEN GROUKDS FARM 

From February through December 1975 water samples were c o l l e c t e d  
(once every two weeks) Erom s t a t i o n s  loca t ed  on arid around Open Grounds 
Farm (Figure 1 ) .  An e f f o r t  w a s  made t o  fol low changes i n  t h e  water q u a l i t y  
of su r f ace  waters  as t h e  land was developed f r o x  a n a t u r a l  swamp/forest 



ecosystem t o  a g r i c u l t u r a l  product ion (pas ture  l and ) .  In  a d d i t i o n  we 
monitored t h e  water q u a l i t y  a t  t h r e e  s t a t i o n s  where main farm d i t c h e s  
en tered  t h e  es tuary .  The exact  l o c a t i o n  and d e s c r i p t i o n  of t h e s e  s t a t i o n s  
i s  given i n  t h e  Methods s e c t i o n .  The r ap id  and changing p a t t e r n  of  land 
development coupled with unpredic tab le  changes i n  water flow i n  t h e  d i t c h e s  
(depending upon r a i n f a l l ,  evapot ranspi ra t ion  and evaporat ion)  made i n t e r p r e -  
t a t i o n  of  t h e  d a t a  wi th  r ega rds  t o  land use a t  any p a r t i c u l a r  s t a t i o n  almost 
impossible.  Because of  t h e s e  p r o b l e m ,  t h e  s t a t e g y  of sampling i n  1976 
was changed so  t h a t  s t a t i o n s  on t h e  farm were r e s t r i c t e d  t o  o u t f a l l s  from 
t h e  main d i t c h e s  t o  t h e  surrounding e s tua ry ,  and t o  n a t u r a l  pocosin stream 
waters .  The n a t u r a l  pocosin stream d a t a  a r e  r e p r e s e n t a t i v e  of  t h e  q u a l i t y  
of f r e s h  waters  reaching  t h e  e s tua ry  from the  land p r i o r  t o  development and 
t h e  d i t c h  o u t f a l l  d a t a  a r e  r e p r e s e n t a t i v e  of t h e  i n t e g r a t e d  e f f e c t s  of 
land development and a g r i c u l t u r e  on t h i s  su r f ace  water .  A comparison of 
t h e s e  d a t a  a r e  presented  i n  Table 1 because of t h e  non-normal d i s t r i b u t i o n  
o f  d a t a  f o r  any p a r t i c u l a r  parameter we havc presented t h e  d a t a  as averages 
f o r  t h e  per iod  sampled togetliez. l ~ i t h  t h e  ?ange i n  va lues  observed. '1975-1976 
was a  per iod  of r a p i d  development of t h e  western h a l f  of  t h e  farm from 
which most of t h e  d a t a  were c o l l e c t e d .  The land was d i t ched ,  c l e a r e d ,  shaped, 
limed, and mostly developed i n t o  pas tu re s .  P l an t ing  of corn and o t h e r  row 
crops  began i n  1976 i n  t h e  southwest s e c t i o n  of t he  farm. I n  1977 and 1978 
( a f t e r  farm sampling had ceased) ex tens ive  row cropping with concomitant 
f e r t i l i z a t i o n  was done throughout t h e  western and c e n t r a l  p o r t i o n s  o f  t h e  
farm, inc luding  much o f  t h e  South River  watershed. The d a t a  presented  i n  
Table 1 f o r  t h r e e  of t h e  main d i t c h  o u t f a l l s  i s  r e p r e s e n t a t i v e  of i n t e g r a t e d  
d ra inage  from develcping land and pas tu re s  p r i o r  t o  i n t e n s i v e  row cropping. 
A s i g n i f i c a n t  p a r t  o f  t h e  Back Creek dra inage  bas in  cons is ted  of  t h e  
o r i g i n a l  pas tu re  land which was a i r eady  p re sen t  a t  t h e  t ime (1974) Open 
Grounds Farm began i t s  massive developinent. 

, 

From t h e  d a t a  presented i n  Table I a  number of water q u a l i t y  changes 
a r e  evident  when n a t u r a l  swamp/forest i s  deveioped i n t o  farmland. The 
t u r b i d i t y  o f  n a t u r a l  f o r e s t  s t r e a p s  i s  excep t iona l ly  low (avg. 2 . 4  JTU) .  
During m d  a f t e r  developmen-: t u r b i d i t y  i s  always higher  than  t h a t  of  
n a t u r a l  s t reams (10 t o  20 t imes] with very h igh  t u r b i d i t i e s  occurr ing  
a f t e r  heavy r a i n f a l l  and/or duzing d i t c h  cons t ruc t ion  and maintenance. 
The concent ra t ion  o f  d i sso lved  oxygen i n  t h e  water i s  s i g n i f i c a n t l y  h igher  
(on t h e  average) a f t e r  development-, probably a s  a r e s u l t  of mechanical 
a e r a t i o n  and p l an t  g o w t h .  As r ~ b u l d  lie pred ic t ed  frorrt s o l u b i l i t y  e f f e c t s ,  
t h e  concent ra t ion  of d i sso lved  oxygen a t  a l l  s t a t i o n s  is g r e a t e r  i n  t h e  
co lde r  months a s  compared t o  t h e  warri1e-r rmnths. The concen t r a t ion  of s e s ton  
( s i l t  and p a r t i c u l a t e d  organic  mat te r )  i s  increased  i n  d i t c h e s  by a f a c t o r  
o f  5 t o  10 t imes  t h a t  fou;ld In  r:at.il.ral stl'eams. The pH of  water i n  d i t c h e s  
increased  by 2 t o  3 pli u n i t s ,  becoming more n e u t r a l  when compared t o  t h e  
a c i d i c  n a t u r e  of  t h e  n a t u r a l  streams 

Natural  waters  gene ra l ly  had ex t r ene ly  low coneenti-ations o f  n u t r i e n t  
compcunds measured (phosphate,  n i t r a t e ,  and armionia). The occas iona l ly  
moderate concen t r a t ions  of ammoria Gnax. of 10.9) observed a r e  due t o  
i npu t s  from r a i n  o r  t o  bac te r ia l  r e l e a s e  of anmonia from t h s  o rgan ic  
r i c h  sediments of i h e  n a t u r a l  s t r e a m .  Nut r jen t  concent ra t ions  of waters  
i n  t h e  d i t c h e s  was increased  S t o  10 t imes above those  of t h e  n a t u r a l  
s t reams with occas iona l ly  very h igh  concent ra t ions .  Although t h e  average 
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concent ra t ions  of  n u t r i e n t s  were not  h igh  r e l a t i v e  t o  r i c h  marine waters  
( e s t u a r i e s  and deep ocean water) t h e  very  h igh  maximum concen t r a t ions  occur 
s imultaneously with high runoff  due t o  heavy r a i n f a l l  t hus  magnifying 
t h e  t o t a l  amount of  n u t r i e n t s  exported from t h e  land t o  t h e  e s tua ry .  
The magnitude of  t h i s  e f f e c t  i s  i l l u s t r a t e d  i n  Table 2 .  I t  is  

Table 2 .  The r e l a t i o n s h i p  between r a i n f a l l  ( runoff)  and n u t r i e n t  concen t r a t ions  
(pg-atm/l) i n  samples from t h e  !Vest F x k  d i t c h  (S ta t ion  C) f o r  t h e  
summer, 1976. 

F i e ld  T r i p  Bate 48 hour PO4 NO, Eli4 
3 

Observed Flow i n  Ditch 
Ra in fa l l  ( i n . )  (from f i e l d  no te s )  

OG 31 7/21 0.0 0 .20 1.07 5.86 f lowing 

OG 32 8/4  4 .0  13.4 8.57 3 2 . 7  gushing flow 

OG 33 ' 5/14 1 .9  4.30 1.22 16 .2  tremendous flow 

OG 35 9/16 2 . 6  20.2 71.6 47.3 good flow 

OG 36 9/29 0 . 0  0.52 1.35 5.54 moderate flow 

impor t an t  t o  n o t e  t h a t  t h e s e  d a t a  were c o l l e c t e d  p r i o r  t o  t h e  i n t e n s i v e  
f e r t i l i z a t i o n  of  t h e  land a s soc i a t ed  with row crop farming. 

, 
Chlorophyll  a  concen t r a t ions  (a measure of  suspended p l a n t  biomass) 

were approximately 5 t imes g r e a t e r  i n  t h e  d i t c h  water a s  compared t o  
n a t u r a l  s t reams.  Average va lues  were wi th in  t h e  range normally found i n  
e s t u a r i n e  waters  and cons iderably  below va lues  a s soc i a t ed  wi th  eu t roph ic  
cond i t i ons  i n  f r e s h  waters .  

SOUTH R I V E R  ESTUARY 

From t h e  d a t a  presented  i n  Appendix I1 we have chosen t o  p re sen t  t h e  
fol lowing r e s u l t s  f o r  d i scuss ion :  (1) Cruises  SR 19 - SK 84 (February 1975 
t o  ?JovemSer 1978); ( 2 )  SR s t a t i o n s  1-8,  10, and 14'-(from a t o t a l  o f  14);  
(3) Water q u a l i t y  d a t a  on Seqchi depth, s a l i n i t y ,  phosphate,  n i t r a t e ,  
ammonia, d i sso lved  cxygen, ch lorophyl l  - a ,  and t u r b i d i t y  (from a t o t a l  of 
16 parameters) .  

Cru ises  SR 1 - SR 18 a r e  not  presented g raph ica l ly  f o r  two reasons :  
SR 1 - SR 12 were made p r i o r  ' t o  t h e  beginning o f  t h i s  p r o j e c t  by a number 
of  d i f f e r e n t  c l a s s e s  a t  i r r e g u l a r  t ime i n t e r v a l s  (SR 1 i n  1972; SR 2 - 12 
i n  1974) and c r u i s e s  SR 13  - SR 18 were considered pre l iminary ,  du r ing  which 
sample l o c a t i o n s  and techniques of  a n a l y s i s  were being worked o u t .  The d a t a  
c o l l e c t e d  from samples taken a t  s t a t i o n s  SR 9 and SR 11 - SR 14 a r e  not  
g raph ica l ly  presented  f o r  t h e  fol lowing reasons:  Surface waters  from SR 9, 
which was loca t ed  up t h e  major d i t c h  emptying i n t o  t h e  West Fork (SR 8), were 



nnalyzed and t h e  d a t a  included a s  3 p a r t  of t h e  d a t a  base f o r  t h e  West Fork 
d i t c h  (Table 1 ) ,  S t a t i o n s  SR 11 - SR 13  were sampled from mid 1977 - 1978 
s o  t h a t  temporal ly  complete d a t a  s e t s  a r e  no t  a v a i l a b l e .  The d a t a  from 
S t a t i o n  SR 14 i s  presented  s e p a r a t e l y  from t h e  o t h e r  s t a t i o n s  and i s  included 
because it i l l u s t r a t e s  t h e  impact of farm runoff  on su r f ace  waters  of  Southwest 
Creek comparable t o  t h e  impact on t h e  \Vest Fork c l t  SR 8. These d a t a  were 
c o l l e c t e d  dur ing  a p a r t i c u l a r l y  wet f a l l  and winter  (1977-1978). 

The fol lowing e i g h t  water q u a l i t y  parameters which a r e  not  presented 
g r a p h i c a l l y  had t h e  fol lowing t r e n d s :  (1) Temperatt.n\: va r i ed  seasona l ly  
i n  a  p r e d i c t a b l e  manner from a low of  1-5°C i n  January t o  a high of  30°C i n  
August. In  general  ehe t enpe ra tu rc  of su r f ace  water was s l i g h t l y  warmer 
than  t h a t  of bottom water .  The v a r i a t i o n  i n  temperature of t h e  shallow 
upstream s t a t i o n s  was g r e a t e r  than  t h a t  of t h e  deeper downstream s t a t i o n s  
and seasonal  temperature changes occurred more r a y i d l y  upstream. The temperature 
of  t h e  su r f ace  waters  of s t a t i o n  SR 8 where t h e  farm d i t c h  e n t e r s  t h e  
e s tua ry  were somewhat more v a r i a b l e  than the  s ~ l r f a c e  waters  from a s i m i l a r  
s t a t i o n  (SR 3)  i n  Eastaan Greek which rece ived  no runoff  from t h e  developing 
fa rm. '  ( 2 )  Tlae s i l i c a t e  concent ra t ion  i n  t h e  waters  of t h e  South River  was 
gene ra l ly  above 20 vg -a tn / l  which i s  i n  excess of  t h a t  necessary f o r  
maximum phytoplankton (diatoni) growth, Anzlysis of s i l i c a t e  was d iscont inued  
a f t a r  pre l iminary  c r u i s e s .  (3) N i t r i t e  concen t r a t ions ,  which were ~ l m o s t  
always below d e t e c t i o n  l i m i t s ,  were not  determined a f t e r  February 1976 and 
a l l  subsequent n i t r a t e  va lues  r ep re sen t  n i t r s t e  p lus  n i t r i t e .  {d) The 
p a r t i c u l a t e  organic  carbon (POC) c o n c m t r a t i o n  of sam2les was determined 
f r e q u e n t l y  during t h e  per iod  of t h c  p r o j e c t .  These d a t a ,  which can be 
roughly c o r r e l a t e d  with t u r b i d i t y ,  i nd i ca t ed  t h a t  t h e  developing farm 
expor ts  cons iderable  POC t o  t h e  e s tua ry  (SR 8 ) ,  e s p e c i a l l y  dur ing  pe r iods  
of  high runof f .  Such runoff  can r a i s e  t h e  l e v e l  of DOC i n  t h e  hesdwaeers of 
t h e  e s tua ry  t o  a l e v e l  10 t o  50 t imes t h a t  expected. For 1975-1978 
average FOC value  f o r  SR 5 w3s 10.9 mg/1 while  t h a t  f o r  SR 3 w2s 1 .94  
mg/P. (5) The coficcntrat ion of particulate organic nitrogen (POW) i n  
samples of water from t h e  Scuth Rivcr was determined l e s s  f r equen t ly  than  
POC. In genera l  POX i s  1/10 a s  concentrnted as POC. (6) The concent ra t ion  
of phaeopigments, which was determined a s  a r o u t i n e  p a r t  of t h e  ch lorophyl l  s - 
a n a l y s i s ,  i s  t h e  r e s u l t  of a complex of i n e c r a c t i o n s ,  due i n  p a r t  t o  t h e  
feeding  a c t i v i t i e s  of  zooplankton on phytoplankton s n d  t o  runoff  of 
d e t r i t u s  from t h e  land. ( 7 )  Seston,  t h z  t o t a l  weight of suspended ma te r i a l  
i n  a water sample, was determined f o r  s eve ra l  of  t h e  c r u i s e s  and can be 
roughly c o r r e l z t e d  with t u r b i d i t y  neasurernesnts. ifowever, when t h e  type  
of ma te r i a l  ( inorganic  s i l t  ve r sus  p a r t i c u l a t e  organic  mat te r )  d i f f e r s  
t h e  c o r r e l a t i o n  i s  poor ,  ( F )  pH was measured on almost a l l  c r u i s e s .  The 
pH i s ,  i n  genera l ,  d i r e c t l y  c o r r e l a t e d  with t h e  s a l i n i t y  o f  t h e  water .  
Lowest va lues  a r e  f o m d  a t  t h e  headwaters of  t h e  South River and h ighes t  
va lues  a t  t h e  Neuse River s t a t i o n .  The va lues  rzneed from 6 t o  8 throughout 
t h e  p r o j e c t .  

Data i l l u s t r a t i n g  t h c  temporal v a r i a b i l i t y  of  e i p h t  of t h e  water 
q u a l i t y  parameters f o r  n ine  s t a t i o n s  ( sur face  and bot tox)  a r e  presented 
below a s  f i g u r e s .  Ench f i g u r e  can be r za3  as a t r a n s e c t  from t h e  Neuse River  
(Xl] i n t o  t h e  South River ( 9 % )  and then  e i t h e r  up t h e  Q7contro19e Eastman 
Creek ( # 3 ,  and 44) o r  up t h e  main a x i s  of  t h e  South River ( $ 5  - # 7 )  t o  t h e  



West Ferk where a main farm d i t c h  d ischarges  (#8) and above t h i s  t o  t h e  
headwaters ( # l o ) .  The r e s u l t s  as i l l u s t m t e d  i n  t h e s e  graphs a r e  presented 
below wi th  r e f e rence  t o  s i n g l e  water q u a l i t y  parameters.  

Secchi depths (Figure 3)  a r e  a measure of t h e  pene t r a t ion  af l i g h t  
i n  t h e  water column. The g r e a t e r  9 ' s  depth of  l i g h t  pene t r a t ion  t h e  l e s s  
it can be considered a s  l i m i t i n g  r h e  prirnsry p roduc t iv i ty  of t h e  phyto- 
plankton i n  t h e  water  column. Over t h e  four-year  per iod  Secchi  depth  
averaged approximately 1 mzter [with some v a r i a t i c n )  from t h e  Meuse River  
(SR i)  t o  t h e  headwaters o f  Eastman Creek (SF. 4 ) .  Light pene t r a t ion  decreased 
s i g n i f i c a n t l y  i n  t h e  main a x i s  of t h e  S m t h  River from SR S t o  SR 8 a s  a 
r e s u l t  of srrspended ma t t e r  e n t e r i n g  :he r i v e r  a t  SR 2 .  At SR 8 t h e  average 
Secchi depth was approximately 0.3 n x t e r s .  A t  s t a t i o n s  SX 1, SR 2 and SR 5 
Secchi depths were somewhat l e s s  i n  t h e  sp r ing  of 1998, c o r r e l a t e d  wi th  an 
average inc rease  i n  ch lorophyl l  a (phytoplankton bi,~rnass) which occurred 
a t  t h e  same time, There was no i p p a r e n t  seasonal  cyc l e  i n  Secchi  depth a t  
any of t h e  s t a t i o n s .  

, 
The s a l i n i t y  o f  oc;a-ic waters  o f f  Nsrth Czrol ina i s  approximately 34° /00  

( p a r t s  pe r  thousnnd by w i g h t ) .  T,je s a l i n i t y  of t h e  Neuse e s tua ry  i s  v a r i a b l e ,  
averaging apprsximately 10°9,, a t  t h e  mouth of t h e  South River .  The s a l i n i t y  
( F i g ~ r e s  4 and 5) o f  both sarface and bo t ton  water samples decreased from 
t h e  Neuse Rive: t3 t h 2  h a d w ~ t e r s  of  t h e  t r i b u t a r y  c reeks  of  t h e  South 
River .  The gretn4%st percent  change cccurs  i n  t h e  s u r f a c e  waters  due 
t o  t h e  increased  d e a s i t y  ~ L a t r i f i c a t i o n  t h a t  f r e q s e n t l y  occurs  i n  t h e  
p ro t ec t ed  h e a d m t c r s  cf t he  e s n i s r y .  Such d e n s i t y  s t r a t i f i c a t i o n  i s  not  
a s  prevaie::t i n  1 2 2  i1.3r~: c p n  p-r-ts 2f the e s tua ry .  The s a l i n i t y  of 
surface wzte- -:zs 1 ~ : 5 6 ~  t h a  .hat o b 2 t o m  water a t  t h e  same s t a t i o n  and t h e  
ter ,poral  v a r i ~ b i l i t y  c . 6  s::z:'ace s a l i n i t i e s  wes m x h  g r e a t e r  than  t h a t  of 
b o t t o a  s a l i r , i t i e s  due f o  t h e  inf luer ice ~f r a i n f a l l  and runof f lo f  f r e s h  water 
from t h e  laxi. 2x i : , g  t hg  four  p 2 ~ s  of t h i s  p r o j e c t t h e  s a l i n i t y  o f  t h e  
whole sys.:en in-,r.easez rroa Jsiluary 3 975 through t h e  summer of 1977. During 
t h e  :.utrxnn arm? w i z l t e x ,  lf#?'i'-39:'C, sc . " . i~ i t ies  decreased r a p i d l y  t o  t h e  lowest 
va lues  r e c o ~ d e d ,  Surfece sr . l l13i ty r r t  SR 8 (near  t h e  farm d i t c h )  was 
p e r s i s t e n t l y  lower tFaz ,?ha; w!lich would be expacted i n  t h e  absence of t he  
dra inage  d i t ch .  E ~ L ~ o ; ;  c,? h i t i e s  it t h e  same s t a t i o n  were not  s i g n i f i c a n t l y  
a f f e c t e d  by t h z  d l t c h ,  53. 13 { q s t r e a r ~  from SR 6) had an anomalous 
p a t t e r n  of s s i i x i t y  ic ?;o'ch s w f x c  arnd bcttom waters ,  probably due t o  
thr? per icd ic  q-stre2.a na- rc  cn', end mix in^ of su r f ace  and bo t ton~  waters  from 
SR 8 wi:rlc'n occrrss c-i: a r e s u l t  o E  wivd t i l e  w a n s p o r t .  A comparison o f  
su r f ace  s a l i n i t i e s  f r c *  :51: 3 an; YD.  4 ; t~ i th  SR 8 f o r  c r u i s e s  p r i o r  t o  
Januar-): 1975 j4pp~r.xlzic 13: silggests thhst s a l i n i t y  a t  SR 8 p r i o r  t o  1975 
was ; a t  s i g n i f i c a t : y  2Y . t i s i ced  Ly runof f  from t h e  farm. A f t e r  January 

,-,, 2avm ruxoff  any have s l i g h t l y  lowered I f 7 5  the  g r a ~ h s  t;::ggcs?: t7l9+ 

s c r f a c e  s a ? i n i t i e s  a t  S P  6 and SR 7 ,  p a r t i c u l a r l y  a f t e r  heavy r a i n f a l l .  Even 
though North Caro l ina  Tips no long term s c a s n n a l ' t r e n d s  t o  r a i n f a l l ,  t h e  s a l i n i t i e s  
i n  e s t u a r i n e  hcac',v;ters terir. t~ be r e d w e d  i n  t h e  ia"c win te r  and e a r l y  s p r i n g  
when e v a p o r a t i w  pn? e v a p n t r m s ~ i r a t  IOI? a r e  g e a t l y  reduced so t h a t  runoff  from 
t h e  land inc rc scos ,  T h i s  c l iyh2 .  season r e d ~ ~ c r i o n  i n  s a l i n i t i e s  i n  t h e  win te r / sp r ing  
car, be see:? i 2 - 1  F i g ~ i i e  4 , .; Sa superic.;c;ed on t h e  longer  term and more dramat ic  
cyc l e  dlle t o  a l z c r n z t i ~ r ,  of W;:L 2 :  d 2i.y win ters  ( f o r  example, January-March 1976 
compared wi th  Jsx~ary-PAarch 1993; see Ra in fa l l  Table 4) . Table 3 shows, 
a s  woul2 be expeczed, t h z r  t h e  s a l i n i t y  of  t h e  South River i s  c l o s e l y  c o r r e l a t e d  









Table 3. Correlation'coefficients ( r  values)  of t h e  s a l i n i t y  i n  t h e  South 
River S ta t ions  with t h a t  a t  t h e  Neuse River (SR I ) .  Data is  from 
Cruises SR 19 - SR 84. 

I 

STATION # ' ' 
2 3 4 4 7 8 10 

Surface .92 .82 .64 .90 .69 .60 .36 .47 
Bottom .88 .88 .87 .86 -84 .83 .77 .69 

with t h a t  of t h e  Neuse River ( i t s  only source of s a l t  water) .  The c o r r e l a t i o n  of  
s a l i n i t y  i n  t h e  Neuse with t h a t  i n  t h e  South River decreases from t h e  mouth 
t o  t h e  headwaters. Bottom s a l i n i t i e s  have a much higher c o r r e l a t i o n  with 
Neuse s a l i n i t i e s  than do t h e  surface  waters. The inf luence  of t h e  farm can 
be seen from Table 3 where t h e  lowest c o r r e l a t i o n  ( r  = 0.36) i s  with t h e  
surface  water a t  SR 8. 

Turbidi ty  of a water sample is determined by measuring t h e  amount o f  l i g h t  
s c a t t e r e d  by p a r t i c u l a t e  mater ia l  suspended i n  t h e  water. The t u r b i d i t y  (Figures 
6 and 7) of t h e  waters  of t h e  South River is  n a t u r a l l y  very low, averaging 
below 5 Jackson Turbidi ty  Units (JTU), even though the  water may be h ighly  
colored (yellow-brown) due t o  t h e  presence of humic ac ids .  In su r face  water 
"naturalu t u r b i d i t y  was g r e a t e s t  a t  the  Neuse River (SR 1) where t h e  average 
was 4-5 JTU. Up t h e  South River t h e  t u r b i d i t i e s  decrease s l i g h t l y  t o  SR 4 
(Eastman Creek) where they averaged 2-3 JTU. The most pronounced changes i n  
t u r b i d i t y  were observed along t h e  main a x i s  of the  South River from SR 2 t o  SR 8 
where t h e  farm d i t c h  emptied i n t o  t h e  r i v e r .  A t  SR 8 t u r b i d i t y  reached 
i t s  maximum of over 200 JTU i n  1975 a s  t h a t  sec t ion  of t h e  farm was being 
developed. Turbidi ty  decreased i n  1977-1978 a t  SR 8 t o  approximately 
20 JTU r e f l e c t i n g  t h e  f a c t  t h a t  most of t h e  development phase of t h a t  s e c t i o n  
of t h e  farm was complete. Thus it appears from t h e  da ta  t h a t  t h e  su r face  
t u r b i d i t y  of t h e  water i n  t h e  r i v e r  a t  SR S w i l l  remain elevated approxi- 
mately 10 times over t h a t  normally expected i n  t h e  absence of development 
except during dry  periods when flow from t h e  farm d i t ches  ceases.  During 
1975-1976 when t u r b i d i t y  a t  SR 8 was very high t h e r e  was a rapid  decrease 
i n  t u r b i d i t y  downstream (SR 7,  SR 6, and SR 5 ) .  During 1977-1978 t h e  
t u r b i d i t y  a t  SR 5, SR 6 and SR 7 increased ( in  s p i t e  of t h e  decrease a t  
SR 8) probably a s  a r e s u l t  of  runoff  from o the r  sec t ions  of t h e  farm, 
s t i l l  under development, v i a  d i t ches  emptying i n t o  t h e  East Fork and 
Southwest Creek. The t u r b i d i t y  of bottom waters was s l i g h t l y  g r e a t e r  
than t h a t  i n  su r face  waters.  Short term t u r b i d i t y  increases  can be caused 
by s t rong winds and/or t i d a l  cu r ren t s  which can ca r ry  bottom sediments 
i n t o  suspension. 

Oxygen dissolved i n  the  water i s  necessary f o r  the  su rv iva l  and growth of  
aqua t i c  p l a n t s  and animals. In general ,  t he  s r e a t e r  t h e  amount of l i v i n g  and/or 
dead organic matter  i n  t h e  water the  lower t h e  oxygen concentrat ion and t h e  c l o s e r  
a system is  t o  being " e u t r ~ p h i c . ~  The concentrat ion of d issolved oxygen (Figures 
8 and 9) decreased upstream from t h e  Neuse River (SR 1)  t o  t h e  headwaters of  
Eastman Creek (SR 4) and t h e  West Fork (SR 10) even though s a l i n i t y  (which when 
increas ing causes a decrease i n  t h e  100% s a t u r a t i o n  value) decreased. A t  a l l  











s t a t i o n s  oxygen c o n c e ~ t r a t i o n s  increased  i n  t h e  win ter  a s  compared t o  t h e  summer 
r e f l e c t i n g  t h e  increased  s o l u b i l i t y  of  oxygen coupled with a  decreased 
b i o l o g i c a l  demand i n  coo le r  water .  A t  SR 1 (Neuse River) t h e  bottom water  oxygen 
concent ra t ions  were gene ra l ly  t h e  same a s  su r f ace  water.  However, i n  t h e  
South River  t h e  oxygen concent ra t ion  I n  bottom waters  was cons iderably  lower 
than  s u r f s c e  waters ,  p a r t i c u l a r l y  dur ing  t h e  summer xonths.  A t  t h e  most 
upstream s t a t i o n s  (SL 3 ,  4,  8 m d  10) anoxic (no oxygen) cond i t i ons  were 
f r equen t ly  encountered i n  bottom water samples taken dur ing  t h e  summer 
months. Drainage from t h e  f a r 3  through t h e  d i t c h  appeared t o  have no in f luence  
on t h e  oxygen conccnt?xiticn i n  t h e  Sovth River .  We may say,  from t h e  d a t a  
c o l l e c t e d  over  t h e  fou r  yea r s ,  t h a t  t b  slow mixing, l a t e r a l  e s t u a r i e s  of  t h e  
South River  type  probably a r e  cha rac t e r i zed  by a  n a t u r a l l y  h igh  b i o l o g i c a l  
oxygen demand dur ing  the  summeis which, when comLined wi th  increased  s t r a t i f i -  
ca t ion ,  l eads  t o  pe r iods  of  na%ma?ly occurr ing  anoxic condi t ions .  No s i g n i f i c a n t  
change i n  t h e  p a t t e r n  o f  oxygen concent ra t ions  was observed dur ing  t h e  
four -year  p e ~ i o d  of t k i s  s t ~ d y .  

The n u t r i e n t  elements,  n i t rogen  ond phosphorus, a r e  f r equen t ly  observed 
t o  l i m i t  ( e i t h e r  tcgetf-icr o r  s q ~ r a t e l y )  t h e  pzimarjr p r o d u c t i v i t y  of a q u a t i c  
systems. Nitrogen ( i n  t h e  form of n i z r a t e  axd ammonia) and phosphorus ( i n  t h e  
form of r e a c t i v e  phos7hate) o c c w  arxl a r e  n x c s s a r y  f o r  p i an t  growth i n  t h e  genera l  
r a t i o  o f  1 etor,  of P Ecr 15 e t m s  cZ N .  While pE~osphorus o f t e n  limits primary 
product ion i n  fresh wa-ess, n i ~ r o g e n  i s  gene ra l ly  i n  snox-test supply i n  e s t u a r i e s .  
Yaxirnum p ~od .uc t iv i ty  ca'i be suz t a i n d  i n  e s t u a r j  cr; by a concent ra t ion  o f  between 
1 and 10 pg-at,;i,/l !I. The t o t 2 1  Lio: ,iss of p l an t  ma te r i a l  i s  dependent upon t h e  
t o t a l  amomt o f  u t r j m t s  i n  t h z  syscen. 

With t h e  cxce?tio? o f  S 2  8, nii:rate concent ra t ions  (Figures  10 and 11)  
were a t  o r  nea- t l  : lo r re r  dcce*+tio,l  l i lni  t (0.26 pg-atm/l) zt a l l  s t a t i o n s ,  
both s u r f x ~  ~3 tyo-ttoom d c r i n g  1975- 1576. S;.' S hixi a somewhat g r e a t e r  
concentratio:l  t h a  th3 othel- sta:ions i n  i t s  su r f ace  waters  dur ing  t h i s  
per iod ,  bring t h e  wil;<cr of 1Yi7 and sp r ing  of 1978 n i t r a t e  concent ra t ions  
increased  d rama t i ce l ly  a", a l l  s k r i m s ,  both su r f ace  and bottom, A t  SR 1 - . . SK 5 t h i s  d:aaet:c 7 - c ; : s ~ c  > i s - p ? x r ? d  by ?--2 cnd of May 1978 when t h e  
l e v e l s  r e t u x e d  ;o y v r o - - c ~ i . ' '  However, ;tt s '~ ; t ions  SA 6 - SR 1 0  we 
observed. a  s e r i e s  of  r , l t r a t d  ccoxr?tr, i t ior! pzaks of  i nc reas ing  magnitude 
tcwards SI? 8 F:!:~:.-c i h  fzrm I j t c h  nr.tr'rs the e s t u a r y  throughout t h e  
summer 1978. During t h e  a z t n m  r i t r d t e  conzent ra t ions  had r e tu rned  t o  

L3th s n ~ f n c e  ctnd b o t ~ o m  waters ].ad s i n i l a r  p a t t e r n s  of  n i t r a t e  
concentra",o,l !;Lth su-rtace wzters  I;2vving, i n  gener21, a  somewhat h igher  
conce l l t ra t ion  the-: Lo t t o n  de t e r s .  

lIrrIrr~or~itt cc\ , : ;e : - , - rn : l~7~;  (FFgu;:es 1.2 en-! 13) were ~ u c h  more v a r i a b l e  than  
those  of  ni:-;.aLe. A t  S3 1 (Neuse P ivs r )  suv.Eace wa-r a ~ a ~ i l i  concen t r a t ions  
were s i g : ~ i f i c : ~ ~ ; l y  grcatrr dur ing  1975-1976 when conpared t o  1977-1978. 
Ilowaver, bottccm wcLcr a:i,..:onia concent rn t  i o : ~  dl;rj?:g both per iods  were 
r e l a t i v e l y  1cv. 17Lthin the South River x:,zonin c m c e n t r a t  ion  increased  
s l i g h t l y  from m a r  t h e  m o - t h  (S!? 2 )  t c  :he h?rdwalers of Eastman Creek 
(SR 4 ) .  This  i nc rensz  was more :?parent In  t h e  bottom water samples t han  
i n  s u r f  ace s n ~ . ~ ~ l e s ,  proba;i!y a: 3 r e s u l t  o f  r cgenc ra t ion  (from sediments) 
r a t e s  exceeding ~ p t ~ k e  r a t e s .  P long  :kc nain a x i s  of t h e  South River 
ammonia c o n c e ~ t r a t i o n s  increased from SR 5 to S2 8 (farm d i t c h )  with 
somewhct g r e z t e r  co:lceztra:ions ;11 1977-I978 a s  compared with 1975-1976, 
Ammonia c o n c w t ~ a t i o n s  h z l  a teildency t o  be somewhat g r e z t e r  dur ing  t h e  
warmer months a s  compzred v i t h  t:!c co?.der ~ilonths. 











The concentrat ion of phosphate (Figure 14 and 15) was genera l ly  s i m i l a r  i n  
both su r face  and bottom waters a t  any one s t a t i o n .  Concentrations were s i m i l a r  
when comparing s t a t i o n s  on a t r a n s e c t  up t h e  South River (SR 2)  i n t o  Eastman 
Creek (SR 3 and SR 4 ) .  Along t h e  main a x i s  of  the  South River concentra t ions  of 
phosphate i n  water samples increased rap id ly  t o  a maximum a t  SR 8 (farm d i t c h )  
where phosphate l e v e l s  were s i g n i f i c a n t l y  higher i n  surface  a s  compared with 
bottom waters. The concentrat ion of phosphate was g r e a t e r  i n  1977-1978 a s  
compared with 1975-1976. In general phosphate concentrat ions were g r e a t e r  
i n  t h e  summer a s  compared with t h e  winter  months. However, t h e r e  was a s i g n i -  
f i c a n t  midwinter increase  i n  1978 which was observed a t  a l l  s t a t i o n s .  

The chlorophyll  a concentrat ion (Figures 16 and 17) of water samples 
can be used t o  estimaFe t h e  phytoplankton biomass i n  those samples. 
Phytoplankton biomass was highly va r i ab le  throughout t h e  study a t  a l l  
s t a t i o n s  both surface  and bottom. With t h e  exception of an occasional  
surface  bloom t h e r e  was l i t t l e  d i f f e rence  between surface  and bottom waters 
i n  biomass. There was no seasonal p a t t e r n  i n  the  chlorophyll  a d a t a  and 
t h e r e  was l i t t l e  d i f fe rence  i n  the  p a t t e r n  observed mong t h e  z t a t i o n s  
except t h a t  t h e  uppermost s t a t i o n s  (Sit 4 and SR 10) had the  lowest concen- 
t r a t i o n s .  There was no l a r g e  change i n  the  biomass of phytoplankton during t h e  
four-year period. During 1977-1978 the  blooms encountered were not  a s  g r e a t  
a s  those i n  1975-1976; however, t h e  average l e v e l s  of chlorophyll  - a appeared 
t o  be somewhat g rea te r  during t h e  1977-1978 period.  

S t a t i o n  SR 14 was es t ab l i shed  i n  October 1977 i n  t h e  Southwest 
Creek t r i b u t a r y  o f  t h e  South River because, a s  the  f a m  development progressed 
during 1976 and 1977, it was apparent t h a t  t h e  main d i t c h  emptying i n t o  
t h e  Southwest Creek could have almost a s  much impact upon t h e  r i v e r  a s  t h a t  
a t  SR 8 ,  Figure 18 i s  a graphic presenta t ion  of the  s a l i n i t y ,  phosphate, 
n i t r a t e  and ammonia i n  t h e  surface  waters of  SR 14. The p a t t e r n  o f  d i s t r i -  
bution through time and t h e  concentrat ion of ma te r i a l s  was very s imi la r  
t o  t h a t  seen a t  SR 8 and bore no s i m i l a r i t y  t o  t h a t  observed a t  SR 3 o r  
SR 4 i n  Eastman Creek. The concentrat ion of n u t r i e n t s  was inverse ly  
co r re la t ed  with s a l i n i t y  and thus  associa ted  with t h e  f resh  water runoff  from 
t h e  land. The high concentrat ions f requent ly  returned t o  lower background 
l e v e l s  within t h e  two-week period between sampling. 

RAINFALL 

Since t h e  mechanism f o r  t r a n s f e r  of ma te r i a l s  from the  land t o  t h e  
es tuary  is through t h e  runoff of surface  waters it is  p a r t i c u l a r l y  important t o  
t h e  i n t e r p r e t a t i o n  of t h e  da ta  co l l ec ted  t o  have a record of l o c a l  r a i n f a l l  
near  the  dra inaee  basin under considerat ion.  The source of r a i n f a l l  d a t a  
presented i n  Table 4 i s  from t h e  records kept by Open Grounds Farm, Inc. 
with supplementary da ta  from t h e  National Oceanic and Atmospheric Administration 
(NOAA, 1977). The t o t a l  r a i n f a l l  f o r  each year  from 1975-1978 is  approximately 
t h e  same a s  t h e  10-year average, suggesting t h a t  no p a r t i c u l a r  year  could 
be considered "wetf1 o r  Isdry.l1. However, from the  point  of view of p o t e n t i a l  
f o r  runoff ,  t h e  time of year t h a t  t h e  r a i n  f a l l s  i s  extremely important.  
During the  winter  and spr ing  when evaporation and evapotranspirat ion i s  
extremely low t h e  s o i l  quickly becomes sa tu ra ted  with water so  t h a t  much of  
t h e  r a i n f a l l  w i l l  run o f f  i n t o  t h e  streams of t h e  surrounding watershed. On 
t h e  o t h e r  hand during t h e  summer t h e  s o i l s  become sa tu ra ted  only a f t e r  
very heavy o r  prolonged r a i n s .  During t h e  years  1974-1977 r a i n f a l l  i n  t h e  


















































































