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FOREWORD 

In 1984, Buzzards Bay was one of four estuaries in the country 
chosen to be part of the National Estuary Program. The Buzzards 
Bay Project was initiated in 1985 to protect water quality and 
the health of living resources in the bay by identifying resource 
management problems, investigating the causes of these problems, 
and recommending actions that will protect valuable resources 
from further environmental degradation. This multi-year project, 
jointly managed by United States Environmental Protection Agency 
and the Massachusetts Executive Office of Environmental Affairs, 
utilizes the efforts of local, state, and federal agencies, the 
academic community and local interest groups in developing a 
Master Plan that will ensure an acceptable and sustainable level 
of environmental quality for Buzzards Bay. 

The Buzzards Bay Project is focusing on three priority problems: 
closure of shellfish beds, contamination of fish and shellfish by 
toxic metals and organic compounds, and high nutrient input and 
the potential pollutant effects. By early 1990, the Buzzards Bay 
Project will develop a Comprehensive Conservation and Management 
Plan to address the Project's overall objectives: to develop 
recommendations for regional water quality management that are 
based on sound information, to define the regulatory and 
management structure necessary to implement the recommendations, 
and to educate and involve the public in formulating and 
implementing these recommendations. 

The Buzzards Bay Project has funded a variety of tasks that are 
intended to improve our understanding of the input, fate and 
effects of contaminants in coastal waters. The Project will 
identify and evaluate historic information as well as generate 
new data to fill information gaps. The results of these Project 
tasks are published in this Technical Series on Buzzards Bay. 



This report represents the technical results of an investigation 
funded by the Buzzards Bay Project. The results and conclusions 
contained herein are those of the author(s). These conclusions 
have been reviewed by competent outside reviewers and found to be 
reasonable and legitimate based on the available data. The 
Management Committee of the Buzzards Bay Project accepts this 
report as technically sound and complete. The conclusions do not 
necessarily represent the recommendations of the Buzzards Bay 
Project. Final recommendations for resource management actions 
will be based upon the results of this and other investigations. 
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EXECUTIVE SUMMARY 

Water q u a l i t y  i n  B u t t e r m i l k  Bay, s o u t h e a s t e r n  M a s s a c h u s e t t s  
was h i s t o r i c a l l y  p e r c e i v e d  a s  v e r y  good u n t i l  March, 1984 when 
t h e  e n t i r e  a r e a  o f  t h e  b a y  was  c l o s e d  t o  s h e l l f i s h i n g .  A y e a r -  
l o n g  s t u d y  o f  t h e  b a c t e r i o l o g i c a l  q u a l i t y  o f  t h e  b a y  a n d  a l l  
p o t e n t i a l  s o u r c e s  of c o n t a m i n a t i o n  was i n i t i a t e d  i n  September,  
1985. F e c a l  c o l i f o r m ,  t h e  c u r r e n t l y - a c c e p t e d  i n d e x  o f  w a t e r  
q u a l i t y ,  was u s e d  i n  t h e  s t u d y .  I n  n e a r l y  a l l  c a s e s ,  f u r t h e r  
d i f f e r e n t i a t i o n  o f  t h e  f e c a l  c o l i f o r m  g r o u p  i n d i c a t e d  t h a t  t h e  
o r g a n i s m s  were E s c h e r i c h i a  c o l i ,  a  n o r m a l  i n h a b i t a n t  i n  t h e  
i n t e s t i n a l  t r a c t  o f  warm-b looded  a n i m a l s .  I n v e s t i g a t i o n s  
c e n t e r e d  a r o u n d  s i x  p o s s i b l e  s o u r c e s  o f  c o n t a m i n a t i o n :  
s t o r m w a t e r ,  s e p t i c  sys t ems ,  w i l d l i f e ,  mar inas ,  f r e s h w a t e r  i n p u t s  
a n d  p o i n t  d i s c h a r g e s .  I 

Stormwa ter 

Our i n v e s t i g a t i o n s  s u g g e s t  t h a t  s t o r m w a t e r  d i s c h a r g e s  a r e  
t h e  most  i m p o r t a n t  f a c t o r  c a u s i n g  t h e  p e r i o d i c  r e c l a s s i f i c a t i o n  
o f  t h e  a r e a  a s  u n s u i t a b l e  f o r  s h e l l f i s h  h a r v e s t i n g .  Maximum 
c o n t a m i n a t i o n  l e v e l s  i n  B u t t e r m i l k  Bay c o i n c i d e  w i t h  r a i n  e v e n t s ,  
a p e r i o d  i n  w h i c h  s a m p l e s  a r e  t a k e n  f o r  t h e  p u r p o s e  o f  
c l a s s i f i c a t i o n  o f  t h e  a r e a  u n d e r  p r e s e n t l y - a c c e p t e d  p r a c t i c e  
( s a m p l i n g  d u r i n g  " w o r s t  hydrograph ic  c o n d i t i o n s " ) .  The l e v e l  of  
f e c a l  c o l i f o r m  c o n t a m i n a t i o n  a t  d i s c h a r g e  p o i n t s  is shown t o  be 
r e l a t e d  t o  t h r e e  m a i n  f a c t o r s .  T h e  e x t e n t  o f  r e s i d e n t i a l  
development  i s  shown t o  be p o s i t i v e l y  r e l a t e d  t o  f e c a l  c o l i f o r m  
l e v e l s ,  w i t h  h i g h e s t  l e v e l s  obse rved  a t  t h e  w e s t e r n  s h o r e  where  
hous ing  d e n s i t y  a p p r o x i m a t e s  20 u n i t s  p e r  ha ( 8  u n i t s  p e r  a c r e ) .  
F r e q u e n c y  o f  r a i n  e v e n t s  was n e g a t i v e l y  c o r r e l a t e d  w i t h  f e c a l  
c o l i f o r m  d e n s i t i e s  a t  d i s c h a r g e  p o i n t s ,  p r e s u m a b l y  d u e  t o  a  
s h o r t e r  p e r i o d  a v a i l a b l e  f o r  f e c a l  m a t e r i a l  t o  a c c u m u l a t e  o n  
s u r f a c e s  d r a i n e d .  I n  a g r e e m e n t  w i t h  N a t i o n a l  Urban  Runof f  
P r o g r a m  s t u d i e s ,  a s e a s o n a l  e f f e c t  o n  c o l i f o r m  d e n s i t i e s  a t  
d i s c h a r g e  p o i n t s  was n o t e d  w i t h  minimum v a l u e s  o b s e r v e d  d u r i n g  
w i n t e r  sampling.  To p l a c e  c o l i  form l o a d i n g s  f rom d i s c h a r g e  p i p e s  
i n  p e r s p e c t i v e ,  t h e  a m o u n t  o f  w a t e r  r e q u i r e d  t o  d i l u t e  t h e  
d i s c h a r g e  t o  1 4  FC/1 0  m l  w a s  c a l c u l a t e d  a n d  c o m p a r e d  w i t h  t h e  
t i d a l  p r i s m  (2.5 x  10' cu. m). Between 18%, d u r i n g  c o l d e r  months 
s a m p l e d ,  a n d  440 % , d u r i n g  warmer m o n t h s ,  o f  t h e  t i d a l  p r i s m  
w o u l d  be r e q u i r e d  f o r  t h i s  d i l u t i o n .  A s u r v e y  o f  e a c h  s u r f a c e  
d r a i n a g e  area d u r i n g  d r y  p e r i o d s  s u g g e s t s  t h a t  t h e  s o u r c e  o f  t h e  
f e c a l  c o l i  f o r m  d u r i n g  d i s c h a r g e  e v e n t s  i s  n o t  s a n i t a r y  wastes. 
D o m e s t i c  d o g s  a n d  w i l d l i f e  a r e  i m p l i c a t e d  a s  o v e r  1 0 0  d o g s  
i n h a b i t  a r ea s  s e r v e d  b y  d r a i n s .  Use o f  i n - s i t u  m e a s u r e d  f e c a l  
l o a d i n g s  f r o m  d o g  w a s t e s  i n d i c a t e  t h a t  t h e  p r e d i c t e d  v o l u m e  o f  
d o g  w a s t e  n e c e s s a r y  t o  a c c o u n t  f o r  t h e  o v e r a l l  g e o m e t r i c  mean 
v a l u e  o f  f e c a l  c o l i f o r m  i n  d i s c h a r g e d  water c o u l d  be a c c o u n t e d  
f o r  by a  2-3 day  accumula t ion .  

I n  a d d i t i o n  t o  d i r e c t  d i s c h a r g e s ,  s t o r m  e v e n t s  c a u s e  a 
r e l e a s e  o f  f e c a l  i n d i c a t o r s  f r o m  s e d i m e n t s  a n d  o t h e r  p r o t e c t e d  
r e s e r v o i r s  i n t o  t h e  water  column.  T h e  e x t e n t  o f  t h i s  r e l e a s e  
c o u l d  n o t  b e  q u a n t i f i e d ,  however measurements  of  f e c a l  c o l i f o r m  



from t h e s e  p r o t e c t e d  r e s e r v o i r s  i n d i c a t e  t h a t  t h e  e f f e c t  may b e  
s u b s t a n t i a l .  S c a v e n g e r s  and  w a t e r f o w l ,  p a r t i c u l a r l y  Canada geese ,  
a r e  s t r o n g l y  i m p l i c a t e d  a s  b e i n g  t h e  s o u r c e  o f  h i g h  f e c a l  
c o l i f o r m  (>1,000 FC/gram) i n  s t r a n d  l i n e  d e p o s i t s .  

S e p t i c  Sys tems 

G r o u n d w a t e r  s a m p l i n g  i n  t h e  B u t t e r m i l k  Bay w a t e r s h e d  
p r e s e n t e d  c o n f l i c t i n g  i n d i c a t i o n s  r e g a r d i n g  f e c a l  c o l i f o r m  
e n t r a i n m e n t .  G e n e r a l  s a m p l i n g  i n d i c a t e d  g r o u n d w a t e r  
c o n t a m i n a t i o n  a t  d i s t a n c e s  a t  l e a s t  35 m f r o m  t h e  n e a r e s t  
s u s p e c t e d  s o u r c e ,  h o w e v e r  a  more  i n t e n s i v e  s a m p l i n g  s c h e m e  
pe r fo rmed  n e a r  two s e p t i c  s y s t e m s  i n d i c a t e d  l imi ted  m o b i l i t y  o f  
f e c a l  i n d i c a t o r s  i n  t h i s  a rea ' s  s o i l .  W h i l e  t h e  e n t r a i n m e n t  o f  
b a c t e r i a l  i n d i c a t o r s  a p p e a r s  t o  b e  l i m i t e d ,  t h e  i s s u e  o f  
p a t h o g e n i c  v i r u s  e n t r a i n m e n t  r e m a i n s  u n r e s o l v e d  a f t e r  t h e  p r e s e n t  
s tudy .  A r e v i e w  o f  p e r t i n e n t  p u b l i s h e d  s t u d i e s  r e g a r d i n g  v i r u s  
e n t r a i n m e n t  i s  p r e s e n t e d  a n d  s u g g e s t s  a l a t e r a l  e n t r a i n m e n t  o f  
v i r u s e s  t o  a t  l eas t  67.05 m (220 f t )  i n  s o i l  t y p e s  s i m i l a r  t o  t h e  
s t u d y  a r e a .  I t  i s  c o n c l u d e d  t h a t ,  r e g a r d i n g  t h e  e n t r a i n m e n t  o f  
p a t h o g e n i c  o r g a n i s m s  i n  g r o u n d w a t e r ,  a  m a j o r  p u b l i c  h e a l t h  
threat,  t h e  v i r u s e s ,  is p r o b a b l y  n o t  a d e q u a t e l y  assessed w i t h  t h e  
i n d i c a t o r  s y s t e m  used. 

W i l d l i f e  

A w a t e r f o w l  s u r v e y  was conducted  weekly  t o  d e t e r m i n e  t h e  u s e  
o f    utter milk Bay b y  m i g r a t i n g  w a t e r f o w l  a n d  t o  d e t e r m i n e  t h e  
r e s u l t i n g  b a c t e r i o l o g i c a l  impact .  F o l l o w i n g  t e c h n i q u e s  employed 
by Hussong e t  al. (1979),  t h e o r e t i c a l  l o a d i n g s  were compared w i t h  
a c t u a l  f i e l d  v a l u e s .  P r e d i c t e d  e s t imates  g e n e r a l l y  c o i n c i d e d  
w i t h  f i e l d  m e a s u r e m e n t s  a n d  i n d i c a t e  t h a t ,  e x c e p t  i n  c e r t a i n  
areas, t h e  u s e  of  t h e  bay by w a t e r f o w l  had f a i r l y  minimal  d i rec t  
i m p a c t  on  water q u a l i t y .  A long- te rm c u m u l a t i v e  i m p a c t  on water 
q u a l i t y  due  t o  t h e  f e c a l  d e p o s i t s  i n  t h e  beach  a r e a s ,  however, is 
i n d i c a t e d  due  t o  t h e  ma in tenance  of  f e c a l  material i n  a  p r o t e c t e d  
area. T h e s e  wastes  a c c u m u l a t e  a n d  c a n  b e  r e l e a s e d  i n  a  s l o w  
d i f f u s e  p a t t e r n ,  and  c a n  r e s u l t  i n  c o n s i d e r a b l e  l o c a l  d e g r a d a t i o n  
o f  water q u a l i t y .  T h e  r e lease  o f  t h e s e  f e c a l  i n d i c a t o r s  d u r i n g  
c e r t a i n  h y d r o g r a p h i c  a n d  m e t e o r o l o g i c a l  e v e n t s  ( ie .  h i g h  t i d e s  
and r a i n f a l l  e v e n t s )  can  e x p e c t  t o  s i g n i f i c a n t l y  i m p a c t  t h e  w a t e r  
q u a l i t y ,  t h e  e x t e n t  o f  w h i c h  w i l l  b e  d e t e r m i n e d  b y  a number  o f  
v a r i a b l e s  t o  i n c l u d e  c i r c u l a t i o n ,  water t e m p e r a t u r e ,  etc. . 
Mar inas  

U t i l i z i n g  two s a m p l i n g  a p p r o a c h e s ,  n o  m e a s u r a b l e  i m p a c t  o n  
t h e  b a c t e r i o l o g i c a l  q u a l i t y  of  water was o b s e r v e d  a s  a r e s u l t  o f  
m a r i n a  o p e r a t i o n .  T h e s e  r e s u l t s  s h o u l d  be i n t e r p r e t e d  w i t h  
c a u t i o n  however,  s i n c e  t h e  n a t u r e  o f  t h e  s u s p e c t e d  w a s t e s  would 
n e c e s s i t a t e  e x t r e m e l y  f o r t u i t o u s  c i r c u m s t a n c e s  i n  o r d e r  t o  
d e t e r m i n e  t h e  a c t u a l  i m p a c t  o f  an o v e r a l l  o p e r a t i o n .  I n  a d d i t i o n ,  
t h e  m a r i n a s  s t u d i e d  s h o u l d  be c o n s i d e r e d  a t y p i c a l  d u e  t o  i n h e r e n t  
r e s t r i c t i o n s  o n  b o a t  s i z e  i n  o n e  case,  a n d  t h e  p r e s e n c e  o f  pump 
o u t  f a c i l i t i e s  i n  t h e  o t h e r  case. I t  i s  c o n c l u d e d  t h a t  t h e  



e x t e n t  of  i m p a c t  of mar ina  o p e r a t i o n s  w i l l  be d e t e r m i n e d  by  t h e  
l e v e l  of  conven ience  a n d  c o s t  a s s o c i a t e d  w i t h  t h e  p r o p e r  handing  
o f  s a n i t a r y  w a s t e s  a t  e a c h  f a c i l i t y .  S t u d i e s  d o c u m e n t i n g  t h e  
e f f e c t  of m a r i n a s  a r e  r e v i e w e d  h e r e i n  a n d  i n d i c a t e  t h a t  i n  more 
" n o r m a l "  s i t u a t i o n s ,  t h e  i m p a c t  o f  m a r i n a  o p e r a t i o n s  c a n  b e  
s i g n i f i c a n t l y  a d v e r s e .  

F reshwate r  I n p u t s  

The  r e v i e w  o f  h i s t o r i c a l  d a t a  a s  w e l l  a s  i n v e s t i g a t i o n s  
p r e s e n t e d  h e r e i n  c o n f i r m  t h a t  t h e  f r e s h w a t e r  d r a i n a g e  i n t o  
B u t t e r m i l k  Bay is  a c o n s i s t e n t  s o u r c e  of  f e c a l  c o l i f o r m .  I n  t h e  
c a s e  o f  Red  B r o o k ,  n o  p o i n t  s o u r c e s  were l o c a t e d .  I t  i s  
c o n c l u d e d  t h a t  t w o  p o s s i b i l i t i e s  e x i s t  f o r  t h e  c o n s i s t e n t l y  
h i g h e r  f e c a l  c o l i f o r m  d e n s i t i e s  o b s e r v e d .  A l t h o u g h  l i m i t e d  
g r o u n d w a t e r  s a m p l i n g  f a i l e d  t o  r e v e a l  t h i s  a s  a n  i n p u t ,  i t  i s  
p o s s i b l e  t h a t  s e p t i c  p l u m e s  a r e  e n t e r i n g  t h e  b r o o k  a t  
u n d i s c o v e r e d  l o c a t i o n s .  I n  a d d i t i o n ,  i n v e s t i g a t i o n s  r e v i e w e d  
h e r e i n  a n d  s m a l l  s c a l e  e x p e r i m e n t s  s u g g e s t  t h a t  t h e  e x t e n s i v e  
m a r s h  a r e a  n e a r  Red Brook ,  a n d  p o s s i b l y  t h e  m a r s h e s  a n d  b o g s  
w i t h i n  t h e  w a t e r s h e d s  of  o t h e r  f r e s h w a t e r  i n p u t s  t o  B u t t e r m i l k  
Bay a r e  s o u r c e s  of " n a t u r a l n  f e c a l  c o l i f o r m  ( t h o s e  f e c a l  c o l i f o r m  
s u r v i v i n g  a n d  p o s s i b l y  m u l t i p l y i n g  o u t s i d e  a  warm-blooded a n i m a l  
h o s t ) .  I t  i s  c e r t a i n  t h a t  e a c h  o f  t h e  m a r s h e s  s u r r o u n d i n g  a n d  
d r a i n i n g  i n t o  B u t t e r m i l k  Bay c o n t a i n  a v a r i e t y  o f  w i l d l i f e  
s p e c i e s  which a d d i t i o n a l l y  w i l l  a c t  a s  a d i f f u s e  b u t  s i g n i f i c a n t  
s o u r c e .  

P o i n t  D i s c h a r q e s  

O n l y  o n e  p o i n t  d i s c h a r g e  was d i s c o v e r e d  ( n o t  i n c l u d i n g  
s t o r m d r a i n s )  i n  t h e  p r e s e n t  s tudy .  T h i s  c o n s i s t e d  of  a  d i s c h a r g e  
p i p e  l o c a t e d  a t  a l o c a l  f i s h  m a r k e t ,  T h e  l o c a t i o n  o f  t h i s  
d i s c h a r g e  i n  C o h a s s e  t N a r r o w s  p r o b a b l y  m i n i m i z e s  i t s  i m p a c t ,  
h o w e v e r  d u r i n g  c e r t a i n  t i d a l  s t a g e s  ( i n c o m i n g  t i d e )  t h e  i m p a c t  
may be q u i t e  s u b s t a n t i a l  a n d  e x t e n d  more i n t o  t h e  bay. 
O t h e r  C o n s i d e r a t i o n s  

S m a l l  scale e x p e r i m e n t s  v e r i f i e d  t h a t  s o l a r  r a d i a t i o n  is  a 
p r i m e  d e t e r m i n a n t  o f  f e c a l  c o l i f o r m  d i e - o f f  i n  s u r f a c e  l a y e r s  o f  
B u t t e r m i l k  Bay. C o m p a r i s o n  o f  b a y  water s a m p l e d  a t  d i f f e r e n t  
l o c a t i o n s  s u g g e s t s  t h a t  i n  a r e a s  c o i n c i d e n t  w i t h  h i g h e r  n u t r i e n t  
i n f  l u e n t s ,  t h e  u l t r a v i o l e t  l i g h t  p e n e t r a t i o n  is a t t e n u a t e d  which 
may c a u s e  a n  i n c r e a s e d  p e r s i s t e n c e  o f  f e c a l  c o l i f o r m  o r  a 
m o d i f i c a t i o n  o f  t h e  d i e - o f f  r a t e  i n  t h e s e  a r e a s .  I n  a d d i t i o n  t o  
m o d i f y i n g  t h e  m o r t a l i t y  r a t e  o f  f e c a l  c o l i f o r m ,  n u t r i e n t  
a d d i t i o n s  may a l l o w  f o r  ma in tenance  and l im i t ed  g r o w t h  of  f e c a l  
c o l i f o r m  and  pa thogens  a s  i m p l i e d  by l a b o r a t o r y  e x p e r i m e n t s .  I n  
a d d i t i o n  t o  t h e  d i r e c t  u t i l i z a t i o n  o f  e f f l u e n t  n u t r i e n t s ,  
l a b o r a t o r y  i n v e s t i g a t i o n s  u s i n g  water a n d  a l g a e  c o l l e c t e d  i n  
B u t t e r m i l k  Bay s u g g e s t  t h a t  a l g a l  g r o w t h ,  w h i c h  r e s u l t s  f r o m  
n u t r i e n t  i n p u t s ,  may a d d i t i o n a l l y  s u p p l y  f e c a l  i n d i c a t o r s ,  a n d  
l i k e l y  p a t h o g e n s ,  w i t h  c o m p l e x  n u t r i e n t s ,  r e s u l t i n g  i n  f e c a l  
i n d i c a t o r  g r o w t h .  T h e s e  i n i t i a l  s m a l l - s c a l e  e x p e r i m e n t s  
c o l l e c t i v e l y  s u g g e s t  a l i n k  be tween  n u t r i e n t  e n r i c h m e n t  t h r o u g h  



on-site sewage disposal practices and bacteriological 
contamination of Buttermilk Bay which should be researched 
further. 



INTRODUCTION 

T h e  U n i t e d  S t a t e s  C e n s u s  B u r e a u  ( C a r t e r ,  1 9 8 0 )  i n d i c a t e s  a  
s t r o n g  p r e f e r e n c e  o f  p e o p l e  t o  l i v e  i n  c o a s t a l  r e g i o n s .  I f  t h e  
p r e s e n t  t r e n d s  c o n t i n u e ,  b y  t h e  y e a r  1 9 9 0 ,  7 5  p e r c e n t  o f  t h e  
p o p u l a t i o n  o f  t h e  U n i t e d  S t a t e s  w i l l  l i v e  w i t h i n  5 0  miles  o f  
t i d a l  w a t e r s  a n d  t h e  G r e a t  Lakes. T h i s  demograph ic  s h i f t  t o w a r d  
c o a s t a l  e n v i r o n m e n t s  w i l l  u n d o u b t e d l y  r e s u l t  i n  t h e  i n a b i l i t y  o f  
many c o a s t a l  a r e a s  t o  a b s o r b  t h e  human w a s t e s  g e n e r a t e d ,  a n d  w i l l  
p r e v e n t  t h e s e  a r e a s  f r o m  b e i n g  u s e d  f o r  many o f  t h e  a c t i v i t i e s  
g e n e r a l l y  a s s o c i a t e d  w i t h  g o o d  w a t e r  q u a l i t y  ( i e .  s h e l l f i s h  
h a r v e s t i n g  and  swimming).  I n  s o u t h e a s t e r n  M a s s a c h u s e t t s ,  whe re  
u n p r e c e d e n t e d  g r o w t h  h a s  o c c u r r e d  i n  t h e  l a s t  d e c a d e ,  t h e r e  h a s  
b e e n  a  2 8  % i n c r e a s e  i n  t h e  n u m b e r  o f  a r e a s  c l o s e d  t o  s h e l l f i s h  
h a r v e s t i n g  b e t w e e n  t h e  y e a r s  1 9 8 3  a n d  1 9 8 5 ,  a n d  i n  1 9 8 4 ,  
f o r m e r l y - p r i s t i n e  a r e a s  s u c h  a s  t h e  W e s t p o r t ,  N o r t h  a n d  S o u t h  
R i v e r s  were c l o s e d  due  t o  b a c t e r i a l  c o n t a m i n a t i o n  ( M a s s a c h u s e t t s  
D i v i s i o n  o f  Mar ine  F i s h e r i e s ,  1985).  

T h e  i s s u e s  i n v o l v e d  i n  b a c t e r i a l  c o n t a m i n a t i o n  o f  s u r f a c e  
w a t e r s  are  complex and  c o v e r  b o t h  p o i n t -  and  n o n p o i n t  s o u r c e s  of  
c o n t a m i n a t i o n .  Fo r  t h e  mos t  p a r t ,  n o n p o i n t  s o u r c e s  o f  p o l l u t i o n  
have p l a y e d  t h e  m a j o r  ro le  i n  a f f e c t i n g  t h e  m a j o r i t y  o f  s h e l l f i s h  
a r e a  c l o s u r e s  i n  r e c e n t  y e a r s .  N o n p o i n t  p o l l u t i o n  r e f e r s  t o  
c e r t a i n  c a t e g o r i e s  o f  n a t u r a l  s o u r c e s  o f  w a s t e s  o r  w a s t e s  f r o m  
a c t i v i t y  o f  man wh ich  a r e  d i s p e r s e d  o r  d i f f u s e d  ( F u r f a r i ,  1979).  
W h i l e  many o f  t h e  i s s u e s  a n d  q u e s t i o n s  r e g a r d i n g  p o i n t  s o u r c e  
p o l l u t i o n  p r o b l e m s  c a n  b e  e a s i l y  a d d r e s s e d ,  t h e  n a t u r e  o f  
n o n p o i n t  s o u r c e  p o l l u t i o n  ( b e i n g  d i s p e r s e d  a n d  d i f f u s e )  h a s  
p r e c l u d e d  many s u c c e s s f u l  a t t e m p t s  a t  a b a t e m e n t .  P a r a m o u n t  t o  
c o n t r o l l i n g  n o n p o i n t  s o u r c e  p o l l u t i o n  is  a n  u n d e r s t a n d i n g  o f  t h e  
mechanisms  by  wh ich  n o n p o i n t  s o u r c e s  a f f e c t  t h e  n e a r s h o r e  m a r i n e  
r e s o u r c e  i n  e a c h  s i t u a t i o n .  Whi l e  many a d v a n c e s  have been  made 
i n  u n d e r s t a n d i n g  n o n p o i n t  p o l l u t i o n ,  t h e r e  is g e n e r a l  a g r e e m e n t  
t h a t  many of t h e  mechanisms r e s u l t i n g  i n  c o a s t a l  d e g r a d a t i o n  o f  
w a t e r  q u a l i t y  a r e  p o o r l y  u n d e r s t o o d .  T h e  p u r p o s e  o f  t h e  s t u d y  
d e s c r i b e d  h e r e i n  i s  t o  c l a r i f y  t h e  s o u r c e s  a n d  m e c h a n i s m s  
i n v o l v e d  i n  t h e  c o n t a m i n a t i o n  o f  B u t t e r m i l k  Bay ,  s o u t h e a s t e r n  
M a s s a c h u s e t t s  w i t h  f e c a l  c o l i f o r m ,  t h e  g e n e r a l l y - a c c e p t e d  
i n d i c a t o r  o f  w a t e r  q u a l i t y  f o r  p u r p o s e s  o f  s h e l l f i s h  h a r v e s t i n g  
and  r e c r e a t i o n a l  c o n t a c t  (swimming,  wading  etc.). 

STUDY AREA - 

s t u d y  a r e a  i n c l u d e d  L i t t l e  B u t t e r m i l k  
t i d e )  a n d  B u t t e r m i l k  Bay p r o p e r  ( 1.71 
a d d i t i o n ,  f r e s h w a t e r  s u r f a c e  i n p u t s  
i n v e s t i g a t e d  f o r  co l i  form s o u r c e s .  

B u t t e r m i l k  Bay is a  s m a l l  embayment i n  t h e  n o r t h e r n  s e c t i o n  
o f  B u z z a r d s  Bay,  s o u t h e a s t e r n  M a s s a c h u s e t t s  ( F i g u r e  1.). O u r  

Bay ( 0.43 km a t  mean low 
kmz a t  mean l o w  t i d e ) .  I n  
a n d  t h e i r  w a t e r s h e d s  were 

Land u s e  w i t h i n  t h e  w a t e r s h e d  o f  
i n t e n s e  r e s i d e n t i a l  u s e  (0 .05 h a  - B u t t e r m i l k  ~ a y  r a n g e s  f rom 

0.115 a c r e  l o t s )  o n  t h e  





w e s t e r n  and n o r t h e r n  s h o r e s  t o  lower d e n s i t y  r e s i d e n t i a l  u s e  o n  
t h e  e a s t e r n  s h o r e .  I n  a d d i t i o n ,  s t o r m w a t e r  i n p u t s  f r o m  a  
commerc i a l  a r e a  a l o n g  C r a n b e r r y  Highway ( R o u t e s  6-28) i m p a c t  t h e  
b a y  a l o n g  t h e  s o u t h e r n  s h o r e l i n e .  T h e r e  a r e  o v e r  2 0  d i r e c t  
s t o r m w a t e r  d i s c h a r g e s  i n t o  t h e  bay f o r  a  combined d r a i n a g e  f rom 
i m p e r v i o u s  s u r f a c e s  o f  a p p r o x i m a t e l y  8 0 , 6 2 0  s q .  m ( 8 6 7 , 8 0 0  
s q u a r e  f e e t  ) ( F i g u r e  2 ) .  D e s c r i p t i o n s  o f  a l l  known d i r e c t  
d i s c h a r g e  p i p e s  w i t h  a s s o c i a t e d  d r a i n a g e  a r e a s  a r e  p r e s e n t e d  i n  
Appendix I. 

U n t i l  1 9 8 3 ,  t h e  a r e a  o f  B u t t e r m i l k  Bay w a s  p e r c e i v e d  a s  
h a v i n g  good w a t e r  q u a l i t y  f o r  b o t h  s h e l l f i s h  h a r v e s t i n g  a n d  o t h e r  
r e c r e a t i o n a l  uses .  I n  O c t o b e r  of  t h a t  y e a r ,  a  p o r t i o n  o f  t h e  bay  
n e a r  n B y r o n . l s  L a n d i n g n  i n  W a r e h a m  w a s  r e c l a s s i f i e d  a s  
" P r o h i b i t e d n  u n d e r  MGL C h a p t e r  1 3 0 ,  S e c t i o n  74 A. F o l l o w i n g  a  
r e v i e w  o f  t h e  e x i s t i n g  d a t a ,  t h e  e n t i r e  a r e a  o f  B u t t e r m i l k  a n d  
L i t t l e  B u t t e r m i l k  Bay was  c l o s e d  t o  s h e l l f i s h  h a r v e s t i n g  on  March 
1 3 ,  1984 .  A l t h o u g h  t h e  p r o b l e m  o f  h i g h  c o l i f o r m  c o u n t s  w a s  
p e r c e i v e d  a s  b e i n g  r e c e n t  t o  t h e  1 9 8 4  c l o s u r e ,  h i s t o r i c  d a t a  
i n d i c a t e  t h a t  h i g h  c o l i f o r m  a n d  f e c a l  c o l i f o r m  were e v i d e n t  a s  
f a r  b a c k  a s  1973. D a t a  c o l l e c t e d  b y  t h e  S o u t h e a s t e r n  R e g i o n a l  
O f f i c e  o f  D.E.Q.E. i n d i c a t e  c o n t i n u e d  s p o r a d i c  c o n t a m i n a t  i o n  
p r o b l e m s  f rom 1973 t o  d a t e .  C e r t a i n  a r e a s  i n  t h e  bay  were opened 
f o r  s e a s o n a l  h a r v e s t  o f  s h e l l f i s h  i n  O c t o b e r ,  1 9 8 6  when i t  w a s  
d e t e r m i n e d  t h a t  t h e  d a t a  s u p p o r t e d  t h i s  t y p e  of  c l a s s i f i c a t i o n .  
I n  J u l y ,  1 9 8 5  a  r e s u r v e y  o f  t h e  a r e a  w a s  c o n d u c t e d  b y  t h e  
S o u t h e a s t e r n  O f f i c e  o f  D.E.Q.E. a n d  t h e  U n i t e d  S t a t e s  P u b l i c  
H e a l t h  S e r v i c e ,  Food  a n d  Drug  A d m i n i s t r a t i o n .  The  r e s u l t s  o f  
t h i s  s t u d y  a r e  u n a v a i l a b l e  a t  t h i s  p o i n t  i n  time. 

APPROACH AND - HETHODOLOGY 
I n v e s t i g a t i o n s  r e p o r t e d  h e r e i n  c e n t e r e d  a round  t h e  f o l l o w i n g  

s i x  p o s s i b l e  s o u r c e s  of  f e c a l  c o l i f o r m  i n  t h e  bay  wh ich  s e r v e  a s  
a n  o u t l i n e  f o r  p r e s e n t a t i o n :  

1 ) Stormwa ter  
2 )  S e p t i c  Sys tems  
3 )  W i l d l i f e  ( t o  i n c l u d e  w a t e r f o w l )  
4 )  B o a t s  a n d  Mar inas  
5  ) F r e s h w a t e r  I n p u t s  
6 )  P o i n t  S o u r c e  D i s c h a r g e  

I n  a d d i t i o n  t o  s o u r c e  d e l i n e a t i o n ,  c e r t a i n  a s p e c t s  o f  t h e  
e c o l o g y  o f  t h e  i n d i c a t o r  o r g a n i s m  were i n v e s t i g a t e d ,  p a r t i c u l a r l y  
i n  r e l a t i o n  t o  p o s s i b l e  l i n k s  w i t h  n u t r i e n t  e n r i c h m e n t .  T h e s e  
l a t e r  s t u d i e s ,  a l t h o u g h  s m a l l  i n  s c a l e ,  p o i n t  t o  t h e  n e e d  f o r  
f u r t h e r  s t u d y  to  d e t e r m i n e  p o s s i b l e  l i n k s  be tween  e u t r o p h i c a t i o n  
a n d  t h e  e c o l o g y  o f  p a t h o g e n s  i n  embayments. 

Analytical Procedures 

F e c a l  c o l i f o r m  d e n s i t i e s  were d e t e r m i n e d  u s i n g  two methods. 



Fig.  2 Locat ions of stormwater discharges i n  B u t t e r m i l k  Bay, southeastern Massachusetts 
w i t h  approximate dra inage areas served. 

areas 



The p r i m a r y  method u s e d  f o r  c o m p a r a b i l i t y  w i t h  d a t a  c o l l e c t e d  b y  
D.E.Q.E. was t h e  " M o d i f i e d  A - 1 "  t e s t  (APHA, 1 9 8 5 ) .  A 5 - t u b e ,  3 ,  
4  o r  5  d i l u t i o n  ser ies  ( 5 - d i l u t i o n  s e r i e s  was u s e d  f o r  stormwater 
a n a l y s e s )  was p e r f o r m e d  w i t h  r e s u l t s  o b t a i n e d  f r o m  a s t a n d a r d  
MPN t a b l e .  I n  a d d i t i o n  to  f e c a l  co l i  fo rm d e n s i  t v  d e t e r m i n a t i o n ,  
t h e  p r e s e n c e  o f  E s c h e r i c h i a  c o l i  was d e t e r m i n e d  b y  a d d i n g  4: 
Methylumbelliferyl-beta-D-glucuronide ( M U G )  t o  t h e  n u t r i e n t  
b r o t h .  E. c o l i  p r o d u c e s  g l u c u r o n i d a s e ,  a n  enzyme t h a t  h y d r o l y z e s  
MUG t o  y T e E  f l u o r o g e n i c  p r o d u c t .  T h e  p r e s e n c e  o f  -- E. c o l i  w a s  
d e t e r m i n e d  b y  o b s e r v i n g  f o r  f l u o r e s c e n c e  u s i n g  a  hand-hel-d l o n g -  
wave  u l t r a v i o l e t  l i g h t  f o l l o w i n g  t h e  d e t e r m i n a t i o n  o f  f e c a l  
c o l i f o r m .  T e s t s  f o r  f e c a l  c o l i f o r m  u s i n g  MFC A g a r  ( D i f c o )  were 
a l s o  p e r f o r m e d  f o r  c o m p a r i s o n  w i t h  A - 1  methodology  a s  w e l l  a s  f o r  
t h e  p u r p o s e  o f  s u p p l e m e n t a l  s a m p l i n g  w h e r e  f r e s h w a t e r  f e c a l  
c o l i f o r m  d e n s i t i e s  were t o  b e  d e t e r m i n e d .  I n  a d d i t i o n  t o  f e c a l  
c o l i  f o r m  t e s t s ,  i n  c e r t a i n  s i t u a t i o n s ,  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  a n d  --- C l o s t r i d i u m  p e r f r i n  e n s  d e n s i t i e s  were 
d e t e r m i n e d  i n  o r d e r  t o  e v a l u a c  t h m t k t y  i n  d e t e r m i n i n g  
c o n t a m i n a t i o n  s o u r c e s .  E n t e r o c o c c i  media  was p r e p a r e d  a f t e r  L e v i n  
e t  al .  ( 1975 )  a n d  C a b e l l i  ( p e r s o n a l  communica t i on ) .  S t r e p t o c o c c i  
were d e t e r m i n e d  u s i n g  D i f c o  m e d i a  a n d  i n c u b a t e d  i n  a c c o r d a n c e  
w i t h  S t a n d a r d  M e t h o d s  (APHA, 1 9 8 5 ) .  M e d i a  a n d  m e t h o d s  f o r  t h e  
d e t e r m i n a t i o n  o f  C l o s t r i d i u m  e r f r i n  e n s  s p o r e s  were p e r f o r m e d  
a f t e r  B i s s o n  a n d  C a b e l l i  (197f+ 

S i x  s t o r m d r a i n s  r e p r e s e n t a t i v e  o f  v a r i o u s  l a n d  u s a g e s  were 
c h o s e n  f o r  m o n i t o r i n g  d u r i n g  e i g h t  s torm e v e n t s .  S a m p l e s  were 
t a k e n  b y  i m m e r s i n g  a s t e r i l e  s a m p l i n g  b o t t l e  i n  t h e  d i s c h a r g e  
f l o w  f r o m  t h e  p i p e s  a t  d i s c h a r g e  p o i n t s  f o r  t h e  d r a i n s  
d e s i g n a t e d  a s  E l e c t r i c  Ave  ( C o d e  # 3 ) . ,  S t a t e  ( C o d e  # 2 7 ) ,  
J e f f e r s o n  S h o r e s  (Code  # 2 6 ) ,  Red  B r o o k  D r a i n  (Code  # l 6 ) ,  a n d  
P u r i t a n  Ave (Code #8)  (APPENDIX 1). Due t o  t h e  n o r m a l  o c c u r r e n c e  
o f  a t i d e  w h i c h  s u b m e r g e d  t h e  d r a i n  a t  t h e  d i s c h a r g e  p o i n t ,  t h e  
Wychunus  d r a i n  (Code  # 1 7 )  was s a m p l e d  a t  t h e  d i s t a l - m o s t  r o a d  
d r a i n a g e  b a s i n .  A r a i n  gauge  was p l a c e d  a t  t h e  mouth o f  Red Brook 
a n d  s e r v e d  a s  a i n d i c a t o r  a s  t o  time of  s amp l ing .  

D u r i n g  t h e  i n i t i a l  t w o  s t o r m s  (5/22/86 a n d  7 /2 /86) ,  s a m p l i n g  
was c o n d u c t e d  d u r i n g  t h e  " f i r s t  f l u sh1 '  p e r i o d  ( w i t h i n  30 m i n u t e s  
f r o m  t h e  b e g i n n i n g  o f  t h e  r a i n  e v e n t ) ,  a n d  f o l l o w i n g  a t  l e a s t  
0.64 cm (0.25 i n c h e s )  o f  p r e c i p i t a t i o n .  S i n c e  t h e r e  w a s  n o  
c o n s i s t e n t  f i r s t  f l u s h  e f f e c t  a s  d e s c r i b e d  b y  W h i p p l e  e t  a l .  
( 1 9 8 3 ) ,  i t  w a s  d e c i d e d  t o  t h a t  t h e  f i r s t  f l u s h  s a m p l i n g  e f f o r t  
would  b e  d i s c o n t i n u e d  a n d  e f f o r t  would  b e  r e a l i g n e d  t o  i n c l u d e  
a d d i t i o n a l  r a i n  e v e n t s  ( a  t o t a l  o f  e i g h t ) .  S u b s e q u e n t  s a m p l i n g  
a t  d i s c h a r g e  p o i n t s  o n  7 / 2 1 ,  7 / 3 0 ,  8 / 1 1 ,  1 0 / 2 ,  1 1 / 5 ,  a n d  1 2 / 1 9  
was p e r f o r m e d  a s  s o o n  a f t e r  0.64 c m  of  p r e c i p i t a t i o n  a s  p o s s i b l e .  

F o r  t h e  p u r p o s e  o f  e s t i m a t i n g  t h e  f e c a l  c o l i f o r m  l o a d i n g  f rom 
s t o r m d r a i n s ,  t h e  v o l u m e  o f  r u n o f f  e n t e r i n g  t h e  b a y  f r o m  
i m p e r v i o u s  s u r f a c e s  was e s t i m a t e d .  The i m p e r v i o u s  s u r f a c e  area 
s e r v i c e d  by e a c h  s t o r m d r a i n  was f i r s t  c a l c u l a t e d  by  w a l k i n g  t h e  
area w i t h  a n  o d o m e t e r  c a l i b r a t e d  t o  t h e  n e a r e s t  l i n e a r  f o o t  a n d  
m e a s u r i n g  t h e  w i d t h  o f  e a c h  r o a d  s e c t i o n .  S t o r m w a t e r  vo lume was 
t h e n  c a l c u l a t e d  u s i n g  t h e  fo rmu la :  



where V = t h e  volume o f  s t o r m w a t e r  f rom e a c h  d r a i n  (cu. meters), 
A = t h e  i m p e r v i o u s  s u r f a c e  s e r v i c e d  b y  e a c h  d r a i n  ( sq .  meters) 
a n d  P  = t h e  a m o u n t  o f  p r e c i p i t a t i o n  i n  cm. The  g e o m e t r i c  mean 
f e c a l  c o l i f o r m  d e n  i t i e s  o f  t h e  s i x  d r a i n s  c o m b i n e d  ( f e c a l  t c o l i f o r m / 1 0 0  m l  x 10  ) were used  t o  c a l c u l a t e  t h e  f e c a l  c o l i f o r m  
l o a d i n g s  f o r  e a c h  r a i n  e v e n t  moni tored .  

E leven  r o u t i n e  s a m p l i n g  s t a t i o n s  t h r o u g h o u t  t h e  bay  ( F i g u r e  
3.) were c h o s e n  f o r  m o n t h l y  m o n i t o r i n g  f r o m  S e p t e m b e r ,  1985-  
O c t o b e r ,  1986. S a m p l e s  were t a k e n  d u r i n g  t h e  mid  p h a s e  o f  t h e  
o u t g o i n g  t i d e  w i t h  t h e  p r e r e q u i s i t e  o f  h a v i n g  n o  s i g n i f i c a n t  
r a i n f a l l  d u r i n g  t h e  p r i o r  72  h r s .  S a m p l e s  were t a k e n  b y  w a d i n g  
o r  means  o f  b o a t  w h e r e  t h e  b o t t o m  d e p t h  w a s  a t  l e a s t  1 m e t e r .  
The s a m p l i n g  d i s t a n c e  from t h e  s u r f a c e  o f  t h e  w a t e r  was 30-40 c m  
w i t h  t h e  e x c e p t i o n  o f  s a m p l e s  t a k e n  n e a r  t h e  m o u t h  o f  Red Brook 
w h e r e  a s t r a t i f i e d  s a m p l i n g  d e s i g n  was u s e d .  A t  t h i s  s t a t i o n ,  1 
s a m p l e  w a s  t a k e n  a p p r o x i m a t e l y  1 5  cm f r o m  t h e  s u r f a c e  a n d  a  
s e c o n d  s a m p l e  w a s  t a k e n  60-90 cm f r o m  t h e  s u r f a c e .  Mid-bay 
s a m p l i n g  s t a t i o n s  were o m i t t e d  d u r i n g  w i n t e r  m o n t h s  d u e  t o  
n a v i g a t i o n a l  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  ice cover .  

G r o u n d w a t e r  s a m p l e s  were t a k e n  u s i n g  a s h a l l o w  w e l l - p o i n t  
s a m p l e r  w i t h  a  s l o t t e d  w e l l  p o i n t .  U s i n g  a  v a c u u m  pump,  
a p p r o x i m a t e l y  one  l i t e r  of  w a t e r  was e v a c u a t e d  f rom t h e  w e l l  i n t o  
a  s a c r i f i c i a l  b o t t l e .  Fo l lowing  t h i s  p rocedure ,  a s t e r i l e  b o t t l e  
was c o n n e c t e d  t o  t h e  d e v i c e  a n d  a  s a m p l e  w a s  w i t h d r a w n  a n d  
ana lyzed .  

S e d i m e n t  s a m p l e s  were t a k e n  u s i n g  t w o  me thods .  F o r  a 
c o m p a r i s o n  o f  se  i m e n t  v s .  o v e r l y i n g  water vs.  s h e l l f i s h  m e a t ,  
a p p r o x i m a t e l y  1 mg o f  bot tom was d i s t u r b e d  and  a s a m p l e  was  t a k e n  
w i t h i n  t h e  t u r b i d  w a t e r  b o i l .  F o l l o w i n g  MPN a n a l y s e s ,  a 
d e t e r m i n a t i o n  of t h e  amount  of s e d i m e n t  suspended p e r  100 m l s  of 
s a m p l e  was made b y  f i l t e r i n g  a  w e l l  s h a k e n  s a m p l e  t h r o u g h  a  
w e i g h e d  f i l t e r  f o r  t h e  d e t e r m i n a t i o n  o f  s e d i m e n t  w e i g h t  a n d  
s u b s e q u e n t  t r a n s l a t i o n  o f  r e s u l t s  i n t o  n u m b e r  o f  f e c a l  
col i  form/gram of  sediment .  F o r  a n a l y s e s  of  bot tom s e d i m e n t s  n e a r  
m a r i n a s  s e d i m e n t  s a m p l e s  were t a k e n  u s i n g  a ponar  d r e d g e  . Upon 
b r i n g i n g  t h e  s a m p l e  t o  t h e  s u r f a c e  a n d  d e p o s i t i n g  i t  i n  a  
s a m p l i n g  t r a y ,  a p p r o x i m a t e l y  t h e  t o p  2 millimeters were s c r a p e d  
o f f  w i t h  a  s t e r i l e  t o n g u e  d e p r e s s o r  a n d  p l a c e d  i n  a  s o l u t i o n  o f  
s t e r i l e  phospha te  b u f f e r e d  water f o r  a n a l y s e s .  D e t e r m i n a t i o n  of  
f e c a l  c o l i f o r m  p e r  g ram o f  s e d i m e n t  w a s  made u s i n g  t h e  m e t h o d  
p r e v i o u s l y  d e s c r i b e d .  

A l l  s a m p l e s  were s t o r e d  i n  ice f o l l o w i n g  c o l l e c t i o n  and  were 
a n a l y z e d  w i t h i n  s i x  h o u r s  o f  c o l l e c t i o n .  

To d e t e r m i n e  t h e  u s e  o f  t h e  b a y  b y  w a t e r f o w l ,  e i g h t  s h o r e  
o b s e r v a t i o n  s i tes  were c h o s e n  w h i c h  a l l o w e d  f o r  a  c o m p l e t e  
w a t e r f o w l  c e n s u s  o f  t h e  bay. W a t e r f o w l  c o u n t s  were g e n e r a l l y  
c o n d u c t e d  b e t w e e n  0 7 0 0  h  a n d  1 0 0 0  h  o n  a w e e k l y  b a s i s .  
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I * Station 5.9 sampled at two depths 

Fig. 3 Location of routine bacteriological 
and nutrient sampling in Buttermilk Bay, 
southeastern Massachusetts, September 1985- 



W a t e r f o w l  were s e p a r a t e d  i n t o  t h e  c a t e g o r i e s  of ducks ,  g e e s e  and  
swans  f o r  t h e  p u r p o s e  of  e s t i m a t i n g  f e c a l  c o l i f o r m  l o a d i n g s .  

V i a b i l i t y  of v a r i o u s  a n i m a l  f e c e s  d e p o s i t e d  i n  t h e  a r e a  was  
a p p r o x i m a t e d  u s i n g  two methods.  I n i t i a l l y ,  t h e  l o c a t i o n  of  w a s t e  
d e p o s i t s  were m a r k e d  a n d  s u b s a m p l e d  a t  v a r i o u s  i n t e r v a l s .  One 
gram s a m p l e s  were p l a c e d  i n  99 m l s  o f  s t e r i l e  b u f f e r e d  w a t e r  a n d  
s a m p l e s  were p r o c e s s e d  u s i n g  t h e  MPN t e c h n i q u e  p r e v i o u s l y  
d e s c r i b e d .  F e c a l  c o l i f o r m  c o n t e n t  i n  o r g a n i s m s  p e r  g r am were 
t h u s  d e t e r m i n e d .  I n  a d d i t i o n ,  d u r i n g  a u t u m n ,  1 9 8 6 ,  f r e s h  g o o s e  
f e c e s  w a s  p l a c e d  i n  t h e  s t r a n d  l i n e  i n  a n c h o r e d  n y l o n  mesh  b a g s  
(365  mic ron  mesh) and  subsampled  a t  s e l e c t e d  i n t e r v a l s .  

RESULTS 

The p r e s e n c e  of  l a r g e  numbers  of b a c t e r i o l o g i c a l  i n d i c a t o r s  
a n d  p a t h o g e n i c  o r g a n i s m s  i n  s t o r m w a t e r  r u n o f f  i s  w e l l  documented  
( O l i v i e r i  e t  a l .  1 9 7 7 ) .  A s  s h o w n  i n  Long I s l a n d ,  N e w  York ,  t h e  
i m p a c t  o f  t h i s  t y p e  o f  b a c t e r i o l o g i c a l  c o n t a m i n a t i o n  i n  
r e c r e a t i o n a l - u s e  a r e a s  i s  o f t e n  s u b s t a n t i a l  ( K o p p e l m a n  a n d  
Tanenbaum 1982).  I n  w h a t  i s  p e r h a p s  t h e  mos t  c o m p a r a b l e  p o r t i o n  
of t h e  N a t i o n a l  Urban Runoff Program (NURP), t h e s e  i n v e s t i g a t o r s  
h a v e  c o n c l u d e d  t h a t ,  i n  Long I s l a n d ,  s t o r m w a t e r  r u n o f f  i s  
" g e n e r a l l y  t h e  s i n g l e  m o s t  s i g n i f i c a n t  s o u r c e  o f  p o l l u t i o n ,  
e s p e c i a l l y  b a c t e r i a l  p o l l u t i o n ,  a f f e c t i n g  t h e  f r e s h  s u r f a c e  
w a t e r s  a n d  n e a r s h o r e  m a r i n e  e n v i r o n m e n t 1 ' .  R u n o f f  t o  e s t u a r i n e  
w a t e r s  o f  N a s s a u  C o u n t y ,  N e w  York h a s  b e e n  i m p l i c a t e d  a s  t h e  
p r i m a r y  s o u r c e  o f  b a c t e r i a l  l o a d i n g  t o  a l l  b u t  o n e  o f  t h e  n i n e  
embayments. 

A l t h o u g h  t h e  m e c h a n i s m s  r e s p o n s i b l e  f o r  i n c r e a s e d  f e c a l  
c o l i f o r m  l e v e l s  i n  r e c e i v i n g  w a t e r s  f o l l o w i n g  r a i n  e v e n t s  a r e  n o t  
f u l l y  u n d e r s t o o d ,  t h e  n e g a t i v e  a f f e c t  o f  s t o r m w a t e r  r u n o f f  o n  
B u t t e r m i l k  Bay i s  u n q u e s t i o n a b l e .  A s u m m a r y  o f  s e l e c t e d  " o p e n  
w a t e r "  s t a t i o n s  s a m p l e d  p r i o r  t o ,  d u r i n g  a n d  f o l l o w i n g  a  r a i n  
e v e n t  (FDA-DEQE, 1 9 8 5 )  c l e a r l y  s h o w s  i n c r e a s e d  f e c a l  c o l i f o r m  
l e v e l s  i n  r e s p o n s e  t o  r a i n f a l l  (Fig .  4). T h i s  phenomena h a s  b e e n  
o b s e r v e d  e l s e w h e r e  ( G e r b a  a n d  S h a i b e r g e r  1 9 7 3 ,  H i l l  a n d  G r i m e s  
1984, S c h i l l i n g e r  and  Gannon 1985, Koppelman and  Tanenbaum 1982)  
a n d  i s  t h e  p r i m a r y  r e a s o n  f o r  a  number o f  a r e a s  i n  M a s s a c h u s e t t s  
b e i n g  c l a s s i f i e d  a s  u n a c c e p t a b l e  f o r  s h e l l f i s h  h a r v e s t i n g  
(D.E.Q.E, S.E.R.O. - p e r s o n a l  c o m m u n i c a t i o n ) .  S t o r m w a t e r  
i m p a c t s  o n  r e c e i v i n g  w a t e r s  c a n  b e  c l a s s i f i e d  i n t o  t h r e e  m a i n  
c a t e g o r i e s  wh ich  a r e  d i s c u s s e d  s e p a r a t e l y :  

1. ) I m p a c t s  f rom d i r e c t  s t o r m w a t e r  d i s c h a r g e s  and  o v e r l a n d  
r u n o f f .  

2. ) R e l e a s e  of  co l i  form from p r o t e c t e d  r e s e r v o i r s .  

3. ) S u r c h a r g e  o f  r e c e i v i n g  w a t e r s  w i t h  c o n t a m i n a t e d  
g roundwa te r .  
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Figure 4. Fecal coliform densities observed at selected sampling stations during a joint 
FDA - DEQE survey of Buttermilk Bay, southeastern Massachusetts, July 1985; 
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d r a i n s  d i s c h a r g i n g  d i r e c t l y  i n t o  t h e  s u r f a c e  w a t e r s .  T h e  
i m p e r v i o u s  s u r f a c e s  ( p r i m a r i l y  roadways)  amount t o  a p p r o x i m a t e l y  
8 0 , 6 2 0  sq.  m ( 8 6 7 , 8 0 0  sq.  f t ) .  F o l l o w i n g  a  2.54 cm ( o n e - i n c h )  
r a i n ,  a p p r o x i m a t e l y  2 0 5 0  cu .  m o f  s t o r m w a t e r  i s  d i r e c t e d  t o  t h e  
bay from man-made c o n d u i t s .  Using g e o m e t r i c  mean f e c a l  c o l i f o r m  
d e n s i t i e s  o b s e r  e d  d u r i n g  1 9 8 5  ( F i g  r e  5), v o l u m e s  o f  w a t e r  
b e t w e e n  4.6 x 10' cu.  m a n d  1.1 x  10' cu. m w o u l d  b e  r e q u i r e d  
t o  d i l u t e  t h e  incoming  s t o r m w a t e r  r u n o f f  f rom i m p e r v i o u s  s u r f a c e s  
t o  a  l e v e l  o f  14  f e c a l  c o l i f o r m /  100 m l  f o l l o w i n g  a  2.54 cm r a i n  
( t h e s e  v a l u e s  a r e  o n l y  u s e d  a s  a  r e f e r e n c e ) .  To p l a c e  t h e s e  
c o l i f o r m  l o a d i n g  v a l u e s  i n  p e r s p e c t i v e ,  a s suming  t h a t  t h e  t i d a l  
p r i s m  f o r  B u t t e r m i l k  Bay i s  2.5 x l o 6  cu .  m ,  t h e  i n c o m i n g  
s t o r m w a t e r  e n t e r i n g  t h e  b a y  f r o m  i m p e r v i o u s  s u r f a c e s  d u r i n g  a  
2.54 cm r a i n  e v e n t  w o u l d  r e q u i r e  b e t w e e n  1 8  % a n d  440  % o f  t h e  
t i d a l  p r i s m  f o r  d i l u t i o n  t o  t h e  1 4  FC/  1 0 0  m l  s t a n d a r d .  I n  
r e a l i t y ,  u s i n g  t h i s  s i m p l i s t i c  a p p r o a c h  t o  p r e d i c t  t h e  number o f  
t i d a l  e x c h a n g e  v o l u m e s  n e c e s s a r y  t o  d i l u t e  t h e  i n c o m i n g  
s t o r m w a t e r  t o  a c c e p t a b l e  l e v e l  i s  l i k e l y  i n v a l i d .  S i m p l e  w a t e r -  
p a r c e l  t r a n s p o r t  c o m p u t e r  m o d e l s  s u p p l i e d  b y  t h e  B o s t o n  
U n i v e r s i t y  G e o l o g y  D e p a r t m e n t  (APPENDIX 11) i n d i c a t e  t h a t  t h e  
e x t e n t  of  p e n e t r a t i o n  o f  c o n t a m i n a t i o n  f rom d r a i n s  n e a r  t h e  mouth 
o f  B u t t e r m i l k  Bay ( s u c h  a s  t h e  E l e c t r i c  Avenue D r a i n )  a n d  h e n c e  
t h e  u l t i m a t e  p a s s a g e  o f  c o n t a m i n a t i o n  b a c k  o u t  o f  t h e  b a y ,  i s  
h i g h l y  d e p e n d e n t  o n  t h e  s t a g e  o f  t i d e  d u r i n g  w h i c h  t h e  
c o n t a m i n a t i o n  is i n t r o d u c e d .  

I n  a l l  i n s t a n c e s  w h e r e  f e c a l  c o l i f o r m  were i s o l a t e d  f r o m  
s t o r m w a t e r ,  f u r t h e r  d i f f e r e n t i a t i o n  u s i n g  MUG i n d i c a t e d  t h a t  t h e  
f e c a l  c o l i f o r m  i n v o l v e d  was E. c o l i .  R e f e r e n c e  t h r o u g h o u t  t h i s  
s e c t i o n ,  however, i s  r e t a i n e d a s n f e c a l  c o l i f o r m "  f o r  c l a r i t y  i n  
c o m p a r i s o n  w i t h  t h e  s t a n d a r d  u s e d  i n  c l a s s i f y i n g  s h e l l f i s h  
h a r v e s t i n g  a r e a s .  

G e o m e t r i c  mean f e c a l  c o l i f o r m  d e n s i t i e s  ( a l l  d r a i n s  combined)  
o b s e r v e d  i n  B u t t e r m i l k  Bay d r a i n s  ( F i g u r e  5 )  g e n e r a l l y  c o m p a r e  
w i t h  v a l u e s  o b s e r v e d  e l s e w h e r e  ( Whipple  e t  a l .  1983). Whi le  t h e  
v a r i a b i l i t y  o f  t h e  d a t a  i s  c o n s i d e r a b l e  ( F i g u r e  6 ) ,  s o m e  
g e n e r a l i z a t i o n  c a n  b e  made r e l a t i v e  t o  c o l i f o r m  l o a d i n g  and  l a n d  
u s e .  I n  g e n e r a l ,  f e c a l  c o l i f o r m  d e n s i t i e s  o b s e r v e d  a t  t h e  
" S t a t e n  d r a i n ,  t y p i c a l  o f  c o m m e r c i a l - u s e  l a n d ,  were l o w e r  t h a n  
t h o s e  o b s e r v e d  a t  d r a i n s  s e r v i c i n g  r e s i d e n t i a l  a r e a s  ( a l l  o t h e r  
d r a i n s  s a m p l e d ) .  Among t h e  r e m a i n i n g  d r a i n s  m o n i t o r e d  w h i c h  
s e r v i c e d  r e s i d e n t i a l  a r e a s ,  t h e  h i g h e s t  f e c a l  c o l i f o r m  d e n s i t i e s  
were o b s e r v e d  a t  t h e  "Wychunus" a n d  "Red B r o o k n  d r a i n s  c o m p a r e d  
w i t h  t h e  ' E l e c t r i c  Ave.", " J e f f e r s o n  S h o r e s n  a n d  " P u r i t a n  Ave." 
C o n c o m i t a n t l y ,  t h e  a r e a s  s e r v i c e d  by t h e  Wychunus and  Red Brook 
d r a i n s  a r e  m o r e  i n t e n s i v e l y  d e v e l o p e d  ( c a .  20 u n i t s / h a  o r  8  
d w e l l i n g  u n i t s /  ac re )  c o m p a r e d  w i t h  a r e a s  s e r v i c e d  b y  t h e  
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Figure 5. Geometric mean fecal coliform densities in stormwater entering Buttermilk Bay, southeastern 
Massachusetts from six selected drains. Fecal coliform were further differentiated and 
identified as Escherichia coli. - 
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r e m a i n i n g  " r e s i d e n t i a l "  d r a i n s  w h i c h  a r e  l e s s  i n t e n s i v e l y  
d e v e l o p e d  ( <  20  u n i t s / h a ) .  T h e s e  f i n d i n g s  a r e  s u p p o r t e d  b y  t h e  
N o r t h e r n  V i r g i n i a  P l a n n i n g  C o m m i s s i o n  and  V i r g i n i a  P o l y t e c h n i c  
I n s t i t u t e  a n d  S t a t e  U n i v e r s i t y  ( a s  r e p o r t e d  i n  W h i p p l e  e t  a l .  
1 9 8 3 )  a n d  d a t a  s u m m a r i z e d  b y  t h e  N o r t h  C a r o l i n a  D i v i s i o n  o f  
E n v i r o n m e n t a l  Management  ( 1 9 8 6 )  a n d  s u g g e s t  t h a t  t h e  d e g r e e  o f  
r e s i d e n t i a l  d e v e l o p m e n t  d i r e c t l y  a f f e c t s  f e c a l  c o l i f o r m  
c o n t a m i n a t  i o n  w i t h i n  a r e a s  s e r v i c e d  by  s u r f a c e  d r a i n s  ( F i g u r e  6). 

I n  a d d i t i o n  t o  i n t e n s i t y  o f  l a n d  u s e  i n  a r e a s  s e r v i c e d  b y  a 
d r a i n a g e  s y s t e m ,  t w o  a d d i t i o n a l  f a c t o r s  were i d e n t i f i e d  w h i c h  
a l s o  a f f e c t  t h e  f e c a l  c o l i f o r m  l o a d i n g  o f  s u r f a c e  d r a i n s .  I n  
f i v e  o f  t h e  s i x  d r a i n s  s a m p l e d  o n  A u g u s t  11, 1 9 8 6 ,  c o l i f o r m  
d e n s i t i e s  had  d e c r e a s e d  c o m p a r e d  w i t h  t h e  p r i o r  s a m p l i n g  d a t e  
( J u l y  30). M e t e o r o l o g i c a l  d a t a  f o r  t h e  p r i o r  t e n  d a y s  i n d i c a t e d  
t h a t  t o t a l  r a i n  i n  e x c e s s  o f  3.5 cm h a d  f a l l e n  o n  t h r e e  d a t e s  
d u r i n g  t h i s  p e r i o d  ( F i g u r e  7). These  data s u g g e s t  t h a t  t h e  time 
r e q u i r e d  f o r  a c c u m u l a t i o n  o f  f e c a l  c o l i  form s o u r c e  m a t e r i a l  ( p e t ,  
r o d e n t ,  b i r d  f e c e s  etc.)  w a s  c o n s i d e r a b l y  l e s s  t h a n  t h e  o t h e r  
d a t e s  s a m p l e d ,  r e s u l t i n g  i n  d e c r e a s e d  f e c a l  c o l i f o r m  d e n s i t i e s  
d u r i n g  t h e  August 11 r a i n  event .  Converse t o  t h e  s i t u a t i o n  where 
n u m e r o u s  r a i n  e v e n t s  i n  s u c c e s s i o n  p r e v e n t  t h e  e x c e s s i v e  
a c c u m u l a t i o n  o f  s o u r c e  m a t e r i a l  i n  a r e a s  s e r v i c e d  b y  s u r f a c e  
d r a i n s ,  s a m p l e s  c o l l e c t e d  o n  O c t o b e r  2 ,  1 9 8 6  a t  a l l  s i x  d r a i n s  
sampled  showed h i g h e r  f e c a l  c o l i f o r m  d e n s i t i e s  t h a n  d u r i n g  e i t h e r  
o f  t h e  two p r i o r  r a i n  e v e n t s  ( J u l y  3 0  a n d  A u g u s t  11). An 
e x a m i n a t i o n  of  m e t e o r o l o g i c a l  data f o r  September  i n d i c a t e s  t h a t  
o n l y  o n e  s i g n i f i c a n t  r a i n f a l l  h a d  o c c u r r e d  d u r i n g  t h e  e n t i r e  
mon th  (1.7 cm o n  S e p t e m b e r  1 6 -  F i g u r e  7 )  p r i o r  t o  t h e  O c t o b e r  2  
s a m p l i n g  date. I n  a d d i t i o n ,  r a i n f a l l  f o r  t h e  e n t i r e  m o n t h  o f  
S e p t e m b e r  d i d  n o t  e x c e e d  o n e  i n c h .  T h e s e  d a t a  s u g g e s t  t h a t  t h e  
f e c a l  c o l i  form d e n s i t i e s  a t  d i s c h a r g e  p o i n t s  f o r  s u r f a c e  d r a i n s  
w i l l  depend, i n  p a r t ,  o n  t h e  i n t e r v a l  o f  time s i n c e  t h e  p r e v i o u s  
r a i n .  

I n  a d d i t i o n  t o  t h e  t h e  f r e q u e n c y  o f  r a i n  e v e n t s ,  d a t a  
collected d u r i n g  a  December 1 9  r a i n  e v e n t  s u g g e s t  t h a t  d e c r e a s e d  
a i r  t e m p e r a t u r e s  may s e r v e  t o  r e d u c e  t h e  f e c a l  c o l i f o r m  l o a d i n g  
f r o m  s u r f a c e  d r a i n s .  A l t h o u g h  t h e r e  were t w o  s u b s t a n t i a l  r a i n  
e v e n t s  w i t h i n  two w e e k s  p r i o r  t o  s a m p l i n g  (1.6 c m  on  December 1 0  
a n d  1.3 c m  o n  December 1 2 ) ,  w e  f e e l  t h a t  t h e  d e g r e e  o f  
a t t e n u a t i o n  on t h i s  d a t e  exceeded wha t  would be e x p e c t e d  f rom t h e  
s i n g l e  a t t e n u a t i n g  e f f e c t  o f  p r e c e d i n g  r a i n  e v e n t s .  F o r  
compar ison ,  data  c o l l e c t e d  d u r i n g  two J u l y  r a i n  e v e n t s  i n d i c a t e  
f e c a l  c o l i f o r m  d e n s i t i e s  more t h a n  o n e  o r d e r  of  magni tude  g r e a t e r  
t h a n  t h o s e  o f  December 1 9 ,  t h i s  d e s p i t e  a g r e a t e r  a m o u n t  o f  
r a i n f a l l  ( F i g u r e  7 )  o n  d a t e s  more  a p p r o x i m a t e  t o  t h o s e  o f  t h e  
December 19  r a i n  event .  

I n t e n s i t y  o f  r a i n f a l l  w a s  n o t  shown t o  c o r r e l a t e  w i t h  
g e o m e t r i c  mean f e c a l  c o l i  form d e n s i t i e s  o b s e r v e d  a t  s t o r m d r a i n s ,  
h o w e v e r ,  c o n f o u n d i n g  i n f l u e n c e s  i m p a r t e d  by s e a s o n a l  e f f e c t s ,  
a n d  t h e  f r e q u e n c y  a n d  p r o x i m i t y  o f  p r e v i o u s  r a i n f a l l s  may 
p r e c l u d e  a d e f i n i t e  s t a t e m e n t  r e g a r d i n g  t h e  e f f e c t  o f  t h i s  
f a c t o r .  F e c a l  c o l i f o r m  d e n s i t i e s  d u r i n g  t h e  J u l y  2 1  r a i n  e v e n t ,  
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Figure 7 Summary of precipitation near thebttermilk Bay study area Southeastern Massachusetts, 
as recorded (in inches) at the Cranberry Experimental Station, Wareham, Massachusetts. 
* indicates dates on which samples were collected at selected stormwater discharge 
points in the bay. 



when t h e  r a i n f a l l  w a s  0.1 cm/h  ( a s  d e t e r m i n e d  by  t h e  r a i n  g a u g e  
a t  t h e  mouth  o f  Red B r o o k )  were h i g h e r  t h a n  t h o s e  o b s e r v e d  o n  May 
2 2  a n d  J u l y  2 when t h e  r a t e  o f  r a i n f a l l  w a s  0.48 a n d  0.69 cm/h 
r e s p e c t i v e l y .  Conver se ly  t h e r e  were o t h e r  dates s u c h  a s  August 11 
( 0 . 1  c m / h )  a n d  D e c e m b e r  1 9  ( 0 . 2  c m / h )  o n  w h i c h  l o w e r  
p r e c i p i t a t i o n  r a t e s  r e s u l t e d  i n  l o w e r  g e o m e t r i c  mean f e c a l  
c o l i  form d e n s i t i e s  i n  d i s c h a r g e  water .  

S u b s t a n t i a l  s e a s o n a l  d i f f e r e n c e s  i n  f e c a l  c o l i f o r m  c o u n t s  i n  
s t o r m d r a i n s  h a v e  b e e n  o b s e r v e d  e l s e w h e r e  (EPA 1983) .  NURP 
s t u d i e s  r e p o r t  t h a t  c o l i f o r m  d e n s i t i e s  i n  u r b a n  r u n o f f  d u r i n g  
w a r m e r  p e r i o d s  o f  t h e  y e a r  a r e  a p p r o x i m a t e l y  20 t imes  g r e a t e r  
t h a n  r u n o f f  d u r i n g  d u r i n g  c o l d e r  p e r i o d s .  A s  i n  o u r  s t u d y ,  t h e  
obse rved  s e a s o n a l  d i f f e r e n c e s  c o u l d  n o t  be r e l a t e d  t o  comparab le  
s e a s o n a l  v a r i a t i o n s  i n  l a n d  u s e .  Two d r a i n s  c h o s e n  (E lec t r i c  
Ave. a n d  P u r i t a n )  h a v e  c o m p a r a b l e  o c c u p a n c y  o f  d w e l l i n g s  
t h r o u g h o u t  t h e  y e a r ,  y e t  s t i l l  e x h i b i t e d  s e a s o n a l  v a r i a t i o n  i n  
f e c a l  c o l i  form d e n s i t i e s .  

D e s p i t e  numerous s t u d i e s  n a t i o n w i d e  under  t h e  N a t i o n a l  Urban 
Runoff Program a n d  o t h e r s  ( O l i v i e r i  e t  a l .  1977 a n d  Van Donsel  e t  
a l .  l 9 6 7 ) ,  t h e r e  s t i l l  r e m a i n  many unanswered q u e s t i o n s  r e g a r d i n g  
t h e  a c t u a l  s o u r c e  o f  f e c a l  c o l i f o r m  i n  r u n o f f .  A l t h o u g h  i n  t h e  
B u t t e r m i l k  Bay a r e a ,  t h e  p o s s i b i l i t y  o f  d i r e c t  c o n n e c t i o n  o f  
s a n i t a r y  w a s t e  l i n e s  w i t h  s t o r m w a t e r  c o n d u i t s  c a n  n o t  be 
c o m p l e t e l y  d i s c o u n t e d ,  two o b s e r v a t i o n s  s t r o n g l y  s u g g e s t  t h a t  i f  
s a n i t a r y  w a s t e  d o e s  make i t s  way i n t o  t h e  c o l l e c t i o n  s y s t e m  i t  i s  
b y  l e ss  o v e r t  means  ( i e .  s u r c h a r g i n g  o f  d r a i n a g e  b a s i n s  b y  
a d j a c e n t  s e p t i c  s y s t e m s ) .  F i r s t l y ,  a l l  s t o r m  d r a i n s  were 
obse rved  d u r i n g  peak l a n d  u s e  p e r i o d s  ( J u n e  - August) ,  which were 
c o n c u r r e n t l y  d r y  p e r i o d s ,  f o r  t h e  p r e s e n c e  o f  r u n n i n g  water. The 
i n s p e c t i o n  w a s  s y s t e m a t i c  a n d  i n v o l v e d  a l l  s u r f a c e  d r a i n s  f r o m  
t h e  d i s t a l  t o  p r o x i m a t e  p o r t i o n s  o f  t h e  s u r f a c e  d r a i n a g e  a r e a s .  
W i t h  f e w  e x c e p t i o n s ,  w h i c h  were v e r i f i e d  b y  b a c t e r i o l o g i c a l  
e x a m i n a t i o n  n o t  t o  be d u e  t o  s a n i t a r y  waste, a l l  d r a i n a g e  b a s i n s  
r e m a i n e d  d r y  d u r i n g  d r y  w e a t h e r .  I n  a d d i t i o n ,  a l l  c o l l e c t i o n  
p i p e s  g e n e r a l l y  e x h i b i t e d  l i t t l e  o r  n o  f l o w  w i t h i n  a p p r o x i m a t e l y  
two hours  f o l l o w i n g  t h e  c e s s a t i o n  of  r a i n .  I f  d irect  d i s c h a r g e s  
o f  s a n i t a r y  wastes were p r e s e n t ,  w e  w o u l d  e x p e c t  a t  l e a s t  some 
c o n t i n u a l  f l o w  i n t o  t h e  c o l l e c t i o n  sys t em;  t h i s  phenomena was  n o t  
obse rved .  

C o m p a r i s o n  o f  f e c a l  c o l i f o r m  v a l u e s  o b s e r v e d  i n  o u r  a r e a  
w i t h  t h o s e  r e p o r t e d  b y  O l i v i e r i  e t  a l .  ( 1 9 7 7 )  g i v e s  s u p p o r t  t o  
o u r  c o n t e n t i o n  t h a t  d i r e c t  i n p u t  o f  s a n i t a r y  w a s t e s  v i a  
s u b t e r r a n e a n  p i p e s  w o u l d  n o t  b e  n e c e s s a r y  t o  a c c o u n t  f o r  t h e  
f e c a l  c o l i f o r m  v a l u e s  obse rved  f rom d i s c h a r g e  p i p e s  i n  o u r  s t u d y  
a r e a .  I n  t h i s  a u t h o r ' s  r e p o r t  o f  t w o  d r a i n a g e  b a s i n s  i n  w h i c h  
" n o  s e w a g e  o v e r f l o w s  a r e  kn  wn t o  be l o c a t e d " ,  g e o m e t r i c  mean 
d e n s i t i e s  (MPN) o f  - 3  x  10' F e c a l  C o l i f o r m /  1 0 0  m l s  ( "Bush  J S t r e e t " )  and  6.9 x  1 0  f e c a l  c o l i f o r m /  100 m l s  ("Northwood") were 
r e p o r t e d .  These  l e v e l s  o f  f e c a l  c o l i f o r r n  c o n t a m i n a t i o n  are  q u i t e  
comparable  t o  t h o s e  l e v e l s  obse rved  i n  o u r  s t u d y  area ( F i g u r e  5). 
F u r t h e r ,  t h i s  a u t h o r ' s  summary o f  s t o r m w a t e r  s a m p l e s  t a k e n  i n  a 



N o r t h  C a r o l i n a  s t o r m w a t e r  d r a i n a g e  b a s i n s  i n d i c a t e  t h a t ,  
i n d e p e n d e n t  o f  s a n i t a r y  w a s t e s  f r o m  s e w a g e  s y s t e m s ,  f e c a l  
c o l i f o r m  c o n t a m i n a t i o n  o f  r a i n w a t e r  c a n  o c c u r  q u i t e  q u i c k l y  a f  ter 
c o n t a c t  w i t h  t h e  e a r t h ' s  s u r f a c e  . F e c a l  c o l i f o r m  v a l u e s  
o b s e r v e d  a t  a  r o o f  downspout  ( t rees ove rhang ing)  a p p r o x i m a t e d  740 
f e c a l  c o l i f o r m /  100  m l s ,  a n d  l e v e l s  a p p r o x i m a t i n g  25,000 - 58,000 
f e c a l  c o l i f o r m /  1 0 0  m l s  o f  s a m p l e  were o b s e r v e d  f r o m  o v e r l a n d  
f l o w  t h r o u g h  a  r e s i d e n t i a l  a r e a  ( B e t s o n  a n d  Buckingham 1 9 6 9  a s  
c i t e d  i n  O l i v i e r i  e t  a l .  1 9 7 7 ) .  C o l l e c t i v e l y ,  t h e s e  s t u d i e s  
s u g g e s t  t h a t  a l t h o u g h  f e c a l  c o l i f o r m  c o n t a m i n a t i o n  a t  s t o r m w a t e r  
d i s c h a r g e  p o i n t s  i n  B u t t e r m i l k  Bay may a p p e a r  s u b s t a n t i a l ,  t h e s e  
l e v e l s  d o  n o t  n e c e s s a r i l y  i n d i c a t e  t h e  p r e s e n c e  o f  d i r e c t  
c o n n e c t i o n s  b e t w e e n  s u b s u r f a c e  o n - s i t e  s y s t e m s  a n d  s t o r m w a t e r  
c o l l e c t i o n  s y s t e m s  o r  t h e  i n p u t  o f  s a n i t a r y  w a s t e s  v i a  
s u b s u r f a c e  s u r c h a r g i n g  o f  d r a i n a g e  b a s i n s  w i t h  s a n i t a r y  was te s .  
I t  is  s t i l l  p o s s i b l e ,  however,  t h a t  some s e p t i c  s y s t e m s  i n s t a l l e d  
p r i o r  t o  p r e s e n t  r e g u l a t i o n s  i n c l u d e d  a  c o n n e c t i n g  o v e r f l o w  which  
f u n c t i o n s  o n l y  d u r i n g  r a i n  e v e n t s ,  w h i c h  r e m a i n e d  b e y o n d  o u r  
d e t e c t i o n .  

A l t h o u g h  n o  i n - d e p t h  s t u d i e s  h a v e  b e e n  p e r f o r m e d  t o  d e t a i l  
s o u r c e s  o f  f e c a l  c o l i f o r m  i n  s t o r m w a t e r  r u n o f f  i n  a r e a s  w h e r e  
s a n i t a r y  c o n n e c t i o n s  a r e  n o t  s u s p e c t e d ,  c e r t a i n l y  a n i m a l s  
r e s i d i n g  i n  t h e  s u r f a c e  w a t e r s h e d  a r e  i m p l i c a t e d .  I n  e x c e s s  o f  
1 0 0  d o g s  l i v e  w i t h i n  t h e  s u r f a c e  w a t e r s h e d  o f  B u t t e r m i l k  Bay 
( b a s e d  o n  J u l y  1 9 8 6  s u r v e y ) .  I n - s i t u  i n v e s t i g a t i o n s  o f  t h e  
v i a b i l i t y  o f  d o g  f e c e s  i n  J u l y -  A u g u s t  1 9 8 6  i n d i c a t e d  t h a t  a t  1 
week, 2  w e e k s  a n d  30 days ,  t h e  v i a b i l i t i e s  o f  dog  f e c e s  d e p o s i t e d  
n e a r  t h e  b e a c h  i n  o v e r g r o w n  a r e a s  were n o t  s i g n i f i c a n t l y  
d i f f e r e g t .  I n  e a c h  i n s t a n c e  t h e  MPN f e c a l  c o l i f o r m  d e n s i t i e s  
were 1 0  f e c a l  c o l i f o r m / g r a m  o f  f e c e s .  T h u s ,  t h e  c u m u l a t i v e  
a f f e c t  o f  j u s t  dog  wastes c a n  b e  q u i t e  s u b s t a n t i a l .  To p l a c e  t h e  
p o s s i b l e  e f f e c t  o f  d o g  w a s t e s  i n  p e r s p e c t i v e ,  a n  o v e r a l l  
g e o m e t r i c  mean f e c a l  c o l i  form c o n c e n t r a t  i o n  i n  s t o r m w a t e r  ( a l l  
d a t e s ,  a l l  d r a i n s  c o m b i n e d )  w a s  c a l c u l a t e d  a n d  t h e  a m o u n t  o f  
c a n i n e  f e c a l  w a s t e  n e c e s s a r y  t o  a c c o u n t  f o r  t h i s  v a l u e  w a s  
c a l c u l a t e d .  C o n s i d e r i n g  a n  o v e r a l l  g e o m e t r i c  mean f e c a l  c o l i  form 
c o n c e n t r a t i o n  o f  7 ,349  FC/ 1 0 0  m l s  a n d  h e  r e s u l t i n g  i n p u t  o f  
f e c a l  c o l i f o r m  t o  t h e  b a y  o f  1.5 x  1 0  d u r i n g  a  2.54 c m  (1 
i n c h )  r a i n ,  t h e  amount  o f  dog w a s t e s  n e c e s s a r y  t o  a c c o u n t  f o r  t h e  
l o a d i n g  w o u l d  a p p r o x i m a t e  1 5 0  kg ( 3 3 1  l b s . ) .  I t  i s  c o n c e i v a b l e  
t h a t  t h i s  amount  o f  w a s t e  c o u l d  b e  d e p o s i t e d  by t h e  r e s i d e n t  dog 
p o p u l a t i o n  i n  2-3 days ,  a s suming  a  454 gram/dog/day d e p o s i t  f rom 
t h e  e s t i m a t e d  1 0 0  d o g s  r e s i d i n g  i n  t h e  a r e a s  s e r v i c e d  b y  
s to rmdra ins .  

The a b i l i t y  t o  p r e d i c t  f e c a l  c o l i f o r m  l o a d i n g s  f rom d o m e s t i c  
dogs ,  u s i n g  t h e s e  v a l u e s  i s  p r e c l u d e d  by t h e  c o m p l e x i t i e s  o f  t h e  
f a c t o r s  a f f e c t i n g  t h e  a c t u a l  t r a n s p o r t  o f  v i a b l e  o r g a n i s m s  t o  t h e  
bay.  The  e x t e n t  t o  w h i c h  a d j a c e n t  a n i m a l  p o p u l a t i o n s  i m p a c t  a  
w a t e r  b o d y  a r e  c o n t r o l l e d  b y  a t  l e a s t  t w o  f a c t o r s :  t h e  
p r o b a b i l i t y  o f  t h e  w a s t e s  b e c o m i n g  e n t r a i n e d  i n  s t o r m w a t e r  
e n t e r i n g  t h e  b a y ,  a n d  t h e  s u r v i v a l  c h a r a c t e r i s t i c  o f  t h e  waste 
f o l l o w i n g  d e p o s i t i o n .  R e g a r d i n g  t h e  p r o b a b i l i t y  t h a t  a n i m a l  
w a s t e s  a r e  e n t r a i n e d  i n  s t o r m w a t e r ,  t h e  p r i m a r y  i n t e r m e d i a t i n g  



f a c t o r  i s  t h e  p e r c e n t  o f  i m p e r v i o u s  a r e a  i n  t h e  d r a i n a g e  b a s i n  
( p a v e d  s u r f a c e s )  a s  wel l  a s  t h e  d r a i n a g e  c h a r a c t e r i s t i c s  o f  t h e  
r e m a i n i n g  " n a t u r a l "  a r e a  ( p r i m a r i l y  lawn and l andscaped  s i t e s  of 
r e s i d e n t i a l  a r e a s ) .  R e s i d e n t i a l  p r o p e r t i e s  s e r v i c e d  by s t o r m d r a i n  
s y s t e m s  s u r r o u n d i n g  t h e  bay f o r  t h e  most p a r t  have t h e i r  d r a i n a g e  
p a t t e r n s  m o d i f i e d  i n  s u c h  a  way a s  t o  i n c r e a s e  t h e  p r o b a b i l i t y  
t h a t  s u r f a c e - d e p o s i t e d  w a s t e s  w i l l  b e  e n t r a i n e d  i n  s t o r m w a t e r  
e n t e r i n g  t h e  bay. T h e s e  p r a c t i c e s  i n c l u d e  l a n d s c a p i n g  w h i c h  
s l o p e s  f r o m  t h e  h o u s e  t o  t h e  s t r e e t ,  a  s l o p i n g  o f  d r i v e w a y s  
toward  t h e  s t ree t ,  and  i n  some i n s t a n c e s  t h e  d i v e r s i o n  of  roof  t o p  
d r a i n a g e  i n t o  t h e  p a v e d  roadways .  W h i l e  t h e s e  p r a c t i c e s  h a v e  
b e n e f i c i a l  pu rpose  and p r e v e n t  t h e  f l o o d i n g  of  p r o p e r t i e s ,  t h e y  
c o n c u r r e n t l y  a l l o w  f o r  a  more  e x p e d i e n t  p a t h w a y  o f  s u r f a c e -  
d e p o s i t e d  wastes i n t o  t h e  r e c e i v i n g  wa te r s .  

Another  e s s e n t i a l  e l e m e n t  d e t e r m i n i n g  t h e  impac t  of a n i m a l  
p o p u l a t i o n s  o n  a d j a c e n t  w a t e r  b o d i e s  i s  t h e  s u r v i v a l  
c h a r a c t e r i s t i c  o f  t h e  w a s t e s  f o l l o w i n g  d e p o s i t .  The e x t e n d e d  
s u r v i v a l  o f  f e c a l  i n d i c a t o r s  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y  a n d  
e l s e w h e r e  ( T e m p l e  e t  a l .  1980 ,  Edmonds 1 9 7 6 ) ,  s u g g e s t s  t h e  
p o s s i b i l i t y  o f  s u b s t a n t i a l  c u m u l a t i v e  e f f e c t s  w h i c h  m u s t  b e  
c o n s i d e r e d  i n  a t t e m p t s  t o  p r e d i c t  t h e  f e c a l  c o l i f o r m  l o a d i n g  from 
d o m e s t i c  d o g s  and o t h e r  w i l d l i f e  i n h a b i t i n g  t h e  s u r f a c e  d r a i n a g e  
b a s i n  o f  B u t t e r m i l k  Bay ( r o d e n t s ,  b i r d s ,  r a b b i t s  e t c . ) .  The  
f a c t o r s  c o n t r o l l i n g  t h e  s u r v i v a l  r a t e  o f  i n d i c a t o r  o r g a n i s m s  i n  
s u r f a c e - d e p o s i t e d  wastes a r e  s o l a r  r a d i a t i o n  ( B e l l  1976, B e l l  e t  
a l .  1976 ,  Van D o n s e l  e t  a l .  1 9 6 7 ) ,  t e m p e r a t u r e  (Boyd a n d  Boyd 
1962 ,  Edmonds 1976 ,  Van D o n s e l  e t  a l .  1967 ,  W e i s e r  a n d  O s t e r u d  
1945 ) a n d  m o i s t u r e  (Brown e t  a l .  1979, Weiser and  O s t e r u d  1945). 
While  f o r  t h e  most p a r t  t h e s e  f a c t o r s  a r e  beyond man's i n f l u e n c e ,  
t h e  d r a i n a g e  sys tem i t s e l f  d o e s  p r o v i d e  a man-made env i ronment  
f o r  t h e  p r o t e c t i o n  o f  d e p o s i t e d  w a s t e s  a s  w e l l  a s  p o s s i b l e  
h a b i t a t  f o r  a d d i t i o n a l  w i l d l i f e  s u c h  a s  roden t s .  

The e f f e c t  of t e m p e r a t u r e  on  t h e  s u r v i v a l  o f  f e c a l  c o l i f o r m s  
n o t e d  by v a r i o u s  a u t h o r s  may p r o v i d e  i n s i g h t  t o  t h e  a p p a r e n t  
d r a m a t i c  d e c r e a s e  i n  s t o r m w a t e r  c o n t a m i n a t i o n  o b s e r v e d  i n  
December a s  w e l l  a s  d e c r e a s e s  i n  s t o r m w a t e r  l o a d i n g  d u r i n g  w i n t e r  
m o n t h s  o b s e r v e d  e l s e w h e r e  ( F a u s t  e t  a l .  1975) .  W h i l e  f r o z e n  
g r o u n d  g e n e r a l l y  d e c r e a s e s  i n f i l t r a t i o n  a n d  w o u l d  b e  e x p e c t e d  
t o  i n c r e a s e  s t o r m w a t e r  l o a d i n g  ( C r a n e  e t  a l .  19831,  f i e l d  
e x p e r i m e n t s  c o n d u c t e d  i n  t h e  p r e s e n t  s t u d y ,  a s  w e l l  a s  
i n v e s t i g a t i o n  e l s e w h e r e  (Van D o n s e l  e t  a l .  1967 ,  W e i s e r  a n d  
O s t e r u d  1 9 4 5 )  s u g g e s t s  t h a t  n u m e r o u s  f r e e z e - t h a w  c y c l e s  
s i g n i f i c a n t l y  a l t e r  t h e  s u r v i v a l  of  s u r f a c e - d e p o s i t e d  w a s t e s  and 
hence would a t t e n u a t e  c u m u l a t i v e  e f f e c t s  of w a s t e  d e p o s i t  d u r i n g  
w i n t e r  months.  I n  t h e  p r e s e n t  s t u d y ,  f e c a l  c o l i f o r m  i n  g o o s e  
f e c e s  10s t v i a b i l i t y  a f t e r  4-5 d a y s  o n  t h e  b e a c h  a r e a  i n  w i n t e r  
months, whereas  s u r v i v a l  exceed ing  20 d a y s  was i n d i c a t e d  i n  goose 
wastes d u r i n g  warmer  months.  A l t h o u g h  n o t  q u a n t i f i e d ,  r a p i d  
m o r t a l i t y  i n  w i n t e r  m o n t h s  a p p e a r e d  a l s o  t o  b e  r e l a t e d  t o  t h e  
m o i s t u r e  c o n t e n t  o f  t h e  f e c a l  p e l l e t ,  w i t h  m o i s t e r  p e l l e t s  
e x h i b i t i n g  more  r a p i d  d i e  o f f  d u r i n g  t h e  f r e e z e  t h a w  c y c l e s .  
T h i s  would s u p p o r t  t h e  c o n c l u s i o n s  of  Weiser and  O s t e r l u d  (1945) 
and Kibbey e t  al.  (1978) who hypo thes ized  t h a t  e x t r a c e l l u l a r  ice 



damage  was t h e  mechan i sm i n v o l v e d  i n  m o r t a l i t y  o f  -- E. c o l i  a t  
f r e e z i n g  t e m p e r a t u r e s .  

T h u s ,  i t  a p p e a r s  p l a u s i b l e  t h a t  t h e  f e c a l  c o l i f o r m  l e v e l s  
o b s e r v e d  a t  d i s c h a r g e  p o i n t s  i n  B u t t e r m i l k  Bay a r e  t h e  r e s u l t  of 
a r e s i d e n t  p e t  a n d  w i l d l i f e  a n i m a l  p o p u l a t i o n ,  a l t h o u g h  n o  
c o n c l u s i o n s  c o u l d  be drawn r e g a r d i n g  which o f  t h e s e  was t h e  major  
c o n t r i b u t o r .  The e f f e c t s  of t h e  r e s i d e n t  a n i m a l  p o p u l a t i o n  a re  
e m p h a s i z e d  b y  a n  e x t e n s i v e  d r a i n a g e  s y s t e m  w h i c h  o p e n s  
c o n s i d e r a b l e  s u r f a c e  d e p o s i t  area t o  d i r e c t  d i s c h a r g e  t o  t h e  bay. 
T h i s  e f f e c t  is  f u r t h e r  a c c e n t e d  by l a n d  u s e  p r a c t i c e s  n e c e s s a r y  
f o r  t h e  p r e v e n t i o n  o f  e x c e s s i v e  f l o o d i n g  o f  r e s i d e n t i a l  a r e a s .  
These  c o n t e n t i o n s  a p p e a r  t o  be s u b s t a n t i a t e d  by s t u d y  e l s e w h e r e  
u n d e r  t h e  N a t i o n a l  Urban  R u n o f f  P r o g r a m  a n d  o t h e r s  w h i c h  f o u n d  
t h a t  i n t e n s i t y  o f  l a n d  u s e  i n  a  s u r r o u n d i n g  w a t e r s h e d  h a s  a  
n e g a t i v e  i m p a c t  on s t o r m w a t e r  q u a l i t y ,  of  t e n  u n r e l a t e d  t o  a c t u a l  
i n p u t  of  human s a n i t a r y  w a s t e s .  A l t h o u g h  i t  i s  known t h a t  
f a i l i n g  s u b s u r f a c e  sewage d i s p o s a l  s y s t e m s  ( f a i l i n g  t o  t h e  p o i n t  
where  s e p t a g e  i s  on  t o p  o f  t h e  ground)  have o c c u r r e d  i n  t h e  p a s t  
( C a r l  W a k e f i e l d ,  W a r e h a m  B o a r d  o f  H e a l t h  - p e r s o n a l  
communica t ion )  a n d  t h a t  t h e s e  wastes may c o n t r i b u t e  s p o r a d i c a l l y  
t o  t h e  o v e r l a n d  o r  p i p e  d i s c h a r g e ,  i n  g e n e r a l  p u b l i c  a w a r e n e s s  
a n d  t h e  n u i s a n c e  a s p e c t  o f  o d o r  a s s o c i a t e d  w i t h  t h e s e  s y s t e m  
f a i l u r e s  compels  t h e i r  immedia te  r e p a i r .  

Release pf fecal coliforr - from protected reservoirs 

W i t h i n  B u t t e r m i l k  Bay b o t h  t h e  s e d i m e n t s  a n d  d e c a y i n g  e e l  
g r a s s  a n d  o t h e r  d e b r i s  r e m a i n i n g  a f t e r  t h e  t i d e  ebbs ( h e n c e f o r t h  
r e f e r r e d  t o  a s  "wrackn)  have been  d e t e r m i n e d  t o  a c t  a s  p r o t e c t e d  
r e s e r v o i r s  a n d  a c c u m u l a t o r s  o f  f e c a l  c o l i f o r m .  The second  ma jo r  
c a t e g o r y  o f  s t o r m w a t e r  i m p a c t  t o  t h i s  m a r i n e  s y s t e m  i s  t h e  
d i s l o d g i n g  o r  e l u t i o n  o f  f e c a l  c o l i f o r m  c o n t a i n e d  i n  t h e s e  
p r o t e c t e d  r e s e r v o i r s ,  w h i c h  c a u s e s  t h e i r  r e t u r n  t o  t h e  w a t e r  
column a n d  a compromis ing  o f  t h e  water q u a l i t y  i n  t h e  a r e a .  

T h e  a c c u m u l a t i o n  o f  f e c a l  c o l i f o r m  i n  m a r i n e  s e d i m e n t s  h a s  
b e e n  o b s e r v e d  b y  many i n v e s t i g a t o r s  ( R i t t e n b u r g  e t  a l e  1958 ,  
S a y l e r  e t  a l .  1 9 7 5 ,  Van D o n s e l  a n d  G e l d r e i c h  1971 ,  V o l t e r r a  e t  
al. 1985, Gerba a n d  McLeod 1976, E r k e n b r e c h e r  1981, L a L i b e r t e  and  
G r i m e s  l 9 8 2 ) ,  a n d  was s u p p o r t e d  b y  p r e l i m i n a r y  o b s e r v a t i o n s  i n  
o u r  s t u d y  area. Sed imen t -ove r ly ing  water s a m p l e s  from selected 
c i t e s  i n  B u t t e r m i l k  Bay ( T a b l e  1) t a k e n  b y  d i s r u p t i n g  t h e  
s e d i m e n t s  i n  a 1 s q .  m a n d  s a m p l i n g  i n  t h e  b o i l  s u g g e s t  t w o  
c o n c l u s i o n s .  Foremost ,  i t  a p p e a r s  t h a t  c e r t a i n  a r e a s  of  t h e  bay  
c o n t a i n  s e d i m e n t s  w i t h  t h e  c a p a c i t y  t o  a c c u m u l a t e  f e c a l  
i n d i c a t o r s ,  and second ly ,  t h e s e  f e c a l  c o l i f o r m  c a n  r e t u r n  t o  t h e  
water column by  p h y s i c a l l y  d i s r u p t i n g  t h e  sed imen t s .  

Q u a l i t a t i v e  o b s e r v a t i o n s  a t  t h e  time o f  s a m p l i n g  s u g g e s t  t h a t  
a c c u m u l a t i o n  o f  f e c a l  c o l i  form i n  t h e  s e d i m e n t s  of  B u t t e r m i l k  Bay 
was related to  two f a c t o r s :  t h e  o r g a n i c  c o n t e n t  o f  t h e  s e d i m e n t ,  
a n d  t h e  p r o x i m i t y  o f  t h e  area t o  a c o n t a m i n a t i o n  source .  Samples  
t a k e n  a t  E lec t r ic  Ave. ( p u b l i c  b e a c h ) ,  Sewe l l  Cove a n d  G i b b s  



Narrows ( i n  t h e  c u t )  showed v e r y  l i t t l e  o r g a n i c  m a t t e r  o r  " f l u f f t t  
f o l l o w i n g  d i s r u p t  i o n  of  t h e  bot tom; t h e s e  s a m p l e s  c o n c u r r e n t l y  
showed  l i t t l e  d i f f e r e n c e  b e t w e e n  t h e  o v e r l y i n g  w a t e r  b e f o r e  
d i s r u p t i o n  o f  t h e  s e d i m e n t s  a n d  a f t e r .  Samples  i n  t h e  Red Brook 
a r e a ,  t h e  a r e a  n e a r  Hideaway Creek and S t a t i o n  4 c o n t a i n e d  l i g h t  
f l u f f y  s e d i m e n t s  a n d  c o n c u r r e n t l y  c o n t a i n e d  h i g h e r  f e c a l  c o l i f o r m  
c o n c e n t r a t i o n s  i n  t h e  b o i l  ( t u r b i d  w a t e r  sampled  a f t e r  s e d i m e n t  
d i s r u p t i o n ) .  P r o x i m i t y  t o  a  s o u r c e  a s  a n  i m p o r t a n t  f a c t o r  i n  
d e t e r m i n i n g  t h e  f e c a l  c o l i f o r m  c o n t e n t  o f  s e d i m e n t s  a s  w a s  
d e m o n s t r a t e d  by t h e  Gibbs  Narrows s a m p l e s  of 8/29/86 a n d  9/11/86. 
A l t h o u g h  t h e s e  s a m p l e s  were t a k e n  a t  a p p r o x i m a t e l y  t h e  same 
l o c a t i o n s ,  i t  was n o t e d  t h a t  on 9/11/86 a l a r g e  f l o c k  o f  s e a g u l l s  
w a s  f e e d i n g  o n  e x p o s e d  c l a m s  i n  t h e  a r e a  d u r i n g  t h e  t i m e  p r i o r  t o  
s a m p l i n g .  T h i s  s i t e  h a d  a n  i n t e r m e d i a t e  d e g r e e  o f  o r g a n i c  
m a t e r i a l  i n  t h e  sediment .  

TABLE 1. O v e r l y i n g  water - s u s p e n d e d  s e d i m e n t  f e c a l  c o l i f o r m  .- d e n s i t i e s  (MPN f e c a l  c o l i f o r m /  1 0 0  m l  s a m p l e )  f r o m  s e l e c t e d  
s i t e s  a r o u n d  t h e  p e r i m e t e r  o f  B u t t e r m i l k  Bay, s o u t h e a s t e r n  
Massachuse t t s .  A l l  f e c a l  c o l i  form were f u r t h e r  d i f f e r e n t i a t e d  
and i d e n t i f i e d  a s  E. c o l i .  -- 
Sample Da te  L o c a t i o n  F e c a l  C o l i  form 

p e r  100 m l  
Over ly ing  Water 

Hideaway Creek 
Red Brook ( T i d a l  
p o o l  
E l e c t r i c  Ave. 
S e w e l l  Cove 
Gibbs Narrows 
S t a t i o n  4 
Gibbs  Narrows 
Red Brook Mouth 
Miller Cove 
Gibbs Narrows 
Red Brook Mouth 
Miller Cove 

F e c a l  C o l i  form 
p e r  100 m l  

Water + Sediment  

* Sed imen t  + w a t e r  sample  v a l u e  o u t s i d e  t h e  95% c o n f i d e n c e  l i m i t  
of  t h e  w a t e r  v a l u e  a s  d e f i n e d  by a s t a n d a r d  MPN t a b l e .  

The o r g a n i c  c o n t e n t  o f  t h e  suspend ing  medium h a s  been  shown 
t o  b e  a n  i m p o r t a n t  f a c t o r  i n  p r o l o n g i n g  t h e  s u r v i v a l  o f  v a r i o u s  
e n t e r i c  o r g a n i s m s  i n  mar ine  ( O r l o b  1956, Vaccaro e t  a l .  1950, Won 
a n d  R o s s  1 9 7 3 ) ,  f r e s h w a t e r  ( S i n c l a i r  a n d  A l e x a n d e r  1 9 8 4 ) ,  a n d  
t e r r e s t r i a l  s y s t e m s  (Mallman and  L i t s k y  1951, T a t e  1978). Some 
i n v e s t i g a t o r s ,  n o t a b l y  Gerba and McLeod (1976),  Hendr i cks  (1970) 
a n d  Hendr i cks  a n d  Morr i son  (1967) have d e m o n s t r a t e d  t h e  a b i l i t y  
o f  e n t e r i c  o r g a n i s m s ,  i n c l u d i n g  E. c o l i ,  t o  u t i l i z e  n u t r i e n t s  
e x t r a c t e d  from s e d i m e n t s  f o r  g r o w t K T h u s  is a p p e a r s  t h a t ,  n o t  



o n l y  d o  s e d i m e n t s  h a v e  t h e  p o t e n t i a l  f o r  p r o t e c t i n g  a n d  
a c c u m u l a t i n g  f e c a l  c o l i f o r m s ,  b u t  t h e y  may a l s o  s u p p o r t  t h e i r  
g r o w t h  i n  p r o p o r t i o n  t o  t h e  a v a i l a b l e  n u t r i e n t s .  T h i s  mechanism 
g i v e s  a n  added i m p l i c a t i o n  t o  t h e  i n p u t  of  n u t r i e n t s  f rom o n - s i t e  
s u b s u r f a c e  s e p t i c  w a s t e  d i s p o s a l .  W h i l e  t h i s  p r a c t i c e  may n o t  
r e s u l t  i n  t h e  a c t u a l  i n p u t  o f  e n t e r i c  o r g a n i s m s  t o  t h e  b a y  (see 
s e c t i o n  o n  S e p t i c  S y s t e m s ) ,  t h e  i n p u t  o f  n u t r i e n t s  f r o m  t h i s  
p r a c t i c e  which was e v i d e n c e d  ( V a l i e l a  e t  a l .  1987) ,  may r e s u l t  i n  
t h e  m u l t i p l i c a t i o n  of  e n t e r i c  o rgan i sms ,  t o  i n c l u d e  pa thogens ,  i n  
t h e  r e c e i v i n g  sed imen t s .  

The a c c u m u l a t i o n  of f e c a l  c o l i f o r m  i n  s e d i m e n t s  may r e s u l t  i n  
t h e i r  r e s u s p e n s i o n  d u r i n g  r a i n f a l l  e v e n t s  ( S c h i l l i n g e r  a n d  Gannon 
1 9 8 5 ,  R o p e r  a n d  M a r s h a l l  1974) .  A l t h o u g h  t h e  mechan i sm i s  
u n c l e a r ,  m e c h a n i c a l  d i s r u p t i o n  o f  t h e  s e d i m e n t s  a t  d i s c h a r g e  
p o i n t s  f o r  s t o r m w a t e r  a s  w e l l  a s  a  more g e n e r a l i z e d  chang ing  of  
t h e  a d s o r p t i v e  c a p a c i t y  of s e d i m e n t s  f o r  b a c t e r i a  i n  r e s p o n s e  t o  
a  sudden i n f l u x  of f r e s h w a t e r  i s  s u s p e c t e d .  The a b i l i t y  of  f e c a l  
c o l i  form t o  become resuspended  f o l l o w i n g  p h y s i c a l  d i s r u p t  i o n  h a s  
been  d e m o n s t r a t e d  i n  o u r  s t u d y  and is s u p p o r t e d  by G r i m e s  (1975). 
T h i s  may h a v e  a d d i t i o n a l  i m p l i c a t i o n  f o r  h y d r a u l i c  c l a m m i n g  
o p e r a t i o n s  i n  a r e a s  where  t h e  s e d i m e n t s  a r e  l a d e n  w i t h  e x c e s s i v e  
f e c a l  i n d i c a t o r s .  A s i n g l e  set  of  s a m p l e s  t a k e n  i n  October ,  1968 
a m i d s t  a  h y d r a u l i c  clamming o p e r a t i o n  i n  Gibbs Narrows i n d i c a t e d  
t h a t  i n  t h i s  c a s e ,  t h e  s e d i m e n t s  w e r e  n o t  a c c u m u l a t i n g  f e c a l  
c o l i  form. 

I n  a d d i t i o n  t o  s e d i m e n t s ,  d e p o s i t s  l e f t  w i t h  t h e  r e c e d i n g  
t i d e  ( w r a c k )  w h i c h  were p r i m a r i l y  d e a d  a n d  d e c a y i n g  e l l g r a s s  
( Z o s t e r a  m a r i n a )  w e r e  e x a m i n e d  f o r  f e c a l  c o l i  form. L a r g e  
I d e p o s i t s  a p p r o x i m a t i n g  5-10 k g  p e r  m e t e r  o f  b e a c h  were common 

t h r o u g h o u t  t h e  summer  months .  S u b s a m p l i n g  o n e  gram p o r t i o n s  o f  
ee l  g r a s s  by p l a c i n g  i t  i n  s t e r i l e  b u f f e r e d  w a t e r  and  p e r f o r m i n g  
t es t s  f o r  f e c a l  c o l i f o r m  (MPN) showed a n  e x t r e m e l y  h i g h  d e g r e e  of 
v a r i a b i l i t y  r a n g i n g  from below t h e  d e t e c t a b l e  l i m i t  t o  > 24,000 
FC/100 gram. No o b v i o u s  c o r r e l a t i o n s  w i t h  a r e a  were n o t e d  w i t h  
t h e  e x c e p t i o n  o f  v e r y  h i g h  ( > 1 , 0 0 0  FC/gram)  v a l u e s  w h i c h  were 
g e n e r a l l y  n o t e d  i n  a r e a s  where w a t e r f o w l ,  p r i m a r i l y  Canada g e e s e ,  
h a d  b e e n  o b s e r v e d  i n  d a y s  p r i o r  t o  s a m p l i n g .  D u r i n g  t h e  r a i n  
e v e n t  of  November 6, 1986 subsamples  of a p p r o x i m a t e l y  2  kg were 
t a k e n  f rom s i x  s i t e s  ( c o n c u r r e n t  w i t h  s t o r m w a t e r  d r a i n  s a m p l i n g )  
and p l a c e d  i n  a  s t e r i l e  t r a y .  The s a m p l e s  were t h e n  squeezed  t o  
e x t r a c t  t h e  r a i n w a t e r  t h e y  had  c o l l e c t e d  a n d  t h e  r e s u l t i n g  sample  
was c u l t u r e d  w i t h  MPN methodology. The r e s u l t s  a r e  p r e s e n t e d  i n  
T a b l e  2. 

T h e s e  r e s u l t s  s u g g e s t  t h a t  i n  a d d i t i o n  t o  s e r v i n g  a s  a 
p r o t e c t i v e  r e s e r v o i r  f o r  f e c a l  c o l i f o r m ,  d e c a y i n g  e e l g r a s s  a n d  
o t h e r  m a t t e r  i n  t h e  w r a c k  l i n e  s e r v e  a s  a  d i f f u s e  s o u r c e  o f  
b a c t e r i a  f o l l o w i n g  t h e  p e r c o l a t i o n  of  r a i n w a t e r  t h r o u g h  it. I t  
i s  l i k e l y  t h a t  d u r i n g  t h e  f o l l o w i n g  i n u n d a t i n g  t i d e ,  f e c a l  
c o l i f o r m  w i l l  b e  r e l e a s e d  t o  t h e  bay  from t h i s  s o u r c e ,  p o s s i b l y  
r e s u l t i n g  i n  s e v e r e  d e g r a d a t i o n  of w a t e r  q u a l i t y  i n  a d d i t i o n  t o  
t h a t  i m p a r t e d  b y  t h e  e x i s t i n g  s t o r m d r a i n s .  A l t h o u g h  t h e  
h y p o t h e s i s  h a s  n o t  been  t e s t e d ,  i t  is l i k e l y  t h a t  e v e n  under  d r y  



c o n d i t i o n s ,  t h e  i n u n d a t i o n  o f  c o n t a m i n a t e d  wrack r e s u l t s  i n  some 
d e g r a d a t i o n  o f  w a t e r  q u a l i t y  i n  t h e  i m m e d i a t e  a r e a .  

Table  2 F e c a l  c o l i f o r m  d e n s i t i e s  i n  r a i n w a t e r  e x t r a c t  f r o m  
d e c a y i n r  e e l g r a s s  found a t  s e l e c t e d  l o c a t  i o n s  i n  B u t t e r m i l k  Bay, 
s o u t h e a s t e r n  Massachuse t t s ,  1986. Numbers a r e  e x p r e s s e d  a s  f e c a l  
c o l i f o r m  p e r  100  m l s  o f  e x t r a c t .  

L o c a t i o n  F e c a l  c o l i f o r m /  100 m l  e x t r a c t  

Electric Avenue Beach 13 ,000  
Mouth of Red Brook 2,300 
Approximate ly  30 m from mouth 

o f  Red Brook >16,000 
Hideaway Cove >16,000 
L i t t l e  B u t t e r m i l k  Bay* a t  O l d  

Head o f  Bay R d .  >16,000 
P u r i t a n  Avenue ( n e a r  s t o r m d r a i n )  16 ,000  

A l t h o u g h  t h e  s o u r c e  o f  f e c a l  c o l i f o r m  i n  d e a d  a n d  d e c a y i n g  
e e l g r a s s  is n o t  d e f i n i t e l y  k n o v ,  w a s t e s  f rom b o t h  w a t e r f o w l  and  
s c a v e n g i n g  a n i m a l s  i s  s t r o n g l y  s u s p e c t e d .  I n  c o n  j u n c t i o n  w i t h  
weekly  b i rd  c e n s u s  c o l l e c t i o n  d i s c u s s e d  la ter ,  weekly  c o u n t s  o f  
a n i m a l  s c a t s  o n  s e l e c t e d  s e c t i o n s  o f  b e a c h  i n d i c a t e d  o n  a n  
a v e r a g e  o f  2  dog s c a t s  p e r  100 m o f  s h o r e l i n e  and  a n  abundance  
o f  Canada goose  f e c e s  ( d u r i n g  t h e i r  p r e s e n c e  i n  w i n t e r  months a n d  
l a t e  summer) .  T h i s  f e c a l  m a t t e r  when r o l l e d  i n t o  t h e  d e c a y i n g  
e e l g r a s s  b y  w a t e r  m o t i o n  o n  t h e  i n c o m i n g  t i d e  i s  a p p a r e n t l y  
a f f o r d e d  a p r o t e c t e d  s i t e  where  . f e c a l  i n d i c a t o r s  c a n  s u r v i v e  f o r  
e x t e n d e d  p e r i o d s  a n d  p o s s i b l y  m u l t i p l y .  

Due t o  t h e  v a r i a b i l i t y  of  t h e  d a t a ,  n o  a t t e m p t  h a s  been  made 
t o  d e t e r m i n e  t h e  a c t u a l  f e c a l  c o l i f o r m  l o a d i n g  f r o m  dead a n d  
d e c a y i n g  wrack,  however i t  d o e s  a p p e a r  t h a t  i n  c e r t a i n  s i t u a t i o n s  
t h e  e f f e c t  may be c o n s i d e r a b l e .  

Impacts - from surcharge - with contaminated groundwater 

Although n o t  s p e c i f i c a l l y  s t u d i e d  w i t h i n  t h e  c o n f i n e s  o f  t h e  
p r e s e n t  s t u d y ,  l o c a l  i n c r e a s e s  i n  g r o u n d w a t e r  f l o w  v e l o c i t i e s  
associated w i t h  r a i n f a l l ,  must be a d d r e s s e d  a s  t o  t h e i r  p o s s i b l e  
i m p l i c a t i o n s  t o  b a c t e r i a l  c o n t a m i n a t i o n  w i t h i n  t h e  bay. Sampl ing  
g r o u n d w a t e r  a t  se lec ted  s i t e s  a r o u n d  B u t t e r m i l k  Bay ( F i g u r e  8 ,  
T a b l e  3 )  i n d i c a t e s  t h a t  g r o u n d w a t e r  e n t e r i n g  t h e  b a y  d o e s  
o c c a s i o n a l l y  e n t r a i n  f e c a l  i n d i c a t o r  o r g a n i s m s ,  a l t h o u g h  t h e  
s o u r c e s  o f  t h e s e  o r g a n i s m s  were n o t  d e t e r m i n e d .  S i n c e  t h e  
m o r t a l i t y  o f  f e c a l  c o l i f o r m  r e l e a s e d  f r o m  a n y  s o u r c e  i s  a  
f u n c t i o n  o f  time, a l l  f a c t o r s  a f f e c t i n g  t h e  r e s i d e n c e  t ime o f  
f e c a l  c o l i f o r m  i n  g r o u n d w a t e r  p r i o r  t o  t h e  r e lease  i n t o  t h e  
s u r f a c e  water m u s t  be c o n s i d e r e d  a s  i m p o r t a n t  i n  d e f i n i n g  t h e  
o v e r a l l  i m p a c t  o f  c o n t a m i n a t e d  g r o u n d w a t e r  t o  t h e  bay.  The  
i n c r e a s e d  e n t r a i n m e n t  d i s t a n c e  o f  f e c a l  i n d i c a t o r  o r g a n i s m s  



Fiy.8 A) Approximate locations of groundwater sampling stations 
in Buttermilk Bay, sout!leastern Massachusetts 1986. 
B) Reference map to indicate relative development. Source: 
USGS, 1979. 



f o l l o w i n g  r a i n f a l l  h a s  been demons t ra ted  e l s e w h e r e  (Bouwer e t  a l .  
1974 a n d  Hagerdon e t  a l .  1978, B i t t o n  and  Gerba 1984). 

The  mechanism by w h i c h  r a i n f a l l  e x p e d i t e s  t h e  t r a n s p o r t  o f  
b a c t e r i a l  o r g a n i s m s  i n  groundwater  is l i k e l y  twofold.  A p r i m a r y  
c o n s i d e r a t i o n  i n  b a c t e r i a l  e n t r a i n m e n t ,  a s  w e l l  a s  v i r u s  
e n t r a i n m e n t  d i s c u s s e d  l a t e r ,  i s  t h e  d i s t a n c e  o f  t r a v e l  of  
b a c t e r i a  th rough  a n  u n s a t u r a t e d  vadose zone, S a t u r a t e d  c o n d i t i o n s  
a r e  g e n e r a l l y  m o r e  c o n d u c i v e  t o  b a c t e r i a l  e n t r a i n m e n t  t o  
groundwater  (Moore and B e e h i e r  1984). Under c e r t a i n  r e c h a r g e  o r  
r a i n f a l l  e v e n t s ,  t h e  a r e a s  b e n e a t h  t h e  m o s t  p r o b a b l e  s o u r c e  o f  
f e c a l  c o l i f o r m  ( s e p t i c  s y s t e m s )  may a p p r o a c h  c o n d i t i o n s  o f  
s a t u r a t e d  f l o w  i n  some s i t u a t i o n s .  I f  t h i s  b e c o m e s  t h e  c a s e  
i n c r e a s e d  n u m b e r s  o f  f e c a l  c o l i f o r m  r e a c h i n g  t h e  g r o u n d w a t e r ,  
c o u p l e d  w i t h  i n c r e a s e d  l a t e r a l  f l o w  v e l o c i t y  o f  g r o u n d w a t e r ,  
c o u l d  r e s u l t  i n  more e n t e r i c  o r g a n i s m s  r e a c h i n g  t h e  b r e a k o u t  
p o i n t  i n  t h e  bay,  I n  a d d i t i o n  t o  t h e  p a s s i v e  r o l e  o f  moving 
more f e c a l  o r g a n i s m s  i n  a  s h o r t e r  time f r a m e ,  t h e  f l o o d i n g  o f  a  
s u b s u r f a c e  sys tem w i t h  r a i n w a t e r ,  which would have a  d i f f e r e n t  
i o n i c  c h a r a c t e r i s t i c  t h a n  s e p t i c  e f f l u e n t ,  may c a u s e  t h e  e l u t i o n  
o r  d e s o r p t i o n  o f  b a c t e r i a  f r o m  t h e  s o i l  m a t r i x  a s  h a s  b e e n  
o b s e r v e d  t o  o c c u r  w i t h  v i r u s e s  ( L a n c e  e t  a l .  1976  a n d  L a n d r y  e t  
a l .  1979).  

T h u s  i t  a p p e a r s  f r o m  s t u d i e s  e l s e w h e r e  t h a t  t r a n s p o r t  o f  
f e c a l  c o l i f o r m  a n d  o t h e r  e n t e r i c  o r g a n i s m s  i n  g r o u n d w a t e r  i s  
f a c i l i t a t e d  by  r e c h a r g e  e v e n t s .  T h i s  phenomena may, i n  p a r t ,  
a c c o u n t  - f o r  some o f  t h e  w a t e r  d e g r a d a t i o n  obse rved  i n  B u t t e r m i l k  
Bay f o l l o w i n g  r a i n  e v e n t s ,  h o w e v e r  r e s u l t s  d i s c u s s e d  l a t e r  i n  
t h i s  r e p o r t  (see S e p t i c  S y s t e m s )  s u g g e s t s  t h a t  t h i s  i m p a c t  i s  
c o m p a r a t i v e l y  minimal. 

SEPTIC SYSFEHS 

E v i d e n c e  t h a t  s e p t i c  s y s t e m  e f f l u e n t  a f f e c t s  t h e  
b a c t e r i o l o g i c a l  q u a l i t y  o f  g r o u n d w a t e r ,  o f t e n  f o r  c o n s i d e r a b l e  
d i s t a n c e s ,  h a s  been p r e s e n t e d  from a  v a r i e t y  o f  s t u d i e s  conducted 
e l s e w h e r e .  S t u d i e s  s u m m a r i z e d  b y  Hagedorn  ( 1 9 8 4 )  i n d i c a t e  t h e  
e n t r a i n m e n t  of  v a r i o u s  e n t e r i c  o rgan i sms  f o r  d i s t a n c e s  of  0.6-830 
m (2-2723 f  t )  a n d  s u r v i v a l  times t o  27  weeks. The m a j o r  f a c t o r  
a f f e c t i n g  t h e  e n t r a i n m e n t  d i s t a n c e  o f  e n t e r i c  o r g a n i s m s  i s  t h e  
so i l  type. F a c t o r s  most i m p o r t a n t  i n  d e t e r m i n i n g  t h e  s u r v i v a l  of  
e n t e r i c  o r g a n i s m s  i n  s u b s u r f a c e  s o i l  s y s t e m s  a r e  d e f i n e d  a s  
m o i s t u r e  c o n t e n t ,  m o i s t u r e  h o l d i n g  c a p a c i t y ,  t e m p e r a t u r e ,  pH, 
o r g a n i c  matter a n d  compet i t ion /an tagon i sm from s o i l  f l o r a  (Gerba 
and B i t t o n  1984). 

I n  g e n e r a l ,  t h e s e  i n v e s t i g a t o r s  conclude  t h a t  t h e  g r e a t e s t  
s u r v i v a l  o f  e n t e r i c  o r g a n i s m s  i n  s o i l  s y s t e m s  o c c u r s  i n  
c o n d i t i o n s  of moist so i l s  w i t h  good mois tu re -ho ld ing  c a p a b i l i t y  
a t  low t e m p e r a t u r e s  i n  more a l k a l i n e  so i l s  (pH above 5 )  t h a t  a r e  
devo id  of  normal  f l o r a ,  I n  a d d i t i o n ,  t h e r e  is e v i d e n c e  t h a t  when 
s u f f i c i e n t  a m o u n t s  o f  o r g a n i c  matter a r e  p r e s e n t ,  i n c r e a s e d  
s u r v i v a l  and p o s s i b l e  r e g r o w t h  c a n  occur.  



Groundwater  s a m p l i n g  i n  t h e  B u t t e r m i l k  Bay w a t e r s h e d  d u r i n g  
1986 p r e s e n t e d  c o n f l i c t i n g  i n d i c a t i o n s  r e g a r d i n g  t h e  e n t r a i n m e n t  
o f  b a c t e r i a l  i n d i c a t o r s  i n  g r o u n d w a t e r  e n t e r i n g  t h e  bay. T h e  
s p o r a d i c  o c c u r r e n c e  o f  f e c a l  i n d i c a t o r s  f r o m  s e l e c t e d  s i t e s  
a r o u n d  t h e  b a y  ( T a b l e  3,  F i g  8.) g a v e  i n i t i a l  i n d i c a t i o n  t h a t  
o r g a n i s m s  c a n  b e  e n t r a i n e d  i n  l a t e r a l  f l o w  f o r  a t  l e a s t  t h e  
d i s t a n c e  from t h e  p o i n t  of d i s c o v e r y  t o  t h e  n e a r e s t  s e p t i c  sys t em 
( c a .  3 5  m ) .  I n  some s i t u a t i o n s ,  h o w e v e r ,  w h e r e  s e p t i c  s y s t e m s  
were  less  t h a n  5  m u p g r a d i e n t  f rom t h e  sample  w i t h d r a w a l  p o i n t ,  
n o  f e c a l  i n d i c a t o r s  were i s o l a t e d  f r o m  s a m p l e s  t a k e n ,  F u r t h e r  
i n d i c a t i o n  of v e r y  l i m i t e d  m o b i l i t y  of f e c a l  i n d i c a t o r s  i n  s o i l  
came f r o m  a n  i n - d e p t h  s t u d y  o f  a  s e p t i c  s y s t e m  l o c a t e d  i n  a 
p e r i o d i c a l l y - s a t u r a t e d  f l o w  s i t u a t i o n  and  a  s e p t i c  s y s t e m  l o c a t e d  
l o c a t e d  w i t h i n  70 cm of  groundwater .  The f i r s t  s e p t i c  sys t em 
w a s  c h o s e n  d u e  t o  t h e  f a c t  t h a t  d u r i n g  a  p o r t i o n  o f  t h e  t i d a l  
c y c l e ,  t h e  z o n e  s u r r o u n d i n g  a  p o r t i o n  o f  t h e  s y s t e m  w a s  
s a t u r a t e d ,  and t h u s  would b e  most  conducive  t o  i n d i c a t o r  o rgan i sm 
e n t r a i n m e n t  i n  g r o u n d w a t e r .  The  s y s t e m  w o u l d  b e  c l a s s i f i e d  a s  
" o p e r a t i n g a  e v e n  t h o u g h  a t  t h e  t ime o f  o u r  s t u d y  i t  w a s  u n d e r  
a d m i n i s t r a t i v e  o r d e r s  f o r  r e p a i r  d u e  t o  t h e  p o t e n t i a l  f o r  
c o n t a m i n a t i o n  of t h e  bay. The f l u i d  l e v e l  i n  t h e  second l e a c h i n g  
e l e m e n t  o f  t h i s  s y s t e m  w a s  n e a r  t h e  t o p  o f  t h e  e l e m e n t  
s u g g e s t i n g  t h a t  a g i n g  o f  t h e  s y s t e m  h a d  s i g n i f i c a n t l y  i m p a i r e d  
i t s  l e a c h i n g  a b i l i t y .  N u t r i e n t  a n a l y s e s  ( V a l i e l a  e t  a l .  1 9 8 7 )  
were used  t o  c o n f i r m  t h e  s a m p l i n g  l o c a t i o n s  a s  b e i n g  w i t h i n  t h e  
b o u n d r i e s  o f  a s e p t i c  plume. 

Sampl ing  a t  t h i s  f i r s t  s i t e  on  two d a t e s  (Tab le  3, F i g u r e  9 )  
i n d i c a t e s  v e r y  e f f i c i e n t  r e m o v a l  o f  f e c a l  i n d i c a t o r s  b y  s o i l  
(>99.99  % r e m o v a l )  w i t h i n  7  m o f  l a t e r a l  f l o w ,  w i t h  f u r t h e r  
i n d i c a t i o n  t h a t  t h e  m a j o r  r e m o v a l  t a k e s  p l a c e  w i t h i n  2  m. The 
l i m i t e d  e n t r a i n m e n t  o f  f e c a l  i n d i c a t o r s  h a s  b e e n  r e p o r t e d  
e l s e w h e r e  u t i l i z i n g  v a r i o u s  s o i l  types .  Using s o i l s  o f  80%, 41% 
a n d  7.6 % s a n d ,  Brown e t  a l .  ( 1 9 7 9 )  o b s e r v e d  t h a t ,  o n  o n l y  a  f e w  
o c c a s i o n s  were f e c a l  i n d i c a t o r s  i s o l a t e d  f r o m  e f f l u e n t  1 2 0  c m  
b e l o w  s e p t i c  l e a c h i n g  l i n e s ,  Under  s a t u r a t e d  c o n d i t i o n s ,  
Hagedorn e t  a l .  (1978) i n d i c a t e d  t h a t  wells 3,000 c m  downgrad ien t  
f rom a  f e c a l  c o l i f o r m  s o u r c e  d i d  n o t  show t h e  e n t r a i n m e n t  of  t h i s  
i n d i c a t o r .  I n  what  is p e r h a p s  t h e  most  comparab le  s t u d y  d e s i g n  
t o  t h e  a r e a  o f  B u t t e r m i l k  Bay, Vaughn e t  a l .  ( 1 9 8 3 )  o n l y  r a r e l y  
d e t e c t e d  c o l i f o r m  a t  l a t e r a l  d i s t a n c e s  g r e a t e r  t h a n  1.52 m from 
l e a c h i n g  p o o l  h a v i n g  c o l i f o r m  d e n s i t i e s  o f  1 0  - 1 0  8 
o r g a n i s m s /  1 0 0  m l .  c o l l e c t i v e l y ,  t h e s e  s t u d i e s  s u g g e s t  t h a t  sand ,  
e v e n  o f  v e r y  l o w  c l a y  c o n t e n t  i s  a n  e f f i c i e n t  r e s t r i c t o r  o f  
b a c t e r i a l  i n d i c a t o r  e n t r a i n m e n t ,  

T h e  s e c o n d  s e p t i c  s y s t e m  i n v e s t i g a t e d  was l o c a t e d  o n  t h e  
w e s t e r n  s h o r e  o f  B u t t e r m i l k  Bay a n d  a g a i n  o n l y  s h o w e d  l i m i t e d  
e n t r a i n m e n t  of i n d i c a t o r  b a c t e r i a  ( F i g u r e  10). 

I n  l i g h t  of  d a t a  i n d i c a t i n g  b o t h  v e r y  l i m i t e d  e n t r a i n m e n t  of  
b a c t e r i a l  i n d i c a t o r s  a s  well a s  e n t r a i n m e n t  t o  d i s t a n c e s  o f  35 m 
or more, we c a n  o n l y  c o n c l u d e  t h a t  s i t e  s p e c i f i c  i n f o r m a t i o n  on  a 
m o r e  s u b s t a n t i a l  n u m b e r  o f  s e p t i c  s y s t e m s  i n  t h e  a rea  w o u l d  b e  



S E P T I C  S Y S T E M  S U R V E Y  

S C  A L E ( f e e t )  
0. S a m p l i n g  l o c a t i o n  a n d  o b s e r v e d  v a l u e  f o r :  

0 10 

S C  A L E ( f e e t )  
O =  S a m p l i n g  l o c a t i o n  and o b s e r v e d  v a l u e  f o r :  

0 10 

C l o s t r i d i a  per f r ingens  / I00  mls 

Fig. 9 - Results of groundwater sampling near a subsurface sewage leaching 
f a c i l i t y  - Location F - Figure 7 ,  September 9 ,  1986 
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n e c e s s a r y  i n  o r d e r  t o  a s s e s s  t h e  o v e r a l l  e f f e c t  t h a t  o n - s i t e  
s u b s u r f a c e  sewage d i s p o s a l  p r a c t i c e s  have on  t h e  a r e a  a s  a  whole. 
I t  i s  o u r  g e n e r a l  c o n c l u s i o n  t h a t  t h e  d i r e c t  c o n t r i b u t i o n  o f  
f e c a l  b a c t e r i a l  i n d i c a t o r s  f r o m  s u b s u r f a c e  s y s t e m s  v i a  t h e  
groundwater  r o u t e  is f a i r l y  minimal. I n  c o n t r a s t ,  however, t h e  
e f f e c t  o f  o n - s i t e  s e w a g e  d i s p o s a l  i n  r e l a t i o n  t o  v i r u s  a n d  
n u t r i e n t  c o n t r i b u t i o n  i n  g r o u n d w a t e r ,  d i s c u s s e d  l a t e r  i n  t h i s  
r e p o r t ,  l i k e l y  h a s  t h e  more s u b s t a n t i a l  n e g a t i v e  i m p a c t  on  
s u r f a c e  w a t e r  q u a l i t y  i n  t h e  bay n o t  s u g g e s t e d  by t h e  t r a d i t i o n a l  
f e c a l  i n d i c a t o r  s y s t e m .  S t u d y  i s  p r e s e n t l y  u n d e r w a y  w h i c h  w i l l  
sample  a  l a r g e r  number of s e p t i c  sys tems ,  which s h o u l d  r e f i n e  o u r  
a s sessment  of  impact  from t h i s  t y p e  of  s o u r c e .  

T a b l e  3. Summary of groundwater  a n a l y s e s  performed i n  B u t t e r m i l k  
Bay, s o u t h e a s t e r n  Massachuse t t s ,  1986. Samples were t a k e n  n e a r  
t h e  h igh-water  mark u s i n g  a s h a l l o w - w e l l  p o i n t  s a m p l e r  a t  a  d e p t h  
o f  a p p r o x i m a t e l y  1 m. A l l  f e c a l  c o l i f o r m  d e n s i t i e s  r e p o r t e d  a s  
number p e r  100 m l s  of sample. F o r  L o c a t i o n s  r e f e r  t o  F i g u r e  8. 

Loglo  
Loca t ion  Date Sample High Value Number of Mean N e a r e s t  

s i z e  observed p o s i t i v e  v a l u e  s u s p e c t  
FC/100 m l  t e s t s  s o u r c e  

14  cam 2 5 m  
1 5  c a . 2 5 m  

3 cam 35 m 
0 c a . 2 5 m  
0 ca.  1 0  m 

11 ca .  25 m 
0 ca.  25 m 
0 c a m  1 5  m 

3 1  c a . 3 5 m  
0 ca .  35 m 
3 ca.  1 m 
3 ca.  5 m 
0 ca .  1 m 
0 5-50 m 

ca.  35 m 

The most o b v i o u s  s o u r c e  of f e c a l  c o l i f o r m  i n  t h e  B u t t e r m i l k  
Bay s y s t e m  i s  t h e  i n d i g e n o u s  w i l d l i f e .  F e c a l  c o l i f o r m  a r e  
p r e s e n t  i n  t h e  i n t e s t i n a l  t r a c t  o f  a v a r i e t y  o f  warm-blooded 
a n i m a l s  ( G e l d r e i c h  e t  a l .  1962) which i n h a b i t  t h e  a r e a ,  a n d  have 
a l s o  b e e n  r e p o r t e d  t o  o c c u r  i n  some f i s h e s  ( G e l d r e i c h  a n d  C l a r k  
1 9 6 2 ) .  The  i m p l i c a t i o n s  of t h i s  s o u r c e  a r e  s u b s t a n t i a l  s i n c e  
fecal w a s t e  from w i l d l i f e  of  t e n  e n t e r s  t h e  sys tem unabated  by any 
l a n d  t r e a t m e n t .  I n  g e n e r a l ,  f e c a l  c o l i f o r m  l o a d i n g  from w i l d l i f e  
h a s  two main components: direct f e c a l  d e p o s i t s  r e s u l t i n g  from use  
of t h e  b a y  by  a q u a t i c - o r i e n t e d  s p e c i e s  a n d  f e c a l  matter w h i c h  
r e s u l t s  from terrestr ial  d e p o s i t i o n ,  which s u b s e q u e n t l y  washes 



- i n t o  t h e  bay  w i t h  s t o r m w a t e r .  T h i s  l a t t e r  c o m p o n e n t  c o u l d  b e  
e x p e c t e d  t o  r e c e i v e  some t r e a t m e n t  i n  i ts  o v e r l a n d  passage  t o  t h e  
bay, however, t h e r e  is e v i d e n c e  t h a t  some l and-depos i t ed  w a s t e s  
c o n t r i b u t e  t o  a n d  m a i n t a i n  a  p r o t e c t e d  r e s e r v o i r  o f  f e c a l  
c o l i f o r m  w h i c h  a c t s  a s  a  d i f f u s e  s o u r c e  u n d e r  c e r t a i n  
h y d r o g r a p h i c  c o n d i t i o n s  (see " R e l e a s e  o f  f e c a l  c o l i f o r m  f r o m  
p r o t e c t e d  r e s e r v o i r s w ) .  

F o l l o w i n g  t e c h n i q u e s  e m p l o y e d  by  Hussong e t  a l .  ( 1 9 7 9 ) ,  
t h e o r e t i c a l  v a l u e s  f o r  c o l i f o r m  i n p u t s  from w a t e r f o w l  on a 24-hr 
b a s i s  were c a l c u l a t e d  b a s e d  on  w e e k l y  w a t e r f o w l  c e n s u s  d a t a  
c o l l e c t e d  from December, 1985 t o  November, 1986 ( F i g u r e l l ) .  
c a p i t a ,  p e r  diem e s t i m a t e s  of 1 f e c a l  c o l i f o r m  p e r  goose, pe§ 10 
f e c a l  c o l i f o r m  p e r  swan  a n d  lo t7  f e c a l  c o l i f o r m  p e r  duck  were 
u s e d  b a s e d  o n  Hussong e t  a1 . (1979)  a n d  Koppelman a n d  Tanenbaum 
(14182). E s t i m a t e d  d a i l y  f e c a l  c o l i f o r m  l o a d i n g s  v a r i e d  om 8 X 
1 0  d u r i n g  t h e  month  o f  J u n e  t o  a  maximum o f  3.1 x lof '  f e c a l  
c o l i f o r m  d u r i n g  J a n u a r y  when maximum u s e  of t h e  bay by w a t e r f o w l  
w a s  observed. To p l a c e  t h e s e  v a l u e s  i n  p e r s p e c t i v e ,  a  p r o j e c t e d  
r e s u l t a n t  f e c a l  c o l i f o r m  d e n s i t y  i n  r e c e i v i n g  w a t e r  w a s  
c a l c u l a t e d .  To p e r f o r m  t h i s  c a l c u l a t i o n ,  c e r t a i n  a s s u m p t i o n s  
were made 80 i n c l u d e  t h e  a v a i l a b i l i t y  05 two t i d a l  p r i sm volumes 
(2.5 x 1 0  cu .  m x  2 o r  5.0 x 1 0  cu .  m )  f o r  d i l u t i o n .  
S i m p l i s t i c a l l y ,  t h i s  v o l u m e  r e p r e s e n t s  t h e  d i l u t i o n  vo lume  
a v a i l a b l e  d u r i n g  t h e  24-hr p e r i o d  (2  t i d a l  c y c l e s ) ,  which is used 
i n  c o n j u n c t i o n  w i t h  t h e  f e c a l  c o l i f o r m  l o a d  p e r  b i r d  p e r  24-hr  
p e r i o d .  B a s e d  o n  t h e s e  c a l c u l a t i o n s ,  a t  n o  time w o u l d  t h e  
p r e d i c t e d  f e c a l  c o l i f o r m  d e n s i t y  i n  a  uniformly-mixed bay exceed 
2 FC/100 m l .  

Although t h e  assumpt ion  of uni form mixing is i n a p p r o p r i a t e ,  
g e n e r a l l y  o u r  f i e l d  m e a s u r e m e n t s  o f  f e c a l  c o l i f o r m  d e n s i t i e s  
c o n c u r r e n t  w i t h  w a t e r f o w l  usage of t h e  a r e a  (Tab le  4) c o i n c i d e d  
c l o s e l y  w i t h  t h e  p r e d i c t e d  es t imates  f o r  more  "open w a t e r '  
s t a t i o n s  ( S t a t i o n s  1, 1 6 ,  10.3, 1 5 ,  4a a n d  14) .  A s  m i g h t  be 
e x p e c t e d ,  f e c a l  c o l i f o r m  d e n s i t i e s  t e n d e d  t o  be h i g h e r  a t  
l o c a t i o n s  which c o n c u r r e n t l y  tended t o  c o n c e n t r a t e  w a t e r f o w l  i n  
l e s s  exchange.d  s i t u a t i o n s  ( S t a t i o n  3.5,12a, 6H2 a n d  Red Brook 
S t a t i o n s  5.9s a n d  5.9B). A l t h o u g h  some o f  t h e  f e c a l  c o l i f o r m  
o b s e r v e d  a t  t h e s e  l a t e r  s t a t i o n s  may h a v e  b e e n  r e l a t ed  t o  t h e  
i n c r e a s e d  p r e s e n c e  o f  w a t e r f o w l ,  i t  s h o u l d  be n o t e d  t h a t  o t h e r  
e f f e c t s  were a l s o  r e s p o n s i b l e ,  a s  e v i d e n c e d  by  t h e i r  c o n t i n u e d  
t e n d e n c y  t o  e x h i b i t  h i g h e r  f e c a l  c o l i f o r m  d e n s i t i e s  t h a n  o p e n  
w a t e r  s t a t i o n s  d u r i n g  times of l i t t l e  o r  no  w a t e r f o w l  usage  (ie. 
J u n e  a n d  J u l y ) .  

Thus ,  i n  g e n e r a l ,  i t  a p p e a r s  t h a t  i n  w e l l - e x c h a n g e d ,  o p e n  
waters of  B u t t e r m i l k  Bay, p r e d i c t i v e  e s t i m a t e s  of  f e c a l  c o l i f o r m  
l o a d i n g  from w a t e r f o w l  approx imate  obse rved  v a l u e s  and i n d i c a t e  
l i t t l e  c o m p r o m i s e  o f  t h e  water q u a l i t y .  However,  s i n c e  t h e  
d i s t r i b u t i o n  o f  w a t e r f o w l  i n  t h e  b a y  i s  n o t  u n i f o r m ,  a n d  s i n c e  
t h e  f l u s h i n g  of  t h e  bay w i t h  t i d a l  w a t e r  a l s o  f a i l s  t o  e x h i b i t  a  
u n i f o r m  p a t t e r n  t h r o u g h o u t  t h e  b a y ,  l oca l  d e g r a d a t i o n  o f  water 
q u a l i t y  due, i n  p a r t ,  t o  c o n c e n t r a t i o n  of w a t e r f o w l  i n  s h e l t e r e d  
s h o r e l i n e  a r e a s  s h o u l d  be e x p e c t e d .  I n  c o n t r a s t  t o  t h e  a p p a r e n t  



Table .  4 . Summary of  f e c a l  c o l i f o r m  and  E s c h e r i c h i a  - co l i  d e n s i t i e s  a t  r o u t i n e  m o n i t o r i n g  
s t a t i o n s  i n  B u t t e r m i l k  Bay,  s o u t h e a s t e r n  M a s s a c h u s e t t s ,  M a r c h  - O c t o b e r  1 9 8  6. F o r  
l o c a t i o n s  of  s t a t i o n s  see F i g u r e  3. A l l  d e n s i t i e s  e x p r e s s e d  a s  number  of  o r g a n i s m s  / 100 
m l s .  N o t e  t h a t  a n a l y s e s  f r o m  J a n u a r y  t o  O c t o b e r ,  1 9 8  6  d i f f e r e n t i a t e d  -- E. c o l i  f r o m  among  
o t h e r  f e c a l  c o l i f o r m s .  -- E. c o l i  d e n s i t i e s  are  e x p r e s s e d  p a r e n t h e t i c a l l y  b e n e a t h  t h e  f e c a l  
c o l i f o r m  d e n s i t i e s .  

STATION 

W 
02/19/86 11 2 3  < 2  2  2  2  3  30  8  4  1 1 9  N D  

u ( 1 8 )  ( 8 )  ( 1 8 )  
(Ups t ream o f  6H2 a t  bog - < 2  FC/100 m l )  

03/05/86 < 2  < 2  < 2  < 2  ND ND ND ND 11 ND N D  

8/27/86 < 2  4  5  4  240 920 170  20 1 7  8  1 4  
( a b o v e  6H2 a t  bog 1490 ~ ~ / 1 0 0 m 1 * ( 5 )  

10/01/86 1 4  4  1 3  2  540  170  240 5 0  7  4  2  
( 2 )  ( 5 )  ( 1 3 0 )  (a, ( 2 )  

( a b o v e  6H2 a t  bog  230 FC/100ml 
ND= No d a t a  
* A n a l y s e s  p e r f o r m e d  was a membrane f i l t r a t i o n  method a n d  v a l u e s  o b s e r v e d  were w i t h i n  t h e  
9 5 %  c o n f i d e n c e  l i m i t  o f  t h e  MPN t e c h n i q u e  e m p l o y e d  o n  t h e  r o u t i n e  s a m p l e .  T h e s e  d a t a  
s u g g e s t  t h a t  on  t h e s e  d a t e s  t h a t  t h e r e  was n o  s i g n i f i c a n t  upst ream-downstream e f f e c t .  
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minimal  e f f e c t s  of f e c a l  m a t t e r  d i r e c t l y  d e p o s i t e d  i n t o  t h e  bay, 
t h e r e  is  i n c r e a s i n g  ev idence  t h a t  t h e  s h o r e l i n e  d e p o s i t s  p rov ide  
t h e  o p p o r t u n i t y  of  f e c a l  w a s t e s  t o  e x h i b i t  c u m u l a t i v e  e f f e c t s .  
T h e  e x t e n t  o f  t h i s  c u m u l a t i v e  e f f e c t  i s  r e l a t e d  t o  t h e  
a s s o c i a t i o n  o f  t h e  w a s t e s  w i t h  p r o t e c t i v e  e l e m e n t s  s u c h  a s  
d e c a y i n g  e e l g r a s s  a n d  o t h e r  d e b r i s ,  t e m p e r a t u r e  a n d  m o i s t u r e  
c o n t e n t .  The  i m p l i c a t i o n s  o f  f e c a l  m a t t e r  a c c u m u l a t i o n  a n d  
e x t e n d e d  s u r v i v a l  o f  f e c a l  i n d i c a t o r s  d i r e c t l y  r e l a t e s  t o  t h e  
p r o b a b i l i t y  o f  t h e i r  r e i n t r o d u c t i o n  t o  t h e  w a t e r  o f  t h e  bay. 
Again ,  i t  a p p e a r s  t h a t  h y d r o g r a p h i c  c o n d i t i o n s  a r e  t h e  main  
d e t e r m i n a n t  of  t h i s  r e i n t r o d u c t i o n .  I f  t e r r e s t r i a l l y - d e p o s i  ted 
w a s t e s  a r e  s t r a n d e d  a b o v e  t h e  h i g h  t i d e  mark f o r  a  p e r i o d  
e x c e e d i n g  t h e  m a j o r  m o r t a l i t y  p e r i o d  o f  f e c a l  c o l i f o r m ,  t h e n  
t h e i r  r e i n t r o d u c t i o n  h a s  l i t t l e  s i g n i f i c a n c e .  I f ,  however ,  
s p r i n g  t i d e s  i n  c o n j u n c t i o n  w i t h  r a i n f a l l  c a u s e  f e c a l  c o l i f o r m  
d i s s o c i a t i o n  i n  c o n j u n c t i o n  w i t h  i n u n d a t i o n  o f  t h e  w a s t e s ,  w e  
would e x p e c t  d i f f u s i o n  of t h e  w a s t e s  from t h e  s o u r c e  p r o p o r t i o n a l  
t o  i t s  v o l u m e  a n d  r e s u l t a n t  d e g r a d a t i o n  o f  w a t e r  q u a l i t y .  I n  
s i t u  e x p e r i m e n t s  t o  d e t e r m i n e  t h e  v i a b i l i t y  o f  g o o s e  f e c e s  
(See APPROACH AND METHODOLOGY) s u g g e s t  t h a t  d u r i n g  t h e  s p r i n g  and 
a u t u m n ,  f e c a l  c o l i f o r m  m a i n t a i n  t h e i r  v i a b i l i t y  e s s e n t i a l l y  
u n a l t e r e d  f o r  2- 3 weeks .  During w i n t e r  months a  v i a b i l i t y  of  1- 
1 0  days  is l i k e l y .  

Our i n v e s t i g a t i o n s  of  f e c a l  c o l i f o r m  i n p u t s  t o  B u t t e r m i l k  
Bay from w i l d l i f e ,  p a r t i c u l a r l y  w a t e r f o w l ,  a r e  pe rhaps  t h e  most 
c o n t r o v e r s i a l  a s p e c t  o f  t h e  o v e r a l l  i n v e s t i g a t i o n .  Due t o  t h e  
a s s u m p t i o n  t h a t  l a r g e  c o n c e n t r a t i o n s  o f  w a t e r f o w l ,  o c c u p y i n g  
s t r a t e g i c  a r e a s  w i t h  r e s p e c t  t o  s h e l l f i s h  o r  r e c r e a t i o n a l - u s e  
a r e a s ,  c a n  r e s u l t  i n  s e v e r e  d e g r a d a t i o n  o f  w a t e r  q u a l i t y ,  a  
number of m u n i c i p a l i t i e s  have i n s t i t u t e d  bans  on t h e  a r t i f i c i a l  
f e e d i n g  o f  w a t e r f o w l .  T h e s e  r e g u l a t i o n s  h a v e  d r a w n  v a r y i n g  
d e g r e e s  o f  criticism from v a r i o u s  g roups  which g e n e r a l l y  contend 
t h a t  t h e  r e g u l a t i o n s  a r e  n o t  w a r r a n t e d  a n d  c o n s t i t u t e  a n  undue 
measure which d e p r i v e s  t h e  p u b l i c  of  t h e  p l e a s u r e  of  f e e d i n g  t h e  
b i r d s  a n d  o b s e r v i n g  them a t  c l o s e  r a n g e ,  a n d  d e p r i v e s  t h e  
w a t e r f o w l  o f  a n  a v a i l a b l e  f o o d  s o u r c e  t o  s u s t a i n  them t h r o u g h  
times when f o o d  i s  s c a r c e  . The p u r p o s e  o f  t h i s  p o r t i o n  o f  o u r  
i n v e s t i g a t i o n  w a s  t o  c l a r i f y  t h e  r o l e  o f  w i l d l i f e ,  p r i m a r i l y  
W a t e r f o w l ,  i n  c o n t r i b u t i n g  t o  t h e  f e c a l  c o l i f o r m  l o a d i n g  i n t o  
B u t t e r m i l k  Bay. A l t h o u g h  i t  i s  e v i d e n t  f r o m  f e c a l  c o l i f o r m  
l o a d i n g  r a t e s  of v a r i o u s  w a t e r f o w l  t h a t  t h e  p o t e n t i a l  f o r  
immedia te  a s  w e l l  a s  c u m u l a t i v e  i m p a c t s  on  w a t e r  q u a l i t y  e x i s t s ,  
i t  w a s  n o t  w i t h i n  t h e  s c o p e  o f  work o r  o u r  a b i l i t y  t o  d e t e r m i n e  
w h a t  p e r c e n t a g e  o f  t h e  o b s e r v e d  w a t e r f o w l  were p r e s e n t  d u e  t o  
a r t i f i c i a l  f e e d i n g  p r a c t i c e s .  I t  i s  e v i d e n t  f r o m  o u r  
i n v e s t i g a  t i o n s  t h a t  w a t e r f o w l  c o n c e n t r a t i o n s  d o  n e g a t i v e l y  impac t  
t h e  water q u a l i t y  i n  r e c e i v i n g  w a t e r s .  T h e r e f o r e ,  a n y  e f f o r t  t o  
c u r b  t h e  p r a c t i c e  of  a r t i f i c i a l l y  encourag ing  i n c r e a s e d  r e s i d e n c e  
time of  w a t e r f o w l  would a p p e a r  t o  be j u s t i f i e d .  

I n  a d d i t i o n  t o  t h e  c o n t r o v e r s y  s u r r o u n d i n g  t h e  f e e d i n g  o f  
wa te r fowl ,  t h e r e  h a s  been i n c r e a s i n g  concern  whe the r  t h e  i m p a c t  
o f  w a t e r f o w l  w a s t e  s h o u l d  h a v e  p u b l i c  h e a l t h  s i g n i f i c a n c e  
a t t a c h e d  t o  it. T h i s  i s s u e  c a n  be dissected i n t o  t w o  b a s i c  



q u e s t i o n s  which a r e  a s  fo l lows :  

1) Do w a t e r f o w l  h a r b o r  pa thogens  t r a n s m i s s i b l e  t o  humans 3 
and 

2 )  Are t h e r e  c u r r e n t l y  a v a i l a b l e  c o s t - e f f e c t i v e  methods 
f o r  t h e  d e t e r m i n a t i o n  of w a t e r f o w l  vs. human w a s t e s  3 

B o t h  o f  t h e s e  q u e s t i o n s  h a v e  b e e n  p e r i o d i c a l l y  e m b r o i l e d  i n  
con t roversy .  Numerous i n v e s t i g a t o r s  have i n d i c a t e d  t h e  p resence  
o f  S a l m o n e l l a  i n  a v i a n  f e c e s  ( B e r g  a n d  Anderson  1972 ,  F a d d o u l  
a n d  F e l l o w s  1966 ,  M i t c h e l l  a n d  R i d g w e l l  1 9 7 1 )  however ,  o t h e r  
i n v e s t i g a t o r s  (Hussong e t  a l .  1 9 7 9 )  have  s u g g e s t e d  t h a t  t h i s  
p a t h o g e n  i s  n o t  u b i q u i t o u s  i n  w a t e r f o w l .  T h e s e  l a t e r  
i n v e s t i g a t o r s  a d d i  t i o n a l l y  f a i l e d  t o  i s o l a t e  S h i q e l l a  spp. from 
m i g r a t o r y  w a t e r f o w l  i n  Chesapeake Bay, however e n t e r o p a t h o g e n i c  
E. c o l i  was i s o l a t e d  i n  a  l imi ted  number of w a t e r f o w l  from t h i s  -- 
a r e a .  I n  a n  a t t e m p t  t o  d e t e r m i n e  t h e  i n c i d e n c e  of  Campylobacter  
j e ~ u n i  i n  w a t e r f o w l ,  H i l l  a n d  G r i m e s  ( 1 9 8 4 )  f a i l e d  t o  i s o l a t e  
t h i s  pathogen from c e c a l ,  w a t e r  and sed iment  s a m p l e s  i n  a  f lyway  
i n  W i s c o n s i n ,  however  t h e  l i t e r a t u r e  r e v i e w  p r e s e n t e d  t h e r e i n  
i n d i c a t e d  t h a t  t h i s  p a t h o g e n  had  b e e n  i s o l a t e d  f r o m  w a t e r f o w l  
e lsewhere .  Thus i t  a p p e a r s  t h a t  c e r t a i n  b a c t e r i a l  pa thogens  a r e  
c a r r i e d  i n  w a t e r f o w l ,  and hence t h e  p o s s i b i l i t y  of t r a n s f e r r i n g  
t h e  p a t h o g e n  t o  t h e  r e c e i v i n g  w a t e r  v i a  t h e  f e c a l  r o u t e  a p p e a r s  
t o  e x i s t .  I t  s h o u l d  be n o t e d  t h a t  t h e r e  a r e  a  number of  unknowns 
r e g a r d i n g  t h e  t r a n s m i t t a n c e  of human pathogens  v i a  a v i a n  wastes 
w h i c h  have  n o t  b e e n  i n v e s t i g a t e d .  I n  l i g h t  o f  t h e  l a c k  o f  
i n f o r m a t i o n ,  i t  a p p e a r s  p r u d e n t  t o  a s s u m e  t . h a t  f e c a l  w a s t e s  
d e p o s i t e d  f r o m  w a t e r f o w l  d o  h a v e  p u b l i c  h e a l t h  s i g n i f i c - a n c e .  
S i n c e  s p e c i f i c  i n f o r m a t i o n  d o e s  n o t  e x i s t  t o  c h a r a c t e r i z e  t h e s e  
was tes ,  a p p l i c a t i o n  of t h e  p r e s e n t l y  a c c e p t e d  s t a n d a r d s  . fo r  f e c a l  
c o l i f o r m  i n d i c a t o r s  a p p e a r s  j u s t i f i e d .  

I f  i t  was concluded t h a t  f e c a l  w a s t e s  from w a t e r f o w l  s h o u l d  
be c o n s i d e r e d  l e s s  o f  a  p u b l i c  h e a l t h  r i s k ,  t h e r e  w o u l d  s t i l l  
r e m a i n  t h e  q u e s t i o n  of s o u r c e  d i f f e r e n t i a t i o n .  With i n v e s t i g a t i o n  
by G e l d r e i c h  and Kenner (1969) t h e r e  h a s  been p o p u l a r  u s e  of t h e  
f e c a l  c o l i f o r m / f e c a l  s t r e p t o c o c c u s  r a t i o  t o  a t t e m p t  source 
d i f f e r e n t i a t i o n .  I n  g e n e r a l ,  i f  t h e  r a t i o  i s  g r e a t e r  t h a n  4, t h e  
s o u r c e  is g e n e r a l l y  c o n s i d e r e d  human. I f  t h e  r a t i o  is less  t h a n  
0.7 t h e n  t h e  h i g h e r  f e c a l  s t r e p t o c o c c u s  v a l u e s  i n d i c a t e  a n  a n i m a l  
source .  Under ly ing t h e  employment of  t h i s  r a t i o  is t h e  assumpt ion  
t h a t  t h e  s a m p l e  i s  w i t h d r a w n  a t  a  p o i n t  t h a t  w o u l d  n o t  a l l o w  
d i f f e r e n t i a l  d ie  o f f  t h e  i n d i c a t o r s .  Numerous i n v e s t i g a t o r s  have 
made c o m m e n t  r e g a r d i n g  t h e  d i f f e r e n t i a l  d i e  o f f  o f  t h e s e  
i n d i c a t o r s  i n  v a r i o u s  s i t u a t i o n s  ( O s t r o l e n k  e t  a l .  1 9 4 7 ,  
Van D o n s e l  e t  a l .  1967,  D a v e n p o r t  e t  a l .  1 9 7 6  a n d  B o r r e g o  e t  a1. 
1983) .  I n  g e n e r a l ,  i t  i s  p o p u l a r l y  b e l i e v e  t h a t  s o u r c e s  may be 
d i f f e r e n t i a t e d  i f  sampled w i t h i n  24 hours  of t h e  source .  

T h e  q u e s t i o n  o f  w h e t h e r  t h e  f e c a l  c o l i f  o r m / f e c a l  
s t r e p t o c o c c u s  r a t i o  can  be used t o  d i f f e r e n t i a t e  w a t e r f o w l  w a s t e s  
was  s p e c i f i c a l l y  a d d r e s s e d  by  Hussong e t  a l .  (1979) .  D a t a  
p r e s e n t e d  by t h e s e  i n v e s t i g a t o r s  u s i n g  w i l d  w a t e r f o w l  m i g r a t i n g  
t h r o u g h  t h e  Chesapeake Bay a r e a  s u g g e s t s  t h a t  i t  is n o t  p o s s i b l e  



t o  s e p a r a t e  a v i a n  f e c a l  c o n t a m i n a t i o n  from human w a s t e s  based  on 
t h i s  k a t i o .  T h e s e  i n v e s t i g a t o r s  s u g g e s t e d  t h a t  d i e t  was  t h e  
d e t e r m i n i n g  f a c t o r  i n  c o n t r o l l i n g  t h e  f e c a l  c o l i  fo rm/ f  e c a l  
s t r e p t o c o c c u s  r a t i o .  Wild f e e d i n g  ducks  e x h i b i t e d  r a t i o s  t y p i c a l  
o f  human e n t e r i c  f l o r a .  I t  t h u s  a p p e a r s  t h a t  s h o u l d  w a t e r f o w l  
w a s t e  b e  d e t e r m i n e d  t o  have less p u b l i c  h e a l t h  s i g n i f i c a n c e ,  t h e  
p r e s e n t l y - a c c e p t e d  means f o r  d i f f e r e n t i a t i o n  h a s  been shown t o  b e  
u n r e l i a b l e .  A l t h o u g h  t y p i n g  o f  f e c a l  s t r e p t o c o c c i  f o r  t h e  
p u r p o s e  o f  d e t e r m i n i n g  m o r e  d e f i n i t e l y  t h e  s o u r c e  o f  
c o n t a m i n a t i o n  i s  p o s s i b l e ,  t o  d a t e ,  c o s t - e f f e c t i v e  t i m e l y  methods 
h a v e  n o t  b e e n  d e v e l o p e d  a n d  i n c o r p o r a t e d  i n t o  r o u t i n e  s a m p l i n g  
schemes. 

BOATS AND MARINAS 

T h e  e f f e c t  o f  b o a t i n g  a c t i v i t i e s  a n d  m a r i n a s  o n  t h e  
b a c t e r i o l o g i c a l  q u a l i t y  o f  w a t e r  c a n  b e  s e g r e g a t e d  i n t o  t w o  
g e n e r a l  c a t e g o r i e s ,  t h e  a c t u a l  i n p u t  of s a n i t a r y  w a s t e s  and t h e  
s e c o n d a r y  e f f e c t s  o f  r e s u s p e n s i o n  o f  c o l i f o r m - l a d e n  s e d i m e n t s  
i n t o  t h e  w a t e r  co lumn,  B o t h  o f  t h e s e  e f f e c t s  a r e ,  by n a t u r e ,  
e x t r e m e l y  v a r i a b l e  and  i n t e r m i t t e n t  making a s s e s s m e n t  of i m p a c t s  
on a  s t u d y  a r e a  d i f f i c u l t .  While  i t  is g e n e r a l l y  b e l i e v e d  t h a t  
a  r e l e a s e  o f  s a n i t a r y  w a s t e s  i n  t h e  v i c i n i t y  o f  s h e l l f i s h i n g  o r  
r e c r e a t i o n a l  w a t e r s  i s  a n  u n a c c e p t a b l e  p r a c t i c e ,  c i r c u m s t a n c e s  
c a n  o f t e n  come i n t o  p l a y  w h i c h  c o m p e l  a m a r i n e  c r a f t  o w n e r  t o  
d i s r e g a r d  o r  o c c a s i o n a l l y  v i o l a t e  t h i s  common s e n s e  i n t u i t i o n .  
I n  g e n e r a l  i t  c a n  b e  a s s u m e d  t h a t  t h e  a c t u a l  i n p u t  o f  s a n i t a r y  
w a s t e s  by mar ine  c r a f t  i n t o  t h e  n e a r s h o r e  mar ine  env i ronment  n e a r  
s h e l l f i s h  h a r v e s t i n g  o r  r e c r e a t i o n a l  w a t e r s  w i l l  b e a r  d i r e c t  
r e l a t i o n s h i p  t o  t h e  l e v e l  of conven ience  o r  c o s t  a s s o c i a t e d  w i t h  
d i s p o s i n g  of t h e  w a s t e s  p roper ly .  The m a j o r i t y  of m a r i n a s  d o  n o t  
have c o n v e n i e n t  means of d i s p o s i n g  of  s a n i t a r y  was tes .  

I n  a n  a t t e m p t  t o  a s s e s s  t h e  impac t  of mar ine  c r a f t / m a r i n a s  
o n  t h e  b a c t e r i o l o g i c a l  q u a l i t y  o f  t h e  w a t e r  i n  B u t t e r m i l k  Bay, 
t w o  s a m p l i n g  d e s i g n s  were e m p l o y e d ,  S i n c e  f e c a l  c o l i f o r m  
g e n e r a l l y  s u r v i v e  f o r  l o n g e r  p e r i o d s  i n  s e d i m e n t ,  a n d  t h u s  
s e d i m e n t s  might  a c t  t o  i n t e g r a t e  w a t e r  q u a l i t y  o v e r  a n  expanded 
t i m e  f r a m e  ( a s  o p p o s e d  t o  a  g r a b  s a m p l e  o f  o v e r l y i n g  w a t e r )  
s e d i m e n t  s a m p l e s  were t a k e n  a t  v a r i o u s  l o c a t i o n s  i n  t h e  Bourne  
Marina (Fig. 12) .  Sed imen t  and o v e r l y i n g  water s a m p l e s  f a i l e d  t o  
i n d i c a t e  a n y  measurable  impac t  on t h e  b a c t e r i o l o g i c a l  q u a l i t y  of  
t h e  w a t e r  o r  t h e  s e d i m e n t s  by m a r i n a  o p e r a t i o n .  I n  a d d i t i o n  t o  
t h i s  s t u d y ,  a  s a m p l i n g  t e a m  r e s p o n d i n g  t o  a c o m p l a i n t  o f  " f e c e s  
i n  t h e  w a t e r "  n e a r  F r i e s '  M a r i n a  s a m p l e d  u p s t r e a m  o f  t h e  t i d a l  
f low,  v a r i o u s  p o i n t s  below t h e  b o a t s  i n  t h e  mar ina  and  downstream 
o f  t h e  t i d a l  f l o w .  A g a i n ,  t h e s e  s a m p l e s  f a i l e d  t o  show a n y  
measurab le  impac t  of mar ina  o p e r a t i o n  o r  mar ine  c r a f t  d i s c h a r g e .  

I n  i n t e r p r e t i n g  t h e s e  r e s u l t s  i t  s h o u l d  be  n o t e d  t h a t  by i t s  
n a t u r e  w a s t e  d i s p o s a l  f r o m  m a r i n e  c r a f t  w o u l d  o c c u r  o n l y  
i n t e r m i t t e n t l y  a n d  i n  a  c o v e r t  manner.  P r e s e n t  r e g u l a t i o n s  
p r o h i b i t  t h i s  p r a c t i c e  i n  c o a s t a l  w a t e r s  o f  M a s s a c h u s e t t s .  
T h e r e f o r e  t o  a c t u a l l y  o b s e r v e  t h i s  p r a c t i c e  a n d  m e a s u r e  i t s  
e f f e c t  would n e c e s s i t a t e  e x t r e m e l y  f o r t u i t o u s  c i r c u m s t a n c e s  a s  



BUTTERMILK BAY 

* i L  = Fig. 12 Locations o f  marinas sampled during 
I '%- '2, 1986 i n  Buttermilk Bay, southeastern 

M A R I N A  



h a v e  b e e n  r e p o r t e d  t o  o c c u r  i n  o t h e r  p o r t i o n s  o f  B u z z a r d s  Bay 
( B e s k i n i s  - P e r s o n a l  communicat ion) .  A s econd  c o n s i d e r a t i o n  t o  be 
made p r i o r  t o  d rawing  c o n c l u s i o n s  r e g a r d i n g  mar ina  o p e r a t i o n  from 
t h e  p r e s e n t  s t u d y  is  t h e  n a t u r e  o f  t h e  t w o  m a r i n a s  s t u d i e d .  
F r i e s '  mar ina  p r i m a r i l y  s e r v i c e s  s m a l l  d a y - t r i p  b o a t s ,  t h e  s i z e  
o f  w h i c h  i s  r e s t r i c t e d  by  t h e  h e i g h t  o f  t h e  R o u t e  6  b r i d g e  
r e s t r i c t i n g  o c e a n  a c c e s s .  T h e  B o u r n e  M a r i n a  i s  a t y p i c a l  d u e  t o  
t h e  pump-out f a c i l i t i e s  which are  n o t  common among m a r i n a s  and  
which would a l l o w  owners  t o  p r o p e r l y  d i s p o s e  of  s a n i t a r y  was tes .  
I t  i s  c o n c l u d e d  t h a t ,  i n  g e n e r a l ,  m a r i n a  o p e r a t i o n  w i l l  
p e r i o d i c a l l y  r e s u l t  i n  t h e  b a c t e r i o l o g i c a l  d e g r a d a t i o n  o f  t h e  
s u r r o u n d i n g  w a t e r  i n  d i r e c t  r e l a t i o n s h i p  t o  t h e  i n c o n v e n i e n c e  
i m p o s e d  by  b o a t  o p e r a t o r s  t o  d i s p o s e  o f  t h e i r  w a s t e s  b y  p r o p e r  
means. O t h e r  i n v e s t i g a t o r s ,  n o t a b l y  F a u s t  (1978) and  Garreis e t  
a l .  ( 1 9 7 9 )  h a v e  o b s e r v e d  s i g n i f i c a n t  m e a s u r a b l e  i m p a c t  d u e  t o  
r e c r e a t i o n a l  m a r i n e  c r a f t ,  t o  i n c l u d e  i n c r e a s e  i n  i n d i c a t o r  
organisms.  

I n  r e l a t i o n  t o  t h e  i m p a c t  of m a r i n e  c r a f t  o p e r a t i o n  and  t h e  
r e s u l t i n g  t u r b u l e n c e  a n d  r e s u s p e n s i o n  o f  c o l i f o r m - l a d e n  
s e d i m e n t s ,  t h e  i m p a c t  i n  B u t t e r m i l k  Bay w o u l d  a p p e a r  t o  b e  
m i n i m a l .  Mos t  m a r i n a  o p e r a t i o n s  a r e  o f  a n  a d e q u a t e  d e p t h  t o  
e n s u r e  t h a t  p r o p e l l e r  t u r b u l e n c e  does n o t  c a u s e  r e s u s p e n s i o n  o f  
sed imen t s .  

FRESHWATER IIWUTS 

T h e r e  a r e  f i v e  s i g n i f i c a n t  f r e s h w a t e r  s u r f a c e  i n p u t s  t o  
B u t t e r m i l k  a n d  L i t t l e  B u t t e r m i l k  Bay which have c o n t i n u a l  f l o w  
t h r o u g h o u t  t h e  y e a r  . G e n e r a l l y ,  t h e s e  p r o v i d e  c o n t i n u a l  i n p u t s  
o f  f e c a l  c o l i f o r m ,  t h e  i m p o r t a n c e  o f  e a c h  d e p e n d e n t  o n  i t s  
r e l a t i v e  flow. 

Red Brook e n t e r s  B u t t e r m i l k  Bay a t  i t s  e a s t e r n  s h o r e  a n d  
c o m p r i s e s  t h e  m o s t  s u b s t a n t i a l  s u r f a c e  f r e s h w a t e r  i n p u t  t o  t h e  
Bay. I t s  h e a d w a t e r s  a r e  W h i t e  I s l a n d  Pond i n  P l y m o u t h  County.  
The  p r i m a r y  p o r t i o n  o f  i t s  s u r f a c e  w a t e r s h e d  i s  r e l a t i v e l y  
u n d e v e l o p e d ,  c o m p r i s e d  m a i n l y  o f  a s e r i e s  o f  c r a n b e r r y  bogs.  A 
s u r v e y  o f  t h e  area i n d i c a t e d  n o  d i r e c t  d i s c h a r g e s  w i t h  t h e  
e x c e p t i o n  o f  r u n o f f  f r o m  Head o f  t h e  Bay Road. F e c a l  c o l i  f o r m  
d e n s i t i e s  t a k e n  a t  t h e  p o i n t  w h e r e  Red Brook p a s s e s  u n d e r  Head o f  
t h e  Bay Road h a v e  shown c o n t i n u a l l y  h i g h  0 1 4  FC/100 m l )  v a l u e s  
a s  l e a s t  a s  e a r l y  a s  1973. Samples  t a k e n  by r e g u l a t i n g  o f f i c i a l s  
o n  1 0 / 2 5 / 7 3  a n d  1 1 / 0 2 / 7 3  i n d i c a t e d  d e n s i t i e s  o f  280 T o t a l  
Col i form/36 F e c a l  C o l i f o r m  p e r  100 m l  a n d  750 T o t a l  Col i form/36 
F e c a l  C o l i f o r m  p e r  1 0 0  m l  s a m p l e  r e s p e c t i v e l y  (D.E.Q.E. - d a t a  
f i l e s ) .  The  s o u r c e s  w i t h i n  t h e  w a t e r s h e d  o f  t h i s  b r o o k  a r e  
e v i d e n t l y  too d i f f u s e  f o r  i d e n t i f i c a t i o n .  A c o m p a r i s o n  o f  
s u r f a c e  s a m p l e s  t a k e n  n e a r  t h e  m o u t h  o f  Red B r o o k  w i t h  
c o n c u r r e n t l y - t a k e n  l o w e r  s t r a t a  s a m p l e s  (Tab le  4) i n d i c a t e s  t h a t  
a s u r f a c e  plume e m a n a t e s  from Red Brook o n  t h e  s u r f a c e ,  a s  would 
be e x p e c t e d ,  w i t h  t h e  f r e s h w a t e r  f l o w .  T h u s ,  t h e  e x t e n t  
l a t e r a l l y  i n  t h e  b a y  t o  w h i c h  t h e  e f f e c t  o f  Red Brook  c o u l d  b e  
i n c r e a s i n g  t h e  f e c a l  c o l i f o r m  d e n s i t i e s ,  w i l l  b e  h i g h l y  dependen t  
o n  t h e  m i x i n g  a n d  d i l u t i o n  c h a r a c t e r i s t i c s  e n c o u n t e r e d  when 



e n t e r i n g  t h e  bay. 

We b e l i e v e  t h a t  t h e r e  a r e  a t  l e a s t  two f a c t o r s  l e a d i n g  t o  t h e  
c o n t a m i n a t i o n  o f  t h i s  b r o o k  w i t h  f e c a l  c o l i f o r m .  I n i t i a l l y  a  
c o n s i d e r a b l e  w i l d l i f e  p o p u l a t i o n  a s  ev idenced  by a n i m a l  t r a c k s  
a n d  d r o p p i n g s  p r o b a b l y  p r o v i d e s  a  c o n s i d e r a b l e  f e c a l  i n p u t  which 
e n t e r s  t h e  brook e s s e n t i a l l y  u n t r e a t e d .  To a c c e n t  t h e  e f f e c t  of  
a n i m a l  d r o p p i n g s ,  t h e  f l o o d p l a i n  o f  t h i s  b r o o k  i s  p e r i o d i c a l l y  
f l o o d e d  d u e  t o  t i d a l  a c t i o n ,  t h u s  w a s h i n g  t h e  s u r f a c e  l o a d  o f  
c o n t a m i n a n t s  i n t o  t h e  b r o o k .  S e v e r a l  o t h e r  f a c t o r s  l i k e l y  
c o n t r i b u t e  t o  g e n e r a l l y - h i g h e r  f e c a l  c o l i f o r m  d e n s i t i e s  i n  Red 
Brook t o  i n c l u d e  t h e  p r o t e c t i v e  n a t u r e  o f  t h e  Marsh  ( f r o m  
d e s t r u c t i v e  e f f e c t  of l i g h t ) ,  t h e  n u t r i e n t  a v a i l a b i l i t y ,  and t h e  
m o i s t u r e  r e t g i n i n g  c h a r a c t e r i s t i c  o f  t h e  s o i l s .  Many s t u d i e s  
have shown t h a t  t h e  n a t u r a l  f e c a l  c o l i f o r m  background l e v e l s  a r e  
h i g h  a n d  e x t r e m e l y  v a r i a b l e  i n  many f r e s h w a t e r  w e t l a n d s  (Kadlec 
and T i l t o n  1979) .  

Two a d d i t i o n a l  f r e s h w a t e r  s u r f a c e  i n p u t s ,  o n e  f rom c r a n b e r r y  
b o g s  t o  t h e  n o r t h  o f  Head o f  t h e  Bay Road n e a r  H i d e a w a y  V i l l a g e  
a n d  o n e  o n  t h e  e a s t e r n  s h o r e  o f  L i t t l e  B u t t e r m i l k  Bay e n t e r i n g  
n e a r  t h e  e n d  o f  L i t t l e  Bay Lane  i n  B o u r n e  b o t h  h a v e  s i m i l a r  
c h a r a c t e r i s t i c s  o f  f e c a l  c o l i f o r m  c o n t a m i n a t i o n  a s  i n t e r p r e t e d  
f r o m  d a t a  o f  D.E.Q.E.- F.D.A.. A g a i n ,  w e  b e l i e v e  t h a t  t h e  
p r o d u c t i v e  w a t e r s h e d  o p e r a t e s  much i n  t h e  same way a s  d e s c r i b e d  
f o r  Red  B r o o k ,  h o w e v e r ,  t h e s e  f l o w s  a r e  g e n e r a l l y  l e s s  
s u b s t a n t i a l  t h a n  Red Brook a n d  h a v e  a  m o r e  l o c a l  i m p a c t .  T h e  
f l o w  i n  b o t h  o f  t h e s e  streams c a n  be r e s t r i c t e d  b y  a r t i f i c i a l  
m e a n s  t o  a c c o m m o d a t e  t h e  n e e d s  o f  c r a n b e r r y  c u l t u r e .  I n  o n e  
i n s t a n c e ,  t h e  f l o w  of  Hideaway Creek was n e g l i g i b l e  due t o  t h i s  
p r a c t i c e .  A r e s t r i c t i o n  o f  f l o w  a n d  c o n s e q u e n t  f l o o d i n g  o f  t h e  
b o g s  may a l t e r  t h e  r e s u l t a n t  f e c a l  c o l i f o r m  l o a d i n g ,  b u t  t h i s  
e f f e c t  c o u l d  n o t  be measured i n  t h e  p r e s e n t  s tudy.  

I n  t h e  c o u r s e  o f  t h e  p r e s e n t  s t u d y ,  a sma l l  s t r e a m  w i t h  
h e a d w a t e r s  i n  G o a t  P a s t u r e  Pond i n  B o u r n e  was i n v e s t i g a t e d  f o r  
f e c a l  c o l i  f o r m  i n p u t s .  The  r e l a t i v e  s e a s o n a l  c h a n g e s  i n  f e c a l  
c o l i f o r m  i n p u t s  g e n e r a l l y  f o l l o w e d  s imi l a r  t r e n d  a s  t h e  stream i n  
t h e  v i c i n i t y  o f  H i d e a w a y  Creek .  N o  o v e r t  d i s c h a r g e s  were 
o b s e r v e d  i n  t h e  w a t e r s h e d  of t h i s  s t ream-pond s y s t e m  however i t  
was n o t e d  t h a t  t h i s  a r e a  was u s e d  a s  a n e s t i n g  a r e a  f o r  w a t e r f o w l  
which may, i n  p a r t ,  a c c o u n t  f o r  t h e  v a l u e s  observed.  

A s m a l l  stream e n t e r i n g  L i t t l e  B u t t e r m i l k  Bay v i a  a  c u l v e r t  
u n d e r  O l d  Head o f  t h e  Bay Road w a s  p e r i o d i c a l l y  m e a s u r e d  f o r  
f e c a l  c o l i f o r m .  The s u r f a c e  d r a i n a g e  a r e a  o f  t h i s  s m a l l  stream 
c o n t a i n s  a  c o r r a l  i n  which a t  l eas t  o n e  h o r s e  was o b s e r v e d  d u r i n g  
e a c h  m o n t h l y  s a m p l i n g ,  T h i s ,  i n  p a r t ,  may e x p l a i n  t h e  
s p o r a d i c a l l y  h i g h  c o l i f o r m  d e n s i t i e s  o b s e r v e d  a t  t h e  p o i n t  o f  
d i s c h a r g e .  N o  o t h e r  o v e r t  d i s c h a r g e s  were observed.  

I n  summary, i t  was  e v i d e n t  t h a t  a l l  f r e s h w a t e r  s u r f a c e  i n p u t s  
t o  t h e  B u t t e r m i l k  B a y  S y s t e m  c o n t a i n  f e c a l  c o l i f o r m  o n  a 
c o n t i n u a l  b a s i s .  I n  t h e  c a s e  o f  Red Brook ,  t h e  v o l u m e  i n p u t  is 
s u b s t a n t i a l  a n d  may be t h e  c a u s e  o f  u n a c c e p t a b l e  f e c a l  c o l i f o r r n  



d e n s i t i e s  a l o n g  t h e  p a t h  of  t r a v e l  ( g e n e r a l l y  a l o n g  t h e  w e s t e r n  
s h o r e ) .  I n p u t  f rom t h e  Hideaway Creek s t r e a m  e n t e r s  t h e  bay  i n  a  
r e s t r i c t e d  c o v e  w i t h  c o n s i d e r a b l e  s e d i m e n t  b u i l d  up. T h i s ,  
c o u p l e d  w i t h  a  h i g h  n u t r i e n t  l o a d  a r e  l i k e l y  t h e  r e a s o n s  f o r  t h e  
c o n s i s t e n t  l o c a l  d e g r a d a t i o n  o f  w a t e r  q u a l i t y .  I n  a d d i t i o n ,  a  
j o i n t  DEQE-FDA s t u d y  d u r i n g  1985 found s i g n i f i c a n t  i n c r e a s e s  i n  
t o t a l  and f e c a l  c o l i  form below t h e  Hideaway V i l l a g e  deve lopmen t  
which  may s u g g e s t  c o n t r i b u t i o n  by a d j a c e n t  s e p t i c  s y s t e m s  v i a  t h e  
g r o u n d w a t e r .  The  r e m a i n i n g  t h r e e  f r e s h w a t e r  i n l e t s  w o u l d  b e  
e x p e c t e d  t o  e x h i b i t  even  more l o c a l i z e d  e f f e c t  due t o  t h e  l o w e r  
volumes  of  f low.  

POINT DISCHARGES 

Only  one  p o i n t  d i s c h a r g e  i n t o  B u t t e r m i l k  Bay was  d i s c o v e r e d  
i n  t h e  c o u r s e  o f  o u r  i n v e s t i g a t i o n s . ,  t h e  1 0  i n c h  d i a m e t e r  
c o n c r e t e  p i p e  d i s c h a r g e s  f r o m  l o b s t e r  h o l d i n g  t a n k s  o f  t h e  
a d j a c e n t  f i s h  m a r k e t .  S a m p l e s  t a k e n  f r o m  t h i s  d i s c h a r g e  o n  5 
d a t e s  ( T a b l e  5 )  showed f e c a l  c o l i f o r m  d e n s i t i e s  r a n g i n g  f rom 172 - > 16,000 FC/100 m l s .  Sampl ing  a d j a c e n t  w a t e r  on  15  J u l y ,  1986 
i n d i c a t e d  t h a t  w i t h i n  ca .  1 5  m i n  a l l  d i r e c t i o n s  f r o m  t h e  p i p e ,  
l e v e l s  were r e d u c e d  from 1300 FC/100 m l s  a t  p o i n t  o f  d i s c h a r g e  t o  
13 -33  FC/100 m l s .  I t  i s  d i f f i c u l t  t o  d e t e r m i n e  w h e t h e r  v a l u e s  
o b s e r v e d  i n  a d j a c e n t  w a t e r  were t o t a l l y  t h e  r e s u l t  o f  t h e  p i p e  
d i s c h a r g e .  A s u b s t a n t i a l  r o d e n t  p o p u l a t i o n  l i v i n g  i n  t h e  
a d j a c e n t  r i p - r a p  c o u l d  a l s o  b e  a f e c a l  c o l i f o r m  source .  

T a b l e  5. F e c a l  c o l i f o r m  d e n s i t i e s  o f  d i s c h a r g e  water  f r o m  
c o n c r e t e  p i p e  a d j a c e n t  t o  f i s h  market .  

D a t e  F e c a l  Col i form/100 m l  sample  

FURTHER CONSIDERATIONS 

I n  t h e  p r o c e s s  o f  i n t e r p r e t i n g  f e c a l  c o l i f o r m  d a t a  a n d  
e s t i m a t i n g  f e c a l  c o l i f o r m  l o a d i n g  from v a r i o u s  s o u r c e s ,  i t  became 
a p p a r e n t  t h a t  s m a l l  s c a l e  e x p e r i m e n t s  were n e c e s s a r y  t o  v e r i f y  
t h e  a p p l i c a b i l i t y  o f  p u b l i s h e d  s t u d i e s  i n  r e f e r e n c e  t o  m o r t a l i t y  
r a t e s  o f  i n d i c a t o r  o r g a n i s m s .  An i n t i m a t e  k n o w l e d g e  o f  a l l  
f a c t o r s  a f f e c t i n g  m o r t a l i t y  o f  f e c a l  c o l i f o r m s  i s  p a r a m o u n t  t o  
d e t e r m i n i n g  t h e  s i g n i f i c a n c e  of o r g a n i s m  d e n s i t y  measured i n  t h e  
f i e l d .  T h e  p u r p o s e  o f  t h i s  p o r t i o n  o f  o u r  s t u d y  was t o  
d e t e r m i n e ,  i n  a  p r e l i m i n a r y  way,  w h e t h e r  f a c t o r s  e x i s t e d  i n  
B u t t e r m i l k  Bay w h i c h  w o u l d  i n v a l i d a t e  c o m p a r i s o n  w i t h  o t h e r  
s t u d i e s  ( R i t t e n b e r g  e t  a1.1958, Bor rego  e t  a l e  1983, Gerba e t  a l .  
1977, B e l l a i r  e t  a l e  1977 a n d  o t h e r s ) .  



A Fresh w a t e r  Exposed 
A Fresh w a t e r  C o n t r o l  

0 S a l t  water  Exposed 

S a l t w a t e r  Contro l  

t i m e  ( m i n u t e s  l 
Figure .l3 Fecal co l  i f o r m  d i e - o f f  w i t h  t ime i n  f reshwater  and sa l twa te r  samples immersed i n  

1-2 mm. o f  water i n  Bu t te rm i l k  Bay, J u l y  17, 1986. 



Upon e n t e r i n g  a n  e s t u a r y  o r  r e c e i v i n g  w a t e r ,  c o l i f o r m  b a c t e r i a  
a r e  i n f l u e n c e d  b y  a  number  o f  f a c t o r s  w h i c h  t e n d  t o  l i m i t  
p o p u l a t i o n  g r o w t h  a n d  i n d u c e  m o r t a l i t y ,  A t y p i c a l  m o r t a l i t y  
c u r v e  f o r  E s c h e r i c h i a  c o l i  i n d i c a t e s  up  t o  90% m o r t a l i t y  i n  3-5 
d a y s  ( M i t c h e l l  1968 ,  C a n a l e  e t  a l .  1973) .  A number  of  f a c t o r s ,  
s u m m a r i z e d  b e l o w ,  h a v e  shown t o  a c t  i n  a  r e g u l a t o r y  manner  t o  
c o l i f o r m  i n  mar ine  envi ronments :  

1) S o l a r  R a d i a t i o n  ( l i g h t )  

2 )  Temperature 

3 )  S t a t e  of a s s o c i a t i o n  w i t h  sed iments  

4 )  A v a i l a b i l i t y  of n u t r i e n t s  

While  c e r t a i n  a s p e c t s  of t h e s e  f a c t o r s  have been p r e v i o u s l y  
d i s c u s s e d  a n d  w i l l  n o t  be r e v i e w e d  h e r e ,  w h a t  f o l l o w s  i s  a  
summary of s m a l l  scale e x p e r i m e n t s  des igned  t o  e x p l o r e  v e r y  s i te-  
s p e c i f i c  p o s s i b i l i t i e s  r e g a r d i n g  t h e  eco logy  and  hence m o r t a l i t y  
f a c t o r s  o f  f e c a l  c o l i f o r m  i n  B u t t e r m i l k  Bay. I n  a d d i t i o n ,  
p e r t i n e n t  l i t e r a t u r e  i s  p r e s e n t e d  r e g a r d i n g  t h e  e f f e c t  o f  
t e m p e r a t u r e  on f e c a l  c o l i f o r m  s u r v i v a l  i n  o r d e r  t o  f i l l  i n  gaps 
o f  u n d e r s t a n d i n g  r e g a r d i n g  s e a s o n  e f f e c t s  o n  f e c a l  c o l i f o r ~  
growth. 

The effect of solar radiation - - 
P e r h a p s  t h e  m o s t  i n f l u e n t i a l  f a c t o r  e x h i b i t i n g  a d v e r s e  

e f f e c t  on  c o l i f o r m  o r g a n i s m s  is s o l a r  r a d i a t i o n .  Kapuscinski  and 
M i t c h e l l  ( 1 9 8 3 )  r e l a t i n g  t h e i r  i n  v i t r o  m o r t a l i t y  r a t e s  f o r  a  
p u r e  c u l t u r e  o f  Eo c o l i  e x p o s e d  t o  s u n l i g h t  (T90 < 4.9 h )  w i t h  
t h o s e  o f  ~ o x w o r t T y x  K e e l i n g  ( 1 9 6 9 )  (T90 < 5.5 h )  s u g g e s t e d  
t h a t  s o l a r  r a d i a t i o n  i s  t h e  p r i n c i p a l  d e t e r m i n a n t  o f  m i c r o b i a l  
m o r t a l i t y  i n  s e a w a t e r .  W h i l e  some r e v i e w s  have  m i n i m i z e d  t h e  
e f f e c t  o f  s o l a r  r a d i a t i o n  ( H e n d r i c k s  1 9 7 8 )  o r  n e g l e c t e d  i t  
a l t o g e t h e r  ( M i t c h e l l  1 9 6 8 ) ,  o t h e r  a u t h o r s  (Fu j i o k a  e t  a l .  1981 ,  
B e l l a i r  e t  a l .  1 9 7 7  a n d  Gameson a n d  Saxon  1 9 6 7 )  h a v e  i n d i c a t e d  
s u b s t a n t i a l  b a c t e r i c i d a l  e f f e c t s  o f  s u n l i g h t  p e n e t r a t i n g  t o  
d e p t h s  o f  4m. Kapuscinski  and  M i t c h e l l  (1983) r e v i e w i n g  s t u d i e s  
of Webb and Baker (1979) and o t h e r s  i n d i c a t e d  t h a t  wave leng ths  of 
s o l a r  r a d i a t i o n  shown t o  i n d u c e  t h e  h i g h e s t  m o r t a l i t y  of Eo c o l i  
a r e  r e d u c e d  b y  o n l y  1 0  f o l d  a t  ca ,  2 m i n  e n r i c h e d  sea== 
P r e l i m i n a r y  e x p e r i m e n t s  i n  o u r  s t u d y  a r e a  conducted  d u r i n g  sunny 
d a y s  w i t h  b o t h  f r e s h  a n d  s a l t  w a t e r  show c l o s e  a g r e e m e n t  w i t h  
work o f  F u j i o k a  e t  a l .  ( 1 9 8 1 ) ,  a n d  i n d i c a t e  a  s u b s t a n t i a l  
b a c t e r i c i d a l  e f f e c t  of s u n l i g h t  f o r  f e c a l  c o l i f o r m  ( F i g u r e  13). 
These d a t a  s t r o n g l y  i m p l i c a t e  s u n l i g h t  a s  a  major  f a c t o r  i n  t h e  
d e c a y  o f  f e c a l  c o l i f o r m  p o p u l a t i o n s  i n  o p e n w a t e r  a r e a s  o f  
B u t t e r m i l k  Bay. T h i s  c o n t e n t  i o n  is  s u p p o r t e d  by Chamberlain and  
M i t c h e l l  (1978) who p rov ided  conv inc ing  argument  based on work of 
o t h e r  a u t h o r s  ( n o t a b l y  Gameson and Gould 1975 a n d  Foxworthy and  
K n e e l i n g  1 9 6 9 )  t h a t  t h e  v a r i a b i l i t y  i n  c o l i f o r m  d e c a y  r a t e s  i n  
s e a w a t e r  c a n  b e  p r i m a r i l y  a t t r i b u t e d  t o  t h e  v a r i a b i l i t y  o f  
s u r f a c e  l i g h t  i n t e n s i t y  and o t h e r  f a c t o r s  i n f l u e n c i n g  t h e  d e p t h  



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

P r e l i m i n a r y  i n v e s t i g a t i o n  a t  s e l e c t e d  s i t e s  i n  B u t t e r m i l k  
Bay i n d i c a t e  t h a t  a t  c e r t a i n  l o c a t i o n s ,  n o t a b l y  Hideaway  C r e e k  
a n d  Red Brook ,  w h e r e  f e c a l  c o l i f o r m  d e n s i t i e s  a r e  g e n e r a l l y  a t  
u n a c c e p t a b l e  l e v e l s  f o r  s h e l l f i s h  h a r v e s t i n g ,  t h e  u l t r a v i o l e t  
l i g h t  p e n e t r a t i o n  i s  a t t e n u a t e d  i n  c o m p a r i s o n  t o  o p e n - w a t e r  
s t a t i o n s  ( F i g u r e  1 4 ) .  A l t h o u g h  t h e  r e a s o n  f o r  t h i s  a t t e n u a t i o n  
i s  n o t  known, i t  i s  c o r r e l a t e d  w i t h  a  c o m p a r a t i v e l y  h i g h e r  
n u t r i e n t  c o n t e n t  ( V a l i e l a  e t  al .  1987). I n  a d d i t i o n  t o  n u t r i e n t s ,  
n a t u r a l  p r o d u c t s  o f  p l a n t  d e c o m p o s i t i o n  ( t a n n i n s  etc.) o r  
e x t r a c e l l u l a r  p r o d u c t s  of a l g a e  may b e  p r o v i d i n g  t h e  u l t r a v i o l e t  
l i g h t  a b s o r b i n g  compounds.  E x c r e t i o n  o f  s u c h  compounds  f r o m  
m a r i n e  a l g a e  h a s  b e e n  r e p o r t e d  ( C r a i g i e  a n d  McLach lan  1 9 6 4 ) .  
These  d a t a  i n i t i a l l y  s u g g e s t  t h a t  n u t r i e n t  a d d i t i o n  may a l t e r  t h e  
u l t r a v i o l e t  a b s o r b i n g  c h a r a c t e r i s t i c  o f  r e c e i v i n g  water  i n  
c e r t a i n  s i t u a t i o n s  w h i c h  may r e s u l t  i n  a n  a t t e n u a t i o n  o f  t h e  
f e c a l  i n d i c a t o r  m o r t a l i t y .  T h i s  may e x p l a i n  i n  p a r t ,  t h e  
g e n e r a l l y  h i g h e r  f e c a l  c o l i f o r m  d e n s i t i e s  a t  t h e s e  two sites.  

Our  i n i t i a l  e x p e r i m e n t s  s u g g e s t  t h a t ,  i n  a r e a s  o f  h i g h  
n u t r i e n t  i n p u t ,  t h e  u l t r a v i o l e t  l i g h t  abso rbance  c h a r a c t e r i s t i c  
of t h e  r e c e i v i n g  w a t e r  is m o d i f i e d  t o  a l l o w  g r e a t e r  s u r v i v a l  of  
i n d i c a t o r  o r g a n i s m s ,  a n d  l i k e l y  pa thogens  a s  well. T h i s  a d d s  t o  
t h e  i m p l i c a t i o n  o f  n u t r i e n t  i n p u t s  f r o m  s e p t i c  s y s t e m s  i n  
a f f e c t i n g  t h e  o v e r a l l  m i c r o b i o l o g i c a l  q u a l i t y  o f  t h e  r e c e i v i n g  
wa te r .  

The effect of temperature - - 
W h i l e  i t  i s  g e n e r a l l y  b e l i e v e d  t h a t  t h e r e  i s  i n c r e a s e d  

s u r v i v a l  of  f e c a l  c o l i f o r m  a t  l o w e r  t e m p e r a t u r e s  a n d  c o n v e r s e l y  
t h a t  m o r t a l i t y  i n c r e a s e s  w i t h  t e m p e r a t u r e  (Vasconcelos  and  S w a r t z  
1 9 7 6 )  work  b y  o t h e r  i n v e s t i g a t o r s ,  n o t a b l y  H e n d r i c h s  ( 1 9 7 2 )  a n d  
Won a n d  R o s s  ( 1 9 7 3 )  s u g g e s t s  t h a t  t h i s  r e l a t i o n s h i p  i s  h i g h l y  
dependen t  on  a m b i e n t  n u t r i e n t  l e v e l s .  Hendr i cks  (1972) o b s e r v e d  
t h a t  below a sewage e f f l u e n t ,  maximum g r o w t h  of e n t e r i c  b a c t e r i a  
was o b s e r v e d  a t  30 C. Won and  Ross (1973) o b s e r v e d  t h a t  m o r t a l i t y  
r a t e  d e c r e a s e d  a t  22 C depending  o n  t h e  c o n c e n t r a t i o n  of  n u t r i e n t  
t o  i n c l u d e  e x t r a c t  f r o m  a u t o c l a v e d  f e c e s .  V a c c a r o  e t  a l .  ( 1 9 5 0 )  
f o u n d  t h a t  n u t r i e n t  a d d i t i o n  e x t e n d e d  t h e  s u r v i v a l  t ime o f  E. 
c o l i  t h r e e f o l d  a t  h i g h e r  t e m p e r a t u r e s  compared w i t h  raw water. It - 
t h u s  a p p e a r s  t h a t  n u t r i e n t  r i c h  w a t e r  may e x e r t  a s e c o n d  
a t t e n u a t i n g  e f f e c t  o n  t h e  m o r t a l i t y  o f  f e c a l  c o l i f o r m  b y  
p r o v i d i n g  t h e  n u t r i e n t s  f o r  c e l l  ma in tenance  and g r o w t h  W e  a re  
u n s u r e  a t  wha t  t e m p e r a t u r e  n u t r i e n t  e n r i c h m e n t  h a s  n o  e f f e c t  o n  
f e c a l  c o l i f o r m  g r o w t h ,  h o w e v e r  Shaw e t  a l .  ( 1 9 7 1 )  h a s  s u g g e s t e d  
t h a t  t h e  min ima l  t e m p e r a t u r e  f o r  g rowth  i n  g l u c o s e  min ima l  medium 
w a s  b e t w e e n  7.5 a n d  7.8 C. 

The effect of state of association with  sediments - - 
Many i n v e s t i g a t o r s  have i n d i c a t e d  t h a t  b a c t e r i a l  s u r v i v a l  is 

enhanced by a s s o c i a t i o n  w i t h  s e d i m e n t s ,  however t h e  mechanism f o r  
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Figure 1 4  - Companian o f  u l t r a v i o l e t  1  i g h t  absorpt ion among selected 
s t a t i o n s  i n  But te rmi lk  Bay. Open water s t a t i o n s  were 
represented by s t a t i o n  1, 3.5, 14, 16, 10.3 and S t a t i o n  15. 
(F igure  3 )  Hideaway Creek was sampled a t  S t a t i o n  GH2. 



t h i s  p r o t e c t i o n  is n o t  f u l l y  under s tood  (See  " r e l e a s e  of  c o l i f o r m  
f r o m  p r o t e c t e d  r e s e r v o i r s N ) .  An e x p e r i m e n t  c o n d u c t e d  o n  A u g u s t  
11, 1986 i n  which c o n t a m i n a t e d  w a t e r  s a m p l e s  were b u r i e d  b e n e a t h  
a p p r o x i m a t e l y  1-2mm of s e d i m e n t  i n  p l a s t i c  b a g s  c o n f i r m s  t h a t  a t  
l e a s t  o n e  o f  t h e  p r o t e c t i v e  m e c h a n i s m s  o f  s e d i m e n t  i s  t h e  
s c r e e n i n g  o f  l i g h t  ( F i g u r e  1 5 ) .  S a m p l e s  c o n c u r r e n t l y  p l a c e d  
b e n e a t h  1-2 m m  of  w a t e r  e x p e r i e n c e d  c o m p l e t e  f e c a l  c o l i f o r m  d i e  
o f f  w i t h i n  2  h ,  w h e r e a s  s a m p l e s  b u r i e d  i n  t h e  s e d i m e n t  
e x p e r i e n c e d  s i g n i f i c a n t l y  less d i e  o f f  o v e r  t h e  same time pe r iod .  
V a r i a b l e s  s u c h  a s  d i s s o l v e d  o x y g e n  a n d  t e m p e r a t u r e  r e m a i n e d  
c o n s t a n t  o v e r  t h e  2  h  pe r iod .  

I n  a d d i t i o n  t o  p r o t e c t i o n  from a n t a g o n i s t i c  f a c t o r s  s u c h  a s  
l i g h t  , s e d i m e n t s  c a n  a p p a r e n t l y  o f f e r  a m e d i a  f o r  g r o w t h  
depending  upon t h e  n u t r i e n t  a v a i l a b i l i t y .  Hendr i cks  and  Mor r i son  
( 1 9 6 7 )  f o u n d  t h a t  E. c o l i .  g r o w t h  was  s u p p o r t e d  a t  1 6  C o n  
e x t r a c t  f rom b o t t o m s e d i m e n t .  Gerba and McLeod (1976) obse rved  
g rowth  i n  f e c a l  c o l i f o r m  from s e d i m e n t s  i n  a r e a s  r e c e i v i n g  sewage 
e f f l u e n t s  a s  w e l l  a s  a r e a s  f r e e  from s u c h  i n p u t s .  

T h e r e  a r e  t w o  m a j o r  i m p l i c a t i o n s  o f  t h e s e  f i n d i n g s  t o  t h e  
B u t t e r m i l k  Bay s y s t e m .  I f ,  a s  n o t e d  b y  S c h i l l i n g e r  a n d  Gannon 
(1985),  a  s i g n i f i c a n t  p o r t i o n  (16-47 % )  of  b a c t e r i a  i n  s t o r m w a t e r  
r u n o f f  become a s s o c i a t e d  w i t h  s e d i m e n t ,  t h e  n u t r i e n t  l e v e l  of  t h e  
r e c e i v i n g  s e d i m e n t s  becomes a n  i m p o r t a n t  f a c t o r  i n  e s t i m a t i n g  t h e  
s i g n i f i c a n c e  of  t h i s  p o r t i o n  of  t h e  s t o r m w a t e r  bacter ia l  loading .  
For  i n s t a n c e ,  i f  s t o r m w a t e r  p i p e s  a r e  l o c a t e d  a s  t o  d i s c h a r g e  i n  
a n  a r e a  r e c e i v i n g  s u b s t a n t i a l  n u t r i e n t s  t h r o u g h  t h e  groundwater ,  
i n c r e a s e d  b a c t e r i a l  s u r v i v a l  a n d  p e r h a p s  g r o w t h  o f  s e t t l e d  
b a c t e r i a  i n c r e a s e s  t h e  s i g n i f i c a n c e  of t h e  s tormwa ter  d i s c h a r g e  
by p r o l o n g i n g  i t s  n e g a t i v e  impact .  I n  a d d i t i o n  t o  s t o r m w a t e r ,  a l l  
o t h e r  s o u r c e s  s u c h  a s  w a t e r f o w l  f e c e s ,  g r o u n d w a t e r  i n p u t s  etc. 
from which f e c a l  c o l i f o r m  se t t l e  o u t  i n t o  t h e  s e d i m e n t s  may a l s o  
u t i l i z e  n u t r i e n t s  i n  s e d i m e n t s  a n d  h e n c e  h a v e  t h e i r  e f f e c t  
pro longed.  

Availability - of nutrients 

Numerous s t u d i e s  have t h u s  f a r  been  r e v i e w e d  s u g g e s t i n g  t h a t  
f e c a l  c o l i f o r m  c a n  u t i l i z e  n u t r i e n t s  i n  t h e  water column a n d  t h e  
sed imen t s .  These  s t u d i e s  w i l l  n o t  be r e v i e w e d  here.  Al though t h e  
o r i g i n  o f  t h e  n u t r i e n t s  h a s  n o t  b e e n  d o c u m e n t e d ,  t h e  
p o s s i b i l i t i e s  i n c l u d e  n a t u r a l  decompos i t ion ,  s e p t i c  s y s  tem w a s t e s  
v i a  groundwater ,  n u t r i e n t s  f rom f e c a l  w a s t e s  d e p o s i t e d  d i r e c t l y  
i n  t h e  w a t e r  and  s t o r m w a t e r  r u n o f f .  What began a s  a n  i n c i d e n t a l  
e x p e r i m e n t  i n  c o n j u n c t i o n  w i t h  s t u d y  of  n u t r i e n t  e n r i c h m e n t  a n d  
a l g a l  s u c c e s s i o n  ( C o s t a  - Boston U n i v e r s i t y  Mar ine  Program) g i v e s  
i n i t i a l  i n d i c a t i o n  o f  a n  a d d i t i o n a l  s o u r c e  of  n u t r i e n t s  f o r  f e c a l  
c o l i f o r m ,  t h a t  o f  a l g a l  p r o d u c t s .  A s  p a r t  o f  a n  e x p e r i m e n t a l  
d e s i g n  t o  examine  a l g a l  g rowth  i n  r e s p o n s e  t o  n u t r i e n t  g r a d i e n t s ,  
a ce t a t e  s t r i p s  were l e f t  i n  t h e  b a y  a t  v a r i o u s  l o c a t i o n s  i n  
r e s p e c t  t o  a n u t r i e n t  s o u r c e  (Red Brook) t o  asses ' s  a l g a l  growth. 
C o n c u r r e n t  w i t h  t h e  c o l l e c t i o n  o f  t h e  s t r i p s  f o r  c h l o r o p h y l l  
a n a l y s e s ,  1 0  cm x 1 cm s t r i p s  were removed a n d  p l a c e d  i n  s t e r i l e  
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Figure  15 - Fecal c o l  i fo rm d ie -o f f  w i t h  t ime i n  samples bu r i ed  t o  a depth of 1-2 mm 
of sediment compared w i t h  samples immersed i n  1-2 mm o f  water  i n  
Bu t te rm i l k  Bay, August 11, 1986. 



p h o s p h a t e  b u f f e r e d  water. C o n c u r r e n t  water s a m p l e s  were a l s o  
t a k e n .  The  s a m p l e s  were t a k e n  t o  t h e  l a b  a n d  p r o c e s s e d  u s i n g  MPN 
methodology p r e v i o u s l y  desc r ibed .  The s a m p l e s  were t h e n  s t o r e d  
a t  20 C u n d e r  s u b d u e d  n a t u r a l  l i g h t  ( l a b o r a t o r y  a m b i e n t  l i g h t ) .  
A f t e r  7  days ,  t h e  d e n s i t y  of f e c a l  c o l i f o r m  was  a g a i n  measured i n  
a l l  s a m p l e s .  The  r e s u l t s  ( F i g u r e  1 6 )  s h o w e d  t h a t  t h o s e  s a m p l e s  
c o n t a i n i n g  t h e  acetate  s t r i p s  w i t h  a l g a e  g r o w t h  e x p e r i e n c e d  1-3 
l o g  1 0  i n c r e a s e s  i n  p o p u l a t i o n  o f  f e c a l  c o l i f o r m ,  w h i l e  t h o s e  
w a t e r  s a m p l e s  t a k e n  from t h e  same a r e a s  w i t h o u t  t h e  a l g a l  s t r i p  
c u l t u r e s  e x p e r i e n c e d  a t  l e a s t  90  % m o r t a l i t y .  T h e s e  d a t a  
s u g g e s t  t h a t  t h e  a l g a e  w e r e  p r o v i d i n g  n u t r i e n t s  c a p a b l e  o f  
s u p p o r t i n g  g r o w t h  o f  f e c a l  c o l i f o r m .  The  e x c r e t i o n  o f  o r g a n i c  
compounds by v a r i o u s  s p e c i e s  of  mar ine  and f r e s h w a t e r  a l g a e  h a s  
b e e n  r e p o r t e d  ( H e l l e b u s t  1 9 6 5 ,  L a r s s o n  a n d  H a g s t r o m  
1 9 8 2 , M c F e t e r d  e t  a l .  1978 ,  N a l e w a j k o  e t  a l .  1980) .  T h e s e  l a t e r  
i n v e s t i g a t o r s  r e p o r t e d  t h a t  t h e  d o u b l i n g  time f o r  Pseudomonas  
f l u o r e s c e n s  was r e d u c e d  f r o m  2-19 d a y s  t o  2  h o u r s  i n  m i x e d  
c u l t u r e  w i t h  C h l o r e l l a  2. T h i s  a l g a l  g e n u s  was a l s o  t h e  
s u b j e c t  of s t u d y  by McFeters  e t  a l .  (1978) who o b s e r v e d  t h a t  t h e  
s u p e r n a t a n t  f rom c u l t u r e s  s u p p o r t e d  g rowth  of  f e c a l  c o l i f o r m .  I n  
g e n e r a l  i t  a p p e a r s  p l a u s i b l e  from o u r  i n v e s t i g a t i o n s  a s  w e l l  a s  
p u b l i s h e d  s t u d i e s  t h a t  a t  l e a s t  some s p e c i e s  o f  m a r i n e  a l g a e  
p roduce  e x t r a c e l l u l a r  p r o d u c t s  which c a n  s u p p o r t  g r o w t h  of  f e c a l  
c o l i f o r m .  

T h e  i m p l i c a t i o n s  o f  t h i s  " s e c o n d a r y "  e f f e c t  o f  n u t r i e n t  
e n r i c h m e n t  i n  B u t t e r m i l k  Bay are  u n c e r t a i n .  I t  a p p e a r s  p l a u s i b l e  
t h a t  i n  c e r t a i n  s i t u a t i o n s  w h e r e  w a t e r  e x c h a n g e  i s  l i m i t e d  a n d  
n u t r i e n t s  c o n c e n t r a t e  i n  amounts  t h a t  s u p p o r t  a l g a l  growth,  f e c a l  
c o l i f o r m  may d e r i v e  n u t r i e n t s  c a p a b l e  o f  ma in tenance  and  p o s s i b l y  
g r o w t h .  C o l l e c t i v e l y ,  t h e s e  i s s u e s  o f  t h e  i m p l i c a t i o n s  o f  
n u t r i e n t  e n r i c h m e n t  and i t s  e f f e c t  on  t h e  b a c t e r i o l o g i c a l  q u a l i t y  
o f  t h e  r e c e i v i n g  water w a r r a n t  f u r t h e r  r e s e a r c h .  
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Figure 1 6 -  Growth o f  feca l  co l i f o rm  i n  the presence o f  
i ndiginenous a1 gae a t  20°C under 1 aboratory 
condi t i  ons . 



USE OF ALTERNATE BACTERIAL INDICATORS TO EVALUATE SOURCES AND 
DEGREE OF BACTERIAL CONTBnINATION 

Almost  s i n c e  t h e  a c c e p t a n c e  of t h e  t o t a l  and f e c a l  c o l i f o r m  
s t a n d a r d ,  r e s e a r c h e r s  a n d  h e a l t h  o f f i c i a l s  h a v e  s e a r c h e d  f o r  
a l t e r n a t e  i n d i c a t o r  o r g a n i s m s  f o r  t h e  c l a s s i f i c a t i o n  o f  
r e c r e a t i o n a l  w a t e r s  w h i c h  w o u l d  more  a c c u r a t e l y  r e f l e c t  t h e  
p u b l i c  h e a l t h  r i s k s .  T h e  p r o b l e m s  a s s o c i a t e d  w i t h  t h e  
d e v e l o p m e n t  o f  a n  i n d i c a t o r  o r g a n i s m  s y s t e m  f a l l  i n t o  t w o  
c a t e g o r i e s :  

1) C o s t  e f f e c t i v e  methods f o r  a n a l y s i s  must be deve loped ,  
and  

2) I t  must  be demons t ra t ed  t h a t  under  " a v e r a g e  cond i  t i o n s n  
t h e  o r g a n i s m ( s )  i s ( a r e )  c o n s i s t e n t l y  c o r r e l a t e d  w i t h  
t h e  o c c u r r e n c e  of human p a t h o g e n i c  o rgan i sms  which 
produce  a n  o b s e r v a b l e  e f f e c t  ( i e .  wa te rbourne  d i s e a s e  
o u t b r e a k  ) . 

T h e  s e a r c h  f o r  a l t e r n a t i v e  i n d i c a t o r  o r g a n i s m s  f o r  
r e c r e a t i o n a l  waters b a s i c a l l y  stems from t h e  f a c t  t h a t  i t  is  n o t  
p o s s i b l e  t o  a n a l y z e  w a t e r  f o r  t h e  myriad o f  pa thogens  which c o u l d  
be p r e s e n t .  I n  a d d i t i o n ,  methods f o r  d irect  measurement  of  some 
pa thogens ,  n o t a b l y  t h e  v i r u s e s ,  have n o t  been  developed.  

With  t h e  e x c e p t i o n  of  t h e  e n t e r o c o c c i ,  which h a s  g a i n e d  some 
a c c e p t a n c e  a s  a n  i n d i c a t o r  o f  p u b l i c  h e a l t h  r i s k  i n  c o n t a c t  
r e c r e a t i o n a l  waters,  o t h e r  b a c t e r i a ,  a l t h o u g h  n o t  i n c o r p o r a t e d  
i n t o  a  d e f i n e d  i n d i c a t o r  o r g a n i s m  s c h e m e ,  h a v e  f o u n d  u s e  a s  
d i a g n o s t i c  t o o l s  i n  e v a l u a t i n g  c o n t a m i n a t i o n  s o u r c e s .  I n  t h e  
c o u r s e  o f  t h e  p r e s e n t  s t u d y ,  c e r t a i n  a l t e r n a t e  b a c t e r i a l  
i n d i c a t o r s  were i n v e s t i g a t e d  t o  a s s e s s  t h e i r  u t i l i t y  i n  
d e t e r m i n i n g  c o n t a m i n a t i o n  sources .  Among t h o s e  i n d i c a t o r s  chosen  
was E s c h e r i c h i a  c o l i  ( a  s u b s e t  o f  t h e  f e c a l  c o l i f o r m  g r o u p ) ,  
C l o s t r i d i u m  perfr-ns, f e c a l  s t r e p t o c o c c u s  , a n d  a  s u b g r o u p  o f  
t h e  f e c a l  s t r e p t o c o c c u s  g r o u p  w h i c h  i n c l u d e s  s t r a i n s  o f  
S t r e p t o c o c c u s  f a e c a l i s  a n d  S t r e p t o c o c c u s  f a e c i u m  c a l l e d  t h e  
e n t e r o c o c c i .  The f o l l o w i n g  summarizes  t h i s  a u t h o r i s  e x p e r i e n c e  
w i t h  e a c h  o f  t h e s e  a l t e r n a t e  i n d i c a t o r  o r g a n i s m s ,  w i t h  a n  
a n a l y s i s  o f  how e a c h  o r g a n i s m ' s  d e n s i t y  p a t t e r n s  re la ted t o  t h e  
p r e s e n t l y - e m p l o y e d  s t a n d a r d  f o r  t h e  e v a l u a t i o n  o f  s h e l l f i s h  
h a r v e s t i n g  a r e a s ,  t h e  f e c a l  c o l i f o r m  group.  F o r  r e g r e s s i o n  
a n a l y s e s ,  d a t a  were f i r s t  loglO - t ransformed.  

I n  g e n e r a l ,  a l l  o f  t h e  i n d i c a t o r s  i n v e s t i g a t e d  h a v e  b e e n  
shown i n  v a r i o u s  s i t u a t i o n s  t o  have s a n i t a r y  s i g n i f i c a n c e .  The 
d i f f i c u l t i e s  i n  a p p l y i n g  r e s u l t s  from one  s t u d y  a r e a  t o  a n o t h e r  
however, are numerous s i n c e  t h e  v a r i a b i l i t y  i n  c h a r a c t e r i s t i c s  of  
e a c h  s t u d y  s i t e  a r e  o f t e n  s u b s t a n t i a l .  G e n e r a l l y ,  t h e  s h a l l o w  
c l o s e d  embayment s e r v e d  by s u b s u r f a c e  sewage s y s t e m s  h a s  n o t  been  
w i d e l y  s t u d i e d .  Thus, i t  is q u e s t i o n a b l e  whe the r  d a t a  c o l l e c t e d  
i n  t h e  m a j o r i t y  of p u b l i s h e d  s t u d i e s  r e l a t i n g  t o  sewage o u t f a l l s  
i n  more open, exchanged a r e a s  is a p p l i c a b l e  t o  o u r  s t u d y  area i n  



B u t t e r m i l k  Bay. A t  minimum, h o w e v e r ,  i t  c a n  be s t a t e d  t h a t  
a l t e r n a t e  i n d i c a t o r s  a r e  u s e f u l  t o o l s  i n  t h e  w h o l e  a r s e n a l  o f  
p u b l i c  h e a l t h  o f f i c i a l s  w h i c h ,  i f  i n t e r p r e t e d  i n  l i g h t  o f  
s p e c i f i c  s i t u a t i o n s ,  c a n  p o s s i b l y  s e r v e  t o  d e l i n e a t e  
c o n t a m i n a t i o n  s o u r c e s .  

E s c h e r i c h i a  - c o l i  

One  o f  t h e  most u s e f u l  a l t e r n a t e  i n d i c a t o r  o r g a n i s m s  
i n v e s t i g a t e d  w a s  E s c h e r i c h i a  c o l i .  T h i s  s u b s e t  o f  t h e  f e c a l  
c o l i  form g r o u p  is g e n e r a l l y  cons-red more f e c a l  s p e c i f i c ,  s i n c e  
t h e  f e c a l  c o l i f o r m  s y s t e m  i n c l u d e s  t h e  g e n u s  Klebs ie l l a ,  a n  
o r g a n i s m  w h i c h  is  n o t  f e c a l  s p e c i f i c .  A l t h o u g h  ~ l e b s i e l l a  i s  
i n f r e q u e n t l y  p r e s e n t  i n  human f e c e s ,  a  s u b s t a n t i a l  number  o f  
e x t r a - e n t e r a l  s o u r c e s  have been  n o t e d  ( S e i d e l  e t  a l .  1977, Dufour 
a n d  C a b e l l i  1976) .  I n  a d d i t i o n  t o  t h e  t h e  e x i s t e n c e  o f  e x t r a -  
e n t e r a l  s o u r c e s ,  i t  s h o u l d  be n o t e d  t h a t  t h e r e  i s  n o  
e p i d e m i o l o g i c a l  l i n k  i m p l i c a t i n g  t h e  t r a n s m i s s i o n  o f  K l e b s i e l l a  
i n f e c t i o n s  v i a  t h e  w a t e r b o u r n e  r o u t e ,  f u r t h e r  n e g a t i n g  i t s  u s e  a s  
a  b a c t e r i o l o g i c a l  s t a n d a r d  f o r  r e c r e a t i o n a l  w a t e r .  T h e  
p e r s i s t e n c e  o f  u s e  o f  t h e  f e c a l  c o l i f o r m  s y s t e m  i n  s p i t e  o f  t h e  
s h o r t c o m i n g s  o f  one  of  i ts components  a p p e a r s  t o  be t h e  r e s u l t  o f  
h i s t o r i c a l  m i s c o n c e p t i o n s  ( C a b e l l i  e t  a l .  1 9 8 3 )  a n d  l a c k  o f  
d e f i n i t i v e  i n v e s t i g a t i o n s  r e l a t i v e  t o  a l t e r n a t i v e  i n d i c a t o r  
s y s  tems. 

The u s e f u l n e s s  of  f e c a l  c o l i f o r m  d i f f e r e n t i a t i o n  i n  o u r  s t u d y  
a rea  was d i a g n o s t i c .  S i n c e  t h e r e  i s  i n d i c a t i o n  f r o m  p u b l i s h e d  
s t u d i e s  t h a t  K l e b s i e l l a  gp. c a n  m u l t i p l y  o u t s i d e  o f  a warm- 
b l o o d e d  h o s t s ,  i t  was b e n e f i c i a l  t o  r u l e  o u t  e x t r a - e n t e r a l  
s o u r c e s  o f  a n o n - f e c a l  s p e c i f i c  " f e c a l  c o l i f o r m "  ( K l e b s i e l l a )  
s u c h  a s  d e c o m p o s i n g  m a r s h  s i t u a t i o n s  w h i c h  a r e  common i n  t h e  
B u t t e r m i l k  Bay watershed .  

I n  a l l  b u t  s e v e n  cases d u r i n g  m o n i t o r i n g  a t  r o u t i n e  s a m p l i n g  
s t a t i o n s ,  f e c a l  c o l i f o r m  i n  s a m ~ l e s  were c o m p r i s e d  e n t i r e l y  of  
~ s c h e r i c h i a  - c o l i  (Tab le  4).  his a c c o u n t s  f o r  t h e  h i g h  degree of  
c o r r e l a t i o n  be tween  f e c a l  c o l i f o r m  and  E.coli d e n s i t i e s  (r= 0.98) 
i n  r o u t i n e  samples ( F i g .  17) .  I n  a d d i t m a l l  f e c a l  c o l i f o r m  
o b s e r v e d  i n  s toemwate r  s a m p l e s  were f u r t h e r  d i f f e r e n t i a t e d  a s  - E. 
c o l i .  - 

A l t h o u g h ,  a s  s t a t e d ,  -- E. c o l i  i s  c o n s i d e r e d  m o r e  f e c a l  
s p e c i f i c ,  o u r  i n v e s t i g a t i o n s  a n d  p u b l i s h e d  s t u d i e s  r e v i e w e d  
e l s e w h e r e  h e r e i n ,  d o  s u g g e s t  t h e  p o s s i b i l i t y  o f  e x t r a - e n t e r a l  
s o u r c e s  o f  E. c o l i .  I f  t h i s  i s  t h e  c a s e ,  t h e  u s e f u l n e s s  o f  
d i f  f e r e n t i a t x g m e m b e r s  of  t h e  f e c a l  c o l i f o r m  s y s t e m  is reduced  
t o  d e t e r m i n i n g  w h e t h e r  K l e b s i e l l a  i s  a c o m p o n e n t  o f  t h e  f e c a l  
c o l i  form d e n s i t i e s  b e i n g  observed.  I n  t h e  e v e n t  t h a t  Klebsiella 
i s  t h e  m a j o r  c o m p o n e n t  i n  a n y  s i t u a t i o n ,  t h i s  i n f o r m a t i o n  may 
redirect e f f o r t  away f rom i n v e s t i g a t i o n s  of  human s o u r c e s ,  which 
are  o f t e n  q u i t e  e x p e n s i v e  and  t i m e - i n t e n s i v e .  I n  t h e  e v e n t  t h a t  
E. - c o l i  i s  t h e  m a j o r  c o m p o n e n t  o f  t h e  f e c a l  c o l i f o r m  d e n s i t i e s  
= s e r v e d ,  t h e  i n d i c a t i o n  i s  less d e f i n i t i v e  a n d  l e a v e s  t h e  



F e c a l  c o l i f o r m  (# / I00 ml) 
Figure 17 - Relationship between fecal coliform and E. coli 

densities in samples collected at routine 
sampling stations in Buttermilk Bay during 
1986. Data were loglO transformed. 



p o s s i b i l i t y  of e i t h e r  c o n t a m i n a t i o n  of s a n i t a r y  s i g n i f i c a n c e  o r  
s i g n i f i c a n t  c o n t r i b u t i o n  by e x t r a - e n t e r a l  sources .  

C l o s t r i d i u m  p e r f r i n g e n s  

D e s p i t e  t h e  f a c t  t h a t  C l o s t r i d i u m  e r f r i n  e n s  is c o n s i s t e n t l y  
a s s o c i a t e d  w i t h  human w a s t e s  (Akama a n  %573 O t a n i  70, Haenal 1970 
and D r a s a r  e t  a l .  1975 a s  ci ted i n  C a b e l l i  1980),  i t  is p r e s e n t l y  
n o t  i n c o r p o r a t e d  i n t o  a  d e f i n i t e  f e c a l  i n d i c a t o r  s y s t e m .  
Although d e n s i t i e s  of  t h i s  organism were g e n e r a l l y  low a t  r o u t i n e  
s a m p l i n g  s t a t i o n s  i n  t h e  p r e s e n t  s t u d y  ( T a b l e  6 ) ,  some g e n e r a l  
p a t t e r n s  d i d  emerge .  W i t h  t h e  e x c e p t i o n  o f  o n e  s a m p l i n g  d a t e ,  
~ l o s t r i d i u m  e r f r i n  e n s  showed h i g h e s t  d e n s i t i e s  a t  S t a t i o n  6H2 
n e a r  t h e  Hideaway  e-srn V a g e  d e v e l o p m e n t .  T h i s  may s u g g e s t  t h e  
i n p u t  from s e p t i c  sys tem l e a c h a t e  i n  t h e  a r e a ,  s i n c e  i t  h a s  been 
shown e l s e w h e r e  h e r e i n  (See  SEPTIC SYSTEMS) t h a t  
i s  f o u n d  i n  s e p t i c  s y s t e m  l e a c h a t e  i n  d e n s i t i e s  
The p o o r  c o r r e l a t i o n  b e t w e e n  t h i s  i n d i c a t o r  a n d  f e c a l  c o l i f o r m  
(r=.099) is  somewhat e x p e c t e d  ( F i g u r e  18). The c u l t u r e  t e c h n i q u e  
used i n  t h i s  s t u d y  e n u m e r a t e s  t h e  s p o r e  of  t h i s  organism,  which 
i s  r e s i s t i v e  t o  a d v e r s e  e n v i r o n m e n t a l  c o n d i t i o n s .  I t  i s  t h u s  a 
c o n s e r v a t i v e  t r a c e r  which would i n d i c a t e  a  c o n t a m i n a t i o n  s o u r c e  
l o n g  a f t e r  t h e  f e c a l  c o l i f o r m  e x p e r i e n c e d  d i e  o f f ,  

I n  a d d i t i o n  t o  s t a t i o n  6H2, t h e  o c c u r r e n c e  of  C. e r f r i n  e n s  
was c o n s i s t e n t  a t  t h e  mouth of  Red Brook ( S t a t i o n  5 3 )  5dk a n  
i n n e r  p o r t i o n  of Miller Cove ( S t a t i o n  3.5). While  t h e  o c c u r r e n c e  
of  C. p e r f r i n q e n s  a t  Miller Cove may a g a i n  i n d i c a t e  c o n t a m i n a t i o n  
f r o T g r o u n d w a t e r  s o u r c e s  (ie.  s e p t i c  s y s t e m s ) ,  s i n c e  5 0 %  o f  t h e  
groundwater  s a m p l e s  t a k e n  i n  t h i s  a r e a  on 6/23/86 were p o s i t i v e  
f o r  C. p e r f r i n q e n s ,  t h e r e  i s  n o  d i r e c t  e v i d e n c e  f o r  t h i s  s o u r c e  
f r o m x r o u n d w a t e r  samples  t a k e n  a t  t h e  mouth of  Red Brook. 

Another  p o s s i b l e  s o u r c e  of t h i s  i n d i c a t o r  c o u l d  be w a t e r f o w l  
a n d  p e t  f e c a l  m a t e r i a l  d e p o s i t e d  n e a r  o r  a t  t h e  s h o r e l i n e ,  A 
s u r v e y  o f  t h e  w r a c k  on  J u l y  25 a t  t e n  selected s i t e s  a r o u n d  t h e  
b a y  i n d i c a t e d  C. e r f r i n  e n s  a t  d e n s i t i e s  r a n g i n g  f r o m  <10  
o r g a n i s m s / g r a m ~ f  el?q-b w r a c  o s e r v e d  a t  o n e  s t a t i o n )  t o  o v e r  600  
organisms/gram. There  was no  c o r r e l a t i o n  between C, e r f r i n  e n s  
a n d  f e c a l  c o l i f o r m  d e n s i t i e s  i n  t h e  w r a c k  a t  t h f s  +--% t me, 
o c c u r r e n c e  a t  9 o f  t h e  t e n  s t a t i o n s  s a m p l e d  however ,  s u g g e s t s  
t h a t  t h e  o r g a n i s m  may be s o m e w h a t  u b i q u i t o u s  i n  t h e  s t r a n d  o r  
wrack m a t e r i a l ,  w i t h  w a t e r f o w l  and domestic a n i m a l s  a s  t h e  l i k e l y  
s o u r c e .  G e l d r e i c h  1 9 7 7 )  f o r  i n s t a n c e  r e p o r t e d  t h a t  d o g  waste 4 c o n t a i n e d  2.51 x  1 0  - C. p e r f r i n g e n s  p e r  gram of feces .  

Thus i t  a p p e a r s  t h a t  t h e r e  a r e  two s o u r c e s  of  e r f r i n  e n s  
e n t e r i n g  t h e  b a y ,  s u r f a c e  d e p o s i t  by  p e t s  a n d  water %+?Eia ow 
groundwate r  i n p u t s  from s e p t i c  sys tems,  Whi le  t h e  g roundwate r  
o b s e r v a t i o n s  may p o i n t  t o  a r e a s  o f  s e p t i c  e f f l u e n t  i n p u t s ,  t h e  
l a c k  o f  c o r r e l a t i o n  w i t h  t h e  c u r r e n t l y - u s e d  s t a n d a r d  ( f e c a l  
c o l i f o r m )  b r i n g s  i n t o  q u e s t i o n  t h e  r o l e  o f  t h i s  s o u r c e  i n  t h e  
c l a s s i f i c a t i o n  of  t h e  bay f o r  s h e l l f i s h  ha rves t ing .  



Table .  6 . Summary o f  C l o s t r i d i u m  p e r f r i n g e n s  d e n s i t i e s  a t  r o u t i n e  m o n i t o r i n g  s t a t i o n s  i n  
B u t t e r m i l k  Bay, s o u t h e a s t e r n  M a s s a c h u s e t t s ,  March  - O c t o b e r  1986.  F o r  l o c a t i o n s  o f  
s t a t i o n s  see  F i g u r e  3. A l l  d e n s i t i e s  e x p r e s s e d  a s  n u m b e r  o f  o rgan i sms / lOO m l s .  

STATION 

D a t e  1 1 6  10.3 1 5  12a  6H2 5 .9s  5.9B 4a 3.5 14 

8/27/86 < 1 0  <10 <10  <10  < 1 0  129 18  9  < 3  < 3  ND 
12  ( u p s t r e a m  of  6H2 a t  b o g )  

10/01/86 <10 1 0  <10 <10 <10 <10 <10  <10 <10 <10 1 0  
ND= No d a t a  



F e c a l  coliform (#/ I00 ml) 
Figure 18 - Relationship between fecal colQform and Clostridia perfringens 

densities in samples collected at routine sampling stations 
in Buttermilk Bay during 1986. Data were loglO transformed. 
R = .lo. 



T a b l e .  7 . Summary o f  f e c a l  s t r e p t o c o c c i  d e n s i t i e s  a t  r o u t i n e  m o n i t o r i n g  s t a t i o n s  i n  
B u t t e r m i l k  Bay, s o u t h e a s t e r n  M a s s a c h u s e t t s ,  March  - O c t o b e r  1986. F o r  l o c a t i o n s  o f  
s t a t i o n s  see F i g u r e  3. A l l  d e n s i t i e s  e x p r e s s e d  a s  number o f  o r g a n i s m s  / l o 0  m l s .  

STATION 

D a t e  1 1 6  10.3 1 5  12a  6H2 5 .9s  5.9B 4a 3.5 

3/17/86 <10 <10 <10 <10 20 1 0  1 0  1 0  <10 <10 

4/15/86 < 3  <3  < 3  < 3  270 27 40 3 3 < 3  

6/19/86 <10 (10 <10 (10 240 120  20 30  <10 <10 

V1 
03 7/24/86 <10  <10 < 1 0  <10 200 TNTC 30 290 <10  (10  

8/27/86 <10 1 0  20 1 0  540  600 300 60 1 0  30 

10/01/86 < 1 0  <10 1 0  <10  60  950 310 1 0  <10  <10 



F e c a l  coliform (#/ I00 ml) 
Figure 19 - Relationship between fecal coliform and fecal streptococci 

densities in samples collected at routine sampling stations 
in Buttermilk Bay during 1986. Data were loglo transformed. 



FECAL STREPTOCOCCUS 

W i t h i n  t h e  c o n t e x t  o f  r e c r e a t i o n a l  w a t e r s ,  t h e  f e c a l  
s t r e p t o c o c c u s  group is g e n e r a l l y  u s e d  i n  a  d i a g n o s t i c  manner t o  
d e t e r m i n e  s o u r c e s  o f  f e c a l  c o n t a m i n a t i o n .  A d i s c u s s i o n  o f  t h e  
u s e  o f  t h e  f e c a l  c o l i  f o r m / f e c a l  s t r e p t o c o c c u s  r a t i o  i s  p r e s e n t e d  
e l s e w h e r e  ( s e e  WILDLIFE s e c t i o n ) .  T h i s  i n d i c a t o r  g r o u p  g e n e r a l l y  
c o n t a i n s  members  w i t h  l i m i t e d  s a n i t a r y  s i g n i f i c a n c e  w h i c h  h a s  
r e s t r i c t e d  i t s  u s e  a s  a f e c a l  i n d i c a t o r  ( G e l d r e i c h  a n d  K e n n e r  
1969). I n  o u r  s t u d y  a r e a ,  t h e i r  o c c u r r e n c e  was most  c o n s i s t e n t  
a t  p o i n t s  o f  s u r f a c e  f r e s h w a t e r  i n p u t s  ( S t a t i o n s  12a16H2, a n d  
5.9- T a b l e  7). T h e i r  s i g n i f i c a n c e  c o u l d  n o t  be d e t e r m i n e d  due t o  
s t u d i e s  q u e s t i o n i n g  t h e  u t i l i t y  o f  t h e  f e c a l  c o l i f o r m / f e c a l  
s t r e p t o c o c c u s  r a t i o ,  however t h e r e  was some c o r r e l a t i o n  be tween 
t h e s e  t w o  i n d i c a t o r  g r o u p s  ( r=  - 7 0  - F i g u r e  19) .  O t h e r  s t u d i e s  
b e i n g  c o n d u c t e d  i n  B u z z a r d s  Bay ( L a r r y  G i l ,  DEQE, Div. W.ater 
P o l l u t i o n  C o n t r o l  - p e r s o n a l  communica t ion)  s u g g e s t e d  t h a t  a h i g h  
p e r c e n t a g e  o f  c o l o n i e s  growing on  t h e  K-F S t r e p  media were f a l s e  
p o s i t i v e s  a s  d e t e r m i n e d  b y  c o n f i r m a t o r y  t e s t s  f o r  f e c a l  
s t r e p t o c o c c u s .  

E NTEROCOC CUS 

T h e  u s e  o f  t h i s  f e c a l  i n d i c a t o r  g r o u p  h a s  r e c e i v e d  much 
a t t e n t i o n  i n  r e c e n t  y e a r s  a s  a n  i n d i c a t o r  o f  r i s k  i n  u s i n g  
r e c r e a t i o n a l  w a t e r s ,  p a r t i c u l a r l y  f o r  c o n t a c t  purposes.  C a b e l l i  
(1983) r e p o r t s  a  h i g h  c o r r e l a t i o n  be tween e n t e r o c o c c i  d e n s i t i e s  
and  g a s t r o i n t e s t i n a l  d i s o r d e r s  among b a t h e r s  a t  N e w  York Beaches. 
A s  a r e s u l t  o f  t h a t  a u t h o r ' s  f i n d i n g s ,  some  s t a t e s  h a v e  a d o p t e d  
t h i s  s t a n d a r d  f o r  u s e  a t  b a t h i n g  beaches.  

D u r i n g  t h e  p r e s e n t  s t u d y ,  t h e  o c c u r r e n c e  o f  e n t e r o c o c c i  
p a r a l l e l e d  t h a t  of  s t r e p t o c o c c u s  a s  e x p e c t e d  s i n c e  i t  is a  s u b s e t  
o f  t h i s  g roup  ( T a b l e  8) .  

Two m a i n  p r o b l e m s  a r i s e  when a t t e m p t i n g  t o  i n t e r p r e t  o u r  
e n t e r o c o c c i  data. F i r s t l y ,  s t u d y  by C a b e l l i  (1983) was per formed 
i n  r e l a t i o n  t o  s i t u a t i o n s  r e c e i v i n g  l a r g e  p o i n t  d i s c h a r g e s .  
S i n c e  t h e s e  s i t u a t i o n s  t y p i c a l l y  a r e  i n  more  o p e n ,  e x c h a n g e d  
a r e a s ,  t h e  numerous f a c t o r s  p r e s e n t  i n  a  c l o s e d  s h a l l o w  embayment 
r e c e i v i n g  s m a l l e r  p o i n t  a n d  n o n - p o i n t  d i s c h a r g e s ,  s u c h  a s  
B u t t e r m i l k  Bay, h a v e  n o t  b e e n  a d d r e s s e d .  I n  a d d i t i o n  t o  t h e  
q u e s t i o n  o f  a p p l i c a b i l i t y ,  some d i f f i c u l t y  w a s  e x p e r i e n c e d  
c o u n t i n g  t h e  c o l o n i e s  d u e  t o  t h e  g r o w t h  o f  a t y p i c a l  c o l o n i e s  o n  
t h e  media used. T h i s  was p a r t i c u l a r l y  t r u e  f o r  a r e a s  where t h e r e  
were b o r d e r i n g  w e t l a n d s .  I n  g e n e r a l  i t  was o b s e r v e d  t h a t  
e n t e r o c o c c i  showed l i t t l e  c o r r e l a t i o n  w i t h  t h e  f e c a l  i n d i c a t o r  
g r o u p  (r= - 4 6  - F i g u r e  20).  Due t o  t h e  l a c k  o f  e p i d e m i o l o g i c a l  
d a t a  f r o m  c o m p a r a b l e  s i t e s ,  t h e  s a n i t a r y  s i g n i f i c a n c e  o f  
e n t e r o c o c c i  d e n s i t i e s  obse rved  c o u l d  n o t  be de termined.  



T a b l e .  8 .  Summary of  e n t e r o c o c c i  d e n s i t i e s  a t  r o u t i n e  m o n i t o r i n g  s t a t i o n s  i n  B u t t e r m i l k  
Bay, s o u t h e a s t e r n  M a s s a c h u s e t t s ,  March - O c t o b e r  1986. F o r  l o c a t i o n s  o f  s t a t i o n s  see 
F i g u r e  3. A l l  e n t e r o c o c c i  d e n s i t i e s  e x p r e s s e d  a s  number of  o r g a n i s m s  / 1 0 0  m l s .  

STATION 

Date 1 1 6  10.3 1 5  1 2 a  6H2 5 . 9 s  5.9B 4a 3.5 1 4  

3/17/86 <10 <10 3 6  20 <10  <10  8 2  1 0  20  <10  ND 

4/15/86 < 3  3 7  < 3  7 3 < 3  5 3 < 3  3 7 ND 

6/19/86 <10  <10  <10 (10 70  3 0 <10  1 0  <10  <10  < 2 

7/24/8 6 30 <10  1 0  < 1 0  5 0  TNTC < 1 0  40  20  2 0 ND 

8/27/86 7 0  <10 16 0 3 0 5 5 0  280 8 0  1 1 0  1 0  3 0  ND 

10/01/86 < 1 0  ( 1 0  20 < 1 0  30  1 4 0  310  5 0 0  1 2 0  1 0  < 1 0  



F e c a l  coliform (#/ I00 ml) 
Figure 20 - Relationship between fecal eoliform and enterococci 

densities in samples collected at routine sampling 
stations in Buttermilk Bay during 1986. Data were 
loglO transformed . 



VIRUSES - A LITERATURE REVIEW OF PERTINENT ISSUES - -  - 
W h i l e  t h e  i s s u e  o f  f e c a l  c o l i f o r m  p r e s e n c e  i n  B u t t e r m i l k  

Bay h a s  b e e n  a d d r e s s e d  i n  t h e  c o u r s e  of  t h e  p r e s e n t  s t u d y ,  i t  
s h o u l d  be u n d e r s t o o d  t h a t  t h e  p r e s e n c e  o f  a n  a d d i t i o n a l  
b i o l o g i c a l  c o m p o n e n t  o f  d o m e s t i c  s e w a g e ,  t h e  v i r u s e s ,  a l s o  h a s  
p u b l i c  h e a l t h  i m p l i c a t i o n s .  Due t o  t h e  c o n s t r a i n t s  o f  t h e  
p r e s e n t  s t u d y ,  t h e  i m p a c t  f r o m  v i r u s e s  e n t e r i n g  B u t t e r m i l k  Bay 
c o u l d  n o t  be e v a l u a t e d  d i r e c t l y ,  h o w e v e r ,  w h a t  f o l l o w s  i s  a  
c o m p r e h e n s i v e  r e v i e w  o f  p u b l i s h e d  s t u d i e s  r e l a t i n g  t o  v i r u s  
e n t r a i n m e n t  i n  g r o u n d w a t e r  a n d  p e r s i s t e n c e  i n  t h e  n e a r s h o r e  
envi ronment ,  w i t h  comment on t h e  a p p l i c a b i l i t y  of t h e s e  s t u d i e s '  
r e s u l t s  t o  o u r  a r e a .  

More t h a n  110 d i f f e r e n t  v i r u s e s  a r e  known t o  be e x c r e t e d  i n  
human f e c e s  (Goyal 1984). While  t h e  number of v i r u s e s  s h e d  from 
i n d i v i d u a l s  a r i e s  g r e a t l y  depending on t h e  i n f e c t i o n  s t a t u s  of '15 t h e  h o s t ,  1 0  t o  1 0  v i r u s  p a r t i c l e s  p e r  g ram o f  f e c e s  h a s  b e e n  
r e p o r t e d  b y  t h i s  a u t h o r  a s  a n  a v e r a g e .  A r e v i e w  o f  t h e  
l i t e r a t u r e  l e a v e s  l i t t l e  d o u b t  t h a t  human p a t h o g e n s ,  n o t a b l y  
e n t e r i c  v i r u s e s  a r e  n e i t h e r  i n a c t i v a t e d  n o r  r e m o v e d  i n  
c o n v e n t i o n a l  w a s t e w a t e r  t r e a t m e n t  s y s t e m s  ( D u b o i s  e t a 1  1979) .  
S i n c e  o n - s i t e  s u b s u r f a c e  s e w a g e  d i s p o s a l  u n i t s  r e c e i v e  n o  
c h e m i c a l  t r e a t m e n t ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  l i m i t e d  
d i s i n f e c t i o n  a s  a  r e s u l t  of r e s i d u a l  c h e m i c a l s  from l a u n d r y  and 
c l e a n i n g  w a s t e s ,  i t  is i m p e r a t i v e  t o  e n s u r e  t h a t  s y s t e m  l o c a t i o n  
p r a c t i c e s  a l l o w  f o r  a d e q u a t e  means of pa thogen removal  by means 
o f  f i l t r a t i o n ,  a d s o r p t i o n  a n d  r e t a i n i n g  t h e  waste u n t i l  
p a t h o g e n i c  o r g a n i s m s  l o s e  t h e i r  a b i l i t y  t o  e n t e r  r o u t e s  w h e r e  
t h e y  w i l l  a l l o w  e x p o s u r e  t o  a  human h o s t  i n  a n  i n f e c t i v e  s t a t e .  
I n  o r d e r  t o  e n s u r e  t h i s ,  a  s o u n d  u n d e r s t a n d i n g  o f  t h e  p r o c e s s  
a n d  f a c t o r s  i n v o l v e d  i n  p a t h o g e n  t r a v e l  a n d  s u r v i v a l  i n  
groundwater  a s  w e l l  a s  t h e  p e r s i s t e n c e  i n  t h e  mar ine  envi ronment  
is e s s e n t i a l .  What f o l l o w s  is a  d i s c u s s i o n  o f  t h e s e  f a c t o r s  from 
t h e  p u b l i s h e d  l i t e r a t u r e  r e g a r d i n g  v i r u s e s .  

A t  t h e  o u t s e t ,  i t  s h o u l d  be u n d e r s t o o d  t h a t ,  t o  date ,  t h e r e  
h a v e  b e e n  n o  c o m p r e h e n s i v e  s t u d i e s  d o c u m e n t i n g  t h e  i m p a c t  o f  
b a c t e r i a  o r  v i r u s  o r i g i n a t i n g  i n  o n - s i  t e  s u b s u r f a c e  s e p t i c  
f a c i l i t i e s  on  a d j a c e n t  s u r f a c e  w a t e r s .  W i t h  f e w  e x c e p t i o n s ,  
t h e r e f o r e ,  much of t h e  i n f e r e n c e s  made h e r e i n  r e l a t i v e  t o  o n - s i t e  
s y s t e m s  o r i g i n a t e  f r o m  d a t a  col lec ted  i n  a s s o c i a t i o n  w i t h  
a l t e r n a t e  l a n d  d i s p o s a l  t e c h n i q u e s  s u c h  a s  r a p i d  o r  slow s a n d  
f i l t r a t i o n  beds, s e p t i c  l a g o o n s  or i r r i g a t i o n  p r a c t i c e s .  S i n c e  
c o l l e c t i v e l y  t h e s e  a l t e r n a t i v e s  a s  w e l l  a s  t h e  o n - s i t e  
a l t e r n a t i v e  have a s  t h e i r  b a s i c  component w a s t e  a p p l i c a t i o n  i n t o  
s o i l s ,  a n  e x t r a p o l a t i o n  of d a t a  g a t h e r e d  w i t h  r e s p e c t  t o  pathogen 
e n t r a i n m e n t  and s u r v i v a l  from a l t e r n a t e  methodology i n t o  o n - s i t e  
a p p l i c a t i o n  s i t u a t i o n s  a p p e a r s  j u s t i f i e d .  

With  r e s p e c t  t o  t h e  t h r e a t  of compromising water q u a l i t y  of  
a d j a c e n t  s u r f a c e  w a t e r s  w i t h  o n - s i t e  s e p t i c  s y s t e m  p r a c t i c e s ,  t h e  
i s s u e  c a n  be b r o k e n  down i n t o  t h r e e  b a s i c  q u e s t i o n s  w h i c h  w i l l  



s e r v e  a s  t h e  o u t l i n e  f o r  t h e  f o l l o w i n g  d i s c u s s i o n  and l i t e r a t u r e  
summary. 

(1) Do v i r a l  pa thogens  have t h e  a b i l i t y  t o  become e n t r a i n e d  
i n  g roundwate r  which r e c h a r g e s  s u r f a c e  w a t e r ?  

( 2 )  Can t h e s e  p a t h o g e n s  s u r v i v e  f o r  e x t e n d e d  p e r i o d s  i n  
groundwater?  

( 3 )  Can v i r a l  pa thogens  r e m a i n  v i a b l e  f o r  e x t e n d e d  pe-r iods 
i n  t h e  mar ine  e n v i r o n m e n t  ? 

A number of o b s t a c l e s  i m m e d i a t e l y  p r e s e n t  t h e m s e l v e s  when 
t r y i n g  t o  a n s w e r  t h e s e  basic q u e s t i o n s ,  p a r t i c u l a r l y  i n  r e f e r e n c e  
t o  v i r a l  pathogens.  I n  1983, Vaughn and Landry (1983) i n d i c a t e d  
t h a t  t h e  f i e l d  of  e n v i r o n m e n t a l  v i r o l o g y  was i n  its "embryonic" 
s t a t e .  To draw upon t h i s  same ana logy ,  i t  c a n  be s t a t e d  t h a t  due 
t o  t e c h n i c a l  p r o b l e m s  a s s o c i a t e d  w i t h  v a r i o u s  a s p e c t s  o f  v i r u s  
c u l t u r e  a n d  m o n i t o r i n g  t h e  f i e l d  t o  t h i s  d a t e  r e m a i n s  i n  i t s  
i n f a n c y .  

A l t h o u g h  t h e r e  i s  n o  e p i d e m i o l o g i c a l  e v i d e n c e  l i n k i n g  on-  
s i t e  s u b s u r f a c e  d i s p o s a l  p r a c t i c e s  w i t h  d i s e a s e  o u t b r e a k s  from 
a d j a c e n t  r e c r e a t i o n a l  w a t e r  usage ,  t h e  e v i d e n c e  o f  wa t e r - r e l a  t e d  
disease o u t b r e a k s  i n v o l v i n g  consumed water (see Gerba e t  a1 1985 
f o r  a  r e v i e w  o f  t h e  l i t e r a t u r e  r e l a t i n g  t o  w a t e r b o u r n e  
g a s t r o e n t e r i t i s  a n d  h e p a t i t i s )  i s  c o n s i d e r a b l e .  T h u s ,  
i n v e s t i g a t i o n  i n t o  t h e  d i s e a s e - t r a n s m i s s i o n  p o s s i b i l i t i e s  
i n v o l v i n g  r e c r e a t i o n a l  usage  of w a t e r  r e c e i v i n g  s e p t i c  l e a c h a t e ,  
p a r t i c u l a r l y  i n  a r e a s  where  edible p r o d u c t s  s u c h  a s  s h e l l f i s h  a r e  
h a r v e s t e d  a p p e a r  q u i t e  w a r r a n t e d .  W i t h i n  t h e  c o n f i n e s  o f  a  
p r o p e r l y  o p e r a t i n g  o n - s i t e  s u b s u r f a c e  s y s t e m ,  g r o u n d w a t e r  
e n t r a i n m e n t  i s  t h e  o n l y  v e c t o r  by which pa thogens  m i g r a t e  from 
t h e  d i s p o s a l  s i te .  

Groundwater  r e c h a r g e  e n t e r s  a d j a c e n t  s u r f  ace waters by o n e  
o f  t w o  modes. I n  m o s t  s i t u a t i o n s ,  r e c h a r g e  e n t e r s  t h e  s u r f a c e  
water  l a t e r a l l y  a t  some p o i n t  b e n e a t h  t h e  s u r f a c e  o f  t h e  w a t e r .  
A t  t h i s  p o i n t ,  b i o l o g i c a l  c o n t a m i n a n t s  e n t r a i n e d  i n  g roundwate r  
must  n s u r v i v e "  t h e  p a s s a g e  th rough  t h e  s e d i m e n t - w a t e r  i n t e r f a c e  
o r  s u r v i v e  c o n t a i n m e n t  i n  t h o s e  s e d i m e n t s .  I t  i s  t h e  l a c k  o f  
u n d e r s t a n d i n g  of t h e  p r o c e s s e s  i n  t h i s  sediment-wa ter  i n t e r f a c e  
w h i c h  c a l l s  i n t o  q u e s t i o n  t h e  v a l i d i t y  o f  a p p l y i n g  i n f o r m a t i o n  
c o l l e c t e d  i n  m o s t  p u b l i s h e d  g r o u n d w a t e r  m i c r o b i o l o g y  s t u d i e s  
t o w a r d  r e s u l t i n g  s u r f a c e  water p o l l u t i o n .  S i m p l y  s t a t e d ,  
e x t e n d e d  e n t r a i n m e n t / s u r v i v a l  o f  pa  t h o g e n s  i n  g r o u n d w a t e r  may 
h a v e  r e d u c e d  i m p l i c a t i o n  t o  s u r f a c e  water p o l l u t i o n  i f  t h e  
p a t h o g e n s  a r e  u n a b l e  t o  " s u r v i v e "  t h e  p a s s a g e  i n t o  t h e  s u r f a c e  
water. F o r  t h i s  p u r p o s e ,  t h e  l a t e r  p o r t i o n  o f  t h i s  r e p o r t  
s u m m a r i z e s  t h e  a v a i l a b l e  d a t a  o n  t h e  s u r v i v a l  o f  c e r t a i n  
pa thogens  i n  m a r i n e  sed imen t s .  

A s e c o n d  mode b y  w h i c h  b i o l o g i c a l  c o n t a m i n a t i o n  i n  
g roundwate r  c a n  r e a c h  s u r f a c e  w a t e r s  i s  commonly r e f e r r e d  t o  a s  
s e e p a g e  o r  " b r e a k o u t " .  I n  t h i s  s i t u a t i o n ,  h y d r o g r a p h i c  



c o n d i t i o n s  s u c h  a s  a n  e b b i n g  t ide,  r a i n  o r  snowmel t  r e c h a r g e  e t c .  
i n c r e a s e  t h e  h y d r a u l i c  h e a d  o r  g r a d i e n t  t o  t h e  p o i n t  w h e r e  
g r o u n d w a t e r  s e e p s  o r  b r e a k s  t h r o u g h  t h e  s u r f a c e  o f  t h e  s o i l  
a d j a c e n t  t o  t h e  b o d y  o f  water a n d  c o m p l e t e s  i t s  p a t h  t o  t h e  
s u r f a c e  w a t e r  b y  way  o f  a n  o v e r l a n d  r o u t e .  D u r i n g  t h e s e  
s i t u a t i o n s ,  b i o l o g i c a l  c o n t a m i n a n t s  e n t r a i n e d  m u s t  s u r v i v e  a  
d i f f e r e n t ,  t y p i c a l l y  m o r e  v a r i a b l e  s e t  o f  e n v i r o n m e n t a l  
c o n d i t i o n s ,  d u r i n g  i t s  o v e r l a n d  p a s s a g e  t o  be c o n s i d e r e d  a 
p o s s i b l e  t h r e a t  t o  t h e  p u b l i c  h e a l t h .  F o r  t h i s  p u r p o s e ,  
a d d i t i o n a l  e n v i r o n m e n t a l  f a c t o r s  a n d  t h e i r  e f f e c t  o n  t h e  s u r v i v a l  
of  v a r i o u s  pa thogens  is a l s o  rev iewed,  

EblTRAIkWENT OF VIRUSES Ibl GROUNDWATER - - 
I n  t h e i r  r e v i e w  o f  r e c e n t  l i t e r a t u r e  K e s w i c k  a n d  G e r b a  

(1980) r e p o r t e d  t h a t  v a r i o u s  s t u d i e s  i n d i c a t e d  t h a t  v i r u s e s  c o u l d  
be e n t r a i n e d  i n  g r o u n d w a t e r  t o  d i s t a n c e s  u p  t o  4 0 8  m f r o m  t h e i r  
p o i n t  o f  a p p l i c a t i o n .  I t  s h o u l d  be no ted ,  however, t h a t  r e p o r t s  
o f  l a t e r a l  e n t r a i n m e n t  o f  v i r u s e s  i n  e x c e s s  o f  7 0  m a r e  r a re  i n  
t h e  l i t e r a t u r e .  The m a j o r i t y  o f  i n v e s t i g a t i o n s  r e l a t i v e  t o  v i r u s  
e n t r a i n m e n t  a n d  s u r v i v a l  i n  g r o u n d w a t e r  h a v e  b e e n  i n  r e g a r d  t o  
l a n d  a p p l i c a t i o n  o f  domestic wastes a n d  h a v e  i n d i c a t e d  l i m i t e d  
m o b i l i t y  of  v i r u s e s  i n  s o i l s .  Duboise e t  a 1  (1976) i n  l a b o r a t o r y  
s t u d i e s  u s i n g  s o i l  c o l u m n s  i n d i c a t e d  t h a t  v i r u s e s  m i g r a t e d  a t  
l eas t  10  cm.  I n  E u s t i s  f i n e  sand,  B i t t o n  e t  a1 (1984) n o t e d  t h a t  
v i r u s  m i g r a t i o n  f o l l o w i n g  s l u d g e  a p p l i c a t i o n  was less  t h a n  33  c m .  
McConnell e t  a1 (1984) r e p o r t e d  t h a t ,  a p p l y i n g  s e e d e d  r i v e r  w a t e r  
a t  a n  a p p l i c a t i o n  r a te  of  0.2m/h t h r o u g h  s o i l s  c o n t a i n i n g  h i g h e r  
t h a n  9 8 %  s a n d ,  r e o v i r u s  were n o t e d  t o  be r e t a i n e d  w i t h i n  a  
d i s t a n c e  o f  1.22 m. G e r b a  a n d  Lance  ( 1 9 7 8 )  a p p l y i n g  p r i m a r y  
sewage e f f l u e n t  t o  s o i l  co lumns  o f  loamy sand  s o i l  i n d i c a t e d  t h a t  
o n l y  o n  o n e  o c c a s i o n  were v i r u s e s  detected a t  t h e  250 cm. depth .  
L a b o r a t o r y  e x p e r i m e n t s  of  Dubois e t  a 1  (1974) u s i n g  sandy  f o r e s t  
s o i l  i n d i c a t e d  a 98.6% r e m o v a l  o f  P o l i o  I a n d  99.6% r e m o v a l  o f  T 
7  V i r u s  w i t h i n  19 .5  cm. o f  s a n d y  f o r e s t  s o i l .  I n  o t h e r  
l a b o r a t o r y  e x p e r i m e n t s  Wang e t  a 1  (1981) compar ing  4  s o i l  t y p e s  
a n d  u s i n g  P o l i o  I a n d  E c h o  I v i r u s e s  f o u n d  t h a t  w i t h  t h e  
e x c e p t i o n  o f  R u b i c o n  S a n d ,  i n  w h i c h  t h e r e  was a p e n e t r a t i o n  o f  a t  
l e a s t  8 7  cm. ,  o t h e r  s o i l s  tested r e m o v e d  a t  l e a s t  9 8 %  o f  t h e  
v i r u s e s  w i t h i n  6 7  cm. While  l a b o r a t o r y  e x p e r i m e n t s  o f  Lance and  
Gerba (1984) i n d i c a t e d  v i r u s  movement of  1 6 0  cm, under  s a t u r a t e d  
c o n d i t i o n s ,  t h i s  a u t h o r  n o t e d  c o n s i d e r a b l y  l e s s  e n t r a i n m e n t  
d i s t a n c e s  (40  cm) when u n s a t u r a t e d  c o n d i t i o n s  were tested. 

I n  a p p a r e n t  c o n t r a s t  t o  t h e s e  s t u d i e s ,  f i e l d  i n v e s t i g a t i o n s  
i n d i c a t e  a m o r e  e x t e n s i v e  e n t r a i n m e n t  o f  v i r u s e s .  Mack e t  a 1  
(1972) i s o l a t e d  P o l i o v i r u s  Type 2 from a 30.5 m-deep w e l l  l o c a t e d  
91.5 in f r o m  t h e  e d g e  o f  a  wastewater d r a i n  f i e l d .  W e l l i n g s  e t  
a1.(1975) d e s c r i b i n g  t h e  p e n e t r a t i o n  a n d  e n t r a i n m e n t  o f  v i r u s e s  
f o l l o w i n g  a p p l i c a t i o n  o f  s e c o n d a r y  s e w a g e  t o  a  c y p r e s s  dome 
i n d i c a t e d  f r o m  a s i n g l e  i s o l a t i o n  o f  v i r u s  t h a t  l a t e r a l  
e n t r a i n m e n t  was 38 m f rom t h e  s o u r c e  a t  a  d e p t h  movement t o  3  m. 
V a u g h n  e t  a 1  ( 1 9 8 3 )  i n  w h a t  i s  l i k e l y  t h e  m o s t  p e r t i n e n t  
i n v e s t i g a t i o n  t o  o u r  s t u d y  area of  B u t t e r m i l k  Bay, i n v e s t i g a t i n g  



l e a c h a t e  f r o m  s e p t i c  t a n k s  i n  a  s h a l l o w  s a n d y  s o i l  a q u i f e r  
o b s e r v e d  v i r u s  t o  be e n t r a i n e d  t o  a q u i f e r  d e p t h s  o f  1 8  m a n d  
l a t e r a l  movement  t o  a d i s t a n c e  o f  67.05 m. T h i s  a u t h o r ,  c i t i n g  
a d d i t i o n a l  work  b y  h i m s e l f  a n d  c o a u t h o r s  a l s o  n o t e d  l a t e r a l  
e n t r a i n m e n t  45.7 m d o w n g r a d i e n t  f rom r e c h a r g e  b a s i n s  r e c e i v i n g  
e f f l u e n t  f o l l o w i n g  t e r t i a r y  t r e a t m e n t .  F u r t h e r  work  c i t e d  b y  
t h e s e  a u t h o r s  r e p o r t e d  a s i n g l e  i s o l a t i o n  of c o x s a c k i e v i r u s  from 
a n  o b s e r v a t i o n  w e l l  402 m downgrad ien t  from a s a n i t a r y  l a n d f i l l .  
U s i n g  a  t r a c e r  v i r u s  ( c o l i p h a g e  f 2 ) ,  S c h a u b  a n d  S o r b e r  ( 1 9 7 7 )  
h a v e  d e m o n s t r a t e d  l a t e r a l  e n t r a i n m e n t  o f  v i r u s  t o  182.8 m a t  a 
s i t e  used f o r  r a p i d  i n f i l t r a t i o n  of was tewa te r .  

Not a l l  f i e l d  s t u d i e s  i n d i c a t e  e x t e n s i v e  l a t e r a l  movement of  
v i r u s e s .  Br'own e t  a 1  ( 1 9 7 9 )  c o n c l u d e d  f r o m  s t u d i e s  u s i n g  
c o l i p h a g e  t h a t  120  cm. was a d e q u a t e  t o  min imize  t h e  p o s s i b i l i t y  
of  g roundwate r  con tamina t ion .  G i l b e r t  e t  a1 (1976) obse rved  t h a t  
when s e c o n d a r y  s e w a g e  e f f l u e n t  w a s  a p p l i e d  t o  s a n d y - l o a m  s o i l  
99.99% of  t h e  v i r u s e s  were removed w i t h i n  9  m of passage.  

There  a r e  many p o s s i b l e  r e a s o n s  f o r  t h e  v a r i a b i l i t y  n o t e d  i n  
t h e  p r e v i o u s l y  c i t e d  s t u d i e s  r e g a r d i n g  t h e  m o b i l i t y  o f  v i r u s  
w i t h i n  t h e  s o i l  column. Foremost ,  i t  s h o u l d  be u n d e r s t o o d  t h a t  
t h e  f i e l d  o f  e n v i r o n m e n t a l  v i r o l o g y ,  t o  i n c l u d e  s a m p l i n g  
methodology a n d  i s o l a t i o n  t e c h n i q u e s  h a s  u n d e r g o n e  s i g n i f i c a n t  
c h a n g e s  i n  t h e  p a s t  t w o  d e c a d e s .  Thus ,  t h e r e  a r e  s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  d e t e c t a b i l i t y  l i m i t s  i n  many o f  t h e  s t u d i e s  
reviewed.  P e r h a p s  more i m p o r t a n t ,  however, i n  a c c o u n t i n g  f o r  t h e  
v a r i a b i l i t y  i n  e n t r a i n m e n t  v a l u e s  a r e  d i f f e r e n c e s  among t h e  
s t u d i e s  i n  t h e  many v a r i a b l e s  a f f e c t i n g  t h e  movement of  v i r u s e s  
i n  g r o u n d w a t e r .  Keswick  a n d  Gerba ( 1 9 8 0 )  i n  r e v i e w i n g  t h o s e  
f a c t o r s  a f f e c t i n g  t h e  e n t r a i n m e n t  a n d  s u r v i v a l  o f  v i r u s e s  i n  
g r o u n d w a t e r  h a v e  l i s t e d  n u m e r o u s  s p e c i f i c  f a c t o r s  u n d e r  t h r e e  
b r o a d  c a t e g o r i e s  o f  h y d r o g e o l o g i c a l ,  b i o l o g i c a l  a n d  
m e t e o r o l o g i c a l .  W h i l e  e a c h  o f  t h e  s p e c i f i c  f a c t o r s  a f f e c t i n g  
v i r u s  r e t e n t i o n  i n  s o i l  are  d i s c u s s e d  under  s e p a r a t e  h e a d i n g s  i n  
t h e  f o l l o w i n g  d i s c u s s i o n ,  t h e  r e a d e r  s h o u l d  r e a l i z e  t h a t  n o  one 
f a c t o r  c a n  be s i n g l e d  o u t  a s  t h e  m o s t  i n f l u e n c i n g  f a c t o r  i n  
s u r v i v a l  o r  e n t r a i n m e n t  o f  v i r u s e s  i n  g r o u n d w a t e r .  I n  a  g i v e n  
s i t u a t i o n ,  i t  i s  l i k e l y  t h a t  many f a c t o r s  o p e r a t e  i n  c o m p l e x  
c o n c e r t  t o  c a u s e  a n  o b s e r v e d  l e v e l  o f  e n t r a i n m e n t  o r  s u r v i v a l .  
I n  a d d i t i o n ,  i t  s h o u l d  b e  u n d e r s t o o d  t h a t  s o i l  s y s t e m s  a r e  
d y n a m i c  s y s t e m s  i n  w h i c h  many i n f l u e n c i n g  f a c t o r s  u n d e r g o  
p e r i o d i c  c h a n g e s  w h i c h  i n  t u r n  a l t e r  s u r v i v a l  a n d  e n t r a i n m e n t  
c h a r a c t e r i s t i c s  o f  pathogens.  

Factors Affecting the Survival and Entrainment of Viruses in 
Groundwater 

Temperature 

S i m i l a r  t o  wha t  h a s  been  r e p o r t e d  f o r  bacterial  i n d i c a t o r s ,  
t e m p e r a t u r e  h a s  been  r e p o r t e d  t o  e x e r t  a p r i m a r y  i n f l u e n c e  o n  t h e  
p e r s i s t e n c e  of v i r u s e s  i n  groundwater .  A r e v i e w  of i n v e s t i g a t i o n s  
i n  t h i s  a r e a  ( D u b o i s e  e t  a l .  1 9 7 9 )  g e n e r a l l y  i n d i c a t e s  a n  



i n v e r s e  r e l a t i o n s h i p  be tween v i r u s  s u r v i v a l  and s o i l  t empera tu re .  
D u b o i s  e t  a l .  ( 1 9 7 6 )  f o u n d  t h a t  s u r v i v a l  a t  4 C w a s  g r e a t l y  
p ro longed  o v e r  20 C. During i n v e s t i g a t i o n  of s l u d g e  amended s o i l ,  
T i e r n e y  e t  a l .  (1977)  found maximum s u r v i v a l  ( a t  l e a s t  96 d a y s )  
d u r i n g  w i n t e r  c o m p a r e d  w i t h  s u r v i v a l  o f  o n l y  11 d a y s  d u r i n g  
summer  months .  Under  w i n t e r  c o n d i t i o n s  D a m g a a r d - L a r s e n  e t  a l .  
(1977) obse rved  t h e  s u r v i v a l  of  c o x s a c k i e v i r u s  t o  p e r s i s t  f o r  23  
weeks. Ya tes  e t  a l .  (1985)  found t h a t  p o l i o v i r u s  underwent  a  1- 
l o g  r e d u c t i o n  i n  t i t e r  i n  3-5 d a y s  a t  26 C a s  o p p o s e d  t o  28.8 
d a y s  a t  " l o w e r n  t e m p e r a t u r e s .  H u r s t  e t  a l .  ( 1 9 8 0  b )  c o n c l u d e d  
t h a t  t e m p e r a t u r e  was  one  of  t h e  most  i m p o r t a n t  f a c t o r s  a f f e c t i n g  
v i r u s  s u r v i v a l  i n  s o i l  sys t ems .  

Moisture Content o f  S o i l  -- 
Numerous  s t u d i e s  s u m m a r i z e d  b y  Vaughn a n d  L a n d r y  ( 1 9 8 3 )  

s t r o n g l y  s u p p o r t  t h e  r o l e  o f  s o i l  m o i s t u r e  i n  v i r u s  s u r v i v a l .  
T h e s e  s t u d i e s  g e n e r a l l y  s u g g e s t  t h a t  l o s s e s  i n  s o i l  m o i s t u r e  
r e s u l t  i n  h i g h e r  i n a c t i v a t i o n  r a t e s  f o r  v i r u s e s  a n d  s u g g e s t  t h a t  
o n - s i t e  s u b s u r f a c e  sewage d i s p o s a l  s y s t e m s  s i t u a t e d  where  d r y i n g  
c y c l e s  c o u l d  b e  a c h i e v e d  w i l l  e x h i b i t  t h e  more  o p t i m a l  v i r u s  
i n a c t i v a t i o n  a s  o p p o s e d  t o  s y s t e m s  s i t u a t e d  w h e r e  s o i l s  
u n d e r l y i n g  t h e  l e a c h i n g  f a c i l i t y  r e t a i n s  a d e q u a t e  m o i s t u r e  on a  
c o n t i n u i n g  b a s i s  ( s u c h  a s  n e a r  o r  i n  t h e  s a t u r a t e d  zone).  

Distance - to Groundwater 

The  l i k e l i h o o d  t h a t  v i r a l  p a t h o g e n s  w i l l  b e  e n t r a i n e d  i n  
g r o u n d w a t e r  a n d  c a r r i e d  s i g n i f i c a n t  d i s t a n c e s  f r o m  t h e  s i t e  o f  
d e p o s i t i o n  is d i r e c t l y  r e l a t e d  t o  t h e  u n d e r l y i n g  c o n d i t i o n s  which 
f a c i l i t a t e  t h e  t r a v e l  o f  t h e  v i r u s  t o  t h e  g roundwate r  t a b l e .  The 
two f a c t o r s  i n t e g r a l l y  i n v o l v e d  i n  t h i s  p r o c e s s  a r e  d i s t a n c e  and 
time. I f  t h e  v e l o c i t y  o f  a n  e f f l u e n t  i s  k e p t  c o n s t a n t ,  t h e  
p r o b a b i l i t y  t h a t  a  v i r u s  p a r t i c l e  w i l l  r e a c h  t h e  g r o u n d w a t e r  
t a b l e  i s  n e g a t i v e l y  c o r r e l a t e d  w i t h  t h e  d e p t h  o f  t h e  vadose  zone. 
I n  c l o s e  c o n j u n c t i o n  w i t h  t h e  s o i l  d e p t h ,  h o w e v e r ,  t h e  r a t e  o f  
r e c h a r g e  i s  c l e a r l y  shown t o  p o s i t i v e l y  a f  f e c t  t h e  p e n e t r a t i o n  of  
v i r u s e s  i n t o  t h e  v a d o s e  z o n e  (Wang e t  a l .  1 9 8 1  a n d  Vaughn e t  a l .  
1 9 8 1 ) .  I n  s h o r t ,  h i g h e r  r e c h a r g e  r a t e s  g e n e r a l l y  c a u s e  f u r t h e r  
movement  o f  v i r u s e s  t o w a r d  t h e  g r o u n d w a t e r  t a b l e ,  a n d  i n  some 
c a s e s  t h e  v i r u s  may r e a c h  t h e  s a t u r a t e d  zone .  T h u s  a  l o w e r  
r e c h a r g e  r a t e  i n  some s i t u a t i o n s  may d e t e r m i n e  w h e t h e r  v i r u s e s  
becomi e n t r a i n e d  i n  g r o u n d w a t e r  o r  - g e t  
zone. 

Due t o  t h e  e l e c t r o c h e m i c a l  n a t u r e  of  
o f  b o t h  t h e  s e w a g e  e f f l u e n t  a n d  t h e  

r e t a i n e d  i n  t h e  v a d o s e  

v i r u s  p a r t i c l e s ,  t h e  pH 
s o i l  m i c r o e n v i r o n m e n t  

s t r o n g l y  i n f  l u e n c e  t h e  a d s o r p t i o n  of  v i r u s .  Al though a n  i n - d e p t h  
d i s c u s s i o n  o f  t h e  e l e c t r o c h e m i c a l  d o u b l e  l a y e r  (ECDL) of v i r u s e s  
a n d  t h e  v a r i o u s  r e a c t i o n s  o f  t h i s  l a y e r  i s  o u t s i d e  t h e  s c o p e  o f  



t h i s  p a p e r ,  i t  i s  s u f f i c i e n t  t o  s a y  t h a t ,  i n  g e n e r a l ,  l o w e r  pH 
r a n g e s  t e n d e d  t o  i n c r e a s e  a d s o r p t i o n  o f  v i r u s e s  i n  s t u d i e s  
r e v i e w e d .  G o y a l  a n d  Gerba ( 1 9 7 9 )  u s i n g  n i n e  d i f f e r e n t  s o i l s  
c o n c l u d e d  t h a t  s o i l  pH was  t h e  s i n g l e  m o s t  i m p o r t a n t  f a c t o r  
i n f l u e n c i n g  v i r u s  a d s o r p t i o n  t o  s o i l .  Burge  a n d  E n k i r i  ( 1 9 7 8 )  
n o t e d  a n  i n c r e a s e d  a d s o r p t i o n  o f  a  b a c t e r i o p h a g e  a t  d e c r e a s e d  
pH. S c h a u b  a n d  S a g i k  ( 1 9 7 5 )  a d d i t i o n a l l y  o b s e r v e d  i n c r e a s e d  
a d s o r p t i o n  a t  l o w e r  pH u s i n g  2 E n c e p h a l o m y o c a r d i t i s  v i r u s e s .  
Conduct ing a  s t u d y  u s i n g  34 m i n e r a l s  and s o i l s ,  however, Moore e t  
a 1  ( 1 9 8 1 )  d i d  n o t  d e m o n s t r a t e  s i g n i f i c a n t  c o r r e l a t i o n  o t  p o l i o  
v i r u s  t y p e  2 w i t h  pH alone.  

S i n c e  e a c h  v i r u s  h a s  a s p e c i f i c  s u r f a c e  c h a r g e  
c h a r a c t e r i s t i c  and  s i n c e  t h e  pH and i o n i c  s t r e n g t h  o f  t h e  aqueous 
env i ronment  h a s  a  key r o l e  i n  d e t e r m i n i n g  t h e  o v e r a l l  s t r e n g t h  of 
t h e  c h a r g e  ( a n d  h e n c e  i t s  m o b i l i t y  i n  s o i l ) ,  i t  i s  l i k e l y  v i r u s  
t y p e  ( d i s c u s s e d  l a t e r )  is a n  i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  t h e  
e f f e c t  pH h a s  o n  v i r u s  e n t r a i n m e n t .  I n  a d d i t i o n  t o  t h i s  t w o  
f a c t o r  i n t e r a c t i o n ,  Sobsey e t  a1 (1980) i n d i c a t e d  t h a t  s o i l  t y p e  
c a n  a l s o  m o d i f y  t h e  c o r r e l a t i o n  o f  pH a n d  v i r u s  a d s o r p t i o n .  I n  
g e n e r a l ,  h o w e v e r ,  i t  d o e s  a p p e a r  t h a t  l o w e r  pH e n v i r o n m e n t s  d o  
enhance  a d s o r p t i o n .  T h i s  a u t h o r  a d d i t i o n a l l y  r e p o r t e d  t h a t ,  even 
i n  s o i l s  w i t h  l o w  a d s o r p t i v e  c a p a b i l i t y  e .  s a n d s )  a n  
e n h a n c e m e n t  o f  t h e  l i m i t e d  a b i l i t y  c a n  be a c h i e v e d  by  l o w e r i n g  
t h e  pH. 

Type of Soil 

The  m a j o r i t y  s t u d i e s  r e v i e w e d  d e a l i n g  w i t h  a d s o r p t i v e  
c a p a c i t y  o f  s o i l s  i n d i c a t e  s o i l  t y p e  i s  e x t r e m e l y  i m p o r t a n t  i n  
g o v e r n i n g  t h e  m o b i l i t y  o f  v i r u s e s  i n  a p p l i e d  e f f l u e n t .  I n  
g e n e r a l ,  one  o f  t h e  key c h a r a c t e r i s t i c s  of s o i l  d e t e r m i n i n g  i t s  
a d s o r p t i v e  c a p a c i t y  is t h e  c l a y  con ten t .  Sandy and o r g a n i c  s o i l s  
a r e  poor  a d s o r b e r s  of  v i r u s  (hence would a l l o w  f o r  more e x t e n s i v e  
e n t r a i n m e n t ) ,  whereas  c l a y  s o i l s  a r e  good a d s o r b e r s  ( K e s w i c k  and 
Gerba 1 9 8 0 ) .  T h i s  c o n d i t i o n  i s  s u p p o r t e d  i n  s t u d y  by  S o b s e y  e t  
a 1  ( 1 9 8 0 ) ,  S c h a u b  a n d  S a g i k  ( 1 9 7 5 )  a n d  o t h e r s .  C o n v e r s e l y ,  
h o w e v e r ,  S c h a u b  a n d  S o r b e r  ( 1 9 7 7 )  d e m o n s t r a t e d  e x t e n s i v e  
m i g r a t i o n  (ca. 183 tir) of v i r u s e s  i n  " s i l t y ,  sandy gravel" .  

Two a d d i t i o n a l  f a c t o r s  r e p o r t e d  by Vaughn and  Landry (1984) 
t h a t  a r e  c l o s e l y  r e l a t e d  t o  o v e r a l l  c l a y  c o n t e n t  a r e  c a t i o n  
e x c h a n g e  c a p a c i t y  ( C E C )  a n d  s p e c i f i c  s u r f a c e  a r e a  (SSA). I n  
g e n e r a l ,  t h e s e  t w o  f a c t o r s  a r e  p o s i t i v e l y  c o r r e l a t e d  w i t h  c l a y  
c o n t e n t .  B u r g e  a n d  E n k i r i  ( 1 9 7 8 )  s p e c i f i c a l l y  m e n t i o n e d  t h e s e  
f a c t o r s  n o t i n g  t h a t  a d s o r p t i o n  o f  a b a c t e r i o p h a g e  i n c r e a s e d  a s  
t h e s e  two f a c t o r s  i n c r e a s e d .  F i n d i n g s  o f  Funderburg e t  a1 (1981) 
u s i n g  t h i s  same  b a c t e r i o p h a g e  a s  w e l l  a s  p o l i o v i r u s  1 a n d  
r e o v i r u s  3  c o r r e s p o n d  w e l l  w i t h  f i n d i n g s  o f  B u r g e  a n d  E n k i r i  
( 1 9 7 8 ) .  W h i l e  c o r r e l a t i o n  w i t h  t h e s e  s p e c i f i c  s o i l  
c h a r a c t e r i s t i c s  (CEC a n d  SSA) and  a d s o r p t i o n  was n o t  o b s e r v e d  by 
Goyal and Gerba (1979) t h e s e  a u t h o r s  do  concur  t h a t  s o i l  t y p e  is 
a  m a j o r  f a c t o r  a f f e c t i n g  a d s o r p t i o n  o f  v i r u s e s , ' r e p o r t i n g  t h a t  
c l a y  i n  s o i l  enhances  adsorp t ion .  



I n  addi  t i o n  t o  c l a y  components, i n s o l u b l e  o rgan ic  components 
i n  s o i l  have b e e n  shown t o  a f f e c t  a d s o r p t i o n .  N a t u r a l  s o i l  
o r g a n i c  m a t t e r  h a s  been  shown t o  be a  weak a d s o r b e r  of v i r u s e s  
(Moore e t  a 1  1981) .  S t u d i e s  conduc ted  u s i n g  s e p t i c  s l u d g e ,  
however, seems t o  i n d i c a t e  t h e  a b i l i t y  of t h i s  o rgan ic  m a t t e r  t o  
r e t a i n  v i r u s e s  i n  u p p e r  s o i l  l a y e r s  ( B i t t o n  e t  a l .  1984 a n d  
Damgaard-Larson e t  ' a1.(1977). Pancorbo  (1981)  r e p o r t e d  t h a t  
v i r u s e s  had more a f f i n i t y  toward a e r o b i c a l l y  d i g e s t e d  s ludge  than 
a n a e r o b i c a l l y  d i g e s t e d  sludge. 

Dissolved Solids 

Many s t u d i e s  have been  p u b l i s h e d  r e l a t i n g  t o  t h e  v a r i o u s  
a f f e c t s  o f  d i s s o l v e d  s o l i d s  on  v i r u s  a d s o r p t i o n  t o  s o i l s .  A s  
men t ioned  p r e v i o u s l y ,  t h o s e  m a t e r i a l s  a f f e c t i n g  t h e  pH of  t h e  
s y s t e m  c a n  have  a p p r e c i a b l e  a f f e c t  by m o d i f y i n g  t h e  o v e r a l l  
s u r f a c e  c h a r g e  o f  t h e  v i r u s  p a r t i c l e  (see pH), and  hence  i t s  
m o b i l i t y  i n  groundwater. I n  a d d i t i o n ,  t h e r e  a r e  some i n d i c a t i o n s  
i n  t h e  l i t e r a t u r e ,  n o t a b l y  s t u d y  of Schaub  and  S a g i k  (1975)  and 
C a r l s o n  e t  a 1  (1968)  t h a t  t h e  m e t a l l i c  c a t i o n  c o n c e n t r a t i o n  
p o s i t i v e l y  c o r r e l a t e d  w i t h  v i r u s  adsorpt ion.  The l a t e r  a u t h o r s  
n o t e d  t h a t  d i v a l e n t  c a t i o n s  a f f e c t e d  v i r u s  a d s o r p t i o n  more 
p o s i t i v e l y  t h a n  e q u a l  mo la r  s t r e n g t h  s o l u t i o n s  of  monovalen t  
ca t ions .  I n  subsequent  s t u d y  B i t t o n  e t  a 1  (1975) determined t h a t  
t r i v a l e n t  aluminum c a t i o n s  were  more e f f e c t i v e  i n  e n h a n c i n g  
a d s o r p t i o n  t h a n  d i v a l e n t  i ons .  L e f l e r  a n d  K o t t  (1974)  found  
d i f f e r e n t i a l  a d s o r p t i v e  enhancement  a b i l i t i e s  o f  s o i l  co lumns  
dependent on t h e  c o n c e n t r a t i o n  of t h e  d i v a l e n t  calc ium ca t ion .  

S t u d i e s  by b o t h  Schaub  and  S a g i k  . ( l 9 7 5 ) ,  Moore e t  a1.(1981) 
and Scheuerman e t  a 1  (1979)  s u g g e s t  t h a t  d i s s o l v e d  o r g a n i c  
m a t e r i a l  n e g a t i v e l y  a f f e c t s  v i r u s  adsorption.  I n  a n  exper iment  
d e s i g n e d  t o  s e p a r a t e  o u t  t h e  a f f e c t s  of  t h e  w a t e r - s o l u b l e  
o rgan ic s  from t h e  i n s o l u b l e  components i n  wmuck" s o i l ,  t h e  l a t e r  
a u t h o r s  c o n c l u d e d  t h a t  t h e  'Humic s u b s t a n c e s w  w i t h i n  t h e  muck 
s o i l  i n t e r f e r e d  w i t h  t h e  a d s o r p t i v e  c a p a c i t y .  Lo and  S p r o u l  
(1977)  u s i n g  d i s s o l v e d  p r o t e i n a c e o u s  o r g a n i c  m a t e r i a l s  found  
t h a t  n o t  on ly  d i d  t h e  subs t ances  compete f o r  a d s o r p t i o n  s i t e s  on 
s i l i ca t e  minera l s ,  b u t  caused v i r u s e s  t o  deso rb  and become mobile 
i n  t h e  s o i l  column. I t  was  a p p a r e n t l y  t h i s  t y p e  of  i n t e r a c t i o n  
t h a t  Sobsey e t  a 1  (1980) observed when he found n u t r i e n t  b r o t h  t o  
be t h e  most e f f e c t i v e  t r e a t m e n t  t o  e l u t e  v i ruses .  These f i n d i n g s  
s t a n d  i n  appa ren t  c o n f l i c t  w i t h  o t h e r  s t u d i e s  by Gerba and Lance 
(1978)  who found  t h a t  o r g a n i c s  p r e s e n t  i n  p r i m a r y  on s e c o n d a r y  
e f f l u e n t  d i d  n o t  a f f e c t  v i r u s  a d s o r p t i o n  a n d  Goyal a n d  Gerba 
(1979)  who found  no  c o n s i s t e n t  p a t t e r n  of  a f f e c t  r e l a t i v e  t o  % 
o r g a n i c  m a t t e r  i n  a p p l i e d  e f f l u e n t .  I n  a d d i t i o n  t o  t h e  p r i o r  
mentioned s u r f a c t a n t s  have been shown t o  d i m i n i s h  t h e  a d s o r p t i v e  
c a p a c i t y  of s o i l s  (Dizer  e t  a l .  1984). 

I t  t h u s  a p p e a r s  t h a t  i n  g e n e r a l  a n  i n c r e a s e  i n  t o t a l  
d i s s o l v e d  s o l i d s  e n h a n c e s  v i r u s  a d s o r p t i o n  w i t h  t h e  p o s s i b l e  
except ion  of high molecular  weight  o rgan ic  f r a c t i o n s  which may 
compete f o r  b ind ing  s i tes  i n  some s i t u a t i o n s .  D i  and t r i - v a l e n t  



comprehensive rev iew of l i te ra ture  i n  r e g a r d  t o  t h i s  a s p e c t  was 
p r e s e n t e d  by Melnick and  Gerba (1980). 

Solar Radiation 

The n e g a t i v e  e f f e c t  of s o l a r  r a d i a t i o n  i n  s u r f a c e  w a t e r s  h a s  
b e e n  n o t e d  by a  number  o f  i n v e s t i g a t o r s  ( B i t t o n  e t  a l e  1979,  
K a p u s c i n s k i  a n d  M i t c h e l l  1983) .  A number  o f  f a c t o r s  g o v e r n  t h e  
p h o t i n a c t i v a t i o n  p r o c e s s  t o  i n c l u d e  a s s o c i a t i o n  w i t h  s e a i m e n t s ,  
d e p t h  i n  t h e  w a t e r  co lumn,  a n d  p r e s e n c e  of  b l u e - g r e e n  a l g a e  
( B i t t o n  e t  a l .  1979). Although t h i s  a u t h o r  s u g g e s t e d  t h a t  l i g h t  
i n a c t i v a t i o n  w a s  l e s s  i m p o r t a n t  a t  d e p t h s  e x c e e d i n g  6 i n c h e s ,  
K a p u s c i n s k i  a n d  M i t c h e l l  ( 1 9 8 3 )  h a v e  s u g g e s t e d  t h a t  l i g h t  
wave leng ths  exceed ing  370 nm can  cause  m o r t a l i t y  and t h a t  t h e s e  
wave leng ths  c a n  p e n e t r a t e  t o  d e p t h s  of  5 m and  e x p e r i e n c e  o n l y  a  
10-f o l d  r e d u c t i o n  i n  i n t e n s i t y .  



GEHERAL SUHUARY - AND CONCLUSIONS 

T h e  c a u s e s  f o r  t h e  b a c t e r i o l o g i c a l  c o n t a m i n a t  i o n  o f  
B u t t e r m i l k  Bay c a n  be s e p a r a t e d  i n t o  t w o  c a t e g o r i e s :  c o n t i n u a l  
i n p u t s  a n d  i n p u t s  r e l a t e d  t o  s t o r m  or  r a i n  e v e n t s .  I t  i s  t h e  
l a t e r  c a t e g o r y  which p l a y s  t h e  major  r o l e  i n  t h e  c l a s s i f i c a t i o n  
o f  B u t t e r m i l k  Bay f o r  s h e l l f i s h i n g  purposes  and t o  a  g r e a t  e x t e n t  
h a s  d e t e r m i n e d  t h e  p u b l i c ' s  p e r c e p t i o n  o f  w a t e r  q u a l i t y  i n  t h e  
b a y  i n  g e n e r a l .  The  p r i m a r y  s o u r c e s  o f  f e c a l  c o l i f o r m  d u r i n g  
r a i n  e v e n t s  a r e  d i s c h a r g e  p i p e s  s e r v i n g  a n  e x t e n s i v e  d r a i n a g e  
a r e a  i n  t h e  s u r f a c e  w a t e r s h e d  o f  t h e  b a y .  T h e  d e g r e e  o f  
c o n t a m i n a t i o n  f r o m  a n y  o n e  p i p e  i s  r e l a t e d  t o  t h e  i n t e n s i t y  o f  
l a n d  use  w i t h i n  i t s  s e r v i c e  a r e a ,  p e r i o d i c i t y  of r a i n  e v e n t s  and 
s e a s o n  o f  y e a r .  I n  g e n e r a l  t h e  d r a i n  s e r v i c i n g  t h e  most 
i n t e n s i v e l y  used l a n d  d u r i n g  summer months i n  which r a i n  e v e n t s  
a r e  i n f r e q u e n t  w i l l  e x h i b i t  t h e  h i g h e s t  c o n t a m i n a t i o n  l e v e l s  
d u r i n g  r a i n  e v e n t s .  A l t h o u g h  t h e  s o u r c e s  o f  f e c a l  c o l i f o r m  i n  
d i s c h a r g e s  c o u l d  n o t  be p o s i t i v e l y  i d e n t i f i e d ,  a  l a r g e  p e t  a n d  
w i l d l i f e  p o p u l a t i o n  i n  t h e  a r e a  i s  i m p l i c a t e d .  C o m p a r i s o n  o f  
t h i s  s t u d y ' s  v a l u e s  w i t h  n a t i o n w i d e  o b s e r v a t i o n s  u n d e r  t h e  
N a t i o n a l  Urban Runoff Program s u g g e s t s  t h a t  f e c a l  c o l i f o r m  v a l u e s  
o b s e r v e d  a t  d i s c h a r g e s  a r e  n o t  n e c e s s a r i l y  c a u s e d  by  d i r ec t  
s a n i t a r y  w a s t e  i n p u t  t o  t h e  d i s c h a r g e  s y s t e m s .  An i n t e n s i v e  
s u r v e y  o f  t h e  a r e a s  s e r v i c e d  by  a l l  s u r f a c e  d r a i n s  f a i l e d  t o  
d i s c l o s e  any c r o s s  c o n n e c t i o n s  w i t h  t h e  d r a i n a g e  system. 

I n  a d d i t i o n  t o  s t o r m w a t e r  d i s c h a r g e s ,  t h e  r e l e a s e  of  c o l i f o r m  
from p r o t e c t e d  r e s e r v o i r s ,  such  a s  t h e  s t r a n d  l i n e  and sed iments ,  
a l s o  c o n t r i b u t e s  t o  t h e  i n c r e a s e d  f e c a l  c o l i f o r m  l e v e l s  d u r i n g  
r a i n  e v e n t s .  A l t h o u g h  t h e  f e c a l  c o l i f o r m  l o a d i n g  f r o m  t h e s e  
f a c t o r s  c o u l d  n o t  be de te rmined ,  d a t a  p r e s e n t e d  do i n d i c a t e  t h e  
e f f e c t  may, i n  c e r t a i n  s i t u a t i o n s ,  be s u b s t a n t i a l .  

During p e r i o d s  of l i t t l e  p r e c i p i t a t i o n ,  w a t e r  q u a l i t y  i n  t h e  
b a y  i s  g e n e r a l l y  good w i t h  t h e  e x c e p t i o n s  o f  a r e a s  a r o u n d  
c o n s t a n t  i n p u t s .  T h e s e  c o n s t a n t  i n p u t s  i n c l u d e  f r e s h w a t e r  
s t r e a m s  a s  w e l l  a s  one  i n t e r m i t t e n t  p o i n t  d i scharge .  Regarding 
t h e  f r e s h w a t e r  i n p u t s ,  h i s t o r i c  compar i sons  showing h i g h  f e c a l  
c o l i f o r m  v a l u e s  a s  f a r  b a c k  a s  1 9 7 3  i n  t h e  c a s e  of  Red Brook 
s u g g e s t  t h a t  e n c r o a c h i n g  development  is n o t  e n t i r e l y  r e s p o n s i b l e  
f o r  v a l u e s  obse rved  j u s t  p r i o r  t o  and d u r i n g  t h e  r e c e n t  s h e l l f i s h  
c l o s u r e s .  P o i n t  s o u r c e s  w i t h i n  t h i s  w a t e r s h e d  a n d  t h e  f o u r  
r e m a i n i n g  were n o t  located,  s u g g e s t i n g  f e c a l  c o l i f o r m  o f  a  
d i f f u s e  s o u r c e ,  p o s s i b l y  n a t u r a l  i n  o r i g i n .  N u t r i e n t  l e v e l s  a s  
w e l l  a s  p r o t e c t i v e  c h a r a c t e r i s t i c s  of t h e  d r a i n a g e  b a s i n s  s u g g e s t  
t h e  p o s s i b i l i t y  t h a t  i n d i c a t o r  o r g a n i s m s  a r e  s u b j e c t  t o  
s i g n i f i c a n t  m o d i f i c a t i o n  t o  i t s  m o r t a l i t y  r a t e .  The s i n g l e  p o i n t  
s o u r c e  d i s c h a r g e  located n e a r  a  l o c a l  f i s h  market  c a n  be e x p e c t e d  
t o  i m p a c t  t h e  i m m e d i a t e  a r e a ,  t h e  e x t e n t  o f  w h i c h  w i l l  be 
d e t e r m i n e d  by t h e  l o c a l  mixing c o n d i t i o n s .  

The e f f e c t  of w a t e r f o w l  use  on t h e  b a c t e r i o l o g i c a l  q u a l i t y  of  
water was  f o u n d  t o  h a v e  two componen t s .  Direct f e c a l  d e p o s i t  
i n t o  t h e  bay was shown t o  have minimal  e f f e c t  i n  most s i t u a t i o n s ,  
w h i l e  b e a c h  d e p o s i t i o n  was  shown t o  h a v e  t h e  p o t e n t i a l  f o r  



s i g n i f i c a n t  c u m u l a t i v e  e f f e c t s .  

The  t o t a l  e f f e c t  o f  s e p t i c  s y s t e m s  o n  t h e  b a c t e r i o l o g i c a l  
q u a l i t y  o f  B u t t e r m i l k  Bay c o u l d  n o t  a s s e s s e d ,  b u t  t h r e e  m a i n  
p o s s i b i l i t i e s  f o r  i m p a c t  were s u g g e s t e d .  I n i t i a l l y ,  t h e r e  i s  
s o m e  i n d i c a t i o n  t h a t  f e c a l  c o l i f o r m  c a n  be e n t r a i n e d  i n  
g roundwate r  n e a r  t h e  bay t o  d i s t a n c e s  of a p p r o x i m a t e l y  35 m. I n  
a d d i t i o n  t o  b a c t e r i a ,  a n  e x t e n s i v e  r e v i e w  o f  p u b l i s h e d  s t u d i e s  
i n d i c a t e s  t h a t  v i r a l  pa thogens  are  e n t r a i n e d  t o  g r e a t e r  d i s t a n c e s  
i n  g r o u n d w a t e r .  U s i n g  p u b l i s h e d  s t u d i e s  w h i c h  a r e  m o s t  
a p p l i c a b l e  t o  o u r  s t u d y  a r e a ,  i t  is p o s s i b l e  t h a t  v i r a l  p a t h o g e n s  
c a n  b e  e n t r a i n e d  f o r  l a t e r a l  d i s t a n c e s  of  a t  l e a s t  6 7  m, even  i n  
s i t u a t i o n s  w h e r e  t h e  s u b s u r f a c e  s e p t i c  s y s t e m  o f  o r i g i n  i s  
p r o p e r l y  l o c a t e d  i n  a c c o r d a n c e  w i t h  p r e s e n t  r e g u l a t i o n .  The 
v a r i e t y  o f  v a r i a b l e s  i n v o l v e d  i n  p r e d i c t i n g  v i r u s  movement  i n  
groundwater ,  however, p r e c l u d e s  u s i n g  t h i s  v a l u e  a s  a d e f i n i t i v e  
g u i d e l i n e .  

S m a l l  scale l a b o r a t o r y  and i n - s i t u  e x p e r i m e n t s  s u g g e s t  t h e  
p o s s i b i l i t y  t h a t  n u t r i e n t  i n p u t s ,  some o f  w h i c h  c a n  b e  t r a c e d  
t o  s e p t i c  s y s t e m s ,  a f f e c t  t h e  b a c t e r i o l o g i c a l  q u a l i t y  o f  t h e  
water a d d i t i o n a l l y  by a l t e r i n g  t h e  m o r t a l i t y  r a tes  o f  o r g a n i s m s  
i n  t h e  r e c e i v i n g  waters. Two m a j o r  mechanisms a r e  s u g g e s t e d  t o  
i n c l u d e  a n  a l t e r i n g  o f  t h e  u l t r a v i o l e t  l i g h t  p e n e t r a t i o n  o f  t h e  
w a t e r  and  p r o v i d i n g  n u t r i e n t s  f o r  ma in tenance  and  p o s s i b l y  g rowth  
of  i n d i c a t o r  o r g a n i s m s  a n d  pathogens.  



APPENDIX I 

DESCRIPTION OF DISCBARGES ENTERING BUTTERHILK BAY 



APPENDIX - 1 
Descriptions - of Discharges - into Buttermilk Bay 

Preliminary notes: A l l  d r a i n s  h a v e  b e e n  o b s e r v e d  d u r i n g  d r y  
c o n d i t i o n s .  W i t h  t h e  e x c e p t i o n  o f  l o c a t i o n s  r e f e r e n c e d  a s  # 1 0  
(Marsh S t ream) ,  # 11 (Groundwater  r e c h a r g e  a t  Old Head of  Bay), # 
1 7  (Wychunus S t .  D r a i n ) , #  2 1  ( I n n e r  Miller 's  Cove)  a n d  # 29 
( L o b s t e r  t a n k  a n d  d r a i n s  from f i s h  m a r k e t ) ,  a l l  d r a i n s  e x h i b i t e d  
n o  f l o w .  F low o b s e r v e d  a t  # 1 7  a n d  # 19  a r e  c o n s i d e r e d  t o  b e  
f r o m  t i d a l l y  i n f l u e n c e d  g r o u n d w a t e r .  A d d i t i o n a l l y ,  w i t h  t h e  
e x c e p t i o n  o f  t h o s e  a f o r e m e n t i o n e d  d r a i n s ,  f l o w  a t  t h e  o t h e r  
s t o r m d r a i n s  c e a s e s  w i t h i n  a p p r o x i m a t e l y  2  h o u r s  f o l l o w i n g  r a i n  
e v e n t s .  

The  f o l l o w i n g  i s  a  summary o f  t h e  d r a i n s  a n d  d i s c h a r g e s  
l o c a t e d  i n  B u t t e r m i l k  Bay. Imperv ious  s u r f a c e  d r a i n a g e  a r e a  was 
e s t i m a t e d  b a s e d  on  d r a i n a g e  a r e a  w a l k s  u s i n g  a  R o l o t a p e  a n d  
c a l c u l a t i n g  a r e a .  

Reference Code: # 1 

Locat ion:  E a s t  s i d e  of Cohasse t  Narrows d r a i n i n g  highway. 
D e s c r i p t i o n :  45.7 cm ( 1 8  i n c h )  d i a m e t e r  s t e e l  p i p e  d i s c h a r g i n g  
above h i g h  w a t e r  l i n e .  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area  i n  Sq.M.: 8 ,046 

(86 ,570  Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  C o m m e r c i a l  ( C r a f t  Shop,  
Diner ,  R e s t a u r a n t  a n d  Gas S t a t i o n )  

Reference Code: # 2 

Locat ion:  E l e c t r i c  Avenue Boat  Ramp. 
D e s c r i p t i o n :  B o a t  r a m p  w i t h  b e r m e d  p a v e d  s u r f a c e  t o  d i r e c t  
d r a i n a g e .  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  A r e a  i n  Sq.M.: 2091  

(22 ,500  Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  R e s i d e n t i a l ,  B o a t  r amp a n d  
some beach  parking.  

Reference Code: # 3 

Locat ion:  P u b l i c  Beach n e a r  E l e c t r i c  Ave. 
D e s c r i p t i o n :  C o r r u g a t e d  P i p e  w i t h  d i s c h a r g e  b e l o w  h i g h  w a t e r  
l i n e .  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  A r e a  i n  Sq.M.: 5980 

(64 ,340  Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  R e s i d e n t i a l ,  Beach P a r k i n g ,  
l i g h t  commercial .  Bermed t o  d i r e c t  d ra inage .  

Reference Coder # 4 

Locat ion:  Brom Dutcher  Rd. 
D e s c r i p t i o n :  Open D i t c h  emptying  a t  edge of  bay above h i g h  water 
l i n e .  



Approximate Imperv ious -Sur face  Dra inage  Area i n  Sq.M.: 325 (3500 
Sq.Ft.) p l u s  a p p r o x i m a t e l y  372 Sq.M. (4,000 Sq.Ft.) s emi -pe rv ious  
roadbed.  
C h a r a c t e r i s t i c s  of Dra inage  Basin: R e s i d e n t i a l  

R e f e r e n c e  Code2 # 5 

Locat ion:  Brom Dutche r  Rd. 
D e s c r i p t i o n :  P i p e  c o r r u g a  t ed -ga lvan ized  - i n s t a l l e d  1986. 
Approximate Imperv ious -Sur face  Dra inage  Area i n  Sq.M.: 325 (3,500 
Sq. F t .  ) 
C h a r a c t e r i s t i c s  of  Dra inage  Basin: R e s i d e n t i a l  

Reference Code: # 6 

Locat ion:  Vanderdonk Rd. 
D e s c r i p t i o n :  C o n c r e t e  P i p e  w i t h  a p p r o x i m a t e l y  6.1 M of v e g e t a t i v e  
b u f f e r  be tween  d i s c h a r g e  p o i n t  and  w a t e r l i n e .  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  A r e a  i n  Sq.M.: 1 9 0 5  

( 2 0 , 5 0 0  Sq.Ft.) 
C h a r a c t e r i s t i c s  of  Dra inage  Basin: R e s i d e n t i a l  w i t h  t h e  m a j o r i t y  
o f  r o a d  bermed t o  d i r e c t  d r a i n a g e .  

R e f e r e n c e  Code: # 7 

Locat ion;  End o f  Quamhasse t  Rd. 
D e s c r i p t i o n :  S m a l l  C o l l e c t i o n  B a s i n  w i t h  P i p e  and a t  l e a s t  30.5 M 
v e g e t a t e d  b u f f e r  be tween  d i s c h a r g e  a n d  bay. 
Approximate Imperv ious -Sur face  Dra inage  Area i n  Sq.M.: 465 (5,000 
Sq.Ft. ) 
C h a r a c t e r i s t i c s  of Dra inage  Basin: R e s i d e n t i a l  

R e f e r e n c e  Code: # 8 

Locat ion:  P u r i t a n  Rd. n e a r  Quamhasse t  Rd. 
D e s c r i p t i o n :  Two C o r r u g a t e d  P i p e s  d i s c h a r g i n g  a b o v e  h i g h  water 
mark, b u t  n o t  a c c e s s i b l e  a t  h i g h  t i d e .  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area i n  Sq.M.: 9812  

(105 ,572  Sq.Ft.) 
Measured v a l u e  was m u l t i p l i e d  by 1.1 t o  estimate paved d r i v e w a y s  
C h a r a c t e r i s t i c s  of Dra inage  Basin: R e s i d e n t i a l .  Much of s u r f a c e  
i s  b e r m e d  t o  d i r e c t  d r a i n a g e .  B a s i n s  l o c a t e d  o n  P u r i t a n  Ave 
s o u t h  of  E r i n  Lane may b e  l e a c h i n g  b a s i n s  a lone .  

R e f e r e n c e  C o d e t  # 9 

Locat ion:  L i t t l e  Bay Lane 
D e s c r i p t i o n :  C o l l e c t i o n  b a s i n  w i t h  d i s c h a r g e  p i p e  i n t o  S a r t i n a  

a t e n s  ( s h o r t  c h o r d g r a s s )  marsh. Approximate ly  22.9 M o  
57-  e x  sts between d i s c h a r g e  p o i n t  and  bay. 

P E m F  

A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area i n  Sq.M.: 2788 
(30 ,000  Sq.Ft.1 

C h a r a c t e r i s t i c s  of Dra inage  Basin: R e s i d e n t i a l .  Bermed s u r f a c e s  
to  d i r e c t  d ra inage .  



Reference Codet # 10 

Location:  End of  L i t t l e  Bay Lane 
Desc r ip t ion :  Termed "Marsh St ream" by D.E.Q.E.. Has Clapper  Valve 
a n d  d r a i n s  a n  o l d  bog and  marsh. 
Approximate Impervious-Surface  Drainage Area i n  Sq.M. N/A 
C h a r a c t e r i s t i c s  o f  Drainage  Basin: Marsh w i t h  s t o r m d r a i n  e n t e r i n g  
i n  a t  P u r i t a n  Rd. 

Reference Code: # 11 

Location:  Old Head of Bay Rd. 
Desc r ip t ion :  S t ream r e s u l t i n g  from groundwater  recharge .  C u l v e r t  
under  Rd. d i s c h a r g e s  i n t o  bay a t  h i g h  w a t e r  mark. 
Approximate Impervious-Surface  Drainage Area i n  Sq.M. N/A 
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  P r i v a t e  P r o p e r t y ,  f a r m l i k e .  
Two h o r s e s  k e p t  on p roper ty .  

Reference Code: # 12 

Location:  Corner  of Old Head of Bay and Head of Bay Rd. 
D e s c r i p t i o n :  P i p e  n o t  l o c a t e d  ( a l t h o u g h  a d i s c h a r g e  p i p e  
d i r e c t i o n  c a n  b e  s e e n  i n  t h e  a d j a c e n t  d r a i n ) .  May b e  j u s t  a  
road-cut  d i s c h a r g e .  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area  i n  Sq.M.: 4294 

(46,200 Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  N o t  be rmed ,  s t e e p  s l o p e .  
R e s i d e n t i a l  a r e a ,  Very p e r v i o u s  s u r f a c e  b o t h  s i d e s  of  road. 

Reference Codet # 13 

Location:  I n  Hidsaway V i l l a g e  
D e s c r i p t i o n :  Concre te  P i p e  emerging from r i p  r a p  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area  i n  Sq.M. N o t  
Determined b u t  less  t h a n  93 (1,000 Sq,Ft,) impervious.  
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  I n t e n s e l y  d e v e l o p e d  
r e s i d e n t i a l .  

Reference Code: # 14 

Location:  Near t h e  s t r e a m  behind hideaway v i l l a g e .  
D e s c r i p t i o n :  Road berm i n t o  Hideaway V i l l a g e  Stream. Road bermed 
o n  o n e  s i d e  o n l y .  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area  i n  Sq.M.: 1626  

(17,500 Sq.Ft. ) 
C h a r a c t e r i s t i c s  of Drainage  Basin: R e s i d e n t i a l  and a g r i c u l t u r a l .  
Cranber ry  Bog s t r e a m  which p a s s e s  under  Head o f  t h e  Bay Road. 
Thus d r a i n a g e  is p r i m a r i l y  from bog. 

Reference Codet # 15 

Loca t  ion: Bayhead Shores  
D e s c r i p t i o n :  C o r r u g a t e d  P i p e  d i  s c h a r g i n g  a b o v e  t h e  h i g h  w a t e r  
mark. 
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  A r e a  i n  Sq.M.8 1 4 1 3  



( 1 5 , 2 0 0  Sq.Ft.)  
C h a r a c t e r i s t i c s  o f  D r a i n a g e  Bas in :  R e s i d e n t i a l  

R e f e r e n c e  Code:  # 16 

L o c a t i o n :  Red Brook a t  Head of  Bay Rd. 
D e s c r i p t i o n :  I n c l u d e d  h e r e  a r e  two  d i s c h a r g e s ,  o n e  c o n c r e t e  p i p e  
d i s c h a r g i n g  a b o v e  t h e  w a t e r  l i n e  o n  t h e  west s i d e  o f  t h e  c r e e k ,  
and  a  bermed d i s c h a r g e  o n  t h e  e a s t  s i d e ,  
Approximate  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area i n  Sq.M. 

West s ide p i p e  - 8,643 (93,000 Sq.Ft.) 
E a s t  s i d e  c u t  - 3,764  ( 4 0 , 5 0 0  Sq.Ft . )  

C h a r a c t e r i s t i c s  of D r a i n a g e  Basin:  p r i m a r i l y  r e s i d e n t i a l  w i t h  t h e  
e x c e p t i o n  o f  t h e  n o r t h  s i d e  o f  Head  o f  t h e  Bay Rd. w h i c h  i s  a n  
undeve loped  p a r c e l  o f  p r  i v a  te ly-owned and  m u n i c i p a l  ly-owned l a n d .  

R e f e r e n c e  Code: # 17 

L o c a t i o n :  Wychunus Ave i n  Wareham, Mouth of  Red Brook 
D e s c r i p t i o n :  C o r r u g a t e d  p i p e  d i s c h a r g i n g  b e l o w  t h e  h i g h  w a t e r  
mark. 
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  A r e a  i n  Sq.M.: 1 0 , 8 5 5  

( 1 1 6 , 8 0 0  Sq.Ft.)  
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  R e s i d e n t i a l ,  l o t  s i z e s  
a p p r o x i m a t e l y  4 6 5  Sq.M. ( 5 , 0 0 0  S q . F t ) -  p r i m a r i l y  y e a r - r o u n d  
r e s i d e n c e s .  

R e f e r e n c e  Code: # 18 

L o c a t i o n :  Town Landing  i n  Wareham 
D e s c r i p t i o n :  1 6  f t  x  1 f t .  g r a t e  r e c e i v i n g  r u n o f f  f r o m  r o a d .  
L o c a t e d  o n  beach.  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  A r e a  i n  Sq.M.: 1 6 3 1  

( 1 7 , 6 5 0  Sq.Ft . )  
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  r e s i d e n t i a l .  L o t s  
a p p r o x i m a t e l y  4 6 5  Sq.M. ( 5 , 0 0 0  Sq. F t . ) .  Mix o f  s e a s o n a l  a n d  
yea r - round  homes ( m o s t l y  year - round) .  

R e f e r e n c e  Code: # 19 

Loca t ion :  Between 55  and  5 1  C l e v e l a n d  Way, Wareham. 
D e s c r i p t i o n :  38.1 c m  ( 1 5  i n )  d i a m e t e r  c o r r u g a t e d  p i p e  d i s c h a r g i n g  
below t h e  h i g h  w a t e r  mark. 
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  A r e a  i n  Sq.M.: 1 6 3 1  

( 1 7 , 5 5 0  Sq.Ft.)  
C h a r a c t e r i s t i c s  of D r a i n a g e  Basin:  R e s i d e n t i a l  w i t h  a p p r o x i m a t e l y  
4 6 5  Sq.M. ( 5 , 0 0 0  Sq .F t )  l o t s .  H i g h  p e r c e n t a g e  o f  s e a s o n a l  
c o t t a g e s .  T h e  d r a i n e d  a r e a  i s  s p l i t  a b o u t  e v e n l y  b e t w e e n  p a v e d  
s u r f a c e  a n d  s e m i - p e r v i o u s  hardpan.  T h i s  d r a i n  h a s  b e e n  o b s e r v e d  
a f t e r  r a i n s  and  a p p e a r s  t o  s t o p  d r a i n i n g  p r i o r  t o  o t h e r  d r a i n s .  

R e f e r e n c e  Code: # 20 

Loca t ion :  The end  o f  Chippewa Dr ive ,  Wareham 
D e s c r i p t i o n :  38.1 cm ( 1 5  i n )  d i a m e t e r  c o r r u g a t e d  p i p e  d i s c h a r g i n g  



g e n e r a l l y  below t h e  sand s u r f a c e ,  below t h e  h i g h  w a t e r  mark. 
A p p r o x i m a t e  I m p e r v i o u s - S u r f  a c e  D r a i n a g e  Area i n  Sq.M.: 2035 

( 2 1 , 9 0 0  Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  Dra inage  Basin: R e s i d e n t i a l  w i t h  a p p r o x i m a t e l y  
4 6 5  Sq.M. ( 5 0 0 0  Sq.Ft.) l o t s .  H i g h e r  p e r c e n t a g e  o f  s e a s o n a l  
c o t t a g e s  i n  t h e  d r a i n a g e  b a s i n .  725 Sq.M. (7800  Sq. F t . )  o f  b a s i n  
is composed of semi p e r v i o u s  hardpan. 

Reference Code: # 21 

Locat ion:  Discharge  i n t o  i n n e r  Miller's Cove 
D e s c r i p t i o n :  Cor ruga ted  p i p e  d i s c h a r g i n g  below h i g h  water mark. 
Approximate Impervious-Surface  Dra inage  Area i n  Sq.M.: 279 (3,000 
Sq.Ft.)  
C h a r a c t e r i s t i c s  of  Dra inage  Basin: R e s i d e n t i a l  

R e f e r e n c e  Coder # 22 

Locat ion:  Between two end houses  on J e f f e r s o n  Road. 
D e s c r i p t i o n :  25.4 cm ( 1 0  i n )  d i a m e t e r  c e m e n t  p i p e  w i t h  
a p p r o x i m a t e l y  4.6 M o f  g r a s s  b u f f e r  b e t w e e n  p o i n t  o f  d i s c h a r g e  
a n d  bay.  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area i n  Sq.M.: 1 1 1 5  

(12 ,000  Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  Dra inage  Basin: R e s i d e n t i a l  

R e f e r e n c e  Coder # 23 

Locat ion:  Between # 61 and # 63 J e f f e r s o n  Rd. 
D e s c r i p t i o n :  15.2 c m  ( 6  i n )  p i p e  d i s c h a r g i n g  a b o v e  h i g h  water 
mark. 
Approximate Impervious-Surface  Drainage Area i n  Sq.M.: 537 (5775 
SqoFt* ) 
C h a r a c t e r i s t i c s  of Dra inage  Basin: R e s i d e n t i a l  

R e f e r e n c e  Code: # 24 

Locat ion:  Bes ide  # 37 J e f f e r s o n  Rd. 
D e s c r i p t i o n :  30.5 c m  (12  i n )  c o n c r e t e  p i p e  d i s c h a r g i n g  below t h e  
h i g h  water mark. 
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area i n  Sq.M.: 1004  

(10 ,800  Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  R e s i d e n t i a l .  372-744 Sq.M. 
l o t s  (4 ,000-8 ,000 Sq.Ft.) l o t s .  

R e f e r e n c e  Code: # 25 

Locat ion:  Near # 23 J e f f e r s o n  Rd. 
D e s c r i p t i o n :  C o r r u g a t e d  25.4 cm ( 1 0  i n )  p i p e  d i  s c h a r g i n g  b e l o w  
t h e  h i g h  w a t e r  mark. 
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  A r e a  i n  Sq.M.: 1 3 3 8  

(14 ,400  Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  R e s i d e n t i a l ,  465-1208 Sq.M. 



(5,000-13,000 Sq. Ft. lots. P r i m a r i l y  year-round. 

R e f e r e n c e  Code t  # 26 

Locat ion:  Between # 1 5  and # 17 
D e s c r i p t i o n :  Two c o r r u g a t e d  25.4 cm ( 1 0  i n )  d i a m e t e r  p i p e s  
d i s c h a r g i n g  below t h e  h i g h  water mark. 
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  A r e a  i n  Sq.M.: 3399 

( 3 6 , 5 7 5  Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  R e s i d e n t i a l .  372-744 Sq.M. 
(4,000-8,000 Sq. F t . l o t s ,  p r i m a r i l y  year - round r e s i d e n c e s .  

R e f e r e n c e  Code t  # 27 

Locat ion:  On Route 28 By Boatyard  
D e s c r i p t i o n :  45.7 c m  ( 1 8  i n )  c o n c r e t e  p i p e  d r a i n i n g  h ighway.  
D i s c h a r g e  a t  h i g h  water mark. 
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area i n  Sq.M.: 7026 

( 7 5 , 6 0 0  Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  C o m m e r c i a l  ( P r o f e s s i o n a l  
B u i l d i n g ,  R e s t a u r a n t ,  Boatyard ,  R e a l t y ,  Hotel) 

R e f e r e n c e  Code t  1 28 

Locat ion:  By C a p t a i n  Harris F i s h  Market  
D e s c r i p t i o n :  30.5 c m  ( 1 2  i n )  s t e e l  p i p e  d r a i n i n g  h i g h w a y .  
D i s c h a r g e s  be low h i g h  water mark. 
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area i n  Sq.M.:474O 

(51 ,000  Sq.Ft.) 
C h a r a c t e r i s t i c s  o f  D r a i n a g e  B a s i n :  C o m m e r c i a l  ( F i s h  M a r k e t ,  
L i q u o r  S t o r e ,  An t ique  Shop, B a i t  a n d  Tackle) .  Highway. 

R e f e r e n c e  Code: # 29 

Locat ion:  By C a p t a i n  H a r r i s  F i s h  Market  
D e s c r i p t i o n :  25.4 cm (10 i n )  c o n c r e t e  p i p e  
A p p r o x i m a t e  I m p e r v i o u s - S u r f a c e  D r a i n a g e  Area i n  Sq.M. N/A - 
a p p a r e n t l y  t i e s  i n  to  l o b s t e r  t a n k  and f l o o r  d r a i n s .  
C h a r a c t e r i s t i c s  o f  Dra inage   asi in: see above 



APPENDIX I1 

PARTICLE TRAJECTORY HODEL REPRESENTATIOH FOR SIHULATING TEE FATE 

OF BACTERIOLOGICAL COMTAHINBMTS ENTERING DISCHARGE POINTS IN 

BVlTERnILK BAY 

Note: These  p a r t i c l e  t r a j e c t o r i e s  a r e  based on e n t r y  a t  t h e  
s p e c i f i e d  t i d a l  s t a g e s  and were o b t a i n e d  u s i n g  TEA, a f i n i t e  
element computer model developed by the Massachusetts I n s t i t u t e  
o f  Technology,  Energy Laboratory. They have been  provided  
compliments of Craig Fish,  Boston Univers i ty  Geology Department. 



.. 
TIDAL STAGE: Approximately 3 hr after high tide .. * . . . .  . . .  . 

ermi lk  Bay 

C o v e  

Cohas  



TIDAL STAGE: beginning of outgoing tide 
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