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I n s t i t u t e  Report No. 73 -- "Further  Cha rac t e r i za t ion  of 
t h e  i h t e r  Qual i ty  of the New Hope and Lower Haw Rivers  
Inc luding  3 e n t h i c  Macroinvertebrate  D ive r s i t y  and Trace 
Metal Analyses" -- by Charles  M. I?eiss, Thomas ti. P o e m ,  
and J e n n i f e r  E, Minops?, Department of ESE, Unive r s i ty  
of North Caro l ina  a t  Chapel Ziil l  

This  r e p o r t  p r e s e n t s  t h e  f i n d i n g  of water  q u a l i t y  c h a r a c t e r i s t i c s  
of t h e  Lower Iiaw and New Hope Rivers  f o r  a per iod  January 1971 through 
March 1472, w i th  t h e  use of 2 1  water  q u a l i t y  parameters .  A s tudy  is 
a l s o  made of t h e  b e n t h i c  macro inver tebra tes  of  t h e s e  r i v e r s  and con- 
t r o l  s t reams wi th  s p e c i f i c  r e l a t i o n s h i p s  of t h e i r  popula t ion  ctxtracter- 
i s t - i c s .  Netal a n a l y s i s  of t h e s e  organisms and t h e  wa te r s  were made. 
This  a spec t  of  t h e  r e p o r t  will ue of p a r t i c u l a r  i n t e r e s t  t o  s c i e n t i s t s ,  
agency o f f i c i a l s  and o t h e r s  concerned wi th  t o x i c  meta ls  problems. 

Recommendat i ons  inc lude  the need f o r  increased  n u t r i e n t  removal 
t o  achiev ing  h igher  water  q u a l i t y  i n  t h e  New Hope Lake. S p e c i f i c a l l y ,  
t he  r e sea rche r  c i t e d  t h e  need t o  i n c r e a s e  the  n u t r i e n t  removal f o r  
t he  t r e a t e d  Chapel H i 1 1  and Durham sewage e f f l u e n t s  e n t e r i n g  t h e  
New Hope drainage.  Also, it was recommended t h a t  samples of t h e  
r i v e r  i,ottom sediments be analyzed t o  determine t h e  l e v e l  of phenol ic  
and ch lo r ina t ed  carbon compounds. 
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Abst rac t  

The water q u a l i t y  s u r v e i l l a n c e  program of t h e  New Hope and Lower Haw 

Rivers  cont inued wi th  a n  expanded sampling-stat ion network. This  included 

s i x  new c o n t r o l  s t a t i o n s  d r a i n i n g  i n t o  t h e  Haw River between s t a t i o n  H-1 a t  

Saxapahaw, North Caro l ina ,  and s t a t i o n  H-5 a t  t h e  head of t he  upper arm of 

t h e  proposed New Hope Lake. A l l  s t a t i o n s  were v i s i t e d  approximately twice  

monthly and r epor t ed  d a t a  r e p r e s e n t s  va lues  der ived  from 28-31 samples from 

each s t a t i o n .  Self  p u r i f i c a t i o n  along t h e  main stem of t h e  Haw cont inued t o  

be ev iden t .  F u l l  recovery i n  terms of carbonaceous p o l l u t i o n  was e s s e n t i a l l y  

completed a t  S t a t i o n  H-5. The c o n t r o l  s t reams were f r e e  of p o l l u t i o n  and 

exh ib i t ed  some d i l u t i o n  e f f e c t  on t h e  main r i v e r  even though t h e i r  f lows were 

q u i t e  small. This  was q u i t e  apparent  i n  observa t ions  of conduc t iv i ty  which 

decreased i n  downstream sequence from H-1 t o  H-5 and H-6. I n  c o n t r a s t ,  t h e  

New Hope exh ib i t ed  p o l l u t i o n  up t o  i t s  junc t ion  wi th  t h e  Haw River .  

A l l  nonconservat ive parameters of water  q u a l i t y  i n  t h e  Haw showed a  

downstream sequence of decrease  i n  magnitude, inc luding  t o t a l  carbon, t o t a l  

s o l u b l e  carbon,  and a l l  spec i e s  of n i t rogen  o r  phosphorus. Microbio logica l  

c h a r a c t e r i s t i c s  a s  shown by index organisms were approximately t h e  same i n  

t h e  mainstream s t a t i o n  a s  i n  t h e  c o n t r o l  s t ream s t a t i o n s .  

Gas chromatographic a n a l y s i s  of f r e e z e  concent ra ted  samples and e t h e r  

e x t r a c t s  of t h e s e  concen t r a t e s  showed no s i g n i f i c a n t  peaks e i t h e r  by u s e  of 

flame i o n i z a t i o n  d e t e c t o r s  o r  e l e c t r o n  cap tu re  d e t e c t o r s .  It appears  t h a t  

t h e s e  waters  were p a r t i c u l a r l y  f r e e  of phenolic  and ch lo r ina t ed  hydrocarbon 

compounds. 
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A n a l y s i s  of b e n t h i c  m a c r o i n v e r t e b r a t e s  a t  t h e  s t a t i o n  network showed 

t h a t  a d i r e c t  r e l a t i o n s h i p  of s e v e r a l  b e n t h i c  pa ramete rs  such a s  d i v e r s i t y  

index ,  p e r c e n t  p o l l u t i o n  i n t o l e r a n t  t a x a ,  and number of organisms per  sample 

were a l l  d i r e c t l y  r e l a t e d  t o  t h e  mean DO c o n c e n t r a t i o n ,  t h e  mean 5-Day BOD 

c o n c e n t r a t i o n  and mean t o t a l  phosphorus and n i t r o g e n  c o n c e n t r a t i o n s .  The 

bottom c h a r a c t e r i s t i c s  a t  t h e  s t a t i o n s  were found t o  b e  a n  impor tan t  f a c t o r  

f o r  b e n t h i c  organisms.  A s t a t i o n  w i t h  a  s h i f t i n g  coarse-sand bottom was 

g e n e r a l l y  poor i n  terms of b e n t h i c  s p e c i e s ,  even though wate r  q u a l i t y  

c h a r a c t e r i s t i c s  might b e  h i g h .  However, w a t e r  q u a l i t y  a p p e a r s  t o  be  a  more 

impor tan t  l i m i t i n g  f a c t o r  f o r  b e n t h i c  s p e c i e s  i n  t h e  New Hope d r a i n a g e  t h a n  

i n  t h e  Haw d r a i n a g e .  

Metal  a n a l y s i s  on b o t h  wate r  samples and t i s s u e s  of b e n t h i c  macro- 

i n v e r t e b r a t e s  were c a r r i e d  o u t  th rough  v a r i o u s  a n a l y t i c a l  p rocedures ,  

p r i n c i p a l l y  a tomic a b s o r p t i o n  spec t roscopy .  F r e e z e  c o n c e n t r a t e d  wate r  

samples from b o t h  t h e  New Hope and Haw c o n t r o l  s t r e a m s  showed t h a t  t h e  

f o l l o w i n g  f i v e  m e t a l s  i n c r e a s e d  i n  c o n c e n t r a t i o n  i n  t h e  f o l l o w i n g  sequence: 

Hg, Cd, Pb, C r ,  Zn, w i t h  t h e  c o n c e n t r a t i o n  of t h e  z i n c  be ing  100 t imes  

g r e a t e r  t h a n  t h e  c o n c e n t r a t i o n  of mercury.  I n  t h e  main s t e m  of t h e  New Hope 

t h e  c o n c e n t r a t i o n  sequence was Hg, Cd, C r ,  Bb, Zn. The noteworthy d i f f e r e n c e  

be ing  t h a t  chromium and l e a d  s h i f t e d  p o s i t i o n s  i n  r a n k .  I n  t h e  Haw River  t h e  

o r d e r  of i n c r e a s e  i n  c o n c e n t r a t i o n  i n  w a t e r  was Hg, Cd, Pb,  Zn and C r  w i t h  

t h e  z i n c  and C r  c o n c e n t r a t i o n s  be ing  n e a r l y  t h e  same. Meta l  c o n c e n t r a t i o n s  

i n  t h e  m a c r o i n v e r t e b r a t e s  fol lowed t h e  sequence of Cd, Pb = Hg, C r ,  Zn. 

D i f f e r e n c e s  i n  c o n c e n t r a t i o n  of t h e  v a r i o u s  m e t a l  e lements  a s  w e l l  a s  a g e  of 

organisms and o t h e r  v a r i a b l e s  r e l a t e d  t o  metabolism and growth s t a g e  made i t  

d i f f i c u l t  t o  make d i r e c t  a ssessment  of w a t e r  q u a l i t y  based on q u a n t i t i e s  of 



meta ls  found i n  organisms. However, g ros s  d i f f e r e n c e s  i n  concen t r a t ion  i n  

t h e  organisms from d i f f e r e n t  s t reams would lead  t o  suspic ion  of t he  q u a l i t y  

of t he  ove r ly ing  water and thus  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  Benthic 

macro inver tebra tes  do appear t o  provide a  form of i n t e g r a t e d  screening  f o r  

e s t a b l i s h i n g  gross  d i f f e r e n c e s  i n  meta l  concent ra t ions  derived from over- 

l y i n g  water s. 
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Summary and Conclusions  

Water q u a l i t y  c h a r a c t e r i s t i c s  of t h e  Lower Haw and New Hope R i v e r s  f o r  

t h e  p e r i o d  J a n u a r y  1971  th rough  March 1972,  i n c l u s i v e ,  a r e  d e s c r i b e d  w i t h  

t h e  u s e  of some 21  w a t e r  q u a l i t y  pa ramete rs .  I n  a d d i t i o n ,  f i n d i n g s  were 

d e r i v e d  from t h e  g a s  chromotography of f r e e z e  c o n c e n t r a t e d  samples of r i v e r  

w a t e r s  as w e l l  as from a s t u d y  of b e n t h i c  m a c r o i n v e r t e b r a t e s  of t h e s e  r i v e r s  

and c o n t r o l  streams w i t h  s p e c i f i c  r e l a t i o n s h i p s  of t h e i r  p o p u l a t i o n  

c h a r a c t e r i s t i c s .  Metal a n a l y s e s  of t h e s e  organisms and t h e  w a t e r s  from which 

t h e  organisms were o b t a i n e d  have a l s o  been assembled.  

Water Q u a l i t y  

Water q u a l i t y  pa ramete rs  were  s y s t e m a t i c a l l y  sampled a t  1 0  s t a t i o n s  i n  

t h e  New Hope d r a i n a g e  of which two t h a t  r e c e i v e d  no d i r e c t  d i s c h a r g e s  of 

wastewater  o r  i n f l o w  of was te  w a t e r s  from upst ream s o u r c e s  were c o n s i d e r e d  a s  

c o n t r o l s .  On t h e  Haw R i v e r ,  s i x  s t a t i o n s  were sampled from Saxapahaw, N.  C .  

(H-1) t o  Haywood, N .  C .  (H-6), below t h e  New Hope Dam. I n  a d d i t i o n  s i x  

c o n t r o l  s t a t i o n s  were r o u t i n e l y  sampled, t h r e e  d r a i n i n g  from t h e  n o r t h e a s t  

and t h r e e  d r a i n i n g  from t h e  southwest  i n t o  t h e  Haw River  between s t a t i o n s  

H - l  and H-5. 

I n  t h e  c u r r e n t  p e r i o d  of sampling a l l  s t a t i o n s  were v i s i t e d  approx imate ly  

t w i c e  monthly.  The r e p o r t e d  d a t a  r e p r e s e n t s  v a l u e s  d e r i v e d  from 28-31 samples 

from each s t a t i o n .  For  t h e  p e r i o d  of r e c o r d  f o r  t h i s  r e p o r t ,  a l l  

d e t e r m i n a t i o n s  were p rocessed  by a s t a t i s t i c a l  program which provided a 

s t a t e m e n t  of t h e  r a n g e  of samples ,  t h e  a v e r a g e  v a l u e ,  median v a l u e ,  

maximum and minimum v a l u e s  and s t a n d a r d  d e v i a t i o n  of t h e  e n t i r e  set.  From 
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t h e  frequency d i s t r i b u t i o n  of va lues ,  t h e  c e n t r a l  75% q u a r t i l e  of occurrence 

was de r ived .  I n  a d d i t i o n  t o  t h e  s t a t i s t i c a l  t reatment  of t h e  d a t a ,  t h e  

averaged v a l u e s  f o r  t h e  parameters which desc r ibe  mass quan t i t y  were used t o  

compute t h e  average pounds per day t r anspor t ed  a t  sampling p o i n t s  a t  o r  c l o s e  

t o  t h e  gauging s t a t i o n s  (NH-10, H-5, and H-6). 

I n  t he  New Hope dra inage ,  t h e  key s t a t i o n s  r e l e v a n t  t o  t h e  proposed 

conserva t ion  pool  of New Hope Lake a r e  NH-5, NH-6 and NH-7 j u s t  upstream of 

t he  pool and NH-10 which w i l l  be submerged i n  t h e  main pool.  S t a t i o n s  NH-8 

and NH-8A a r e  l oca t ed  on small  s t reams,  White Oak and Beaver Creeks 

r e s p e c t i v e l y ,  which w i l l  d r a i n  i n t o  t h e  main body of t h e  l ake .  Of 

p a r t i c u l a r l y  s i g n i f i c a n c e  i s  t h e  ex t en t  of s e l f  p u r i f i c a t i o n  and 

a s s i m i l a t i o n  t h a t  now t a k e s  p l ace  i n  t h e  New Hope River between NH-5, NH-6, 

NH-7 and on t o  NH-10. On t h e  average,  recovery from t h e  impact of t h e  

e x e r t i o n  of BOD h a s  not  been completed a t  NH-10 and oxygen s a t u r a t i o n  has  

recovered only  t o  about 72% of s a t u r a t i o n .  However, t h i s  i s  q u i t e  

comparable t o  t h e  average va lue  found a t  t he  c o n t r o l  s t a t i o n s  which was 

about 83%.  The BOD a t  MH-10, 2.0 mg/l was comparable t o  t h e  BOD of t h e  two 

c o n t r o l  s t a t i o n s ,  2.0 and 1 . 7  mg/l. S imi l a r ly  t h e  carbon f r a c t i o n s ,  t o t a l ,  

s o l u b l e  and ino rgan ic , a r e  only  s l i g h t l y  g r e a t e r  than  t h o s e  of t h e  c o n t r o l  

stat ions .  

Of t h e  n i t rogenous  components i n  t he  water  a t  NH-10, t o t a l  n i t r o g e n  

was h igher  than  i n  t h e  c o n t r o l  s t reams by a  f a c t o r  of 3-4, bu t  t h e  NO3-N 

concen t r a t ion  w a s  7-10 t imes g r e a t e r  than  i n  t h e  c o n t r o l  waters .  Phosphorus 

was h igher  by a f a c t o r  of 3-6 t imes but  t h i s  i s  cons iderably  lower than  what 

i s  p re sen t  upstream i n  the  v i c i n i t y  of t h e  wastewater d i scha rges .  Die o f f  of 

index organisms was q u i t e  r ap id  wi th  b a c t e r i o l o g i c a l  q u a l i t y  a t  NH-7 and 
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NH-10 comparable t o  t hose  of t h e  c o n t r o l  s t a t i o n s .  

The downstream sequence of water  q u a l i t y  changes on t h e  Haw River 

(H-1 t o  H-5) provides  a  c l e a r  i l l u s t r a t i o n  of t h e  c a p a b i l i t y  t o  s t a b i l i z e  

and a s s i m i l a t e  t h e  upstream wastewater d i scharges .  Not only i s  a s s i m i l a t i o n  

s l e a r l y i n d i c a t e d b u t  a l s o  t h e  q u a l i t y  is  comparable t o  t he  c o n t r o l  streams 

flowing i n t o  t h e  Haw River  both from t h e  no r theas t  and southwest.  The 

d i l u t i o n  e f f e c t  of t h e  c o n t r o l  streams,even though q u i t e  smal1,was evident  i n  

t h e  change i n  conduc t iv i ty  decreas ing  i n  downstream sequence from the  Haw-1 

t o  Haw-6. Since conduc t iv i ty  r e p r e s e n t s  i ons  i n  s o l u t i o n  and i s  gene ra l ly  

considered t o  be a  measure of conserva t ive  p o l l u t a n t s ,  t h i s  change was 

probably due t o  d i l u t i o n  by water  of approximately one-half t h e  conduc t iv i ty  

of t h a t  i n  t h e  main stem. This  was c h a r a c t e r i s t i c  of t he  c o n t r o l  s t reams.  

A t  H-5 t h e  average DO was a t  a  s a t u r a t i o n  which was somewhat b e t t e r  than t h e  

s a t u r a t i o n  of t h e  c o n t r o l  s t reams where s a t u r a t i o n  was i n  t he  range of 80 t o  

89 percent .  Residual  BOD a t  H-5 was only about 1 .5  t imes t h a t  of t h e  c o n t r o l  

s t reams and w i t h i n  accep tab le  l i m i t s  f o r  any n a t u r a l  water .  

A l l  o t h e r  nonconservat ive parameters of water q u a l i t y  a l s o  showed t h i s  

downstream sequence of decreas ing  magnitude i n  t o t a l  carbon,  t o t a l  s o l u b l e  

carbon,  inorganic  carbon and a l l  spec i e s  of n i t rogen  and phosphorus. However, 

by a s s i m i l a t i o n  of carbonaceous m a t e r i a l s ,  through t h e  process  of s e l f -  

p u r i f i c a t i o n ,  minera l ized  n i t rogen  and phosphorus components were l e f t  which 

were approximately 2-5 times g r e a t e r  than found i n  t he  c o n t r o l  s t reams.  

Index organisms a t  H-5 which would be t h e  headwater s t a t i o n  i n  New Hope Lake, 

were equiva len t  t o  numbers found i n  t h e  c o n t r o l  s t reams.  These va lues  
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appa ren t ly  r ep re sen t  microbia l  c h a r a c t e r i s t i c s  of s u r f a c e  dra inage  and 

runoff i n  t h i s  a r e a .  

Organics 

The c o l l e c t i o n  and p repa ra t ion  of samples f o r  gas chromatography were 

from those  s t a t i o n s  i n  each of t h e  two dra inages  which were est imated t o  

have t h e  most s i g n i f i c a n t  l o c a t i o n  r e l a t i v e  t o  poss ib l e  sources of 

contaminat ing m a t e r i a l s  a s  we l l  a s  from c o n t r o l  l o c a t i o n s  t o  

e s t a b l i s h  r e l e v a n t  background l e v e l s .  Samples f o r  gas  chromatography from 

t h e  New Hope were r o u t i n e l y  c o l l e c t e d  from NH-7, j u s t  below t h e  junc tu re  of 

Morgan Creek and New Hope Creek t o  form New Hope River and NH-8 which served 

a s  a  c o n t r o l  f o r  t h e  New Hope system. On t h e  Haw dra inage ,  H-1 and H-5 on 

t h e  main stem were sampled and H-7 from t h e  no r theas t  d ra inage  and H-8 from 

t h e  southwest dra inage  provided the  c o n t r o l  water .  I n  al1,some 42 samples 

were prepared by f r e e z e  concent ra t ion  which r e s u l t e d  i n  an  average 

concen t r a t ion  f a c t o r  of 30-50X. I n  a l l  samples, whether t e s t e d  by d i r e c t  

aqueous i n j e c t i o n  o r  e t h e r  e x t r a c t i o n  of t h e  f r e e z e  concent ra ted  sample, 

t h e r e  was no d i f f e r e n t i a t i o n  of contained m a t e r i a l .  

Although t h e  f r e e z e  concentrated samples were h ighly  co lored ,  i t  appears  

from t h e  preceding r e s u l t s  t h a t  molecular configurat ions,which would be 

d e t e c t a b l e  by gas chromatography and e i t h e r  flame i o n i z a t i o n  o r  e l e c t r o n  

c a p t u r e  d e t e c t o r ,  were not  present  even fol lowing t o t a l  concen t r a t inn  by 

f a c t o r s  of 300 t o  500X, which inc ludes  t h e  e t h e r  e x t r a c t i o n  concent ra t ion .  



Benth ic  Organisms - 

The b e n t h i c  m a c r o i n v e r t e b r a t e s  of t h e  New Hope and Lower Haw R i v e r s  

were d e s c r i b e d  from 1 2  sampling s t a t i o n s  l o c a t e d  on b o t h  p o l l u t e d  and non- 

p ~ l l u t e d  streams of t h e  d r a i n a g e .  Ben th ic  organisms were  c o l l e c t e d  i n  t h e  

p e r i o d  of February  1971  - March 1972 u s i n g  r o c k - f i l l e d  a r t i f i c i a l  s u b s t r a t e  

sample rs .  A l l  c o l l e c t i o n s  of organisms were i d e n t i f i e d  t o  t h e  g e n e r i c  l e v e l  

when p o s s i b l e  and a t o t a l  of 8 1  d i f f e r e n t  t a x a  were recognized .  The b e n t h i c  

d a t a  was ana lyzed  w i t h  r e f e r e n c e  t o  p o l l u t e d  and non-pol luted p o r t i o n s  of 

each r i v e r  and t h i s  comparison showed the f o l l o w i n g :  t h e  p o l l u t e d  p o r t i o n s  

of t h e  d r a i n a g e  had (1)  a lower number of t a x a  p e r  sample ( 2 )  a  lower 

number of t o t a l  t a x a  ( 3 )  a h i g h e r  number of i n d i v i d u a l  organisms per  sample 

(4)  a lower d i v e r s i t y  i n d e x  and (5) a lower p r o p o r t i o n  of " p o l l u t i o n  

i n t o l e r a n t "  t a x a  t o  t o t a l  t a x a .  These c o n t r a s t s  between p o l l u t e d  and non- 

p o l l u t e d  w a t e r s  were g e n e r a l l y  less e v i d e n t  i n  t h e  Haw River  d r a i n a g e  t h a n  i n  

t h e  New Hope d r a i n a g e .  Comparison of w a t e r  q u a l i t y  pa ramete rs  and b e n t h i c  

pa ramete rs  t h a t  showed a  d i r e c t  r e l a t i o n s h i p  were a s  f o l l o w s :  

Water Q u a l i t y  Parameter  Ben th ic  Parameter  

Mean DO c o n c e n t r a t i o n  D i v e r s i t y  i n d e x  
Mean DO c o n c e n t r a t  i o n  P e r c e n t  " p o l l u t i o n  i n t o l e r a n t ' '  

t axa 
Mean 5-day BOD No. of organisms per  sample 
Mean t o t a l  phosphorus c o n c e n t r a t i o n  No. of organisms p e r  sample 
Mean t o t a l  n i t r o g e n  c o n c e n t r a t i o n  No. of organisms p e r  sample 

Between t h e  f o l l o w i n g  paramete rs  a  g e n e r a l l y  i n v e r s e  r e a l t i o n s h i p  was 

found. A s  t h e  w a t e r  q u a l i t y  parameter  i n c r e a s e d  t h e  b e n t h i c  parameter  

d e c r e a s e d .  



Mean 5-day BOD 
Mean 5-day BOD 

Benth ic  Parameter  

D i v e r s i t y  i n d e x  
P e r c e n t  p o l l u t i o n  i n t o l e r a n t  t a x a  

However, t h e  bottom c h a r a c t e r i s t i c s  a t  t h e  s t a t i o n s  were  found t o  b e  a n  

impor tan t  l i m i t i n g  f a c t o r  f o r  b e n t h i c  organisms.  One s t a t i o n  i n  p a r t i c u l a r  

(H-11) had a s h i f t i n g ,  coarse-sand bottom which y i e l d e d  v e r y  few b e n t h i c  

s p e c i e s  even though t h e  wa te r  q u a l i t y  c h a r a c t e r i s t i c s  of t h i s  stream were  

similar t o  o t h e r  c o n t r o l  s t r e a m s  i n  t h e  Haw d r a i n a g e .  It a p p e a r s  t h a t  w a t e r  

q u a l i t y  had d i s t i n c t  e f f e c t s  on s i z e  and s p e c i e s  compos i t ion  of b e n t h i c  

communities i n  b o t h  t h e  Haw and New Hope d r a i n a g e  sys tems .  However, t h e  

p o l l u t e d  main s tem of t h e  New Hope system was more n o t i c e a b l y  d i f f e r e n t  from 

i ts  u n p o l l u t e d  t r i b u t a r i e s  t h a n  was t h e  lower Haw from i t s  t r i b u t a r i e s .  T h i s  

was t r u e  f o r  b o t h  wa te r  q u a l i t y  pa ramete rs  and b e n t h i c  m a c r o i n v e r t e b r a t e  

p o p u l a t i o n s .  Water q u a l i t y  a p p e a r s  t o  b e  a  more impor tan t  l i m i t i n g  f a c t o r  

f o r  b e n t h i c  s p e c i e s  i n  t h e  New Hope d r a i n a g e  t h a n  i n  t h e  Haw d r a i n a g e .  

Meta l s  

The m e t a l s  cadmium, chromium, mercury,  l e a d ,  and z i n c  were ana lyzed  i n  

s p e c i f i c  organisms of t h e  b e n t h i c  m a c r o i n v e r t e b r a t e  c o l l e c t i o n s  and i n  t h e  

f r e e z e  c o n c e n t r a t e d  wate r  samples.  The w a t e r  samples from b o t h  t h e  New Hope 

and Haw c o n t r o l  s t r e a m s  showed t h e  c o n c e n t r a t i o n  of t h e  f i v e  m e t a l s  t o  

i n c r e a s e  i n  t h e  f o l l o w i n g  sequence: Hg, Cd, Pb, C r ,  Zn, w i t h  t h e  

c o n c e n t r a t i o n  of z i n c  be ing  100 t i m e s  g r e a t e r  t h a n  t h e  c o n c e n t r a t i o n  of 

mercury.  I n  t h e  New Hope main s tem t h e  c o n c e n t r a t i o n  sequence of i n c r e a s i n g  

q u a n t i t y  was as f o l l o w s :  Hg, Cd, C r ,  Pb, Zn. I n  t h e  Haw main s tem t h e  

i n c r e a s i n g  o r d e r  was Hg, Cd, Pb,  Zn, C r ,  w i t h  Zn and C r  l e v e l s  n e a r l y  t h e  

same. The noteworthy d i f f e r e n c e  was t h a t  chromium and l e a d  had s h i f t e d  

- x v i i  - 



p o s i t i o n s  i n  t h e  r a n k .  It a p p e a r s  t h a t  t h e  h i g h  chromium l e v e l s  i n  t h e  Haw 

main r i v e r  a r e  due t o  i n d u s t r i a l  d i s c h a r g e s  upst ream from t h e  f i r s t  sampl ing 

p o i n t ,  Haw-1 a t  Saxapahaw. 

Metal c o n c e n t r a t i o n  i n  t h e  m a c r o i n v e r t e b r a t e s  f o l l o w s  t h e  sequence of Cd, 

Pb = Hg, C r ,  Zn. Even i n  t h e  c a s e s  where C r  l e v e l s  i n  w a t e r  were  h i g h e r  t h a n  

t h e  z i n c  q u a n t i t i e s ,  t h e  q u a n t i t y  of z i n c  i n  t h e  organisms was h i g h e r .  The 

h i g h e s t  c o n c e n t r a t i o n  o f  a l l  m e t a l s  i n  t h e  organisms was found i n  summer and 

e a r l y  f a l l , p o s s i b l y  due  t o  i n c r e a s e d  m e t a b o l i c  a c t i v i t y .  No one organism of 

t h o s e  examined c o n s i s t e n t l y  c o n c e n t r a t e d  any of t h e  f i v e  m e t a l s  t o  a g r e a t e r  

d e g r e e  t h a n  any  o t h e r .  However, i n  a l l  organisms t h e  s e v e r a l  m e t a l s  

examined were  c o n c e n t r a t e d  t o  a  g r e a t e r  d e g r e e  i n  t h e  o r d e r  no ted  above.  

Where chromium l e v e l s  were  u n u s u a l l y  h i g h  i n  t h e  wa te r  samples ,  l e v e l s  of 

chromium i n  t h e  organisms were a l s o  h i g h  i n d i c a t i n g  a  r e l a t i o n s h i p  between 

c o n c e n t r a t i o n s  i n  t h e  w a t e r  and t h e  amount found i n  t h e  organisms.  

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

organisms,  season  of t h e  y e a r  and o t h e r  v a r i a b l e s  r e l a t e d  t o  metabol ism and 

growth s t a g e , i t  i s  d i f f i c u l t  t o  make d i r e c t  a ssessments  of wa te r  q u a l i t y  

based on q u a n t i t i e s  of m e t a l s  found i n  organisms.  However, i f  g r o s s  

d i f f e r e n c e s  i n  c o n c e n t r a t i o n  were  found i n  organisms from d i f f e r e n t  streams, 

t h e  o v e r l y i n g  w a t e r  shou ld  b e  h e l d  s u s p e c t  and i n v e s t i g a t e d .  It t h u s  

a p p e a r s  t h a t  t h e  b e n t h i c  m a c r o i n v e r t e b r a t e s  do p r o v i d e  a  form of i n t e g r a t e d  

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

from t h e  o v e r l y i n g  w a t e r s .  

I n  n e i t h e r  t h e  c o n t r o l  s t r e a m s  nor  p o l l u t e d  segments of t h e  New Hope 

and Haw R i v e r s  were  any  of t h e  metals found i n  c o n c e n t r a t i o n s  g r e a t e r  t h a n  

t h o s e  e s t a b l i s h e d  by t h e  U.S. P u b l i c  H e a l t h  S e r v i c e  Dr ink ing  Water S tandards .  

- x v i i i  - 



Conclusions 

Long term t r ends  i n  water q u a l i t y  c h a r a c t e r i s t i c s  of t h e  lower Haw and 

New Hope Rivers  must wai t  d a t a  a n a l y s i s  t h a t  compensates f o r  seasonal  f a c t o r s .  

Increased mass t r a n s p o r t  appears  t o  r e l a t e  t o  higher  flows i n  t h e  c u r r e n t  

per iod of record  s i n c e  conse rva t ive  parameters  such a s  conduc t iv i ty  showed a 

marked dec rease .  I n  n e a r l y  a l l  i n s t ances  o the r  parameters a l s o  showed a 

" d i l u t i o n  e f f e c t . "  

The gas chromatography of f r e e z e  concentrated samples showed a 

s t r i k i n g  absence of any r e s i d u e s  t h a t  would normally be respons ive  t o  t h e  

procedures  used. This  i s  not  t o  say  t h a t  no "exotic" m a t e r i a l s  were present ,  

bu t  t h a t  i f  t hey  were, the q u a n t i t i e s  were below our l i m i t s  of d e t e c t a b i l i t y .  

Benthic s t u d i e s  demonstrated g r e a t e r  numbers of p o l l u t i o n  t o l e r a n t  taxa  

i n  t h e  New Hope than  lower Haw wi th  e x c e l l e n t  c o r r e l a t i o n  of numbers found 

and p o l l u t i o n  parameters such a s  BOD. The na tu re  of t he  sediments a t  any 

s t a t i o n  i s  extremely important i n  e s t a b l i s h i n g  populat ion c h a r a c t e r i s t i c s  of 

a s p e c i f i c  l o c a t i o n  and may s i g n i f i c a n t l y  b i a s  c o l l e c t i o n s  from c l e a n  waters .  

Trace meta l  ana lyses  of both f r e e z e  concentrated waters  and benth ic  

organisms ind ica t ed  t h e  usefu lness  of benth ic  forms f o r  i n t e g r a t i o n  of t h e  

meta l  conten t  of over ly ing  waters  and t o  s e r v e  a s  a sc reening  device  i n  water 

q u a l i t y  surveys.  None of t h e  meta ls  assayed (Hb, Pb, Cd, C r ,  and Zn)were 

p re sen t  i n  t h e  mew Rope o r  lower Haw Rivers  i n  concent ra t ions  which 

exceeded U .  S. Publ ic  Heal th Water Qual i ty  Standards.  

- x i x  - 



Recornmendatians 

1. I f  New Hope Lake i s  t o  a c h i e v e  i t s  optimum u s e  a s  a r e c r e a t i o n a l  body of 

w a t e r  s e r v i n g  t h e  p o p u l a t i o n  of Orange, Chatham and Wake C o u n t i e s ,  i t  i s  

e s s e n t i a l  t h a t  s t e p s  be  t a k e n  t o  i n c r e a s e  t h e  e x t e n t  of n u t r i e n t  removal 

from t h e  t r e a t e d  Chapel H i l l  and Durham sewage e f f l u e n t s  t h a t  a r e  now 

e n t e r i n g  t h e  New Hope d r a i n a g e .  

2 .  Although t h e  f l o w  i n  t h e  Haw River  i s  t r a n s p o r t i n g  l a r g e r  q u a n t i t i e s  of 

p o l l u t i n g  m a t e r i a l s  t h a n  t h a t  of t h e  New Hope R i v e r ,  t h e  much s h o r t e r  

r e s i d e n c e  t ime  of t h i s  f l o w  i n  New Hope Lake a r g u e s  t h a t  e f f o r t s  t o  

improve t r e a t e d  wastewater  e f f l u e n t s  b e  focused on t h e  s p e c i f i c  Chapel 

H i l l  and Durham t r e a t m e n t  p l a n t s .  

3 .  The i m p l i c a t i o n  t h a t  t h e  w a t e r s  of t h e  Haw and New Hope R i v e r s  are 

r e l a t i v e l y  f r e e  of p h e n o l i c  and c h l o r i n a t e d  ca rbon  compounds should be  

conf i rmed by examina t ion  of r i v e r  bottom sed iments  f o r  t h e s e  s u b s t a n c e s  

t o  s e e  i f  t h e y  might- have been adsorbed  o n t o  t h e  sed iments .  Th i s  might 

a l s o  i n c l u d e  sediment  samples  upst ream of Saxapahaw ( S t a t i o n  H-1) t o  

e s t a b l i s h  t h e i r  absence  from t h e  r i v e r  a s  one approaches  t h e  more 

p o l l u t e d  segments of t h e  Haw River  i n  t h e  v i c i n i t y  of B u r l i n g t o n  and 

Greensboro.  





INTRODUCTION 

Systematic water  sampling of t h e  New Hope and lower Haw Rivers  was 

i n i t i a t e d  i n  June 1966 and continued through February 1970 by Weiss (1) .  

This  s tudy e s t a b l i s h e d  major d i f f e r e n c e s  between t h e  water q u a l i t y  of t h e  two 

r i v e r s .  I n  t h e  Haw River ,  t h e  s u b s t a n t i a l  organic  p o l l u t i o n  loads  were found 

t o  have undergone degrada t ion  and recovery c y c l e s  by t h e  t ime t h e  flow had 

reached s t a t i o n  H-5 a t  t h e  head of t h e  arm of New Hope Lake which w i l l  form 

along t h e  channel  of t h e  Haw. I n  c o n t r a s t ,  t h e  New Hope River a t  i t s  junc t ion  

wi th  t h e  Haw was s t i l l  po l lu t ed .  The Durham and Chapel H i l l  wastewater l oads ,  

which were discharged i n t o  t h e  headwater s t reams of t he  New Hope, had no t  

completed t h e  c y c l e  of degradat ion and recovery.  A t  t h e  upstream end of t h e  

conserva t ion  pool ,  which w i l l  form along t h e  r i v e r  channel  of t he  New Hope, 

water q u a l i t y  parameters  were i n d i c a t i v e  of excess ive  p o l l u t i o n .  

The p re sen t  i n v e s t i g a t i o n  (January 1971 through March 31, 1972) 

continued and expanded t h e  sampling of t h e s e  two r i v e r s  t o  f u r t h e r  our know- 

ledge  of t h e  p o t e n t i a l  water q u a l i t y  of New Hope Lake. The cons t ruc t ion  of 

New Hope Dam s t a r t e d  i n  December 1970, and i s  on schedule.  The a n t i c i p a t e d  

c los ing  of t h e  s l u i c e g a t e s  w i l l  probably be  i n  l a t e  1973 o r  e a r l y  1974. The 

s t a t e  of cons t ruc t ion  of t h e  New Hope Dam on A p r i l  27, 1972 i s  shown i n  

F igure  1. 

The expansion of t h e  sampling s t a t i o n  network included sampling p o i n t s  

on s e v e r a l  of t h e  smal l  f eede r  s t reams so t h a t  t h e  c h a r a c t e r i s t i c s  of t h e  

water d r a i n i n g  t h e  bordering land might be e s t a b l i s h e d .  I n  a d d i t i o n ,  benth ic  

macro inver tebra tes  were sys t ema t i ca l ly  c o l l e c t e d  t o  provide a measure of 

p o l l u t i o n a l  e f f e c t s  a s  descr ibed  by t h e i r  types ,  numbers, and d i v e r s i t y .  

Metal ana lyses  were c a r r i e d  out  on water samples a s  w e l l  a s  on t h e  t i s s u e s  of 

t h e  benth ic  organisms. The organic  c o n s t i t u e n t s  of t h e  water were examined 



Fig. I Construction Status, New Hope Dam 
Apri l  27, 1972 



on f r e e z e  c o n c e n t r a t e d  samples u s i n g  f lame i o n i z a t i o n  and e l e c t r o n  c a p t u r e  

d e t e c t o r s  and s u i t a b l e  g a s  chromatographic columns. 

S t a t i o n  Network 

It is  e v i d e n t  t h a t  t h e  c h a r a c t e r i s t i c s  of w a t e r  d r a i n i n g  from land  

a d j a c e n t  t o  t h e  New Hope and lower Haw R i v e r s  w i l l  become i n c r e a s i n g l y  

s i g n i f i c a n t  i n  t e rms  of t h e  wa te r  q u a l i t y  i n  New Hope Lake. Thus, i n  t h e  

c u r r e n t  s t u d y  a d d i t i o n a l  "con t ro l "  s t r e a m s  w i t h  s u i t a b l e  sampling p o i n t s  

were e s t a b l i s h e d .  They were sampled t w i c e  monthly.  F i g u r e  2  shows a l l  t h e  

wa te r  and b e n t h i c  sampl ing s t a t i o n s  f o r  t h e  p e r i o d  1966-1972. S t a t i o n  

numbers preceded by a n  "H" a r e  on t h e  Haw and t h o s e  preceded by NH a r e  on t h e  

New Hope. A s t a t i o n  of p a r t i c u l a r  i n t e r e s t  i s  MH-11 on Nor theas t  Creek which 

r e c e i v e s  d r a i n a g e  from t h e  Research T r i a n g l e  Area and from t h e  primary 

sewage o x i d a t i o n  ponds o p e r a t e d  f o r  Durham County by t h e  C i t y  of Durham. On 

b o t h  s i d e s  of t h e  Haw River  between S t a t i o n  H-1 a t  Saxapahaw and H-5 a t  t h e  

f u t u r e  headwater of one arm of New Hope Lake t h e  Haw River  f l o w s  s o u t h e a s t e r l y  

a c r o s s  Chatham County. Both t o  t h e  n o r t h e a s t  and southwest  of t h e  main r i v e r  

t h e r e  a r e  s e v e r a l  small s t r e a m s  t h a t  f l o w  i n  p a r a l l e l  c o u r s e s  t o  t h e  main 

stem. On s i x  of t h e s e  s t r e a m s ,  t h r e e  e a c h  on t h e  two d r a i n a g e s ,  n o r t h e a s t  

and s o u t h w e s t ,  a d d i t i o n a l  c o n t r o l  s t a t i o n s  have been e s t a b l i s h e d  t o  e v a l u a t e  

w a t e r  q u a l i t y  c h a r a c t e r i s t i c s  of t h e  l a n d  u s e  and l a n d  forms of t h i s  a r e a .  

A n a l y t i c a l  P rocedures  

The i n t r o d u c t i o n  of new paramete rs  h a s  provided a d d i t i o n a l  i n s i g h t  i n t o  

t h i s  s t u d y .  S e v e r a l  o l d  pa ramete rs  were  d e l e t e d  because  of t h e  changing 

n a t u r e  o f  t h e i r  i n f o r m a t i o n  and r e l e v a n c e  t o  t h e  q u e s t i o n s  of q u a l i t y  t h a t  

a r e  under c o n s i d e r a t i o n .  Tab le  1 l ists  t h e  d a t a  c o l l e c t e d  i n  t h e  p e r i o d  





Table  1 
Comparison of Water Q u a l i t y  Paramete rs  

Used i n  Surveys of 1966 - 1970 and January  1971 - March 1972 

1966-1970 Jan .  1971-March 1972 

Temperature OC X 

Residue mg/ l  X 

T u r b i d i t y ,  Jackson  T u r b i d i t y  U n i t s  X 

C o n d u c t i v i t y  umhos 

Disso lved  Oxygen 

DO % S a t u r a t i o n  

BOD5 mg/l  

T o t a l  Carbon mg/ l  

T o t a l  S o l u a b l e  Carbon mg/ l  

I n o r g a n i c  Carbon mg/ l  

T o t a l  Ni t rogen  mg/ l  

Organic Ni t rogen  mg/ l  X 

NM3-bJ mg/1 X 

NO2-N mg/ l  X 

N03-N mg/l  X 

bJ02+N03-N mg/l  - 

T o t a l  Phosphorus mg/l  X 

T o t a l  I n o r g a n i c  Phosphorus mg/l  X 

PO4--P ( s o l u a b l e  o r thophospha te )mg/ l  X 

pH X 

C h l o r o p h y l l  K l e t t  U n i t s  

T o t a l  Col i fo rms  

F e c a l  Col i fo rms  

E n t e r o c o c c i  ( F e c a l  S t r e p t o c o c c i )  



1966-70 and t h e  present  parameters f o r  comparison. The b a s i c  phys i ca l ,  

chemical and b i o l o g i c a l  d e s c r i p t i o n s  have been continued wi th  t h e  a d d i t i o n  of 

t h e  d i r e c t  de te rmina t ions  of carbonaceous m a t e r i a l s  --both t o t a l ,  so lub le ,  

and inorganic--using a  Beckman 915 t o t a l  o rganic  carbon ana lyzer .  I n  t h e  

l a t t e r  per iod  t h e r e  was a l s o  a  change i n  t he  method of desc r ib ing  t h e  

ni t rogenous m a t e r i a l s .  NO2-nitrogen and NOj-nitrogen were combined i n t o  one 

parameter (N02+N03-N). NO2-N had been present i n  such c o n s i s t e n t l y  smal l  

amounts t h a t  cont inued ind iv idua l  de te rmina t ion  was not  j u s t i f i e d .  The 

p a r t i c u l a r  procedure on t h e  Technicon Autoanalyzer lends  i t s e l f  t o  ready 

modi f ica t ion  t o  desc r ibe  a l l  oxidized ni t rogenous spec i e s  t h a t  a r e  present  

a s  NO2 o r  NO3. I n  s i m i l a r  fash ion  t h e  determinat ion of t o t a l  inorganic  

phosphorus was dropped s i n c e  t h e  de te rmina t ion  of s o l u b l e  ortho-phosphate 

(PO -P d e s c r i b e d a l l  inorganic  forms of phosphorus t h a t  might be p re sen t .  The 4 )  

a d d i t i o n  of f e c a l  co l i forms  f o r  d e s c r i p t i o n  of index organisms of r ecen t  

human contaminat ion was added t o  t he  b i o l o g i c a l  d e s c r i p t i o n s .  Feca l  

s t r e p t o c o c c i  a r e  now r e f e r r e d  t o  a s  en terococc i .  

The a d d i t i o n a l  a n a l y t i c a l  procedures r equ i r ed  t o  d e s c r i b e  t r a c e  organics  

of e x o t i c  n a t u r e  o r  t he  meta ls  t h a t  werepresent  both i n  water and i n  animal 

t i s s u e  w i l l  be descr ibed  i n  t h e  s e c t i o n s  i n  which those  p a r t i c u l a r  experiments 

a r e  d iscussed .  



Water Q u a l i t y  C h a r a c t e r i s t i c s  

January  1971 - March 1972 

General  Q u a l i t y  Paramete rs  

I n  t h e  c u r r e n t  p e r i o d  of wa te r  q u a l i t y  s u r v e i l l a n c e  t h e  s t a t i o n s  on t h e  

New Hope and Haw River  d r a i n a g e s  were sampled approx imate ly  t w i c e  monthly 

w i t h  a  t o t a l  s e t  of d a t a  r e f l e c t i n g  v a l u e s  determined from 28-31 samples 

from each of t h e  s t a t i o n s .  The s t a t i s t i c a l  a n a l y s i s  of a l l  d a t a  co l l -ec ted  i n  

t h i s  p e r i o d  i s  summarized i n  Appendices A-1 t o  A-20 f o r  t h e  Haw River  s e r i e s ;  

and B-1 t o  B-20 f o r  t h e  New Hope s e r i e s .  The s t a t i s t i c a l  p r e s e n t a t i o n  t h a t  

was used i n  t h e  e a r l i e r  r e p o r t  (1) on wate r  q u a l i t y  of t h e s e  r i v e r s  i s  repea ted  

The per iod  of c u r r e n t  r e c o r d ,  January  1971 through March 1972 

i n t r o d u c e s  a s l i g h t  w i n t e r  b i a s  t o  s e v e r a l  wa te r  q u a l i t y  pa ramete rs ,  

p a r t i c u l a r l y  t h e  non-conservat ive  c h a r a c t e r i s t i c s  whose q u a n t i t i e s  might b e  

t empera tu re  dependent .  I n  o r d e r  t h a t  long-term t r e n d s  of w a t e r  q u a l i t y  i n  

any r i v e r  sys tem r e c e i v i n g  b o t h  c o n s e r v a t i v e  and nonconserva t ive  s u b s t a n c e s  

from b o t h  n a t u r a l  and man-made s o u r c e s  be  e s t a b l i s h e d ,  a c o r r e c t i o n  f o r  

s e a s o n a l  v a r i a t i o n  i s  r e q u i r e d .  Such a n  a n a l y s i s  f o r  t h e  p e r i o d  of 1966-1972 

i s  i n  p r e p a r a t i o n  and w i l l  b e  r e p o r t e d  s e p a r a t e l y  ( 2 ) .  

The averaged v a l u e s  f o r  t h e  wa te r  q u a l i t y  pa ramete rs  a t  each s t a t i o n  

sampled between January  1971 and March 1972 have been assembled i n  Tab le  2  

f o r  t h e  New Hope d r a i n a g e  and Tab le  3 f o r  t h e  Haw River  d r a i n a g e .  I n  t h e s e  

t a b l e s  t h e  s t a t i o n s  a f f e c t e d  d i r e c t l y  by wastewater  d i s c h a r g e s  o r  by upst ream 

s o u r c e s  a r e  s e p a r a t e d  from nonpol lu ted  c o n t r o l  s t a t i o n s .  For t h o s e  w a t e r  

q u a l i t y  sampling s t a t i o n s  a t  o r  c l o s e  t o  USGS gauging s t a t i o n s ,  (NH-10, H-5 



Water Quality 
Parameter Station 

Temperature OC 
Residue mg/l 
Turbidity JT Units 
Conductivity u mhos 
DO mg/l 
DO % Sat. 
BOD5 mg/l 
Total Carbon mg/l 
Total Soluble Carbon mg/l 

I Inorganic Carbon mg/l 
Co 
I Total N mg/l 

Organic N mgll 
NH3-u mg/l 
N02+N03-N mg/l 
Total Phosphorus mg/l 

~hloroph~ll-klett Units 
Total Coliform* 
Fecal Coliform* 
Enterococci* 

Average Magnitude a 

Table 2 

New Hope Drainage 
~f Quality Parameter Base d on 28-31 Samples 
January 1971 - March 1972 

Stations Receiving Waste Water Discharges Directly or By Downstream Flow 
1 2 5 6 7 10 11 

Control Stations 
8 8A 



Table 3 

Water Quality 
Parameter Station 

Temperature OC 
Residue mg/l 
Turbidity JT Units 
Conductivity mhos 
DO mg/l 
DO % Sat. 
BOD5 mg/l 
Total Carbon mg/l 
Total Soluble Carbon mg/l 
Inorganic Carbon mg/l 
Total N mg/l 
Organic N mg/l 
NH3-N mg/l 
NO2 + NO3-N mg/l 
Total P mg/l 
P04=P mg/l 
PH 
Chlorophyll Klett Units 
Total Coliforms * 
Fecal Coliforms* 
Enterococci* 

Lower Haw River Drainage 
Average Magnitude of Quality Parameter Based on 28-31 Samples 

January 1971 - 'larch 1972 (Inclusive) 

Main Stream Stations 
3 4 5 

Control Stations 
N .E. Watersheds S.W. Watersheds 
7 9 11 8 10 12 



and H-6), t h e  d a t a  were used t o  compute mass t r a n s p o r t  va lues  f o r  those  water  

q u a l i t y  parameters  def ined  by weight per  u n i t  volume. These d a t a  a r e  

assembled i n  Table 4 f o r  t h e  same period of record.  

A s  no ted ,  comparison of t h e  present  water q u a l i t y  d a t a  w i th  t h a t  of t h e  

previous  record  (1) i s  d i f f i . c u l t  due t o  t h e  r e l a t i v e  time i n t e r v a l  of t h e  

sample per iod  as w e l l  a s  t h e  degree of wetness o r  dryness  of a  

p a r t i c u l a r  year .  This  in t roduces  a  flow b i a s  i n t o  long-term t r ends .  I n  t h e  

present  summary, b a s i c  comparisons a r e  l imi t ed  t o  t h e  c h a r a c t e r i s t i c s  of t h e  

main dra inage  and c o n t r o l  s t a t i o n s  s o  t h a t  t h e  information i s  e s s e n t i a l l y  

r e s t r i c t e d  t o  t h e  context  of t h e  cu r r en t  per iod of sampling. 

I n  t h e  s t ream and r i v e r  system of t h e  New Hope, t h e  key s t a t i o n s  

r e l e v a n t  t o  t h e  proposed conserva t ion  pool of New Hope Lake a r e  s t a t i o n s  

NH-5, NH-6 and NH-7 which a r e  l oca t ed  j u s t  upstream of t h e  conserva t ion  pool  

of t h e  New Hope Lake,and NH-10 which even tua l ly  w i l l  be  submerged by t h e  

f i l l i n g  of t h e  l a k e .  S t a t i o n s  NH-8 and NH-8A loca ted  on t h e  smal l  s t reams,  

White Oak and Beaver c r eeks  r e s p e c t i v e l y ,  w i l l  cont inue t o  d r a i n  i n t o  t h e  

main body of t h e  l a k e .  S t a t i o n  NH-11 i s  c u r r e n t l y  r ece iv ing  e f f l u e n t  from 

primary ox ida t ion  ponds serv ing  t h e  Research Tr iangle  a r e a .  Eventually,  

when t h e  b i o l o g i c a l  t rea tment  p l a n t  f o r  t h i s  a r e a  i s  completed, t h e s e  

ox ida t ion  ponds w i l l  s e rve  a s  t e r t i a r y  ponds. S t a t i o n  NH-11 ha s  been 

sampled s y s t e m a t i c a l l y  over t h i s  c u r r e n t  per iod of record .  

Cur ren t ly ,  s e l f  p u r i f i c a t i o n  and a s s i m i l a t i o n  of non-conservative 

p o l l u t a n t s  t a k e s  p l ace  t o  an  extended degree i n  t h e  New Hope River between 

s t a t i o n s  NH-5, NH-6, NH-11 and NH-7 and cont inuing  t o  NH-10. On t h e  average,  

recovery from t h e  impact of t he  BOD load  w a s  no t  completed by t h e  t ime r i v e r  

flow reached s t a t i o n  NH-10, and a l though oxygen s a t u r a t i o n  recovered only  t o  

about  72 percent  t h i s  was q u i t e  c l o s e  t o  t h e  average va lue  found a t  c o n t r o l  



Table 4 

DO 

BOD 

To ta l  Carbon 

To ta l  Soluble  Carbon 

Inorganic Carbon 

To ta l  Nitrogen 

Organic Nitrogen 

N02+N03-N 

To ta l  Phosphorus 

Average Mass Transport  of Se lec ted  
Water Qual i ty  Parameters 

New Hope and Haw River Gauged S t a t i o n s  
January 1971 - March 1972 

Pounds/Day 
New Hope 10 Haw 5 Haw 6 



s t a t i o n s  which were about 83  pe rcen t .  The r e s i d u a l  BOD a t  s t a t i o n  NH-10, 

2.0 mg/l,was very  c l o s e  t o  t h a t  of t h e  c o n t r o l  s t a t i o n s  NH-8 and 8A wi th  2.0 

and 1.7 mg/l of BOD r e s p e c t i v e l y .  I n  p a r a l l e l  fash ion  t h e  t o t a l ,  so lub le  and 

inorganic  carbon components were only s l i g h t l y  g r e a t e r  a t  s t a t i o n  NH-10 than 

those  of t h e  c o n t r o l  s t a t i n n s .  Of t h e  ni t rogenous water q u a l i t y  parameters 

determined a t  s t a t i o n  NH-10, t o t a l  n i t rogen  was higher  than i n  t h e  c o n t r o l  

s t reams by a  f a c t o r  of 3-4 ; t h e  concent ra t ion  of NO3-N was 7-10 times 

g r e a t e r  than  i n  t h e  c o n t r o l .  T o t a l  phosphorus was higher  by a  f a c t o r  of 3-6 

t imes bu t  a t  s t a t i o n  NH-10 i t  was cons iderably  lower than i n  t h e  v i c i n i t y  of 

t h e  wastewater d i scha rges .  The d i e  of f  of t h e  index organisms i n  t h e  New 

Hope d ra inage  w a s  q u i t e  r a p i d  wi th  b a c t e r i o l o g i c a l  q u a l i t y  a t  s t a t i o n  NH-7 

and NH-10 d i r e c t l y  comparable t o  t h a t  found a t  t h e  c o n t r o l  s t a t i o n .  

Analys is  of t h e  downstream changes a long  t h e  main stem of t h e  Haw River 

provides  a  c l e a r  i l l u s t r a t i o n  of t he  c a p a b i l i t y  of a  comparat ively shal low,  

r a p i d l y  f lowing ,  rough bottomed r i v e r  t o  s t a b i l i z e  and a s s i m i l a t e  upstream 

wastewater c o n t r i b u t i n n s .  Not only is  a s s i m i l a t i o n  c l e a r l y  i nd ica t ed  i n  t h e  

downstream sequence but  a l s o  t h e  change i n  q u a l i t y  can be compared t o t h a t  o f the  

c o n t r o l  s t reams t h a t  flow i n t o  t h e  Haw River from both t h e  no r theas t  and t h e  

southwest.  To i l l u s t r a t e  t h i s  po in t  a s e r i e s  of diagrams r ep resen t ing  t h e  

main stem of t h e  Haw River and t h e  sampled t r i b u t a r i e s  h a s  been prepared t o  

show t h e  r e p r e s e n t a t i v e  water q u a l i t y  f o r  both conserva t ive  and non- 

conse rva t ive  parameters (Figures  3-23). 

The d i l u t i o n  e f f e c t  of t h e  c o n t r o l  s t reams,  even though smal l ,  was 

p a r t i c u l a r l y  ev ident  i n  t h e  c h a r a c t e r i s t i c  change i n  conduc t iv i ty ,  decreas ing  

i n  downstream sequence from H-1 t o  H-6. Since t h e  measure of conduc t iv i ty  

r e p r e s e n t s  i o n s  i n  s o l u t i o n  and i s  gene ra l ly  considered t o  be a  measure of 

conse rva t ive  p o l l u t a n t s  t h i s  change i n  t h e  conductance of t h e  Haw i s  
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F i g .  3 .  Haw River s t a t i o n s ,  TEMPEMTURE OC J a n u a r y  1 9 7 1  - March 1972  

- 13 - 
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F i g .  4 .  Haw River s t a t i o n s ,  RESIDUE mg/ l  January 1971  - March 1972 
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F i g .  5 .  Haw R i v e r  s t a t i o n s ,  TURBIDITY JTU J a n u a r y  1971 - March 1972 
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F i g .  6 .  Haw R i v e r  s t a t i o n s ,  CONDUCTIVITY pmhos January  1971  - March 1972. 

- 1 6  - 
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F i g .  7 .  Haw River  s t a t i o n s ,  DISSOLVED OXYGEN mg/l  ~ a n u a r ~  1971 - March 1972 
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F i g .  8 .  Haw R i v e r  s t a t i o n s ,  DO % SATURATION January  1971 - March 1972 
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F i g .  9 .  Haw R i v e r  stations, 5 DAY BOD m g / l  January 1 9 7 1  - March 1972  
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F i g .  10. Haw River stations, TOTAL CARBON mg/l January 1971 - March 1972 



Fig. 11. Haw River stations, TOTAL SOLUBLE CARBON mg/l January 1971 - March 1972 
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Fig. 1 2 .  Haw R i v e r  s t a t i o n s ,  INORGANIC CARBON mg/l  January  1971  - March 1972 
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F i g .  1 3 .  Haw River  s t a t i o n s ,  TOTAL NITROGEN mg/l January  1971  - March 1972 
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Fig. 14. Haw River stations, ORGANIC NITROGEN mg/l January 1971 - March 1972. 
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F i g .  15. Haw River  s t a t i o n s ,  AMMONIA NITROGEN mg/l  January  1971 - March 1972 
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F i g .  16 .  Haw R i v e r  s t a t i o n s ,  NITRITE AND NITRATE NITROGEN m g / l  

January 1971  - March 1972 

- 26 - 
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Fig. 17. Haw River  s t a t i o n s ,  TOTAL PHOSPHORUS mg/l January  1971-March 1972 



Fig. 18. Haw River stations, ORTHOPHOSPHATE-P mg/l January 1971-March 1972 



VALUE 

Fig .  19 .  Haw River  s t a t i o n s ,  pH January  1971  -   arch 1972 
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Fig. 20. Haw R i v e r  s t a t i o n s ,  CHLOROPHYLL - KLETT UNITS, J a n u a r y  1 9 7 1 - M a r c h  1 9 7 2  
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F i g .  21 .  Haw River  s t a t i o n s ,  TOTAL COLIFORMS NO. 1100 ml  ( d o 2 )  

January 1 9 7 1  - March 1972  
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F i g .  22. Haw R i v e r  s t a t i o n s ,  FECAL COLIFORMS NO. 1100 m l  ( x l o L )  
J a n u a r y  1971  - March 1972 



MEDIAN 
VALUE 

January 1971 - March 1972 



probably due t o  d i l u t i o n  by water w i th  an ion  concent ra t ion  which was more 

c h a r a c t e r i s t i c  of t h e  c o n t r o l  s t reams.  

A t  s t a t i o n  H-5 d isso lved  oxygen was on the  average a t  100 percent  

s a t u r a t i o n .  This  w a s  even b e t t e r  than  t h e  s a t u r a t i o n  va lues  f o r  t h e  c o n t r o l  

s t reams where t h e  average s a t u r a t i o n  was i n  t h e  range of 80-89 percent .  The 

r e s i d u a l  BOD a t  H-5 was only about 1 .5  t imes g r e a t e r  than t h a t  found i n  t h e  

c o n t r o l  s t reams and w e l l  w i th in  accep tab le  l i m i t s  f o r  any n a t u r a l  water .  

A l l  o t h e r  nonconservat ive water q u a l i t y  parameters a l s o  changed i n  down- 

s t ream sequence, decreas ing  i n  magnitude. These included t o t a l  carbon, t o t a l  

s o l u b l e  carbon,  inorganic  carbon, and t h e  s e v e r a l  spec i e s  of n i t r o g e n  and 

phosphorus. Although t h e r e  was an  a s s i m i l a t i o n  of carbonaceous m a t e r i a l s  

through t h e  process  of s t ream s e l f  p u r i f i c a t i n n ,  t h e  mine ra l i za t ion  of 

n i t r o g e n  and phosphorus spec ies  r e s u l t e d  i n  concent ra t ions  approximately two 

t o  f i v e  t imes g r e a t e r  than  found i n  t h e  c o n t r o l  streams. B io log ica l  index 

organisms a t  s t a t i o n  H-5 were equiva len t  t o  t h e  numbers found i n  t h e  c o n t r o l  

s t reams.  These va lues  apparent ly  r ep re sen t  t h e  microbia l  c h a r a c t e r i s t i c s  of 

s u r f a c e  dra inage  and runoff  i n  t h i s  a r e a .  

Long term t r ends  i n  water  q u a l i t y  c h a r a c t e r i s t i c s  of t h e  Lower Haw and 

New Hope R ive r s  may be ind ica t ed  by a n  a n a l y s i s  of e x i s t i n g  d a t a  t h a t  

provides  f o r  compensation of seasonal  f a c t o r s  and v a r i a t i o n s  i n  flow. There 

has been assembled i n  Table 5 a  l i s t  of s e v e r a l  conserva t ive  and 

nonconservat ive p o l l u t a n t s  t h a t  provide a  comparison of t h e  sample per iod  

1966-1970 and 1971-1972. A s  i nd i ca t ed  from t h e  d a t a  of Table 4 ,  increased  

mass t r a n s p o r t  appears  t o  be r e l a t e d  t o  higher  flows i n  t he  c u r r e n t  per iod  of 

record .  This  i s  ind ica t ed  on t h e  b a s i s  t h a t  conserva t ive  parameters  such a s  

conduc t iv i ty  show a marked inc rease .  I n  a l l  o the r  i n s t ances  t h e  o the r  

parameters  a l s o  show t h e  " d i l u t i o n  e f f e c t . "  



Table 5 
Two Periods of Record 

Comparison of Average Values of Water 
Quality Parameters, New Hope and Lower Haw Rivers 

NH-10 I-i-5 
1966-1970 1971-1972 1966-1970 1971-1972 

Residue mg/l 3 0 18.2 27.6 11.9 

Turbidity JTU 

Conductivity pnlhos 

DO mg/l 

DO % Sat 

BOD5 mg/l 

Total N mg/l 

Org N mg/l 

NH3N mg/l 

NO2 + NO3-N mg/l 

Total -P mg/l 

PO4 -P mg/l 

pH 

Chlorophyll-klett Units 

Total Coliform 

Enterococci* 

*~0/100 ml ( ~ 1 0 ~ )  median values 



For t h i s p e r i o d  of record ,  t he  water q u a l i t y  of t h e  lower Haw and New 

Hope d ra inages  does not  appear t o  have changed s i g n i f i c a n t l y  e i t h e r  f o r  t h e  

b e t t e r  o r  worse from t h a t  prev ious ly  repor ted .  The q u a l i t y  of t h e  Haw River 

a t  s t a t i o n  H-5 cont inues  t o  i n d i c a t e  t h a t  t h e  water is of accep tab le  

q u a l i t y  f o r  t h e  l a k e  t o  be impounded by the  New Hope Dam. The q u a l i t y  of t h e  

water i n  t h e  New Hope River ,  does not  appear t o  have improved, p a r t i c u l a r l y  

a t  t h e  s t a t i o n s  a t  t h e  head of t he  proposed conservat ion pool .  Improvement 

i s  e s s e n t i a l  f o r  providing water of accep tab le  q u a l i t y  f o r  t h e  upper reaches  

of t h e  New Hope arm of New Hope Lake. 

Organic C h a r a c t e r i s t i c s  of Freeze Concentrated Samples 

The t r a n s p o r t  na tu re  of water l ends  i t s e l f  t o  t h e  movement of m a t e r i a l s  

from t h e  land and i n t o  water courses .  Many s y n t h e t i c  organics  a r e  

introduced i n t o  t h e  aqua t i c  environment. Some a r e  of high t o x i c i t y  a s  w e l l  

a s  low s o l u b i l i t y .  Describing these  residues which may have en tered  s t reams 

e i t h e r  from a g r i c u l t u r a l  a p p l i c a t i n n s  o r  through wastewater d i scha rges  i s  

e s s e n t i a l  f o r  proper  d e f i n i t i o n  of water q u a l i t y .  These procedures q u i t e  

o f t e n  r e q u i r e  d e t e c t i o n  methods and a n a l y t i c a l  procedures of a  high o rde r  of 

re f inement .  For t h i s  s tudy  samples were c o l l e c t e d  approximately monthly 

from bo th  "pol lu ted"  and "control"  s t a t i o n s  i n  both t h e  Haw and New Hope 

dra inages .  These included NH-7, NH-8, H-1, H-5, and H-8. On each 

sampling d a t e  18 l i t e r s  of water were brought t o  t h e  l abo ra to ry  where 

through a  process  of f r e e z e  concen t r a t ion  t h e  o r i g i n a l  volume was reduced t o  

a  f i n a l  volume ranging  from 0.4 t o  0.6 l i t e r s ,  a  concent ra t ion  f a c t o r  of 24 

t o  45 t imes .  The f i n a l  concen t r a t e  of approximately 500 m l .  was s to red  i n  a  

da rk  co ld  room a t  a  temperature of 2-3'~. I n  a d d i t i o n  t o  d i r e c t  a n a l y s i s  by 

gas  chromatography of t he  concentrated water  samples, concen t r a t e s  were 



e x t r a c t e d  w i t h  d i e t h y l  e t h e r  o r  hexane f o r  f u r t h e r  chromatographic  a n a l y s i s .  

The f o l l o w i n g  e x p e r i m e n t a l  pa ramete rs  were u t i l i z e d  i n  t h e  g a s  

chromatographic  a n a l y s e s  performed: 

Three  m i c r o l i t e r  a l i q u o t s  of f reeze-concen t ra ted  w a t e r  samples were 

i n j e c t e d  d i r e c t l y  o n t o  t h e  f o l l o w i n g  column of t h e  system paramete rs  

l i s t e d .  

I n s t r u m e n t :  Perkin-Elmer Model 900 gas  chromatograph 

D e t e c t o r :  Flame I o n i z a t i o n  

Column: 5 f t ,  x  118 i n .  O . D .  s t a i n l e s s  steel c o n t a i n i n g  poropak QS 

Column Temperature : 1 7 0 ' ~  i s o t h e r m a l  

C a r r i e r  Ni t rogen  Flow Rate :  35 cc lmin .  

Phenol was used as a n  i n t e r n a l  s t a n d a r d  and r e p r e s e n t e d  a  r e t e n t i o n  t ime  

of 10.4  min. Maximum s e n s i t i v i t y ,  assuming recovery  of 80%,  would be  

0 . 1  ppm f o r  pheno l .  

The above p rocedure  was r e p e a t e d  on a n  a l t e r n a t e  column of 14% FFAP 

on Anakrom A a t  t h e  same tempera tu re  and f low r a t e s .  Phenol was 

a g a i n  used a s  a n  i n t e r n a l  s t a n d a r d  and r e p r e s e n t e d  a r e t e n t i o n  t ime  of 

11 .9  min. Maximum s e n s i t i v i t y  f o r  phenol would be  0 . 1  ppm. 

Ten m i l l i l i t e r  a l i q u o t s  of t h e  f reeze-concen t ra ted  wate r  samples 

( a d j u s t e d  t o  pH 2 . 0  by a d d i t i o n  of o r thophosphor ic  a c i d )  were 

e x t r a c t e d  w i t h  3 m l  of d i e t h y l  e t h e r  by shak ing  i n  a  s toppered  t e s t  

t u b e .  Three  m i c r o l i t e r s  of t h e  o r g a n i c  e x t r a c t  were i n j e c t e d .  

I n s t r u m e n t :  Perkin-Elmer Model 900 

D e t e c t o r :  Flame I o n i z a t i o n  

Column: 5 f t .  x  118 i n .  O . D .  s t a i n l e s s  steel c o n t a i n i n g  10% DC-200 on 

Chromosorb W-AW, 801100 mesh 



Column Temperatures: 100°C i so thermal  

200°C i so thermal  

C a r r i e r  Nitrogen Flow Rate:  35 cclmin. 

Phenol was used as a s t anda rd ,  w i th  a r e t e n t i o n  time of 14.7 min, and 

i n d i c a t i n g  a s e n s i t i v i t y  f o r  phenol of 0.05 ppm. 

Ten m i l l i l i t e r  a l i q u o t s  of t h e  freeze-concentrated water samples 

were e x t r a c t e d  wi th  3 m l  of nanogradehexane by shaking i n  a 

s toppered t e s t  tube.  Organic e x t r a c t s  were d r i ed  with sodium s u l f a t e .  

Two m i c r o l i t e r  volumes of t h e  ex t r ac t ed  samples and an ex t r ac t ed  

d i s t i l l e d  water blank were i n j e c t e d  on the  column. 

Instrument:  Perkin-Elner Model 900 

Detec tor  : Elec t ron  Capture ( 6 3 ~ i c k e l )  

Column: 6 f t .  x 1 1 4  i n .  g l a s s  conta in ing  5% SE-30 on  acid-washed 

Chromosorb. W ,  60180 mesh. 

Column Temperature: 180°C 

C a r r i e r  Nitrogen Flow Rate: 60cc/min.  

S e n s i t i v i t y :  0 .2 ng of P , ~ ' - D D E  produced 50% f u l l - s c a l e  d e f l e c t i o n .  

P,P'-DDE was used a s  a s tandard wi th  r e t e n t i o n  time of 10 .6  min. (3 ) .  

No peaks were r e so lved ,  inc luding  those  which would have represented  

r e t e n t i o n  t i m e s  corresponding t o  25 chlorobiphenyl  compounds a s  r epo r t ed  

by Zi tko ( 3 ) .  The minimum d e t e c t a b l e  l i m i t  was est imated t o  be 0 . 1  ppb 

of p,p'-DDE, assuming 80% recovery of t h e  r e s i d u e  from t h e  f r e e z e  

concen t r a t ion  and hexane e x t r a c t i o n  s t e p s .  

Although both systems t h a t  were used f o r  examination of e i t h e r  t h e  

concent ra ted  water  samples i n j e c t e d  d i r e c t l y  o r  through a second chemical 

e x t r a c t i o n  were systems of h igh  s e n s i t i v i t y ,  no s i g n i f i c a n t  peaksmeasurable  



above background were d e t e c t e d .  The i m p l i c a t i o n  i s  t h a t  i n  t h e s e  w a t e r  

samples m a t e r i a l s  t h a t  would respond t o  t h e s e  d e t e c t i o n  systems were n o t  

p r e s e n t .  The a g r i c u l t u r a l  a c t i v i t i e s  of t h e  l a n d s  through which f e e d e r  

s t r e a m s  d r a i n  might be  s i n g u l a r l y  f r e e  of m a t e r i a l s  d e t e c t a b l e  by t h e s e  two 

systems as w e l l  as i n d u s t r i a l  was tewate r s  t h a t  have been d i s c h a r g e d  from 

upst ream communities.  S ince  b o t h  r i v e r s  c a r r y  s i g n i f i c a n t l y  h i g h  sediment 

l o a d s  a t  times of r a i n  and h i g h  runof f  and s i n c e  many of t h e s e  compounds a r e  

absorbed o n t o  sed iments  i t  cou ld  be  t h a t  t h e s e  m a t e r i a l s  have been removed 

th rough  t h e s e  p r o c e s s e s  of a b s o r p t i o n  and s e d i m e n t a t i o n .  Regard less  

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

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

s i g n i f i c a n t  q u a n t i t y  i n  t h e  main wate r  c o u r s e  of t h e  Haw and New Hope o r  i n  t h e  

f e e d e r  streams t h a t  have been sampled. 

Recent i n v e s t i g a t i o n s  on t h e  n a t u r e  of o r g a n i c  compounds i n  s u r f a c e  

w a t e r s  (4 ,  5 ,  and 6)  have shown t h a t  t e c h n i q u e s  used i n  t h e  above a n a l y s e s  

f o r  t h e  samples from t h e  Haw and New Hope w i l l  a t  least i n d i c a t e  t h e  p resence  

of m a t e r i a l s  a t  v e r y  low c o n c e n t r a t i o n s  on t h e  o r d e r  of p a r t s  p e r  b i l l i o n .  

The l a c k  of i d e n t i f i c a t i o n  of c h l o r i n a t e d  compounds which are r e a d i l y  

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

i n d i c a t i v e  of removal by a b s o r p t i o n  p r o c e s s e s  on sed iments .  The f l u c t u a t i n g  

sediment l o a d s  of t h e  two r i v e r s  and t h e i r  i n t e r a c t i o n  w i t h  o r g a n i c s  i s  a  

p o s s i b i l i t y  t h a t  needs  t o  b e  cons idered  i n  e s t a b l i s h i n g  a  r e a s o n  f o r  t h e  

absence  of r e s i d u e s  of p e r s i s t e n t  hydrocarbons  i n  t h e  samples c o l l e c t e d  i n  

t h e  p a s t  p e r i o d  and ana lyzed  by t h e s e  s e n s i t i v e  p rocedures .  





Benth ic  M a c r o i n v e r t e b r a t e s  
i n  t h e  New Hope and Lower Haw R i v e r s  

I n t r o d u c t i o n  

The purpose  o f  t h i s  phase  of t h e  o v e r a l l  s t u d y  i s  t o  d e s c r i b e  t h e  

b e n t h i c  m a c r o i n v e r t e b r a t e  communities a t  s e v e r a l  p o i n t s  a l o n g  t h e  main 

s t r e a m s  and t r i b u t a r i e s  of t h e  lower Haw and New Hope R i v e r s .  It is 

expected t h a t  t h e  b e n t h i c  p o p u l a t i o n s  of t h e s e  s t r e a m s  are i n f l u e n c e d  by 

w a t e r  q u a l i t y  and o t h e r  e c o l o g i c a l  f a c t o r s  and t h a t  t h e  s p e c i e s  and t h e i r  

number w i l l  b e  i n d i c a t i v e  of long  term c o n d i t o n s .  

Weiss (1) h a s  r e p o r t e d  t h e  w a t e r  q u a l i t y  c h a r a c t e r i s t i c s  a t  s i x  of t h e  

s t r e a m  s t a t i o n s  be ing  c o n s i d e r e d  i n  t h i s  r e p o r t .  These  e a r l i e r  f i n d i n g s ,  

based on f o u r  y e a r s  of d a t a  c o l l e c t i o n  (1966-1970), showed t h a t  t h e  main 

stream of t h e  Haw was h i g h l y  n u t r i e n t - e n r i c h e d  b u t  had n e a r  normal d i s s o l v e d  

oxygen r e s o u r c e s  a t  t h e  p o i n t  where i t  w i l l  b e  impounded by t h e  New Hope Dam.  

The main s t r e a m  of t h e  New Hope, w h i l e  c o n t a i n i n g  v e r y  s i m i l a r  c o n c e n t r a t i o n s  

of n u t r i e n t s  and oxygen demanding m a t e r i a l s ,  was found t o  have below-normal 

d i s s o l v e d  oxygen r e s o u r c e s .  Two s m a l l e r ,  u n p o l l u t e d  t r i b u t a r i e s  of t h e  New 

Hope had c o n s i d e r a b l y  lower c o n c e n t r a t i o n s  of n u t r i e n t s  and oxygen demanding 

m a t e r i a l s ,  and d i s s o l v e d  oxygen c o n c e n t r a t i o n s  i n t e r m e d i a t e  between t h o s e  

found on t h e  mainst reams of t h e  New Hope and Haw R i v e r s .  

The long-term sampling h a s  con t inued  and been expanded t o  i n c l u d e  a 

number of t h e  u n p o l l u t e d  t r i b u t a r y  streams of t h e  lower Haw system. A s  no ted  

i n  Tab les  2 and 3 ,  t h e  c o n d i t i o n s  of t h e  main s t r e a m s  of each r i v e r  and t h e  

two c o n t r o l  t r i b u t a r i e s  of t h e  New Hope are similar t o  p r e v i o u s l y  r e p o r t e d  



c o n d i t i o n s .  The t r i b u t a r y  streams a l o n g  t h e  lower  Haw system,  however, 

c o n t a i n  compara t ive ly  low c o n c e n t r a t i o n s  of n u t r i e n t s  and oxygen demanding 

materials and normal d i s s o l v e d  oxygen r e s o u r c e s ,  i n d i c a t i v e  of c l e a n ,  

u n p o l l u t e d  w a t e r .  

Other  i n v e s t i g a t o r s  (6 ,  7 )  have d e s c r i b e d  t h e  wa te r  q u a l i t y  c h a r a c t e r i s -  

t i c s  and t h e  b i o t a  of t h e  upper Haw River  (above Saxapahaw, N.C.). They no ted  

d e c r e a s e d  oxygen r e s o u r c e s  and reduced numbers of " p o l l u t i o n  s e n s i t i v e "  

bottom organisms p r e s e n t  a t  s e v e r a l  s t a t i o n s  a l o n g  t h e  upper Haw and i t s  

t r i b u t a r i e s .  These s t r e a m s  r e c e i v e  heavy i n d u s t r i a l  and munic ipa l  wastewater  

l o a d s  from t h e  c i t i e s  of Greensboro,  B u r l i n g t o n ,  and Graham, N .  C .  

There  have been many i n v e s t i g a t i o n s  on t h e  m a c r o i n v e r t e b r a t e  p o p u l a t i o n s  

of streams and r i v e r s .  The runn ing  w a t e r  ( l o t i c )  h a b i t a t  i s  f a v o r a b l e  t o  t h e  

development of a  v e r y  d i v e r s e  and dynamic p o p u l a t i o n  of m a c r o i n v e r t e b r a t e s ,  

i n c l u d i n g  i n s e c t s ,  c r u s t a c e a n s ,  f l a t  worms, round worms, segmented worms, 

s n a i l s ,  c l ams ,  and f r e s h w a t e r  sponges  (8) .  Of t h e s e ,  t h e  immature forms of  

i n s e c t s  are u s u a l l y  t h e  dominant group ( 9 ) .  Ben th ic  organisms are v e r y  

impor tan t  as food f o r  f i s h  (10,  11, 1 2 ) .  Smith (13) h a s  s t a t e d  t h a t  a good 

t r o u t  s t r e a m  should  be  abou t  h a l f  p o o l s  and h a l f  r i f f l e s ,  showing t h e  

complementary r o l e s  of two h a b i t a t s .  R i f f l e s  a r e  t h e  s i t e s  f o r  p r o d u c t i o n  of 

food w h i l e  p o o l s  f u r n i s h  n e c e s s a r y  s h e l t e r .  Needham and Needham (14) 

a t t r i b u t e  t h e  g r e a t e r  abundance and d i v e r s i t y  of bottom organisms i n  r i f f l e s  

t o  t h e  g r e a t e r  s t a b i l i t y  of t h e  bottom and t h e  g r e a t  v a r i e t y  of m a c r o h a b i t a t s  

o r  n i c h e s  t o  b e  found t h e r e .  

A h i g h  d i v e r s i t y  of organisms r e s u l t s  i n  a s t a b l e  community due t o  t h e  

i n c r e a s e d  complex i ty  of t h e  t r o p h i c  s t r u c t u r e  of t h e  community (15) .  When 

t h e  a q u a t i c  community i s  exposed t o  some form of s t r e s s ,  such as extreme 

t e m p e r a t u r e s ,  reduced oxygen c o n c e n t r a t i o n ,  o r  extreme hydrogen i o n  

c o n c e n t r a t i o n s ,  some members of t h e  community w i l l  b e  e l i m i n a t e d ,  t h u s  



r e d u c i n g  t h e  d i v e r s i t y  and s t a b i l i t y  of t h e  community. 

Measures of t h e  d i v e r s i t y  of stream m a c r o i n v e r t e b r a t e  communities have 

been used t o  g i v e  some i n d i c a t i o n  of t h e  e x t e n t  t o  which t h e  s t ream i s  under 

a n  env i ronmenta l  stress. The s i m p l e s t  measure of d i v e r s i t y  i s  t h e  number of 

t a x a  (k inds )  of organisms c o l l e c t e d  i n  t h e  s t ream.  S i n c e  t h e  number of t a x a  

c o l l e c t e d  w i l l  depend i n  p a r t  upon t h e  number and s i z e  of t h e  samples t a k e n ,  

i t  i s  u s u a l l y  d e s i r a b l e  t o  e x p r e s s  d i v e r s i t y  as some f u n c t i o n  of b o t h  t h e  

number of t a x a  and t h e  number of organisms c o l l e c t e d .  Margalef (16) 

s-1 
proposed u s i n g  t h e  formula:  d = I i i T  where s i s  t h e  number of s p e c i e s  and N - - 

i s  t h e  number of i n d i v i d u a l s .  T h i s  " d i v e r s i t y  index" i s  easy  t o  u s e  and h a s  

been r e p o r t e d  t o  be  a  u s e f u l  t o o l  f o r  i n t e r p r e t i n g  b e n t h i c  m a c r o i n v e r t e b r a t e  

d a t a  i n  streams r e c e i v i n g  o r g a n i c  w a s t e s  (17) .  

D i f f e r e n t  s p e c i e s  of a q u a t i c  organisms have d i f f e r i n g  d e g r e e s  of 

t o l e r a n c e  t o  t h e  low d i s s o l v e d  oxygen c o n c e n t r a t i o n  and o t h e r  stresses 

imposed by p o l l u t e d  w a t e r  (18,  1 9 ) .  Numerous a t t e m p t s  have been made t o  f i n d  

a  u n i v e r s a l  " i n d i c a t o r  organism" whose p resence  o r  absence  p o s i t i v e l y  

e s t a b l i s h e s  t h e  s t r e a m  i n  which i t  was found a s  e i t h e r  p o l l u t e d  o r  n o t  

p o l l u t e d .  S i n c e  t h e  d i s t r i b u t i n n  of any s p e c i e s  i s  a l s o  r e g u l a t e d  by many 

f a c t o r s  o t h e r  t h a n  t h e  d e g r e e  of p o l l u t i o n  i n  t h e  w a t e r ,  such a t t e m p t s  have 

l a r g e l y  been abandoned. 

C e r t a i n  groups  of organisms have,  however, been shown t o  b e  more 

p r e v a l e n t  i n  e i t h e r  a p o l l u t e d  o r  a n  u n p o l l u t e d  environment.  Most 

organisms a d a p t e d  t o  l i f e  i n  p o l l u t e d  w a t e r  can  a l s o  b e  found i n  u n p o l l u t e d  

w a t e r .  Because of t h i s ,  Gauf in  and Tarzwel l  (20) sugges ted  t h a t  i t  i s  more 

r e v e a l i n g  t o  i d e n t i f y  organisms which r e q u i r e  c l e a n  wate r  and n o t e  t h e i r  

absence  i n  p o l l u t e d  w a t e r s .  



While t h e  l i m i t i n g  e f f e c t s  of p o l l u t i o n  have r e c e i v e d  a  g r e a t  d e a l  of 

a t t e n t i o n ,  o t h e r  p h y s i c a l  pa ramete rs  have been found t o  b e  e q u a l l y  i m p o r t a n t .  

Hora (21) concluded t h a t  t h e  f low rate of t h e  c u r r e n t  i s  t h e  pr imary f a c t o r  

i n f l u e n c i n g  t h e  a q u a t i c  community. It a f f e c t s  t h e  t y p e  of s u b s t r a t e ,  t h e  

d i s s o l v e d  g a s e s ,  and t h e  q u a n t i t y  o f  a v a i l a b l e  food .  P a t e  (22) emphasized 

t h e  impor tance  of b o t h  bottom t y p e  and stream wid th  i n  t h e  p r o d u c t i v i t y  o f  

streams, showing t h a t  s m a l l e r  s t r e a m s  are much r i c h e r  i n  bottom organisms 

t h a n  a r e  l a r g e r  s t r e a m s .  Many i n v e s t i g a t o r s  have found t h a t  a r e a s  of s t r e a m s  

w i t h  a r u b b l e  s u b s t r a t e  a r e  much more p r o d u c t i v e  than  a r e a s  w i t h  a sand 

s u b s t r a t e  (12,  22,  23, 24, 25) .  

I n  a t t e m p t i n g  t o  e v a l u a t e  t h e  e x t e n t  t o  which p o l l u t i o n  i s  a f f e c t i n g  

t h e  b e n t h i c  community i n  a  s t ream,  i t  is  e v i d e n t  t h a t  one must t a k e  i n t o  

account  t h e  m u l t i t u d e  of o t h e r  f a c t o r s  whish a l s o  a f f e c t  t h e s e  organisms.  

Methods and Materials 

The s t r e a m s  under s t u d y  inc luded  t h e  main stem and f o u r  o f  t h e  t r i b u t a r y  

s t r e a m s  of t h e  Haw River  from Saxapahaw, N . C .  downstream t o  j u s t  below t h e  

p o i n t  where Route U.S. 64  c r o s s e s  t h e  Haw, a d i s t a n c e  of approx imate ly  23 

r i v e r  m i l e s ,  and t h e  main s t e m  and some t r i b u t a r i e s  of t h e  New Hope River  

from j u s t  below Chapel H i l l  and Durham, N.C., t o  t h e  c o n f l u e n c e  of t h i s  

s t r e a m  w i t h  t h e  Haw R i v e r .  Sampling sites (Fig.2) were chosen because  they  were 

r e p r e s e n t a t i v e  of t h e s e  p o r t i o n s  of t h e  r i v e r s  and were r e a d i l y  a c c e s s i b l e .  

S t a t i o n s  H-1  and H-5 a r e  on t h e  Haw River  i t s e l f .  C o n t r o l  s t a t i o n s  

H-7, H-8, H - 1 1 ,  and H-12 a r e  each l o c a t e d  on smaller t r i b u t a r y  s t r e a m s  which 

r e c e i v e  no m u n i c i p a l  o r  i n d u s t r i a l  w a s t e s ,  b u t  whose f l o w s  a r e  made up of 

runof f  from fa rm and woodland. I n  t h e  New Hope d r a i n a g e ,  s t a t i o n s  NH-5, 

NH-7, and NH-11 a r e  l o c a t e d  on streams which c a r r y  heavy l o a d s  of t r e a t e d  



domes t ic  w a s t e s  from t h e  town of Chapel H i l l  and t h e  c i t y  of Durham. The 

t r e a t m e n t  p l a n t s  of t h e s e  communities a r e  l o c a t e d  on headwater streams and 

t h e  d i s c h a r g e  volume from t h e  p l a n t s  f o r  most of t h e  y e a r  exceeds  t h e  volume 

of t h e  r e c e i v i n g  c r e e k .  C o n t r o l  s t a t i o n s  NH-8, NH-8A, and NH-12 are s m a l l e r  

s t r e a m s  whose f low i s  made up s o l e l y  from r u n o f f  from farmland and woodland, 

w i t h  no known s i g n i f i c a n t  was te  d i s c h a r g e s .  (Appendix C p rov ides  a  d e t a i l e d  

d e s c r i p t i o n  o f  each b e n t h i c  sampling s t a t i o n . )  

The p e r i o d  of sampling was from February ,  1971, t o  March, 1972. It was 

thought  t h a t  a t  least one complete  y e a r  of o b s e r v a t i o n  was d e s i r a b l e  t o  

e s t a b l i s h  e x i s t i n g  c o n d i t i o n s  i n  t h e  s t reams .  

A r t i f i c i a l  s u b s t r a t e  sample rs  of t h e  t y p e  d e s c r i b e d  by Mason e t  a l .  

(26) were used e x c l u s i v e l y  a t  a l l  s t a t i o n s .  T h i s  sampler c o n s i s t s  of a  

c y l i n d r i c a l  chrome-plated w i r e  ch icken  barbeque b a s k e t  of d imensions  11" 

l o n g  X 7" diamete r  (28 cm X 1 8  cm) f i l l e d  w i t h  about  1 9  l b s .  (8.2 kg. )  of 

f i s t - s i z e d  g r a n i t e  r o c k .  One sampler was p laced  on t h e  bottom of  each 

sampling s t a t i o n .  A t  each  s t a t i o n  where c o n d i t i o n s  p e r m i t t e d ,  placement was 

made i n  a n  a r e a  of r i f f l e s  r a t h e r  t h a n  p o o l s ,  and some e f f o r t  was made t o  

make t h e i r  p r e s e n c e  as inconsp icuous  a s  p o s s i b l e .  N e i t h e r  of t h e s e  c r i t e r i a  

was a lways s a t i s f i e d ,  r e s u l t i n g  i n  some b a s k e t s  be ing  p laced  i n  s lower  

moving w a t e r ,  and some b a s k e t s  be ing  l o s t  o r  damaged. P e r i o d s  d u r i n g  which 

t h e  s t r e a m s  were swol len  due t o  heavy r a i n s  o f t e n  made t h e  samplers  

i m p o s s i b l e  t o  r e c o v e r  a t  t h e  d e s i r e d  i n t e r v a l s .  Likewise ,  samplers  were 

o c c a s i o n a l l y  l e f t  "high and d ry"  by reduced f l o w s  d u r i n g  t h e  d r y  summer 

months even though a l l  t h e  streams s t u d i e d  a r e  permanent s t r e a m s .  

Each sampler  was a l lowed t o  remain i n  t h e  s t ream f o r  a  p e r i o d  of 

approx imate ly  6-8 weeks, a t  t h e  end of which i t  was removed from t h e  w a t e r ,  

organisms which had c o l o n i z e d  i n  i t  removed, and t h e  sampler r e t u r n e d  t o  t h e  



s t r e a m  f o r  a n o t h e r  exposure  p e r i o d .  The removal of t h e  accumulated macroin- 

v e r t e b r a t e s  was accomplished by shak ing  and s c r a p i n g  each  r o c k  i n  a bucke t  of 

w a t e r ,  i n  a manner similar t o  t h a t  employed when o p e r a t i n g  a Surber- type 

bottom sampler .  The organisms were t h e n  c o n c e n t r a t e d  by pour ing  t h e  bucket  

of w a t e r  and organisms through a No. 40 mesh (420 o p e n i n g s l i n . )  s i e v e .  The 

c o n t e n t s  of t h e  s i e v e  were t h e n  s o r t e d  i n  a w h i t e  enamel pan and t h e  

organisms p r e s e r v e d  i n  70 p e r c e n t  e t h a n o l  s o l u t i o n .  Each sample was t h e n  

t a k e n  back t o  t h e  l a b o r a t o r y  and t h e  organisms i d e n t i f i e d  t o  t h e  g e n e r i c  

l e v e l  when p o s s i b l e .  

R e s u l t s  and D i s c u s s i o n  

A t o t a l  of 6 1  b e n t h i c  samples were c o l l e c t e d  from 1 2  s t a t i o n s ,  35 

samples from t h e  Haw system and 26 from t h e  New Hope. Each s t a t i o n  was 

sampled a t  l e a s t  f o u r  t i m e s ,  some a s  many as seven t i m e s .  F i g u r e  24  p r o v i d e s  

t h e  approx imate  d a t e s  of sampl ing f o r  each s t a t i o n .  

Tab le  6 i s  a summary of t h e  b i o l o g i c a l  ( b e n t h i c )  and w a t e r  q u a l i t y  d a t a  

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

v a l u e s  f o r  c o n t r o l  and main s t r e a m s  i n  each system. It shou ld  b e  n o t e d  h e r e ,  

as w e l l  as i n  t h e  f i g u r e s  which f o l l o w ,  t h a t  no wate r  q u a l i t y  measurements 

were  made a t  s t a t i o n  NH-12. T h i s  s t ream is b e l i e v e d  t o  be  u n p o l l u t e d  s i n c e  

i t  t r a v e r s e s  o n l y  farm and f o r e s t e d  l a n d .  It i s  encouraging t o  n o t e ,  however, 

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

s t a t i o n s  NH-8 and NH-8A,which a r e  known t o  be  u n p o l l u t e d  and which a r e  

similar i n  r e s p e c t  t o  bot tom t y p e ,  f low rate,  and s i z e .  These s t a t i o n s  have 

t h e  f o l l o w i n g  b e n t h i c  c h a r a c t e r i s t i c s  when compared t o  s t a t i o n s  NH-5, NH-7, 

and NH-11: r e l a t i v e l y  h i g h  number o f  t a x a  p e r  sample,  h i g h  number of t o t a l  

t a x a  c o l l e c t e d ,  low numbers of i n d i v i d u a l s  p e r  sample,  

h i g h  d i v e r s i t y  i n d e x ,  and h i g h  p r o p o r t i o n  of " p o l l u t i o n  





TABLE 6 

Summary of Benthic and Related Water Quality Data 

Average No. Per Sample Tota l  % of Total  Taxa Average Concentration mg/l 
Taxa Individuals Diversi tv Index Number Pol lu t ion In to le ran t  DO BOD= Total-P Total-N - 1 - - - - - - - - . 

Stat ion 1 2 3 4 5 6 7 8 9 

H-1 

H-5 

H-7 

H-8 

H-11 

I 

C- 
H-12 

I Average 
H-1,5 

Average 
H-7,8, 
11,12 

NH-5 

NH-7 

NH-8 

NH-8A 

NH-11 



TABLE 6 

Continued 

Average No. Pe r  Sample To ta l  % of T o t a l  Taxa Average Concentrat ion mg/l 
Taxa Indiv iduals  D ive r s i ty  Index Number P o l l u t i o n  I n t o l e r a n t  DO BOD Total-P Total-N 

2 
- 

S t a t i o n  1 3 4 5 6 7 8 9 
-5 

Average 
NH-5, 
7,11 8.9 187.9 1.58 18 23% 5.72 3.51 1.00 2.76 

Average 
NH-8, 
8A, 12 9.3 40.3 



i n t o l e r a n t "  t a x a .  These same c o n t r a s t s  a r e  g e n e r a l l y  e v i d e n t  i n  

t h e  Haw system when comparing main stream and c o n t r o l  s t ream s t a t i o n s ,  b u t  t o  

a  l e s s e r  d e g r e e .  The wate r  q u a l i t y  d a t a  f o r  t h e  Haw system i s  l i k e w i s e  l e s s  

d i f f e r e n t  between main s t ream and c o n t r o l  stream s t a t i o n s .  These r e s u l t s  

i n d i c a t e  t h e  v a l u e  of b e n t h i c  d a t a  f o r  a s s e s s i n g  wate r  q u a l i t y  i n  streams. 

From a l l  s t a t i o n s  e ighty-one t a x a  were i d e n t i f i e d ,  i n c l u d i n g  e i g h t  

o r d e r s  of i n s e c t s ,  p l u s  c r u s t a c e a n s ,  m o l l u s c s ,  segmented worms, f l a t  worms, 

and f r e s h  w a t e r  sponges .  Appendix D p r o v i d e s  t h e  l i s t  of t a x a  and t h e  

s t a t i o n s  a t  which each was c o l l e c t e d .  It can be  s e e n  t h a t  a few t a x a  were 

v e r y  common, o c c u r r i n g  a t  every  s t a t i o n ,  and s e v e r a l  t a x a  were  found t o  occur  

a t  a lmos t  a l l  s t a t i o n s .  By f a r  t h e  m a j o r i t y  of t a x a  i d e n t i f i e d ,  however, 

were r e l a t i v e l y  rare, each o c c u r r i n g  a t  o n l y  a  few s t a t i o n s .  

S t a t i o n s  i n  t h e  Haw River  sys tem had,  on t h e  a v e r a g e ,  more t o t a l  t a x a  

per  s t a t i o n  t h a n  d i d  s t a t i o n s  i n  t h e  New Hope system (Appendix D ) .  T h i s  may 

b e  due,  i n  p a r t ,  t o  t h e  f a c t  t h a t  more samples were c o l l e c t e d  from t h e  Haw 

system. It i s  t h o u g h t ,  however, t h a t  g e n e r a l  d i f f e r e n c e s  i n  bottom t y p e ,  

c u r r e n t  v e l o c i t y ,  and p o l l u t i o n  l o a d  between t h e  t w o  sys tems may have been 

impor tan t  f a c t o r s .  The s t r e a m s  sampled i n  t h e  Haw system a r e ,  i n  g e n e r a l ,  

f a s t e r  moving, l e s s  p o l l u t e d ,  and have more s t a b l e  bottoms ( r u b b l e )  t h a n  

t h o s e  of t h e  New Hope which have sandy bot toms.  Each of t h e s e  f a c t o r s  i s  

more f a v o r a b l e  f o r  b e n t h i c  d i v e r s i t y  i n  t h e  Haw system t h a n  i n  t h e  New Hope 

system.  

The main s t r e a m s  of b o t h  t h e  New Hope and t h e  Haw c o n t a i n  fewer t a x a  

p e r  s t a t i o n  t h a n  d i d  t h e i r  r e s p e c t i v e  t r i b u t a r i e s .  It may b e  no ted  t h a t  

s t a t i o n  H-11 ,  a n  u n p o l l u t e d  c o n t r o l  s t r e a m ,  had a n  u n u s u a l l y  low number of 

t a x a .  The s t r e a m  bottom a t  t h i s  s t a t i o n  i s  made up a lmos t  comple te ly  of 

c o a r s e  s a n d ,  which p r e s e n t s  a n  u n s t a b l e  h a b i t a t  f o r  bottom organisms (23,251. 



The bottom type  a t  t h i s  s t a t i o n  i s  i n  c o n t r a s t  t o  t h a t  of t h e  o t h e r  t h r e e  

c o n t r o l  s t a t i o n s  i n  t h e  Haw system. For t h i s  reason ,  two c a l c u l a t i o n s  were 

made f o r  t h e  c o n t r o l  s t reams i n  t h e  Haw. One inc ludes  H-11 ,  whi le  t h e  o the r  

excludes H-11.  The d i f f e r e n c e s  between t h e  main s t ream of t h e  Haw and t h e  

t r i b u t a r i e s  a r e  seen t o  be more pronounced when t h e  anomalous H-11  i s  

excluded. The two main d i f f e r e n c e s  between t h e  main s t ream and t h e  "cont ro l"  

s t reams of each system a r e  s i z e  (volume of flow) and degree  of p o l l u t i o n .  

The l a r g e r  s t reams may n a t u r a l l y  tend t o  be  poorer i n  ben th i c  organisms (22).  

It can be  seen  (Table 6 ) ,  however, t h a t  s t a t i o n  H-1 (BOD5=4.76) had f a r  

fewer t axa  than  d i d  H-5 (BOD5=2.57), and t h a t  s t a t i o n s  NH-5 (BOD5=4.76), 

NH-7 (BOD5=3.18), and NH-11 (BOD5=2.67) showed t h e  same gene ra l  i n v e r s e  

r e l a t i o n s h i p  between five-day BOD and t o t a l  number of t axa  c o l l e c t e d .  The 

bottom types  a t  H-1 and H-5 a r e  bo th  rubb le ,  whi le  t hose  a t  NH-5, NH-7, and 

NH-11 a r e  a l l  s t a b l e  mix tures  of c l a y ,  sand,  and rubb le .  These r e s u l t s  tend 

t o  g ive  suppor t  t o  t h e  i dea  t h a t  t h e  degree  of p o l l u t i o n  r a t h e r  than  s t ream 

s i z e  o r  bottom type  i s  t h e  most important  d i f f e r e n c e  between each main s t ream 

and i t s  unpol lu ted  t r i b u t a r i e s .  

The number of t axa  c o l l e c t e d  per  sample f o r  each sampling per iod i s  

shown i n  Table 7 ,  Values ranged from no taxa  a t  s t a t i o n  H - 1 1  i n  A p r i l ,  1971, 

t o  24 t axa  a t  s t a t i o n  H-8, a l s o  i n  A p r i l ,  1971. The average f o r  each s t a t i o n  

over t h e  whole year  of sampling a l s o  shows t h a t  t h e  c o n t r o l  s t a t i o n s  of t h e  

Haw (minus H-11) u s u a l l y  had more t axa  per  sample than d id  t h e  main r i v e r  

s t a t i o n s .  The same t r end  can be seen  f o r  t h e  New Hope system. 

The bottom l i n e  of Table 7  shows t h e  mean number of t axa  per  sample f o r  

each sampling pe r iod .  It can be seen t h a t  t h e r e  were gene ra l l y  fewer t axa  

c o l l e c t e d  du r ing  t h e  summer than dur ing  t h e  w in t e r .  These r e s u l t s  may be  

explained by t h e  f a c t  t h a t  most i n s e c t s  whose immature s t a g e s  a r e  spent  i n  



TABLE 7 

Number of Taxa per  Sample f o r  A 1 1  S t a t i o n s  
by Month of Co l l ec t i on  

1971 1972 
S t a t i o n  A p r i l  May J u l y  Aug . Nov . - Jan .  - Feb. Yearly 

Monthly 
Average 12.0 9 .3  9.2 8 .6  9.5 14.0 13 .8  

Haw Overa l l  Average = 10.6  
Main Haw Average (1 ,5)  = 10.7 
Control  Haw Average (7,8,11,12)  = 10.6  
Control  Haw Average (minus H-l l )=(12.2)  

Monthly 
Average 8 .4  8 .8  7.5 -- 10.0 11 .3  8.8 

New Hope Overa l l  Average = 9.0  
Main New Hope (5,7,11)  Average = 8.9  
Cont ro l  New Hope (8 ,  8A, 12) Average = 9.3  



t h e  w a t e r  emerge a s  a d u l t s  d u r i n g  t h e  s p r i n g  and summer months. Adul t  s t a g e s  

of m a y f l i e s ,  s t o n e f l i e s ,  d r a g o n f l i e s ,  c a d d i s f l i e s ,  two-winged f l i e s ,  months, 

a l d e r f l i e s ,  and some b e e t l e s  a r e  non-aquat ic  and w i l l  n o t ,  of c o u r s e ,  b e  

c o l l e c t e d  by sampling t h e  b e n t h i c  community (14,  27, 28) .  

Tab le  8 shows t h e  number of i n d i v i d u a l  organisms p e r  sample f o r  each 

sampling p e r i o d .  Values  ranged from no organisms a t  s t a t i o n  H - 1 1  i n  A p r i l ,  

1971, t o  431 organisms a t  s t a t i o n  H-1  i n  November, 1971. It i s  e v i d e n t  t h a t  

t h e  main s t r e a m  s t a t i o n s  i n  each system had g e n e r a l l y  f a r  g r e a t e r  numbers of 

i n d i v i d u a l s  p e r  sample t h a n  d i d  t h e  c o n t r o l  s t a t i o n s .  Such a  tendency i n  

modera te ly  p o l l u t e d  streams h a s  been r e p o r t e d  by many i n v e s t i g a t o r s .  An 

abnormal ly  h i g h  b e n t h i c  p r o d u c t i v i t y  i s  cons idered  t o  be  one of t h e  b e s t  

i n d i c a t o r s  o r  o r g a n i c  p o l l u t i o n  (29 ,  30) .  

I n  F i g u r e  25 t h e  mean number of b e n t h i c  organisms per  sample i s  r e l a t e d  

t o  mean d i s s o l v e d  oxygen. It i n d i c a t e s  t h a t  t h e  number of b e n t h i c  ind iv idua l s  

a t  t h e  New Hope s t a t i o n s  i s  i n v e r s e l y  r e l a t e d  t o  t h e  DO c o n c e n t r a t i o n .  No 

such  s p e c i f i c  r e l a t i o n s h i p  can  be  s e e n ,  however, f o r  t h e  Haw system,  o r  f o r  

t h e  sys tems combined. 

F i g u r e  26 shows t h e  a v e r a g e  number of i n d i v i d u a l s  p e r  sample p l o t t e d  

a g a i n s t  mean f ive -day  BOD. F i g u r e  27 is  ana logous  t o  F i g u r e  26 e x c e p t  t h a t  

number of i n d i v i d u a l s  i s  p l o t t e d  a g a i n s t  mean t o t a l  phosphornus c o n c e n t r a t i o n .  

F i g u r e  28 i s  similar t o  F i g u r e s  26 and 27,  w i t h  number of i n d i v i d u a l s  p e r  

sample p l o t t e d  a g a i n s t  mean t o t a l  n i t r o g e n  c o n c e n t r a t i o n .  One may n o t e  

g e n e r a l  t r e n d s  i n  F i g u r e s  26, 27, and 28 toward h i g h e r  numbers w i t h  g r e a t e r  

enr ichment .  Here a g a i n ,  however, t h e  t r e n d s  a r e  more wel l -de f ined  i n  t h e  New 

Hope system t h a n  i n  t h e  Haw. 

Tab le  9  shows t h e  d i v e r s i t y  index  p e r  sample f o r  each sampling p e r i o d .  
s-1 

The i n d e x  used i s  t h a t  proposed by Margalef (16) :  d = c N  where - s is  t h e  
































































































































































































































































