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FINAL REPORT 

BACTERIAL WATER QUALITY SURVEY OF THE 
EAST BRANCH OF M E  WESTPORT RIVER ESTUARY 

1.00 INTRODUCTION 

Dur i ng  t h e  pe r i od  o f  August 1984 through November 1985, GHR 

Engineer ing Associates,  Inc., under c o n t r a c t  t o  t he  Town o f  Westport Board 

o f  Selectmen, conducted a  water qua1 i t y  survey  o f  t h e  East Branch o f  the 

Westport R iver .  The s tudy  area (F igure  1) i s  a c t u a l l y  an es tuary  where 

f reshwater  d ischarge f rom the  Westport  R i v e r  mixes w i t h  s a l t  water from 

Rhode I s l a n d  Sound. For c l a r i t y ,  the s tudy  area w i l l  be r e f e r r e d  t o  as 

t h e  Estuary.  The p r ima ry  o b j e c t i v e  o f  t h i s  s tudy  was t o  e s t a b l i s h  t he  

re1 a t i o n s h i  p  between r a i  n f a l l  events and b a c t e r i a  1  eve1 s  i n  t he  Estuary. 

The purpose o f  the  s tudy  was t o  determine whether a  r e l a t i o n s h i p  between 

r a i n f a l l  events  and b a c t e r i a  l e v e l s  cou ld  be used as the bas is  f o r  

p e r i o d i c a l l y  opening areas o f  t he  Es tuary  which a re  c u r r e n t l y  c losed t o  

s h e l l  f i s h i n g .  

A  l a r g e  p o r t i o n  o f  the  " f i s h a b l e "  area o f  the  Estuary  i s  c u r r e n t l y  

c losed. The remain ing " f i shab le "  area i s ,  as a  r e s u l t ,  sub jec t  t o  more 

i n t e n s i v e  ha rves t i ng  and i s  y i e l d i n g  lower  catches t o  those who s t i l l  f i s h  

i n  the  Estuary .  I f  c losed  areas o f  t h e  Es tuary  can be opened on a  

p e r i o d i c  o r  c o n d i t i o n a l  basis,  we be l i eve  t h a t  a  more p roduc t i ve  f i s h e r y  

could be maintained. Th is  s tudy  focused on t h e  water q u a l i t y  issues 

governing s h e l l f i s h  ha rves t i ng  i n  t he  Estuary.  There a re  o the r  issues 
r/ 

ivrhich must be addressed p r i o r  t o  c o n d i t i o n a l l y  opening areas t o  

s h e l l f i s h i n g .  Pr imary among these i s  the r e l a t i o n s h i p  between b a c t e r i a  

l e v e l s  i n  o v e r l y i n g  water and i n  the e d i b l e  t i s sues  o f  t he  s h e l l f i s h .  

E s t a b l i s h i n g  t h i s  r e l a t i o n s h i p  was n o t  w i t h i n  t he  scope o f  t h i s  study, bu t  

i s  the  s u b j e c t  o f  research e f f o r t s  i n  o t h e r  coas ta l  areas. 
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This study i s  one par t  of the Town of Westport's e f f o r t s  t o  improve 

water qua l i ty  in  the Estuary. The upper reaches of the estuary have been 

subject  to  a s e r i e s  of  closures by the Massachusetts Department of 

Environmental Qua1 i t y  Engineering (DEQE)  , which now prohibi ts  the taking 

of she l l f i sh  from a l l  portions of the Estuary north of  a l i n e  which runs 

i n  an approximate east-west d i rect ion across the  northern t i p  of Gunning 

Island. The closure a f f ec t s  approximately 750 acres or  59 percent of the 

to ta l  1,270 acres of the  she l l f i sh  producing portion of the  Estuary. 

Specif ica l ly ,  the closure a f f ec t s  a l l  230 acres of oyster  (Crassotrea 

vi rginica)  beds, approximately 80 percent of  the  s o f t  shel l  clam (Mya 

arenar ia)  habitat' a rea ,  and 50 percent of the hardshell clam (Mercenaria 

mercenaria) habitat  area. This 1 oss severely a f f ec t s  both commercial and 

recreational shell  fishermen. 

1.10 Previous Studies 

Previous s tudies  of water qua1 i t y  i n  the East Branch of the Westport 

River have been conducted by a number of regulatory agencies and private 

consul t an t s  (DEQE 1979, U.S. Soil Conservation Service 1984, and Boston 

University 1986). These invest igat ions  focused on identifying the  source 

or sources contributing bacterial  contamination t o  the River. The 

invest igators  a r e  i n  general agreement t ha t  both human and animal sources 

contribute t o  contamination of the River and t h a t  the primary sources a re  

located upstream of Cornell Point.  Localized contamination sources within 

the Estuary below Hix Bridge were not found t o  contribute substant ia l ly  t o  

the widespread contamination observed i n  the  Estuary. 

The previous s tudies  a l so  found t h a t  bacterial  contamination levels  

appeared t o  be re la ted  t o  ra in fa l l  events and, therefore ,  t ha t  surface 

runoff following storm events i s  the primary t ranspor t  conduit for  

bacteria entering the River. This observation was based on the fact  



t h a t  b a c t e r i a  1 eve1 s increase f o l l  owing a s torm and then  r a p i d l y  decrease 

t o  pre-storm l e v e l s .  A ve ry  d i f f e r e n t  p a t t e r n  would have been encountered 

if the  b a c t e r i a  were coming p r i m a r i l y  from t h e  cont inuous d i r e c t  d ischarge 

of contaminated water t o  the  R i ve r  (e.g., the d i r e c t  d ischarge o f  

sewage). T h i s  t ype  o f  d ischarge  would more than  l i k e l y  r e s u l t  i n  h i gh  

b a c t e r i a  l e v e l s  d u r i n g  low f low o r  non-storm per iods  w i t h  l e v e l s  

decreas ing d u r i n g  and imnedi a t e l y  a f t e r  r a i n f a l l  events as a r e s u l t  o f  

d i l u t i o n  e f f e c t s  o f  the "c lean"  r a i nwa te r  f low.  

Many recommendations f o r  reduc ing b a c t e r i a l  contaminat ion i n  t h e  R i v e r  

have been made i n  the  past.  The recommendations focus on improv ing 

a g r i c u l t u r a l  p r a c t i c e s  t o  e l i m i n a t e  d ischarge  o f  r u n o f f  from animal feed 

l o t s  and f r e s h l y  manured f i e l d s ,  and on upgrading management o f  p r i v a t e  

wastewater d isposa l  systems (i.e., s e p t i c  systems). Cur ren t l y ,  t h e r e  i s  

no r e g u l a t o r y  framework w i t h i n  which some o f  these changes can be mandated 

and impl emented. Therefore,  impl ementat ion must r e l y  on pub1 i c  education, 

enforcement o f  e x i s t i n g  regu l  a t i  ons and a cont inued e f f o r t  t o  i d e n t i f y  

s p e c i f i c  sources o f  b a c t e r i a l  contaminat ion. These e f f o r t s  w i l l  no t  

r e s u l t  i n  c leanup o f  t he  Es tuary  fo r  a number o f  years under even t he  most 

o p t i m i s t i c  cond i t ions .  

1.20 Cur ren t   stud.^ 

The GHR study was developed t o  assess the  p o s s i b i l i t y  o f  c o n d i t i o n a l l y  

reopening c l osed  s h e l l f i s h i n g  areas based on t h e  r e l a t i o n s h i p  between 

r a i n f a l l  events and b a c t e r i a  l e v e l s  i n  t he  Estuary.  The o r i g i n a l  p l an  was 

t o  conduct weekly sampl ing surveys o f  t h e  Es tuary  t o  p rov ide  base l ine  

q u a l i t y  da ta  f o r  a 12-month per iod.  Th i s  was t o  be supplemented by a 

s e r i e s  o f  s i x  ep i sod i c  sampl ing surveys f o l l o w i n g  storm events t o  mon i to r  

the t ime  requ i red  fo r  t he  d i s s i p a t i o n  o f  b a c t e r i a  l e v e l s .  The 

Massachusetts DEQE p rov ided  t h e  Town w i t h  guidance i n  develop ing the 

study, reviewed the  i n i t i a l  s tudy p l a n  and recommended t h a t  sampling 



surveys focus more on storm event sampling than on monitoring seasonal 
trends. They a1 so recommended test ing of shell f ish meats following storm 

events to determine the time required for shell f ish to  "cleanse" 
themselves of bacteria t o  the point where they are  acceptable for human 

consumpti on. 

The work plan was modified to  focus more on storm event sampling to  

the extent that the logis t ics  of collection and analysis could accomodate 

the changes. In a l l ,  thirty-eight sampling surveys were conducted, 

twenty-seven of which were routine surveys and eleven of which were 

episodic surveys. During routine sampl ing surveys, samples were coll ected 
from thirteen 1 ocations in the Estuary. Three upstream locations were 

added during the final eight surveys to provide data on water qua1 i t y  of 

the major freshwater inputs to  the Estuary. During episodic surveys, nine 

additional stations were sampled to  provide more specific data on sources 

located within the Estuary which are contributing to  bacterial 

contamination. 

A total of 20 shel l f ish samples from the Estuary were analyzed for 

total  and fecal col iform. The analyses were intended to provide some 

in i t i a l  insight into the relationship between water quality and shel l f ish 

contamination 1 eve1 s .  Additional research would be required to  firmly 

establish the relationship in the Estuary. 



2 .OO THE STUDY AREA 

The study area  was defined a s  a sec t ion  of the  East  Branch of the 

Westport River extending southward from the  Head of Westport Bridge t o  the 

Route 88 Bridge (see  Figure 1 ) .  The Estuary a s  described above i s  

approximately 7 -5 mil e s  1 ong and re1 a t i  vely narrow. The t o t a l  drainage 

area which discharges i n t o  the Estuary is  approximately 29.5 square miles 

(mi2). Over one ha l f  of  the drainage area (17.7 mi2) i s  located north of 

the Head of Westport and dra ins  t o  t h e  Estuary through two major streams, 

the East Branch o f  the Westport River and Bread and Cheese Brook. The 

major drainage areas  wi t h i  n t h e  Estuary are  1 i s ted  be1 ow: 

DRAINAGE BAS IN DRAINAGE AREA PERCENT OF 1 OTAL 
mi2 ( a c r e s )  DRAINAGE 

East Branch t o  
aread and Cheese Brook 11.5 (7360) 

Bread and Cheese Brook 
to East Branch 5.5 (3521) 

East  Branch from Bread 
and Cheese Brook t o  Head 
of Westport 0.77 (490) 

Estuary from Head of 
Westport t o  Hix Bridge 6.57 (4205) 

Estuary from Hix Bridge 
to  Rte 88 Bridge 5.28 (3381) 

TOTAL DRAINAGE AREA 29 -62 (1 9000) 

(Adapted from Boston Uni vers i  t y ,  1986) 



Land use and hydro logy o f  t he  e n t i r e  East Branch have been s tud ied  by 

o t h e r  i n v e s t i g a t o r s  (Boston U n i v e r s i t y ,  1986). They found t h a t  the  

m i x t u r e  o f  developed (commercial, i n d u s t r i a l ,  r e s i d e n t i a l )  and 

a g r i c u l  t u r a l  1  and i n  the  watershed v a r i e s  bu t  t h a t ,  i n  general, 20 percent  

o r  more o f  the l and  area below Lake Noquochoke i s  c u r r e n t l y  used f o r  

e i t h e r  a g r i c u l  t u r a l  purposes o r  has been developed. Whi le the  t o t a l  

percentage i s  n o t  great ,  these l and  uses have tended t o  concentrate near 

streams and open water f o r  obv ious l o g i s t i c a l  (i.e., access t o  water)  and 

a e s t h e t i c  reasons. Th is  l o c a t i o n  b i a s  has tended t o  a m p l i f y  t he  impact o f  

a g r i c u l  t u r a l  and development r e l a t e d  r u n o f f  on  t h e  Estuary  by p l a c i n g  

contaminat ion sources c l o s e  t o  the  r e c e i v i n g  waters. Th is  r e s u l t s  i n  

r a p i d  t r a n s p o r t  o f  t he  contaminant l o a d  t o  t h e  Es tuary  a f t e r  a  r a i n fa l l ,  

a ~ d  tends t o - m i  n im i  ze the  subsequent slow re1  ease o f  contaminants from 

Jess-developed upland areas. 

For the purpose of  t h i s  i n v e s t i g a t i o n ,  t he  s tudy  area was d i v i d e d  i n t o  

f o u r  zones. The d i v i s i o n  was based on a  combinat ion o f  f a c t o r s  i n c l u d i n g  

the  phys ica l  shape (morphology) o f  the  estuary ,  b a c t e r i a l  contaminat ion 

l e v e l s ,  s h e l l f i s h  h a b i t a t  and the  c u r r e n t  s t a t u s  o f  the area r e l a t i v e  t o  

DEQE she1 1  f i s h i n g  c l o s u r e  orders .  The f o u r  zones a re  descr ibed below. 

Zone A. Th i s  zone i nc l udes  t h e  area between t he  Head o f  Westport 

b r i dge  and the southern t i p  o f  Cadmans Neck, i n c l u d i n g  Cadmans Cove. Th is  

area was the f i r s t  s e c t i o n  o f  t he  Es tuary  c l osed  t o  s h e l l f i s h i n g .  I t  i s  

p r i m a r i l y  an o y s t e r  and s o f t s h e l l  clam f i s h e r y  and inc ludes  approx imate ly  

230 acres o f  o y s t e r  beds and 17 acres o f  s o f t s h e l l  clam beds. Th is  

zone i s  approx imate ly  4.3 m i l e s  l o n g  and ranges from 50 t o  3400 f e e t  i n  

width.  The average depth n o r t h  o f  Jesses Neck i s  l e s s  than 5  f e e t  a t  

m i d - t i d e  and ranges from 5  t o  25 f e e t  i n  depth from Jesses Neck t o  the 

southern t i p  o f  Cadmans Neck. Cadmans Cove i s  a  gene ra l l y  shal low area 

which rece ives  runoff  v i a  a  smal l  i n t e r m i t t e n t  stream a long the  nor thern  

s  ho re l  i ne. 



Zone B  . Th i s  zone i nc l udes  t h e  area southward from t h e  southern t i p  

of Cadmans Neck t o  t h e  no r the rn  t i p  o f  Gunning I s l and .  The southern 

border  was se lec ted  t o  co inc ide  w i t h  t h e  c l o s u r e  1  i n e  es tab l i shed  by DEQE 

i n  t h e i r  August 15, 1984 l e t t e r  t o  t he  Town o f  Westport. Th is  area i s  

p r i m a r i l y  hardshe l l  clam (quahog) and s o f t s h e l l  clam h a b i t a t  and inc ludes  

approx imate ly  520 acres o f  quahog beds and 26 acres o f  s o f t s h e l l  clam 

beds. Th i s  zone i s  approx imate ly  1.5 m i l e s  l o n g  and ranges from 3100 t o  

3400 feet i n  width.  A  cha in  o f  smal l  i s l ands  i s  o r i e n t e d  i n  a  nor th /sou th  

d i r e c t i o n  approx imate ly  800 f e e t  o f f  t h e  eas te rn  shore o f  t h e  Estuary.  To 

the  eas t  o f  these i s l a n d s  the Es tua ry  ranges from 5  t o  15 f e e t  i n  depth, 

w h i l e  t o  t h e  west o f  t h e  i s l ands  t h e  Es tuary  i s  gene ra l l y  ve ry  shal low 

w i t h  depths rang ing  from 2 t o  15 f ee t .  The area west o f  the i s l ands  i s  

i d e a l  quahog h a b i t a t  and represen ts  n e a r l y  50 percen t  o f  t h e  a v a i l a b l e  

quahog h a b i t a t  i n  t h e  Estuary .  

Zone C. Th i s  zone inc ludes  t he  area between t he  southern border o f  

Zone B  and t he  Route 88 Br idge.  T h i s  area i s  d o t t e d  w i t h  t i d a l  f l a t s ,  

grassy i s 1  ands, g r a n i t e  ou tc ropp ings  and serpen t ine  channel s. The area i s  

p r i m a r i l y  quahog h a b i t a t .  I t  i s  t h e  o n l y  rema in ing  area of  t h e  Es tuary  

open t o  s h e l l  f i s h i n g  and i nc l udes  approx imate ly  520 acres of  quahog beds. 

Zone D. Th i s  zone encompasses t h e  area southwest (downstream) o f  t he  

Route 88 Bridge. Th i s  area i nc l udes  Westport Harbor and t h e  i n l e t  channel 

connect ing t h e  harbor t o  Rhode I s l a n d  Sound. The sampl ing i n  t h i s  zone 

served as a  c d n t r o l  area f o r  m o n i t o r i n g  water  q u a l i t y  ou t s i de  t h e  s tudy  

area. 

I n  August 1985, the s tudy  area was expanded upstream i n t o  the  East  

Branch o f  t he  Westport  R i v e r  and Bread and Cheese Brook. Review o f  data 

gathered up t o  t h a t  t ime  i n d i c a t e d  t h a t  t he  p r ima ry  b a c t e r i a l  i n p u t ( s )  t o  

t h e  Es tua ry  a re  l o c a t e d  n o r t h  (upstream) o f  a l l  sampl ing s t a t i o n s .  New 

sampling l o c a t i o n s  were i d e n t i f i e d  i n  t he  upstream area t o  he lp  r e f i n e  t h e  

assessment o f  contaminant d i s s i p a t i o n  i n  t h e  Estuary .  



Episod ic  surveys were conducted d u r i n g  October and November 1984 and 

d u r i n g  March and May 1985. These surveys prov ided va luab le  data on t he  

d i s s i p a t i o n  of  b a c t e r i a  l e v e l s  f o l l o w i n g  a  s torm event. The major  problem 

i n  conduct ing the e p i s o d i c  surveys was the  occurrance o f  another s torm 

event w i  t h i n  severa l  days o f  the f i r s t  storm. On ly  the  March 1985 

ep i sod i c  survey cou ld  be cont inued f o r  15 days f o l l o w i n g  a  storm. This  

se r i es  o f  surveys prov ided a  r a r e  o p p o r t u n i t y  t o  observe the  d i s s i p a t i o n  

o f  b a c t e r i a  l e v e l s  over  an extended p e r i o d  o f  t ime. Other ep isod ic  

surveys ran  f o r  3 t o  8  days f o l l o w i n g  a  storm event and prov ided data 

d u r i n g  the  c r i t i c a l  d i s s i  p a t i o n  p e r i o d  when t i d a l  f l u s h i n g  ac t ion ,  na tu ra l  

d ie -o f f  and o t h e r  n a t u r a l  processes purge b a c t e r i a l  contaminat ion from the  

Estuary.  

3.13 She1 1  f i s h  Sampl i n g  

S h e l l f i s h  samples were c o l l e c t e d  from Zones A  and B d u r i n g  August and 

October 1985. Each s h e l l  f i s h  sample i s  a c t u a l l y  an ana l ys i s  o f  t he  meat 

from ten  t o  twenty  i n d i v i d u a l  s h e l l f i s h  c o l l e c t e d  from a  smal l  sample 

area. The o y s t e r  samples were c o l l e c t e d  from areas corresponding t o  water 

q u a l i t y  sampl ing s t a t i o n s  A-1, A-2 and A-3. Quahog samples were c o l l e c t e d  

from Zone B near s t a t i o n  B-3 and f rom Zone C near S t a t i o n  C-1.  S o f t  s h e l l  

clam samples were c o l l e c t e d  from Zone A  near s t a t i o n  A-3 and from Zone 0 

near s t a t i o n  B-3. A  water sample was c o l l e c t e d  from each s t a t i o n  f o r  

fecal  co l  i fo rm a n a l y s i s  p r i o r  t o  c o l l e c t i n g  s h e l l  f i s h  samples. The water 

data was in tended t o  p rov ide  a  means t o  c o r r e l a t e  she1 1  f i s h  contaminat ion 

w i t h  o v e r l y i n g  water  q u a l i t y .  Resu l t s  a r e  summarized i n  Sect ion 4.00 and 

tabu1 a ted  i n  Appendix A. 

3.20 Sample Ana l ys i s  

A l l  water  samples c o l l  ected d u r i n g  the survey were analyzed f o r  f eca l  

c o l  i f o r m  u s i n g  t h e  membrane f i l t r a t i o n  procedure (commonly re fe r red  t o  as 

the  MF procedure), sa l  i n i t y ,  t u r b i d i t y  and temperature. I n  add i t i on ,  

water samples f rom S t a t i o n s  A2, B1, C 1  and C3 were analyzed f o r  t o t a l  and 

fecal  co l  i f o r m  u s i  ng the  5-tube Most Probabl e  Number Method (commonly 



r e f e r r e d  t o  as t he  MPN method). I n i t i a l l y  S t a t i o n s  A l ,  A3, A4, B2, B3, 

B4, C2, C4, and D l  were analyzed f o r  f eca l  c o l  i form us ing  t he  3-tube MPN 

procedure. Water sampl es were a1 so s e l e c t i v e l y  t es ted  f o r  fecal  

s t reptococcus us ing  both the MF and MPN procedures. She1 1  f i s h  sampl es 

were analyzed f o r  t o t a l  and f eca l  c o l  i fo rm u s i n g  t he  5-tube MPN procedure. 

The i n i t i a l  o b j e c t i v e  o f  u s i n g  the  t h ree  d i f f e r e n t  methods f o r  

ana l yz i ng  water  samples f o r  f eca l  co l  i fo rm was t o  i d e n t i f y  t he  best 

t e s t i n g  procedure f o r  t r a c k i n g  f eca l  co l  i form densi  t i e s  through the 

Estuary.  The MF procedure was se lec ted  f o r  use throughout the  s tudy and 

was backed by the  5-tube MPN a t  se lec ted  s t a t i o n s .  The 3-tube MPN was 

dropped from t h e  s tudy  when c o r r e l a t i o n s  t o  t h e  5-tube MPN were found t o  

be no b e t t e r  than the  MF procedure. Samples analyzed us ing  the  3-tube MPN 

were a1 so found t o  be more v a r i a b l e  i n  r esu l  t s  than  t he  samples analyzed 

us ing  t he  MF procedure. The 5-tube MPN was used as the f oca l  p o i n t  o f  the 

survey f o r  i t s  s t a b l e  and rep roduc ib l e  r e s u l t s .  

Fecal s t r ep tococc i  were analyzed us ing  bo th  the  5-tube MPN and MF 

procedures t o  ga in  a  b e t t e r  understanding o f  the  c o r r e l a t i o n  between the 

two t e s t  methods. The MPN method showed more stab1 e  and reproduci  b l  e  

r e s u l t s  than t he  MF method and no d i r e c t  c o r r e l a t i o n  between t he  two 

methods was es tab l i shed .  

Temperature data was ob ta ined  i n  the  f i e l d  a t  the t ime o f  c o l l e c t i o n  

and was measured i n  degrees Ce ls ius .  S a l i n i t y  and t u r b i d i t y  t e s t i n g  was 

done i n  the  l a b o r a t o r y  us ing  samples c o l l e c t e d  a long  w i t h  the 

b a c t e r i o l o g i c a l  sampl es. The methods used were Method 120.1 

(E l  e c t r o m e t r i c )  f o r  sa l  i n i  t y  and Method 180.1 (Nephol ome t r i c )  f o r  

t u r b i d i t y ,  f rom "The Examination o f  Water and Wastes" , EPA 600/4-79-020. 

S h e l l f i s h  samples were rece ived  i n  t he  Labora to ry  i n  the  c o n d i t i o n  

t h a t  they  were i n  a t  the t ime o f  c o l l e c t i o n .  They were washed and 

scrubbed us ing  s t e r i l  e  procedures and underwent an i n i t i a l  p repara t ion  . \ ci 
be fo re  be ing  analyzed. The p repa ra t i on  cons is ted  o f  &"ogenizing the 

meats and l i q u o r s  o f  a  r ep resen ta t i ve  amount o f  s h e l l f i s h  from a  given 

1 o c a t i o n  i n  a  s t e r i l  i z e d  blender.  The b lendings a r e  then analyzed us ing  

the 5-Tube MPN procedure. 



A1 1 b a c t e r i o l o g i c a l  t e s t i n g  on water was done i n  accordance w i t h  I 
guide1 i nes  es tab l  ished i n  t h e  APHA publ  i c a t i o n  "Standard Methods f o r  t he  / 
Ana lys is  o f  Water and Wastewater 15 th  E d i t i o n "  and was backed by 

I 

cont inuous Qua1 i ty  Cont ro l  (QC). The QC cons is ted  o f  f i e l d  r e p l  i ca tes ,  

f i e 1  d blanks, l a b o r a t o r y  r e p l  i ca tes ,  and l a b o r a t o r y  b lanks as we1 1 as 

mu1 ti p i e  t echn i c i an  a n a l y s i s  t o  ensure the best  poss ib l e  data was be ing  

obtained. I n  addi  t i o n ,  DEQE accompanied t he  sampl ing team d u r i n g  one 

survey and c o l  1 ected dupl  i ca te  sampl es from se l  ected 1 oca t i o n s  . Anal yses 

performed i n  t h e i r  L a k e v i l l e  l a b o r a t o r y  were i n  good agreement w i t h  our  

t e s t  r esu l  t s .  

B a c t e r i o l o g i c a l  t e s t i n g  on s h e l l f i s h  was done i n  accordance w i t h  t he  

APHA publ i c a t i o n  "Laboratory  Procedures f o r  t h e  Examination o f  Seawater 

and S h e l l f i s h "  (APHA, 1985). The s t r i c t e s t  o f  q u a l i t y  c o n t r o l  programs 

was es tab l  i shed  t o  ensure the  represen ta t i veness  o f  r esu l  t s  obta ined us ing  

these procedures. Equi p e n t  b lanks were run  be fo re  and a f t e r  each sample 
was analyzed, and method b lanks were run  on a r e g u l a r  basis.  These s teps 

were used t o  ensure car ry -over  from sample t o  sample was no t  occur ing. 



4 .OO DISCUSSION OF TEST RESULTS 

A l a r g e  amount o f  water q u a l i t y  da ta  was generated d u r i n g  t he  course 

o f  t h i s  study. These r e s u l t s  p rov ide  a  comprehensive p i c t u r e  o f  b a c t e r i a l  

water q u a l i t y  i n  the  Es tuary  over  a  16 month per iod .  I n  general, the data 

confirmed t he  f i n d i n g s  o f  p rev ious  i n v e s t i g a t o r s  t h a t  t he  pr imary b a c t e r i a  

i n p u t s  t o  t he  Es tuary  a r e  l oca ted  n o r t h  o f  t he  s tudy  area (i.e., above 

Co rne l l  P o i n t )  and t h a t  t h e r e  i s  a  d e f i n i t e  and s t r o n g  r e l a t i o n s h i p  

between storm events and t he  presence o f  e leva ted  b a c t e r i a  l e v e l s  i n  t he  

Estuary .  The re l a t i - onsh ip  was found t o  be cons i s ten t  and p red i c tab le  

throughout t he  s tudy  pe r i od  and would l e n d  i t s e l f  t o  use i n  p r e d i c t i n g  

water qual  i t y  i n  s h e l l  f i s h i n g  areas. 

The ac tua l  data a r e  summarized i n  Appendix A. B a c t e r i a  data a re  

grouped by zone and by t e s t  method. Where appropr ia te ,  two methods o f  

analyses were used t o  t e s t  the  same sample, and t he  r e s u l t s  were a l s o  

t a  bul a ted f o r  comparison o f  t h e  two methods (e.g., f eca l  c o l  i f o r m  by MF vs 

MPN) . Typ i ca l  l y  t he  two methods (MF and MPN) were r u n  on 25 t o  30 percent  

o f  sampl es t o  es tab l  i s h  a  re1  a t i o n s h i p  between t h e  more r i go rous  method 

(MPN) and t he  s imp le r  and l e s s  c o s t l y  procedure (MF). 

For  s i m p l i c i t y ,  r e s u l t s  a re  descr ibed i n  general terms i n  t h e  t e x t  

w i t h  s p e c i f i c  re fe rence  t o  the  data t a b l e s  i n  Appendix A. Summary t a b l e s  

and graphs have been i nc l uded  t o  i l l u s t r a t e  t h e  general t rends  and 

p a t t e r n s  which were observed. The r e s u l  t s  a re  presented i n  r e l a t i o n s h i p  

t o  t he  p r ima ry  o b j e c t i v e s  o f  t h e  study, which was t o  i d e n t i f y  t he  

r e l a t i o n s h i p  between r a i n f a l l  and fecal  c o l  i fo r rn  l e v e l s  i n  the  Estuary.  

4 -10 Water Qua1 i t y  Resul ts  

Water qual i t y  r e s u l t s  a re  summarized i n  Appendix A. Dur ing  the  f i r s t  

f o u r  sampl ing surveys, bo th  t h e  MF and 3 - tube  MPN procedures were used t o  

enumerate f e c a l  co l i f o rm  l e v e l s .  Based on the  r e s u l t  o f  the i n i t i a l  

sampl ing surveys, t h e  membrane f il t e r  technique (MF) was se lec ted  over t he  

3-tube MPN technique f o r  enumerating f e c a l  c o l i f o r m  f o r  a l l  sampling 

s t a t i o n s .  The MF technique prov ided a  simp1 e r  procedure and produced 



r e s u l t s  more comparable t o  t h e  5 tube  MPN procedure which was used a t  

s t a t i o n s  (A-2, B-1, C - 1  and C-3) t o  p rov ide  a water qual i t y  da ta  base 

which meets t h e  m o n i t o r i n g  requirements o f  t h e  DEQE f o r  s h e l l f i s h i n g  

areas. 

The use o f  the MF methods produced a da ta  base d e s c r i p t i v e  of  the  

re1 a t i  ve d i s t r i  b u t i o n  o f  b a c t e r i a l  contaminat ion throughout  t h e  Estuary. 

The 5-tube MPN method produced a da ta  base which i s  r ep resen ta t i ve  o f  

b a c t e r i a l  water qual  i t y  i n  t h e  Es tua ry  over  a 16 month per iod.  These 

5-tube MPN r e s u l t s  a r e  t h e  o n l y  r e s u l t s  which a r e  useable i n  c a l c u l a t i n g  

average b a c t e r i a  l e v e l s  i n  accordance w i t h  Sec t ion  74, Chapter 130 o f  t h e  

Massachusetts General Laws. 

J.i - c- I n  a d d i t i o n  t o  c o l i f o r m  t e s t i n g ,  samples from the  Head o f  Westport and 
, - /---:q 

, s t a t i o n  A 1 were analyzed f o r  f e c a l  s t reptococcus.  The analyses prov ided 

\\ , an i n d b d  on o f  probabl e sources between animal - d e r i  ved and human-derived 

wastes. i3ased on t h e  t e s t  r e s u l t s ,  i t  was determined t h a t  da ta  from 

s t a t i o n  A-2 cannot be used f o r  t h e  normal fecal c o l i f o r m  t o  f eca l  s t r e p  

comparisons because i t  i s  t o o  f a r  removed from the  contaminant sources. 

Data from the Head o f  Westport s t a t i o n  were found t o  be useable and 

i nd i  ca ted  t h a t  t h e  p r ima ry  source o f  b a c t e r i a l  contaminat ion i s  non-human 

i n  nature.  

4.1 1 Col i form B a c t e r i a  ResuT t s  

cons 

from 

were 

Data 

1 eve 

he r e s u l t s  of  ex tens ive  c o l i f o r m  analyses i n  t he  Es tuary  show a 

s t e n t  p a t t e r n  o f  d i m i n i s h i n g  c o l i f o r m  l e v e l s  w i t h  d is tance  downstream 

the Head o f  Westport. The h ighes t  c o l i f o r m  l e v e l s  d u r i n g  each survey 

measured i n  Zone A w i t h  l e v e l s  i n c r e a s i n g  i n  t he  upstream d i r e c t i o n .  

from upstream s t a t i o n s ,  sampled from May 1985 on, showed b a c t e r i a  

s 2 t o  10 t imes h ighe r  a t  and above t h e  Head o f  Westport than a t  

s t a t i o n  A-1 ( t h e  f u r t h e s t  upstream r o u t i n e  sampling s t a t i o n  i n  t he  

Es tuary ) .  The geometr ic mean MPN f eca l  co l  i f o r m  l e v e l  a t  s t a t i o n  A-2 ( ~ i x  

B r i dge )  was 124 cfu*/lOOml f o r  a l l  samples and values ranged from a low o f  

2 t o  a h i g h  o f  g rea te r  than 24,000 cfu/100 ml. The geometric mean 

(average)  i s  commonly used t o  assess b a c t e r i o l o g i c a l  data because i t  

compensates f o r  t h e  geometr ic growth and d i e - o f f  pa t t e rns  encountered w i t h  

b a c t e r i a l  popu la t ions .  

* c f u  - Colony fo rming  u n i t s .  



As p a r t  o f  the  da ta  assessment, t he  MPN data from s t a t i o n  A-2 were 

s o r t e d  i n t o  f i v e  groups based on t h e  number o f  r a i n  f r e e  days (RFD) p r i o r  

t o  sample c o l l e c t i o n .  Data were compi led f o r  0-1, 2-3, 4-5, 6-10 and 

11-21 days f o l l o w i n g  a  r a i n f a l l  event  and summarized i n  Tables 4-1 through 

4-5. The geometr ic means f o r  each p e r i o d  were c a l c u l a t e d  and p l o t t e d  on 

F igu re  4-1. Th i s  p l o t  shows t h e  general  p a t t e r n  o f  b a c t e r i a  1  eve ls  

f o l l ow ing  a  storm event. The 1  i n e  drawn across the  graph a t  14 c fu  

p rov ides  an i n d i c a t i o n  o f  the  number o f  RFDs r e q u i r e d  be fo re  t h e  average 

fecal c o l  i f o rm 1  evel  fa1 1s below t h e  maximum va lue a l lowed i n  s h e l l  f i s h i n g  

areas. A t  s t a t i o n  A-2, t h i s  l e v e l  i s  n o t  achieved u n t i l  a t  l e a s t  10 

consecut i  ve RFDs have occurred. I t  shows t h a t  b a c t e r i a  1  evel  s  decrease 

r a p i d l y  f rom a  h i g h  l e v e l  (832 c f u )  immed ia te ly  f o l l o w i n g  a  s torm event t o  

r e l a t i v e l y  low l e v e l  (30 c f u )  w i t h i n  4  t o  5 days. Whi le  no t  s u i t a b l e  f o r  

s h e l i f i s h i n g ,  t h e  f a c t  t h a t  b a c t e r i a  l e v e l s  i n  Zone A, which feed i n t o  t h e  

lower  Es tuary  (i.e., Zones B and C ) ,  do n o t  remain e leva ted  f o r  l o n g  

per iods  o f  t ime has impo r tan t  e f f e c t s  on downstream water q u a l i t y .  

Sampl i ng o f  l o c a l  dra inage areas and shore1 i n e  development areas i n  

Zone A  ( s t a t i o n s  A-4, A-6, A-7 and A-8) d i d  n o t  i d e n t i f y  any o f  these 

areas as c o n s i s t e n t  c o n t r i b u t o r s  t o  b a c t e r i a l  contaminat ion o f  the  

Estuary .  That  i s ,  b a c t e r i a l  l e v e l s  were n o r m a l l y  lower  a t  these s t a t i o n s  

than a t  nearby mid-channel sampl i n g  s t a t i o n s .  The oppos i te  r e s u l t  would 

be expected i f  t h e  streams f eed ing  these sampl ing p o i n t s  were c o n t r i b u t i n g  

s i g n i f i c a n t  l e v e l s  o f  b a c t e r i a l  p o l l u t i o n  t o  t h e  Estuary.  

S t a t i o n  A-6 d i d  on severa l  occasions show b a c t e r i a  1  evel  s  as h i gh  as 

o r  h igher  than l e v e l s  measured i n  t h e  Estuary,  T h i s  s t a t i o n  mon i to rs  &he 

d ischarge f rom S n e l l  Creek and i n d i c a t e s  t h a t  t h e r e  a re  sources o f  

b a c t e r i  a1 contaminat ion d r a i  n i  ng i n t o  t h e  stream. These sources a re  

i n t e r m i t t a n t  i n  na tu re  and may produce l o c a l i z e d  e f f e c t s ,  bu t  t hey  do no t  

produce s u b s t a n t i a l ,  l o n g  l a s t i n g  e f f e c t s  on b a c t e r i a  l e v e l s  i n  the  

Es tuary  as a  whole. 

S t a t i o n  A-4 measured water  q u a l i t y  i n  Cadman Cove, which was placed i n  

Zone A  based on DEQE c l o s u r e  o rders .  The water q u a l i t y  data from t h i s  

s t a t i o n  c o r r e l a t e  more c l o s e l y  w i t h  da ta  from Zone B than w i t h  data from 

o thers  s t a t i o n s  i n  Zone A. Th i s  i s  most l i k e l y  due t o  the  f a c t  t h a t  

Cadman Cove i s  i n  d i r e c t  hydrau l  i c  communication w i t h  Zone B. T h a t  i s ,  



TABLE 4-1 

WESTPORT RIVER SURVEY 

Results of Fecal Coliform Analysis 
<2 Precipitation Free Days Prior to Sampling 

Fecal Coliform (CFU/iOO ml MPN! 

Maximum 
Precipitation Station 

Date (in inches) A-2 B- 1 C - I  C-3  
........................................................................... 
09/04/84 0.7 170 31 13 8 
10/03/84 2.51 2,400 (11 920 220 2,400 
10/30/84 0.98 24,000 (2) 70 110 49 
I I /06/84 0.69 3,500 49 49 46 
03/ 1 3/85 2.05 9,200 540 110 280 
05/07/85 0.41 130 49 22 5 
05/13/85 (31 1 .03 46 5 < 2 4 
05/29/85 0.85 540 49 140 130 
07/23/85 1 .00 6 8 22 12 
08/01 /85 0.52 1,600 350 17 170 
09/ 1 0/85 0.73 5,400 130 130 130 
1 1 /07/85 2.45 7,600 (4) 7,600 (41 7,60!3 (41 1,600 
1 1 /I 2/85 0.70 230 45 < 10 <213 

Geometric Mean 

( 1 ) 32,400 Assumed 1 2,400 
( 2 .)$&!4,000 Assumed @ 24,000 
( 3fiainfall Event occurred within 1 tide cycle of sarnpl ing , therefore 

full effect not seen 
(4)  Assume 7,600 Based on MF data 
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RAIN FREE D A Y S  PRECEDING SAMPLING 

FIGURE 4 - 1  PLOT OF FECAL COLIFORM LEVELS AT 
AND 11-2  1 DAYS 

AFTER A WAINFALL EVENT 



TABLE 4-2 

WESTPORT RIVER SURVEY 

Results of Fecal Coliform Analysis 
2-3 Precipitation Free Days Prior to Sampling 

Fecal Coliform (CFU/iOO ml MPN) 

Maximum 
Precipitation Station 

Date (in inches) A-2 5- 1 C-I C-3 

\ 
?' 

(1) <2,400 Assumed @ 2,400 
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RAIN FREE D A Y S  PRECEDING SAMPLING 

FIGURE 4-2 PLOT OF MEAN FECAL COLIFORM LEVELS AT 

STATION B 1 0-1.2-3.4-5.6-10 AND 11-21 DAYS 
AFTER A RAINFALL EVENT 



TABLE 4-3 

WESTPORT RIVER SURVEY 

Results of Fecal Coliform Analysis 
4-5 Precipitation Free Days Prior to Sampling 

Fecal Coliform (CFU/100 ml HPN) 

Maximum 
Precipitation Station 

Date (in inches) A-2 B- 1 





TABLE 4-4 

WESTPORT RIVER SURVEY 

Results of Fecal Coliform Analysis 
6-10 Precipitation Free Days Prior to Sampling 

Fecal Coliform (CFU/100 ml HPN) 

Maximum 
Precipitation Station 

Date (in inches) A - 2  8-1 
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RAIN FREE DAYS PRECEDING SAMPLING 

FIGURE 4-4 PLOT OF MEAN FECAL COLIFORM LEVELS AT 
STATION C3 0-1.2-3.4-5.6-10 AND 11-2 1 DAYS 
AFTER A RAINFALL EVENT 



TABLE 4-5 

WESTPORT RIVER SURVEY 

Results of Fecal Coliform Analysis 
11-16 Precipitation Free Days Prior to Sampling 

Fecal Coliform (CFU/100 ml MPN) 



t i d a l  i n f l  ow t o  t h e  cove i s  f rom Zone B y  r a t h e r  than  from Zone A. AS a  

r e s u l t ,  water q u a l i t y  i n  Cadman Cove resembles t h a t  observed i n  Zone B. 

Subsequent t o  DEQE c l o s u r e  o f  Cadman Cove, two s e p t i c  systems on Cadman 

Neck have been r e p a i r e d  and a  d a i r y  farm, l oca ted  nearby the  stream 

feed ing  t h e  Cove, has r e l o c a t e d  ou t -o f -S ta te .  Fu tu re  i n v e s t i g a t i o n s  and 

management p lans should cons ider  t h i s  area t o  be p a r t  o f  Zone B. 

Ove ra l l ,  Zone A can be descr ibed as t he  p r imary  r e c e i v i n g  and d i l u t i o n  

area f o r  b a c t e r i a l  contaminat ion discharged t o  t he  Es tuary  from upstream 

sources ( i  .e., Bread and Cheese Brook, Eas t  Branch o f  t h e  Westport  R i ve r  

and K i r b y  Brook). B a c t e r i a l  1  evel  s  c o n s i s t e n t l y  decrease i n  t he  

downstream d i r e c t i o n .  When b a c t e r i a  l e v e l  s  e n t e r i n g  Zone A  a t  t h e  Head of 

Westport a re  h i g h  ( i  .e., above 1000 cfu/100 ml ) t h e  b a c t e r i a  l e v e l s  a t  

s t a t i o n  A-3, 1  ocated a t  t h e  downstream end o f  Zone A, gene ra l l y  decrease 

by one o rde r  o f  magnitude o r  more. 

B a c t e r i a  l e v e l s  i n  Zone B  were c o n s i s t e n t l y  3 t o  10 t imes lower  than 

1  evel  s  measured i n  Zone A du r i ng  t h e  same sampl ing event. U n l i k e  Zone A, 

b a c t e r i a  1  evel  s  were re1  a t i v e l y  cons i s ten t  throughout  Zone B y  i n d i c a t i n g  

t h a t  t h i s  area i s  w e l l  mixed and t h a t  t i d a l  c i r c u l a t i o n  e f f e c t i v e l y  

d i s t r i b u t e s  the  i n f l o w  from Zone A  throughout t h i s  area. The mean MPN 

f eca l  c o l i f o r m  l e v e l  f o r  s t a t i o n  B-1 f o r  t h e  s tudy  p e r i o d  was 23 cfu1100 

m l .  T h i s  exceeds t he  maximum average f e c a l  c o l ? f o r m  l e v e l  o f  14 cfu/ lOQ 

mS, which  has been establ-dshed f o r  s h e l l f l s h f n g  areas. The MPN: f e c a l  

c o l i f o r m  data f o r  s ta tSon 8-1 3s comp32ed fn  Tables 4-1 th rough  4-3 f o r  

0-1, 2-3, 4-5, 6-10 and 11-21 RFDs and t h e  geometr3c mean for each p e r j o d  

i s  presented. The mean feca l  col i forml value f o r  each p e r i o d  i s  p l o t t e d  on  

F igu re  4-2. Th3s f i g u r e  3ndjcates t h a t  t h e  mean f eca l  co l  i fo rm l e v e l  

f a l l s  below 14 cfu/100 ml f o u r  t o  f i v e  days a f t e r  a  r a i n f a l l  event. Th i s  

i s  approx imate ly  one-ha l f  t h e  t ime r e q u i r e d  t o  reach s i m i l a r  l e v e l s  i n  

Zone A. I n  a d d i t i o n ,  fecal  co l  i fo rm 1  evel  s  2 t o  3  days a f t e r  a  r a i n f a l l  

were below 100 c fu /100 m l  i n  80 percent  o f  t h e  samples c o l l e c t e d  du r i ng  

t h i s  i n t e r v a l  (see Table 4-2). The general p a t t e r n  o f  b a c t e r i a l  



con tamina t ion  i n  Zone B can be descr ibed  as r i s i n g  t o  e leva ted  l e v e l  s  f o r  

1 t o  3  days f o l l o w i n g  a  s to rm event,  then  decreas ing r a p i d l y  t o  l e s s  t han  

20 cfu/100 ml by t he  f o u r t h  day a f t e r  a  r a i n f a l l  event. 

Sampl ing o f  l o c a l  d ra inage  areas i n  Zone B  ( s t a t i o n s  B-5 through B-8) 

d i d  n o t  i d e n t i f y  any o f  these areas as c o n s i s t e n t  c o n t r i b u t o r s  t o  

b a c t e r i a l  contaminat ion.  On one occas ion ( ~ a y  13, 1985) a  h i gh  fecal 

c o l i f o r m  count was measured a t  s t a t i o n  B-6 (3,600 cfu/100 m l ) .  Th i s  

sample was c o l l e c t e d  w i t h i n  severa l  hours o f  a  1.03 i n c h  r a i n f a l l ,  Being 

the o n l y  h i g h  sample r e s u l t  f rom t h i s  s t a t i o n ,  i t  i s  l i k e l y  t h a t  t h i s  

stream r e c e i v e s  a  s l u g  o f  sur face r u n o f f  from i t s  s loped drainage basin. 

The stream d r a i n s  a  l a r g e  pas tu re  area which extends a l l  the  way down t o  

t h e  mouth o f  t h e  stream near  t h e  sampl ing p o i n t .  Th i s  pas tu re  i s  t h e  

l i k e l y  source o f  t h e  bac te r i a .  However, g iven t he  f ac t  t h a t  t he  

con tamina t ion  i s  o f  sho r t - t e rm  du ra t i on ,  i t  i s  doub t f u l  t h a t  t h i s  source 

i s  a  s u b s t a n t i a l  c o n t r i b u t o r  t o  t h e  Es tua ry  wide problem. 

O v e r a l l ,  Zone B can be descr ibed  as a  t r a n s i t i o n  area where norma l l y  

low feca l  c o l i f o r m  l e v e l s  r i s e  f o r  2  t o  3  days a f t e r  a  r a i n f a l l  and then 

d i m i n i s h  t o  p re -s to rm l e v e l s .  T h i s  d i f f e r s  g r e a t l y  from t h e  p a t t e r n  

observed i n  Zone A where feca l  c o l i f o r m  l e v e l s  remain h i gh  f o r  6  t o  10 

days a f t e r  a  r a i n f a l l .  

7. 
/ B a c t e r i a  l e v e l s  i n  Zone C were c o n s i s t e n t l y  Tower than  l e v e l s  observed 

?- upstream i n  Zones A and B, The mean MPN f e c a l  coT i fom,  l e v e l s  d u r i n g  t h e  
/ - -. -- 

c ' study peri-~*and 14 c fu /100  ml f o r  s t a t i o n s  C - l  and C-3, 

r e s p e c t i  ve l  y. These va1 ues meet the  es tab t  i shed  average water qua1 l t y  

cond i t i ons  f o r  s h e f l f i s h f n g  areas and r e a f f i r m  t h a t  t h i s  area cont inues t o  

be s u i t a b l e  f o r  s h e l l  f i s h i n g  a t  a l l  t imes. The MPN feca l  c o l i f o r m  data 

f o r  s t a t i o n s  C - 1  and C-3 a r e  compi led i n  Tables 4-1 through 4-5 f o r  0-1, 

2-3, 4-5, 6-10, 11-21 RFDs and t h e  geometr ic mean f o r  each pe r i od  i s  

presented. The mean f e c a l  c o l  i f o r m  values f o r  each pe r i od  a re  p l o t t e d  on 

F igures  4-3 and 4-4 f o r  s t a t i o n s  C - 1  and C-3, r espec t i ve l y .  These f igu res  

show t h a t  the  mean f e c a l  c o l i f o r m  l e v e l s  o n l y  r i s e  f o r  one day f o l l o w i n g  a  

r a i n f a l l  event  and t hen  immed ia te ly  d i m i n i s h  t o  acceptab le  l e v e l  s. I t  

should be noted t h a t  sho r t - t e rm  r i s e s  i n  fecal  c o l  i f o rm 1  eve1 s  a re  a l lowed 

under t h e  s h e l l f i s h  management r e g u l a t i o n s  and do n o t  i n d i c a t e  a  need f o r  

temporary c l osu res  f o l l  owing r a i n f a l l  events.  



Fecal c o l  i form 1 eve l  s  were general  1  y c o n s i s t e n t  throughout  Zone C. 

Th i s  i n d i c a t e s  t ha t ,  l i k e  Zone B, t h e  area i s  w e l l  mixed and t h a t  t i d a l  

c i r c u l a t i o n  e f f e c t i v e l y  d i s t r i b u t e s  the  i n f l  ow f rom upstream throughout  

t h i s  area. The samples c o l l e c t e d  a t  s t a t i o n  C-5, which mon i to rs  l o c a l  

drainage from a s e c t i o n  o f  Westport  P o i n t  

l ow  and d i d  n o t  i n d i c a t e  any l o c a l  contam 

t h i s  area d u r i n g  t h e  s tudy  per iod .  

Ove ra l l  , water  qua1 i t y  i n Zone C rema 

eas t  o f  Route 88, were always 

nant  sources d i scha rg i ng  i n t o  

ned s u i t a b l e  f o r  s h e l l f i s h i n g  

throughout  t h e  s t udy  per iod .  The b a c t e r i a  l e v e l s  e n t e r i n g  t h e  Es tuary  

from the  no r t he rn  dra inage areas a re  e f f e c t i v e l y  d i s s i p a t e d  i n  Zones A and 

B so t h a t  water q u a l i t y  remains a t  acceptab le  l e v e l s  i n  Zone C. Fecal 

c o l  i form 1 eve l  s  i n  Zone C r a r e l y  exceeded 250 c fu /100 m l  and these 

temporary excurs ions  occur red  o n l y  a f t e r  a  r a i n f a l l  o f  2 inches o r  more. 

B a c t e r i a  l e v e l s  a t  s t a t i o n  D-1 were in tended t o  mon i to r  background 

water q u a l i t y  downstream f rom t h e  s t u d y  area. Therefore,  o n l y  MF f eca l  

c o l i f o r m  a n a l y s i s  was performed. The data i s  summarized i n  Tables A-3.4, 

A-3.8 and A-3.13. W i t h  t he  excep t i on  o f  one day, MF f eca l  c o l  i f o r m  l e v e l s  

were 1 ess than 50 cfu/100 ml . On November 7, 1985, a  f eca l  c o l  i f o r m  va lue  

o f  1,300 c fu /100 m l  was recorded on t h i s  l o c a t i o n .  Th i s  sample f o l l owed  

an ex t reme ly  heavy r a i n f a l l  (2.45 i nches )  d u r i n g  which a major  

contam3nation r e l e a s e  appears t o  have occurred i n  t h e  area above the Head 

of Westport. 

Bacter ia  levels upstream from the  s tudy  area a r e  summarized i n  Tables 

A-3.9 and A-3.14 j n  Appendix A. The fecar  c o l  i f o r m  1 eve ls  were measured 

by the  MF procedure a t  these s t a t i o n s  because the  streams a re  e s s e n t i a l l y  

f reshwate r  i n  t h i s  area and t h e  MF procedure produces acceptab le  r e s u l t s  

i n  f reshwater .  The Head o f  Westport  s t a t i o n  can be used t o  represen t  

upstream b a c t e r i a  i npu t s .  The f e c a l  co l  i f o r m  l e v e l s  measured a t  t h i s  

s t a t i o n  c o n s i s t e n t l y  exceed l e v e l s  observed a t  s t a t i o n  A-1, the c l o s e s t  

downstrean1 s t a t i o n  i n  t h e  Estuary .  Table 4-5 p resen ts  a  comparison o f  MF 



TABLE 4-6 

COMPARISON OF FECAL COLIFORM LEVELS AT 

THE HEAD OF WESTPORT AND STATION A-2 AND STATION B-1 

WITHIN 2 DAYS OF A RAINFALL EVENT 

DATA MAXIMUM HEAD OF WESTPORT STATION A-2 STATION B - 1  

PRECIPITATION MF MPN MPN 

( inches) 

Geometri c Mean 

1. R e s u l t s  i n  c fu /100  r n l  

2. Assume 7600 based on rnf data 

3. Sarnpl e c o l l  ec ted  11/05/85 



fecal  co l  i f o r m  l e v e l s  a t  t h e  Head o f  Westport  and MPN f eca l  c o l  i form 

l e v e l s  a t  s t a t i o n s  A-2 and B-1 on 8 sampl ing days which occurred w i t h i n  2 

days o f  a r a i  n f a l l  event.  Fecal co l  i f o r m  1 evel  s a t  t h e  Head o f  Westport 

a re  c o n s i s t e n t l y  h i ghe r  than  a t  s t a t i o n  A-2, and t h e  geometr ic mean i s  - ",,,*..- _ _ _ _  _ 
n e a r l y  5 t imes h ighe r  a t  t h e  Head o f  Westport  than  a t  s t a t i o n  A-2. Th i s  

'. -. 
i s  a s i g n i f i c a n t  d i f ference,  and i n d i c a t e s  t h a t  upstream sources account 

f o r  a very  l a r g e  p o r t i o n  o f  t h e  b a c t e r i a  contaminat ion i n  t h e  Estuary. 

Data from the Head o f  Westport does n o t  i nc l ude  t he  contaminat ion 

c o n t r i b u t i o n s  from t h e  K i rby  Brook dra inage system which discharges t o  the 

Estuary  below the  Head o f  Westport and was n o t  moni tored d u r i n g  t h i s  

study. 

A comparison o f  fecal  c o l i f o r m  l e v e l s  a t  the  t h r e e  upstream sampling 

s t a t i o n s  revea l s  an i n t e r e s t i n g  pa t t e rn .  Bo th  t h e  Eas t  Branch of  t he  

Westport R i ve r  (Forge Pond O u t l e t )  and Bread and Cheese Brook, above Route 

177 c o n t r i b u t e  f e c a l  c o l i f o r m  t o  t h e  Estuary .  However, du r i ng  11 o f  16 

sampl i n g  surveys t he  feca l  co l  i fo rm 1 evel  s a t  the  Head o f  Westport were 

h igher  than l e v e l s  a t  e i t h e r  o f  t h e  two upstream s t a t i o n s .  Th i s  was 

unusual cons ider ing  t h a t  the  a d d i t i o n a l  drainage area c o n t r i b u t i n g  t o  t he  

r i v e r  f l ow  between t h e  two upstream s t a t i o n s  and t h e  Head o f  Westport i s  

o n l y  490 acres o r  4.3 percen t  o f  t o t a l  11,370 acres i n  t he  upstream 

drainage area. T h i s  i n d i c a t e s  t h a t  some s i g n i f i c a n t  source(s) i s  l o c a t e d  

w i t h i n  t h i s  l i m i t e d  area, 

The ex is tance  o f  c o n t r i b u t i n g  source(s) f n  t he  Head o f  Westport area 

was f u r t h e r  evidenced d u r i n g  t h e  November 7 ,  1985 sampl ing survey when 

fecal co l  i form l e v e l s  a t  the  Bread and Cheese Brook, Forge Pond O u t l e t  and 

Head o f  Westport sampl ing s t a t i o n s  were 900, 705 and 39,000 cfu/100 m l ,  

r espec t i ve l y .  The h igh  va lue a t  t h e  Head o f  Westport a f fec ted  b a c t e r i a  

l e v e l s  throughout  t h e  Es tua ry  and l i k e l y  accounts f o r  the  1,300 cfu/100 

fecal co l i f o rm  count measured a t  s t a t i o n  D-1. Th i s  sampling event 

fo l lowed a 2.45 i n c h  r a i n f a l l  event  which p robab ly  caused excessive 

surface runof f  t o  scour t he  source area. The h igh  c o l i f o r m  l e v e l  observed 

a t  S t a t i o n  D - 1  p robab ly  represen ts  t h e  " f i r s t - f l u s h "  o f  t he  Estuary  

f o l l ow ing  a r a i n f a l l .  



4 -12 She1 1 fish Test Results 

The relationship between fecal col iform 1 eve1 s i n  edible shel l f ish 

meats and overlying water show a marked difference from species to  

species. The three shel l f ish species analyzed in the study (oysters, 
quahogs and soft  shell clams) each exhibit a different capacity to  

accumulate and depurate bacteria. The results of t issue analyses are 
sumnarized in Appendix B Table B-2. Each species will be discussed 

separately. The she l l f i sh  meat results are compared to  overlying water 
qual i t y  only to provide an indication of the general relationship between 

the two measurements. Many physical and biological factors affect 

bacteria accumul ation in  shell f i sh  tissue (e.g., temperature, sa l in i ty ,  

time of day and season. Therefore, the few resul t s  obtained during t h i s  

study serve primarily as a basis for  future measurements. 

/' 
The oysters examined in the study were a1 1 collected from Zone A a t  

A-2 and A-3 and the resul ts  can be found in Appendix B 

and 8-2.1. The August 15th, 1985 sampling of oysters showed 
--_/ -' 

a direct  re1 ationship between the overlying water qual i t y  and fecal 

coliform levels  in  oyster meats. A t  a l l  three stations the r a t io  of fecal 

coliform in water to  fecal coliform levels in meats was not more than 2 to  

1 and a t  stations A-1  and A-2 the bacteria levels were identical i n  the 
water and the she l l f i sh  meats. The relationship did not hold t rue in the 

October 30th, 1985 sampling of station A-3 where very low levels of fecal 

col ifom were found jn the overlying. water and a hjgher level was found i n  

the meat- Of the four oyster samples which were callected and analyzed, 

none exceeded t h e  established I f m i t  o f  238 cfuj100 g for edible shellfish 
meats, I 

Four se t s  of quahog and overlying w4er oamples were collected and 

analyzed in the study. Sample se ts  were collected in Zone B and Zone C 

for each sampl ing day (Appendix B y  Tab1 e 8-2.2). I n  three of the four 
sets  of samples the fecal col iform levels in the meats of quahogs from 

Zone B were lower than those collected in Zone C .  Water qual i t y  in the 
three sets  were similar except in one case where the fecal col iform level 

in Zone C was four times greater than Zone B .  In one s e t ,  the levels of 
col iform i n meat from Zone 3 was greater than those of Zone C ,  whil e 

overlying water quality was similar. Like oysters, quahogs were a t  no 
time during study found t o  have fecal coliform levels exceeding the 

established l imit .  



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

, - . t h i s  case a  s e t  cons i s t ed  o f  samples f rom Zone A  and Zone B  on t h e  same 
t 

.-.- , day. The r e s u l t s  o f  t he  a n a l y s i s  can be found i n  Appendix B Tables B-1.3 

and B-3.3. U n l i k e  o y s t e r s  and quahogs, 50% o f  t h e  samples c o l l e c t e d  from 

bo th  Zone A  and Zone B  d u r i n g  t he  s t u d y  exceeded es tab l  ished 1  i m i  t s  f o r  

e d i  b l  e  she l  1  f i s h  (230 CFU/lOOg). Wh i le  f e c a l  co l  i f o r m  l e v e l s  i n  o v e r l y i n g  

water were found t o  be general  1  y good, t he  1  evel  s  o f  f eca l  c o l  i f o r m  i n  

meats showed no apparent  c o r r e l a t i o n  t o  them. 

I n  s i x  o f  the e i g h t  samples c o l l e c t e d  d u r i n g  t h e  study, t he  o v e r l y i n g  

water was found t o  have feca l  c o l  i f o r m  l e v e l  s  lower  than  es tab l i shed  

s h e l l  f i s h i n g  l e v e l s  (14 cfu/100 m l )  w h i l e  o n l y  f i v e  o f  e i g h t  samples o f  

s o f t  s h e l l  clams f e l l  w i t h i n  e s t a b l i s h e d  s h e l l f i s h  meat l i m i t s .  There was 

no apparent r e l a t i o n s h i p  between water  and s h e l l  f i s h  meat l e v e l s  as 

i n d i c a t e d  by water be ing  accep tab le  and s h e l l  f i s h  n o t  acceptab le  i n  t h r e e  

samples and water be ing  unacceptab le  w i t h  she l  1  f i s h  1  eve l  s  be ing  

acceptab le  i n  two samples. Only  t h r e e  o f  e i g h t  samples had bo th  

acceptab le  water f e c a l  c o l  i f o r m  l e v e l s  and s h e l l  f i s h  meat f eca l  c o l  i f o r m  

l e v e l s .  There a1 so appears t o  be no r e l a t i o n s h i p  between t h e  two zones 

s tud ied.  One h a l f  o f  t h e  sample s e t s  showed h i ghe r  fecal  c o l  i f o r m  l e v e l s  

i n  Zone B  than Zone A, w h i l e  t h e  o t h e r  ha1 f showed t h e  oppos i te  r e s u l t .  

Th i s  may i n d i c a t e  s o f t  s h e l l  clams needing a  longer  depura t ion  pe r i od  than  

o y s t e r s  o r  quahogs. 

4 . I3  ResuIt inqi  Fecal C~lifsrm and Fecal St reptococcus A n a l y s i s  

Fecal  s t rep tococcus  was analyzed a t  two s t a t i o n s  i n  t h e  Estuary,  

s t a t i o n  A-2 and a t  t he  Head o f  Westport. The da ta  i s  summarized i n  

Appendix A  Tab1 es A-8.1 and A-9 .l. Upon rev i ew ing  data compiled from 

s t a t i o n  A-2 i t  was determined t h i s  s t a t i - on  i s  too  f a r  downstream from 

p o t e n t i a l  sources t o  a p p l y  r a t i o s  between f e c a l  c o l  i f o r m  and f e c a l  

s t reptococcus.  I n  o rde r  t o  app l y  r a t i o s  between t he  two bac te r i a ,  sample 

c o l l  e c t i o n  must occur  as c l o s e  t o  t h e  source as poss ib l e .  Fecal 

s t r ep tococc i  have a  h i g h  r a t e  o f  m o r t a l i t y  i n  an aqua t i c  environment 

whereas f eca l  co l  i f o r m  a r e  much h a r d i e r  and can s u r v i v e  where fecal 

s t reptococcus w i l l  no t .  The s t a t i o n  a t  the  Head o f  Westport proved 

va luab le  and produced workable data (Appendix A, Table  A-9.1). The r a t i o s  

ob ta ined  a t  t h i s  s t a t i o n  were c o n s i s t e n t l y  a t  o r  below 1 t o  1. These 

r a t i o s  may be h i ghe r  than  one would expect  because of  d i e  o f f  o f  fecal  

s t reptococcus as i t  mig ra tes  downstream away from the source. 



The r e l a t i o n s h i p  o f  f e c a l  c o l  i f o r m  t o  f eca l  s t reptococcus can be used 

i n  c e r t a i n  c i rcumstances t o  i d e n t i f y  t h e  source o f  b a c t e r i a l  

contaminat ion.  Genera l l y ,  when comparing f eca l  c o l i f o r m  l e v e l s  t o  f eca l  

s t rep tococcus  l e v e l s ,  r a t i o s  o f  4  t o  1 o r  g r e a t e r  i n d i c a t e  human 

contaminat ion from domest ic wastes, and r a t i o s  o f  1 t o  1 o r  l e s s  i n d i c a t e  

animal contami n a t i o n  f rom a g r i c u l  t u r a l  sources. Ra t i os  between these two 

l e v e l s  i n d i c a t e  a  p o s s i b l e  m i x t u r e  o f  human and animal sources. 

Resu l t s  o f  sampl ing i n  September, October and November o f  1985 

i n d i c a t e  t h a t  t he  p r imary  source o f  b a c t e r i  01 og i  c a l  contami n a t i o n  above 

the  Head of  Westport ,  d u r i n g  t h i s  per iod,  was f rom animal sources, e i t h e r  

domestic o r  a g r i c u l t u r a l  . Other  f e c a l  c o l  i f o r m  data gathered from t h i s  

area i n d i c a t e  t h a t  a t  l e a s t  one o f  t h e  sources o f  contaminat ion i s  l oca ted  

between Route 177 and t h e  Head o f  Westport .  The i d e n t i f i c a t i o n  o f  t he  

exac t  source(s)  was beyond t h e  scope o f  t h i s  study. 

4.14 Sal  i n i  ty and T u r b i d i t y  Tes t  

S a l i n i t y  and t u r b i d i t y  r e s u l t s  a r e  summarized i n  Tables A-10 and A - 1 1  

o f  Appendix A. S a l i n i t y  va lues p rov i de  an i n d i c a t i o n  o f  t he  amount o f  

f reshwater  i n f l o w  i n t o  t h e  Es tuary  and o f  t h e  degree t o  which f reshwater  

and i t s  assoc ia ted  b a c t e r i a l  con tamina t ion  a re  " d i l u t e d "  by t h e  t i d a l  

i n f l o w  of  sa l twa te r .  For example, assume t h a t  the  average s a l i n i t y  i n  

Westpor t  Harbor i s  30 p a r t s  per  thousand (pgt) and that  freshwater has a 

s a l f n i t y  o f  e s s e n t i a t l y  zero, Then, 4P a water sample a t  stat ion 4-2 has 

a s a l i n i t y  o f  20 p p t  i t  i s  composed o f  I I J  freshwater and 2P3 s a l t w a t e r  

and the f reshwater  i s  d i l  u t ed  by a  f a c t o r  o f  1/3. Furthermore, i f  one 

assumes t h a t  b a c t e r i a  1  eve l s  a re  conserva t i ve  (i .e., t h e y  do n o t  d i e  o f f  

o r  mu1 ti p l y )  and f reshwate r  i s  the source o f  a1 1  b a c t e r i a l  contaminat ion 

i n  t he  Estuary ,  then when t h a t  f reshwate r  i s  d i l u t e d  w i t h  "c lean"  

s a l t w a t e r  the b a c t e r i a  1  eve1 w i l l  decrease i n  d i r e c t  p r o p o r t i o n  t o  the  

amount o f  s a l t w a t e r  d i l u t i o n .  Th i s  concept i s  use fu l  i n  assessing 

b a c t e r i a l  d i s s i p a t i o n  i n  t he  upper p o r t i o n s  o f  the  Es tuary  and may a l s o  

prove t o  be a  use fu l  management t o o l  i n  t h e  Estuary.  



Turbidity resul t s  did not correl a te  with other data gathered during 

the study period b u t  i s  included for future reference by other 

researchers. 

4.15 Rainfall Data 

Daily rainfall  data for Newport, RI, New Bedford, MA and Westport, MA 

are presented in Appendix C and monthly rainfall  data i s  summarized in 

Table 4-7. For the study period, the average monthly rainfall  a t  Newport, 

New Bedford and Westport were 3.26, 3.67 and 3.23 inches, respectively. 

August 1984 was the dr ies t  month of the study period with less than one 

inch of rain recorded, while August 1985 was the wettest month of the 

study period, with more than 12 inches of rain recorded a t  a l l  three 

monitoring stations.  

The frequency of storm events during the study period was determined 

for 1 a te r  use in assessing water quality data. The cumulative frequency 

of days preceeded by a t  1 east 2, 4, 6 and 11 RFDs (rain free days) was 

determined for the en t i re  study period and for each quarter during the 

study period. (The f i r s t  period included only August and September 

1984). The information i s  presented in histogram form in Figure 4-5. 

This histogram shows that for the en t i re  study period 46.4 percent of a l l  

days were preceeded by a t  1 east 4 RFDs. A t  f i r s t  gl ance, the percentages 

appear to  be high, b u t  in many instances there are 2 or 3 days of rain 

followed by a relat ively long dry period. 

The pattern varies somewhat from season to season, b u t  in general the 

frequency pattern was consistent and provides some basis for assessing the 

probabil i t y  of encountering pro1 onged rain free periods. This information 

will be central t o  the discussion which follows i n  Section 5.00. 



TABLE 4-7 

MONTHLY PRECIPITATION FOR STUDY PERIOD 

( I n  I n c h e s 1  

MONTH NEWPORT, R I  NEW BEDFORD, MA WESTPORT, MA 

Aug '84 

Sep t  '84  

Oct '84 

Nov ' 84  

Dec '84 

Jan '85  

Feb '85 

March '85  

A p r i l  '85 

May '85 

June '85 

J u l y  '85 

Aug '85 

Sep t  '85  

Oct '85 

Nov '85 

Dec '85 

TOTAL 48.87 55 .03 49.21 

Mean Mon th ly  3.26 3.67 3.28 



STUDY PERIOD AUG-SEP O C T - D E C  JAN-MAR APR-JUN JUL-SEP O C T - D E C  
A U G  8 4 - D E C  8 5  1 9 8 4  1 9 8 4  1 9 8 5  1 9 8 5  1 9 8 5  1 9 8 5  

F I G U R E  4-5 
HISTOGRAM OF THE PERCENT OF T I M E  PRECEEDED BY 2, 4 ,  6 and 11 RAIN-FREE DAYS 



5.00 DISCUSSION OF WATER QUALITY I N  SHELLFISHING AREAS OF THE ESTUARY 

The r e s u l t s  o f  the GHR study show a  r e g u l a r  p a t t e r n  o f  f eca l  c o l i f o r m  

contaminat ion i n  t h e  Es tua ry  f o l l o w i n g  r a i n f a l l  events. I n  o rde r  t o  use 

the  data f o r  management of  s h e l l f i s h i n g  i n  t h e  Es tua ry  i t  i s  necessary t o  

es tab l  i s h  a  c l e a r  and s imple r e l a t i o n s h i p  between r a i n f a l l  and fecal 

c o l i f o r m  l e v e l s .  Estab l ishment  o f  such a r e l a t i o n s h i p  p rov ides  a  r a t i o n a l  

means o f  p r e d i c t i n g  water qua1 i t y  and does no t  r e q u i r e  cont inuous b a c t e r i a  

mon i t o r i ng  and f requent  communication and n e g o t i a t i o n  between the  Town and 

t h e  r e g u l a t o r y  a u t h o r i t i e s  ( i .e., DEQE and t h e  Mass. D i v i s i o n  o f  Marine 

F i s h e r i e s ) .  I t  was p o s s i b l e  t o  i d e n t i f y  t h i s  r e l a t i o n s h i p  f o r  the  Es tuary  

and a  p o r t i o n  o f  t h i s  i n f o r m a t i o n  was presented i n  Sec t ion  4.00. Th is  

s e c t i o n  presents  a  more d e t a i l e d  d e s c r i p t i o n  o f  the  r e l a t i o n s h i p  and the  

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

c losed  areas (Zones A  and B) .  

5.10 Representat iveness o f  Survey Data 

The represen ta t i veness  o f  survey da ta  must be es tab l i shed  before i t  

can be used t o  p r o p e r l y  assess water q u a l i t y  r e l a t i o n s h i p s  i n  t he  

Estuary.  Representat iveness means t h a t  t he  sampl i n g  da ta  was gathered 

over  a  range o f  meteoro log ica l  cond i t i ons  which c l o s e l y  resemble the  

cond i t i ons  a c t u a l l y  encountered i n  t he  Estuary .  I f  the frequency o f  

sampling surveys does no t  represen t  ac tua l  f i e l d  cond i t i ons ,  a  b i as  i n  t h e  

i n t e r p r e t a t i o n  o f  r e s u l t s  w i l l  occur.  For example, if a l l  sampling occurs 

w i t h i n  two days f o l l o w i n g  a  r a i n f a l l ,  t h e  average b a c t e r i a  l e v e l s  which 

a re  measured w i l l  be s i g n i f i c a n t l y  h i ghe r  than  t he  ac tua l  average b a c t e r i a  

1 eve1 s. T h i s  i s  because, on t h e  average, ove 6 percent  of days are 

preceeded by a t  1  eas t  2 r a i n  f r e e  days. qz ,- (-3 L 9' . - 
'c , C  ' : 

To assess t h e  represen ta t i veness  of su rvey  da ta  t h e  ac tua l  number o f  

days du r i ng  the s tudy p e r i o d  which occur red  0-1, 2-3, 4-5, 6-10 and 11-21 

days f o l l o w i n g  a  r a i n f a l l  event were tabu la ted .  The percentage o f  the  



t o t a l  515 days o f  t h e  s tudy p e r i o d  which f e l l  i n t o  each o f  t h e  f i v e  t ime 

ca tegor ies  was c a l c u l a t e d  and i s  shown i n  F igure  5-1 a long  w i t h  the  

percent  of  sampling surveys which were conducted i n  each o f  these t ime 

categor ies.  A  review o f  the frequency da ta  shows t h a t  the sampl i n g  

frequency c l  ose l y  m i r r o r s  t h e  ac tua l  cond i t i ons  observed d u r i n g  t h e  s tudy 

per iod.  There was a  moderate b i a s  o f  sampling towards t ime per iods w i t h i n  

3 days o f  r a i n f a l l  events. T h i s  sampl ing b i as  a p p l i e s  a  conservat ive b i as  

t o  any s t a t i s t i c a l  i n t e r p r e t a t i o n  o f  the  data and tends t o  overest imate 

average b a c t e r i a  l e v e l s  observed i n  t h e  Es tuary  by a  small amount. Given 

the o b j e c t i v e  o f  a1 1  owing c o n d i t i o n a l  opening o f  c u r r e n t l y  c losed  

she1 1  f i s h i n g  areas w h i l e  p r o t e c t i n g  pub1 i c  heal th ,  t h i s  conservat ive b ias 

prov ides an a d d i t i o n a l  marg in  o f  s a f e t y  t o  t he  da ta  i n t e r p r e t a t i o n .  

I n  a d d i t i o n  t o  t h e  represen ta t i veness  of sampl ing frequency, t h e r e  i s  

a  s i g n i f i c a n t  b i a s  induced by c o l l e c t i n g  a l l  samples around low t i d e .  I n  

t h e  Es tuary  the  p r imary  sources of  b a c t e r i a l  contaminat ion a re  i n  upstream 

areas, and t he  contaminat ion extends f u r t h e s t  downstream a t  low t i d e .  

With a  t i d a l  p r i sm amounting t o  73 percent  o f  t h e  Es tuary  volume, i t  i s  

l i k e l y  t h a t  h igh  t i d e  b a c t e r i a  l e v e l s  i n  Zones A ,  B and C a re  

approx imate ly  one- th i  r d  t o  one - fou r t h  t h e  1  eve1 s  measured a t  1  ow t i d e .  

Th is  i n  t u r n  i m p l i e s  t h a t  the  t r u e  average b a c t e r i a  l e v e l s  a re  again lower  

than those c a l c u l a t e d  from t h e  survey  data. 

5.20 Fecal  Col i form D i s s i p a t i o n  Fo l  lowinq, R a i n f a l l  Events 

The r e s u l t s  o f  t h i s  s tudy  show a  r a p i d  decrease i n  feca l  co l  i f o r m  

l e v e l s  f o l l o w i n g  a  r a i n f a l l  event. F igures 4-1 through 4-4 show how the  

average f eca l  c o l  i f o r m  l e v e l s  a t  s t a t i o n s  A-2, B-1, C - 1  and C-3 decrease 

f o l l ow ing  a  r a i n f a l l .  The da ta  was d i v i d e d  i n t o  the  f i v e  t ime  ca tegor ies  
based on t he  frequency of  sampl ing f o l l o w i n g  r a i n f a l l  events and t he  

general t rends which were d iscerned  from an i n i t i a l  review o f  the data .  

The use o f  t ime i n t e r v a l s  o f  two days tends t o  average o u t  a  number o f  

phys ica l  va r i ab les  which a f f e c t  b a c t e r i a  l e v e l s  i n  the  Estuary.  Among t h e  
va r i ab les  a r e  t h e  d u r a t i o n  o f  t h e  r a i n f a l l ,  t h e  number of  t i d e  cyc les  
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between t h e  end o f  t h e  r a i n f a l l  event  and t h e  sampl ing event, and t h e  t ime 

l a g  between the  beginn ing o f  a r a i n f a l l  event and t h e  d i s t r i b u t i o n  o f  

b a c t e r i a l  contaminat ion throughout  t h e  Estuary.  The data was grouped i n t o  

i n t e r v a l s  f o l l o w i n g  the  day on which t he  r a i n f a l l  event ended. Thus, the  

group designated 0 t o  1 days f o l l o w i n g  a r a i n f a l l  i nc ludes  data c o l l e c t e d  

the  f i r s t  two days f o l l o w i n g  a r a i n f a l l .  

A r a i n f a l l  event was def ined as a p e r i o d  o f  cont inuous days du r i ng  

which t he  t o t a l  r a i n f a l l  exceeded 0.2 inches. The maximum p r e c i p i t a t i o n  

values r e p o r t e d  on Tabl es 4-1 through 4-5 a r e  t h e  h i ghes t  t o t a l  r a i n f a l l  

fo r  the r a i n f a l l  event which was recorded by t h e  Newport, New Bedford o r  

Westport gauging s t a t i o n s .  When t o t a l  p r e c i p i t a t i o n  i s  considered, t he  

m a j o r i t y  o f  r a i n f a l l  events (29 o f  37) recorded over  0.5 inches o f  r a i n .  

To i l l u s t r a t e  t he  degree t o  which b a c t e r i a l  l e v e l s  i n  t h e  Es tuary  

d i s s i p a t e  f o l l o w i n g  a r a i n f a l l  event,  a p l o t  (F i gu re  5-2) was made o f  

f eca l  co l  i fo rm l e v e l s  a t  1, 3, 6, 8 and 15 days f o l l o w i n g  a 2.05 i n c h  

r a i n f a l l  event which ended on March 13, 1985. The f i g u r e  shows t h a t  fecal  

c o l  i f o r m  1 evel  s drop t o  moderate 1 evel  s by t h e  t h i r d  day f o l l o w i n g  t h e  end 

of the r a i n f a l l  and t h a t  fecal  c o y f o r m  l e v e l s  i n  a l l  zones f a l l  below 14 

cfu1100 m l  by t h e  s i x t h  day. b a c t e r i a  l e v e l s  i n  Zone A do n o t  always 

decrease t o  such low t r e n d  i s  cons i s ten t  and 

p red i c tab le .  

To f u r t h e r  assess the e f f e c t  o f  r a i n f a l l  on average f eca l  c o l i f o r m  

1 eve l s  i n  Zones A ,  B and C, t h e  mean MPN feca l  col j f o rm  1 evel  s were 

c a l c u l a t e d  f o r  s t a t i o n s  A-2, B-1, C - 1  and C-3 f o r  a l l  survey da ta  and then 

f o r  o n l y  data c o l l e c t e d  2, 4, 6 and 11 o r  more days a f t e r  a r a i n f a l l  

event. These average values a r e  presented i n  Tabl e 5-1 and p l o t t e d  on 

F i  gure 5-3. A r e v i  ew o f  t h i s  data i n d i  cates t h a t  t h e  mean f eca l  co l  i form 

value a t  s t a t i o n  B-1 f a l l s  below the  14 c fu I100 m l  maximum f o r  a l l  samples 

c o l l e c t e d  2 o r  more days f o l l  owing a r a i n f a l l  event.  The mean fecal  

c o l  i forrn values f o r  s t a t i o n s  C - 1  and C-3 were always below the  14 cfu1100 

m l  maximum. However, t h e  mean fecal  c o l  i f o r m  l e v e l  a t  s t a t i o n  A-2 d i d  no t  
f a l l  belaw the  14 c fu /100 m l  u n t i l  11 o r  more days a f t e r  a r a i n f a l l  event. 
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TABLE 5-1 

MEAN MPN FECAL COLIFORM VALUES FOR 
STATIONS A-2. 8-1. C-1 AND C-3 

Data Set  
Geometr ic  Mean MPN Feca l  C o l i f o r m  (c fu /100  ml ) 

S t a t i o n  S t a t i o n  S t a t i o n  S t a t i o n  
A-2 B-1 C-1 C - 3 

A l l  Sampling Surveys 

Surveys Preceeded b y  2 o r  more 
RFDs 44 10 6 6 

Surveys Preceeded b y  4 o r  more 
RFDs 24 5 4 5 

Surveys Preceeded b y  6 o r  more 
RFDs 2 1 3 4 4 

Surveys Preceeded b y  11 o r  more 
RFDs 10 3 2 4 

RFD = r a i n - f r e e  days 





The f a c t  t h a t  the  mean f e c a l  c o l  i f o r m  l e v e l s  decrease t o  acceptable 

1 eve1 s i n  Zones A and B does n o t  i m p l y  t h a t  these areas can be open t o  

s h e l l  f i s h i n g  on t he  e l even th  and second day a f t e r  a r a i n f a l l  event, 

r espec t i ve l y .  Rather  i t  i n d i c a t e s  t h a t  b a c t e r i a  l e v e l s  i n  these zones do 

decrease i n  a cons i s ten t  and p r e d i c t a b l e  manner and t h a t  the elapsed t ime  

a f t e r  a r a i n f a l l  event can be used t o  p r e d i c t  water q u a l i t y  i n  t he  

Estuary.  The dec i s i on  t o  open areas o f  Zones A and B t o  she1 1 f i s h i n g  must 

be based on an assessment o f  t h e  re1  a t i o n s h i p  between s h e l l  f i s h  

contaminat ion and o v e r l y i n g  water qua1 i ty. 

5.30 Assessment o f  t h e  Cond i t i ona l  Openinq o f  Areas Cur ren t l y  Closed 
To S h e l l  f i s h i n g  

AS discussed i n  t he  p rev ious  sec t ion ,  f eca l  c o l i f o r m  l e v e l s  i n  Zone B 

decrease t o  acceptable l e v e l s  f o r  s h e l l f i s h i n g  w i t h i n  2 t o  3 days a f t e r  a 

r a i n f a l l  event, w h i l e  Zone A does n o t  achieve these l e v e l s  f o r  over 10 

days a f t e r  a r a i n f a l l  event.  The p r ima ry  focus o f  t he  assessment of 

\ w i l l  focus on Zone B because the  pa t t e rns  a re  more 
I : /  t ime l o w e s t  f o r  t h i s  zone. Th i s  does no t  mean t h a t  

c o n d i t i o n a l  opening o f  Zone A ( p a r t i c u l a r l y  f o r  oys te r  harves t ing)  should 

n o t  be considered. Rather, t h e  a d d i t i o n a l  l e v e l  o f  e f f o r t  r equ i red  t o  

i n v e s t i g a t e  and j u s t i f y  opening Zone A i s  much g rea te r  than i t  i s  f o r  Zone 

B .  

Two major quest ions a r i s e  when cons ide r i ng  a cond i t i ona l  opening o f  

Zone B. The f i r s t  ques t i on  i s  how l o n g  does i t  take f o r  t he  s h e l l f i s h  t o  

depurate o r  c l  eanse themsel ves o f  b a c t e r i a l  contaminat ion once over1 y i  ng 

water q u a l i t y  has reached acceptable l e v e l s .  The second ques t ion  i s  how 

many days cou ld  the  area be opened i f  the  depura t ion  t ime  were 

estab l ished.  

Zone B conta ins h a b i t a t  areas f o r  b o t h  quahogs and s o f t s h e l l  clams. 

The r e s p i r a t i o n  and depura t ion  r a t e s  f o r  these  two species d i f f e r  

cons iderably .  I n  general ,  the  s o f t s h e l l  c l  am bo th  accumulates and 

depurates b a c t e r i a  more q u i c k l y  than does t he  quahog. To eva lua te  the 



p o t e n t i a l  f o r  c o n d i t i o n a l  opening o f  Zone B we have assumed a  conserva t i ve  

depura t ion  t ime  o f  4  days f o r  bo th  quahogs and s o f t s h e l l  clams. The 

ac tua l  number o f  days may be d i f f e r e n t  bu t  w i l l  probably  be i n  t h e  range 

of 2  t o  4  days. 

To assess the  amount o f  t ime  d u r i n g  which Zone B c o u l d  be 

c o n d i t i o n a l l y  opened, an ana l ys i s  was made o f  t h e  number of days occu r r i ng  

a t  2, 4, 6  and 11 o r  more days a f t e r  a  r a i n f a l l  event. These f requencies 

i n d i c a t e  t he  amount o f  t ime d u r i n g  a  p e r i o d  which occurs a  g iven  number of  

days o r  more a f t e r  a  r a i n f a l l  event. For example, d u r i n g  t he  515 day 

s tudy per iod,  239 o f  t h e  days occur red  f o u r  o r  more days a f t e r  a  r a i n f a l l  

event. Th i s  means t h a t  46.4 percen t  o f  the  days o f  the s tudy  p e r i o d  were 

preceeded by a t  l e a s t  f o u r  r a i n - f r e e  days. F i gu re  4-5 i s  a  histogram 

d e p i c t i n g  the percen t  o f  days preceeded by a t  l e a s t  2, 4, 6 and 11 o r  more 

r a i n  f r e e  days d u r i n g  t h e  e n t i r e  s tudy  per iod.  

The h is togram a l s o  inc ludes  a  breakdown o f  the  da ta  from the  s tudy  

p e r i o d  i n t o  t h r e e  month i n t e r v a l s  so t h a t  seasonal d i f ferences i n  t h e  t ime 

d i s t r i b u t i o n  c o u l d  be i d e n t i f i e d  and t h e i r  e f f e c t s  on c o n d i t i o n a l  openings 

assessed. A  rev iew  o f  F i gu re  4-5 shows t h a t  t h e  frequency d i s t r i b u t i o n  i s  

cons i s ten t  fo r  t he  e n t i r e  s tudy  per iod .  The o n l y  excep t ion  was the p e r i o d  

o f  August and September 1984. The month o f  August rece ived  1  ess than one 

i n c h  o f  r a i n f a l l  and was d r i e s t  month o f  the s tudy  per iod.  This,  combined 

w i t h  t h e  f a c t  t h a t  t h i s  p e r i o d  comprised o n l y  a  two month per iod,  probably  

accounts for  t h e  anomolous r e s u l t s  f o r  t he  per iod. S ince t he  general 

p a t t e r n  o f  t ime d i s t r i b u t i o n  f o l l o w i n g  r a i n f a l l  events i s  r e l a t i v e l y  

c o n s i s t e n t  we w i l l  d iscuss the p o t e n t i a l  f o r  c o n d i t i o n a l  openings o f  Zone 

B f o r  s h e l l  f i s h i n g  u s i n g  t he  percentages developed f o r  t h e  e n t i r e  s tudy 

per iod .  P r o j e c t i n g  these percentages over a  one year  (365 day) p e r i o d  we 

would p r o j e c t  t h a t  i n  t h a t  per iod:  

a) 246 days would be preceeded by two o r  more r a i n - f r e e  days 

b )  169 days would be preceeded by f o u r  o r  more r a i n - f r e e  days 

c )  115 days would be preceeded by s i x  o r  more r a i n - f r e e  days 

d )  42 days would be preceeded by e l  even o r  more r a i n -  f r e e  days 



I n  assessing the c o n d i t i o n a l  opening o f  Zone B y  we have now developed 

t he  f o l l o w i n g  s e t  o f  c r i t e r i a :  

1. The mean feca l  co l i f o rm  l e v e l  i n  Zone B  decreases t o  below 14 
cfu/100 m l  w i t h i n  two days a f t e r  a  r a i n f a l l  event 

2. A depurat ion p e r i o d  o f  f o u r  days should be a l lowed between t h e  
t ime t h a t  t h e  mean f e c a l  c o l  i f o r m  l e v e l  reaches t h e  acceptable 
l e v e l  ( i  .e., 2  days f o r  Zone B) and t h e  opening o f  Zone B  for  
s h e l l f i s h i n g  

3 .  Based on i terns 1 and 2 above, a  c o n d i t i o n a l  opening o f  .Zone B 
could be a l l  owed beg inn ing  on t h e  s i x t h  day a f t e r  a  rainfall 
event. 

A t  f i r s t  glance, t he re  would n o t  appear t o  be many days a v a i l a b l e  f o r  

s h e l l  f i s h i n g  under these c r i t e r i a .  However, t h e  ana l ys i s  o f  r a i n f a l l  data 

showed t h a t  there  would be 115 days open f o r  s h e l l f i s h i n g  i n  Zone B. 

These days would be even ly  d i s t r i b u t e d  ove r  t h e  year  so t h a t  t he re  would 

be approx imate ly  29 shel  1  f i s h i n g  days each season. Real i s t i c a l  l y ,  the  

opening would occur a t  random i n t e r v a l s  throughout  t he  year  and the  

du ra t i on  o f  an opening may be as b r i e f  as one day o r  as l o n g  as s i x t een  

days. I t  a l so  appears t h a t  an opening can s a f e l y  extend i n t o  t he  f i r s t  

day o f  the r a i n f a l l  event which te rmina tes  the  c o n d i t i o n a l  opening. T h i s  

i s  poss ib l e  because t h e r e  i s  a  1  ag t ime between t h e  onset o f  r a i n  and t h e  

appearance o f  f eca l  c o l i f o r m  i n  t he  Estuary .  

The impact o f  a  c o n d i t i o n a l  opening i n  Zone B  i s  p o t e n t i a l l y  very 

la rge .  The harves tab le  areas o f  Zones B  and C a re  bo th  approx imate ly  520 

acres f o r  quahogs. Therefore,  t he  115 days o f  p o t e n t i a l  s h e l l f i s h i n g  i n  

Zone B  represents a  30 percen t  i nc rease  i n  the  s h e l l  f i s h i n g  i n  the 

Estuary .  The percen t  inc rease  i n  shel  1  f i s h i n g  which i s  a c t u a l l y  r e a l i z e d  

from c o n d i t i o n a l  opening w i l l  depend on a  number o f  f ac to r s  i n c l u d i n g  t h e  

t ime l apse  es tab l  i s  hed between t h e  end o f  a  r a i  n f a l l  event and the opening 

of Zone B, and the t i m e  o f  year  t h a t  c o n d i t i o n a l  openings occur. The 

p e r i o d i c  opening o f  Zone 3 would have severa l  a d d i t i o n a l  bene f i t s .  F i r s t ,  

the pressure on quahog beds i n  Zone C would be reduced because fishermen 

would be a t t r a c t e d  t o  more p roduc t i ve  beds i n  Zone B, and second, 

o v e r f i s h i n g  i n  Zone B would be l i m i t e d  by t he  temporary nature o f  the 

cond i t i ona l  openings. 



6 .OO CONCLUSIONS AND RECOMMENDATIONS 

The data gathered d u r i n g  t h i s  s t udy  show a  c l e a r  and p r e d i c t a b l e  

re1 a t i o n s h i p  between r a i  n f a l l  events  and episodes o f  b a c t e r i a l  

contaminat ion i n  s h e l l  f i s h i n g  areas o f  t he  Estuary .  The h i ghes t  b a c t e r i a  

l e v e l s  were t y p i c a l l y  encountered w i t h i n  24 hours o f  a  r a i n f a l l  event, and 

the l e v e l s  i n  s h e l l  f i s h i n g  areas decreased t o  background l e v e l s  w i t h i n  2 

t o  3 days f o l l o w i n g  t h e  end o f  t h e  r a i n f a l l  event. 

B a c t e r i a  1  eve ls  were c o n s i s t e n t l y  h i g h e s t  i n  t he  upper p o r t i o n s  o f  t he  

Es tuary  ( i .e .  Zone A and s t a t i o n s  above t h e  Head o f  wes tpor t )  and 

decreased s t e a d i l y  i n  the  downstream d i r e c t i o n .  T h i s  p a t t e r n  o f  

d i s t r i  b u t i o n  i n d i c a t e s  t h t  t h e  p r i m a r y  source(s)  o f  b a c t e r i a l  

contaminat ion a re  l o c a t e d  upstream o f  t he  p r ima ry  s tudy  area ( i .e .  above 

S t a t i o n  A5 l o c a t e d  a t  Cornel  1  P o i n t )  . F u r t h e r  d e l i n e a t i o n  o f  i n p u t  

sources above Cornel 1  P o i n t  i s  1  i m i  t e d  because a1 1  suspected i n p u t  streams 

and K i rby  Brook i n  p a r t i c u l a r  were n o t  sampled d u r i n g  t h i s  study. 

However, based on t he  a v a i l a b l e  data,  i t  appears t h a t  a  m a j o r i  ty  o f  t he  

b a c t e r i a l  i n p u t  i s  emanating f rom l o c a t i o n s  a t  and above t h e  Head of 

Wes t p o r t .  

The r a p i d  r i s e  i n  b a c t e r i a  1  eve l  s  f o l l o w i n g  a  r a i  n f a l l  event, f o l l  owed 

by an e q u a l l y  r a p i d  decrease, i n d i c a t e s  t h a t  su r f ace  r u n o f f  prov ides t he  

m a j o r i t y  o f  b a c t e r i a l  con tamina t ion  t o  t h e  Estuary .  T h i s  causes f eca l  

co l  i f o r m  1  eve l  s  i n  s h e l l  f i s h i n g  areas t o  exceed e x i s t i n g  s t a t e  standards. 

Th i s  means t h a t  the stormwater runo f f  c o n t r i b u t e s  s u b s t a n t i a l l y  h i ghe r  

b a c t e r i a  loads  ove r  s h o r t e r  t ime  i n t e r v a l s  than do cont inuous low l e v e l ,  

low volume d ischarges,  such as the  e f f l u e n t  f rom the  L i n c o l n  Park 

wastewater t rea tment  p l a n t  o r  any s ing1 e  s e p t i c  system. 

The r e l a t i o n s h i p  between r a i n f a l l  and b a c t e r i a  l e v e l s  i n  t he  Es tua ry  

can be used as an e f f e c t i v e  p r e d i c t i v e  s h e l l  f i s h  management t o o l .  Us ing  a  

conserva t i ve  approach o f  add ing a  fou r -day  depura t ion  pe r i od  t o  t he  t ime  

r e q u i r e d  f o r  t h e  mean f e c a l  co l  i f o r m  l e v e l  t o  f a l l  below t h e  maximum 14 



cfu/100 ml , Zone B could be opened t o  s h e l l  f i s h i n g  on t h e  s i x t h  day 

f o l l ow ing  the end o f  a  r a i n f a l l  event. We be1 ieve  t h a t  t h i s  c r i t e r i a  i s  

p r o t e c t i v e  o f  t h e  p u b l i c  h e a l t h  even a f t e r  heavy r a i n f a l l  (more than 2 

inches) ,  and t h a t  e a r l i e r  openings cou ld  be j u s t i f i e d  a f t e r  l e s s  i n tense  

storms. 

From a  management perspec t i ve ,  we advocate i n i t i a l l y ,  us i ng  a  s i n g l e  

t ime c r i t e r i a  f o r  c o n d i t i o n a l  opening o f  Zone B. Th i s  would produce a  

consi s t e n t  , p r e d i c t a b l  e  opening po l  i c y  which coul  d  be understood by t he  

p u b l i c  and enforced by t h e  s h e l l f i s h  constable.  

Dur ing the f i r s t  year  o f  c o n d i t i o n a l  opening, Zone B  cou ld  be opened 

t o  s h e l l  f i s h i n g  on t h e  s i x t h  day a f t e r  a  r a i n f a l l  event. Water samples 

cou ld  be c o l l e c t e d  on t h e  t h i r d ,  f o u r t h  and f i f t h  days a f t e r  r a i n f a l l  of  

1  ess than 1 inch,  i n  o rde r  t o  e s t a b l i s h  a  more ex tens ive  data base than i s  

c u r r e n t l y  a v a i l a b l e  t o  assess the poss i  b i l  i t y  f o r  e a r l  i e r  openings of  the 

area. 

Cond i t iona l  opening o f  the lower  p o r t i o n  o f  Zone A below H i x  Br idge  

may be p o s s i b l e  i n  t h e  fu ture.  To j u s t i f y  opening t h i s  area, a d d i t i o n a l  

sampl i n g  and analyses would be requ i red .  The sampl i n g  would focus on 

water qual  i t y  i n  t h e  area 3 t o  10 days f o l l o w i n g  r a i n f a l l  events. Th is  

area i s  p r i m a r i l y  o y s t e r  h a b i t a t .  I t  may be p o s s i b l e  t o  e s t a b l i s h  a  

re1 a t i o n s h i p  between b a c t e r i a  1  eve l  s  i n  water and s h e l l  f i s h  which could 

serve as bas is  f o r  a l l o w i n g  openings a t  b a c t e r i a  1  evel  s  which exceed t he  

es ta  b l  i s  hed water qual i t y  standards. 

The r e s u l t s  o f  t h i s  s tudy  i n d i c a t e  t h a t  su r face  r u n o f f  i s  the p r imary  

source f o r  episodes o f  b a c t e r i a l  contaminat ion i n  t h e  Estuary .  Th is  

runo f f  r e s u l t s  i n  s h o r t  term r i s e s  i n  b a c t e r i a l  l e v e l s  which a r e  r a p i d l y  

purged from t h e  Es tua ry  by t i d a l  f l ush ing ,  n a t u r a l  d i e - o f f  and o ther  

na tu ra l  processes. The e f f o r t s  t o  reduce p o l l u t i o n  i n  t he  Es tuary  

t h e r e f o r e  need t o  focus on source reduc t i on  and source e l i m i n a t i o n .  For 

examp1 e, reduc ing runo f f  by i n s t a l  1  i n g  r e t e n t i o n  ponds o r  sur face berms 
cou ld  r e s u l t  i n  ex tend ing  t h e  re l ease  o f  stormwater f o r  several  days a f t e r  



the  end o f  a  r a i n f a l l .  T h i s  extended storm re l ease  w i t h  i t s  b a c t e r i a l  

l oad  cou ld  extend the  fl ushing t i m e  by an equal amount o f  t ime and thus, 

compound the  e x i s t i n g  contaminat ion problem i n  t h e  Estuary.  

The clean-up o f  b a c t e r i a l  p o l l u t i o n  i n  t h e  Es tuary  w i l l  be a  l o n g  

process c o n s i s t i n g  o f  c a r e f u l  m o n i t o r i n g  o f  e x i s t i n g  sources and con t ro l  

over new p o t e n t i a l  sources. The use o f  r a i n f a l l  based cond i t i ona l  

she1 1  f i s h  openings represen ts  an impo r tan t  and r e a l  i s t i c  management t o o l  

which can be used d u r i n g  t he  i n t e r i m  per iod.  
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TABLE A-1.1 
WESTPORT R I V E R  SURVEY 

5 TUBE MPN TOTAL AND FECAL COLIFORM RESULTS 

August 6 920 110 79 43 17 8 8 8 
20 1,600 280 <2 2 220 8 6 3 

S e p t e m b e r  4 170 170 31 31 23 13 23 8 

18 280 280 49 49 13 2 2 <2 

O c t o b e r  3 >2,400 >2,400 920 920 280 220 >2,400 >2,400 
9 33 33 4 4 2 <2 <2 <2 
18 49 33 13 <2 7 2 2 < 2 
30 >24,000 >24,000 94 70 110 110 49 49 

November  6 9,200 3,500 79 49 49 49 46 46 
9 79 79 31 13 2 2 1 1  7 
15 920 350 540 350 170 110 130 130 ....................................................................... 

D e c e m b e r  3 49 13 23 13 33 13 17 7 
19 1 1  1 1  <2 <2 2 2 2 2 ....................................................................... 

T o t a l  a n d  Fecal C o l i f o r m  i n  cfu  ( c o l o n y  f o r m i n g  units)/100 m l  MPN. 



TABLE A-1.2 
WESTPORT RIVER SURVEY 

5 TUBE MPN TOTAL AND FECAL COLIFORM RESULTS 

March 13 5200 92008 >2400 540 220 110 1600 280 
15 I80  23 140 94 79 49 70 22 
I 8  260 40 31 I 1  9 14* 14 14 

20 8 8 2 2 4 118 5 5 
27 17 2 13 2 2 2 2 < 1 

May 7 130 130 79 49 49 22 8 5 

9 240 240 3 1 23 26 6 13 5 
13 70 46 79 5 4 < 1 4 4 
15 240 49 23 13 46 13 23 5 

20 49 4 4 2 <I <I < 1 < 1 

29 920 540 49 49 140 140 130 130 
....................................................................... 

Ju ly  23 2 1 6 27 8 49 22 70 12 
26 2 1 2 1 17 17 12 6 39 39 
30 >2400 >2400 I600 I600 45 45 24 24 

....................................................................... 

August 1 I60U I600 350 350 22 17 170 170 
....................................................................... 

Tota l  and Fecal Col i form in c f u  (colony forming un i ts ) /100 m l  MPN. 



TABLE A-1.3 
WESTPORT RIVER SURVEY 

5 TUBE MPN TOTAL AND FECAL COLIFORM RESULTS 

September 10 16,0fd0 5400 1600 130 540 130 350 130 ....................................................................... 

Total and Fecal Colifor-m i n  c fu  (colony forming units)/100 m l  MPN. 



TABLE A-2.1 
WESTPORT RIVER SURVEY 

3 TUBE MPN TOTAL AND FECAL COLIFORM RESULTS 

....................................................................... ....................................................................... 
DATE STATION NUMBERS 

August 6 >2,400 460 920 110 1,180 460 93 43 
20 >2,400 >2,400 1,600 280 1,100 1,100 15 15 

September 4 >2,400 >2,400 170 170 240 43 75 39 

18 1,100 1,100 280 280 240 93 4 3 

November 6 
9 

15 

December 3 49 13 
19 11 11 

Total  and Fecal Col i form i n  c f u  (colony forming units)/100 m l  MPN. 



TABLE A-2.2 
WESTPORT RIVER SURVEY 

3 TUBE MPN TOTAL AND FECAL COLIFORM RESULTS 

August 6 79 43 43 23 93 43 43 23 
20 <2 <2 11 6 6 3 6 3 ....................................................................... 

September 4 31 3 I 43 43 43 15 43 15 
18 49 49 9 4 93 4 43 23 

December 3 23 13 
19 <2 <2 

Tota l  and Fecal Coliform i n  c f u  (colony forming uni ts ] /100  m l  MPN. 



TABLE A-2.3 
WESTPORT RIVER SURVEY 

3 TUBE MPN TOTAL AND FECAL COLIFORM RESULTS 

....................................................................... ....................................................................... 
DATE STATION NUMBERS 

August 6 17 8 39 39 8 8 25 25 
20 220 8 14 14 6 3 6 3 

September 4 23 13 39 14 23 8 23 9 

18 13 2 9 4 2 <2 <3 <2 

October 3 280 220 >2,400 >2,400 
9 2 <2 <2 <2 

18 7 2 2 <2 
30 110 110 49 49 ....................................................................... 

November 6 49 49 
9 2 2 

15 170 110 

Oscember 3 33 13 17 7 
19 2 2 2 2 

....................................................................... 

Total and Fecal Col i form i n  c f u  (colony forming units)/100 m l  MPN. 



TABLE A-2.4 
WESTPORT RIVER SURVEY 

3 TUBE MPN TOTAL AND FECAL COLIFORM RESULTS 

August 6 
20 

September 4 7 4 
18 9 < 3 

....................................................................... 

Tota l  and Fecal Colifomn i n  c f u  (colony forming uni ts ) /100  ml MPN. 



TABLE A-3.1 
WESTPORT R I V E R  SURVEY 
FECAL COLIFORM RESULTS 

MEMBRANE F I L T R A T I O N  

S e p t e m b e r  4 224 1 14 36 4 
10 372 294 192 <2 

O c t o b e r  3 1060 738 300 202 
9 38 18 <2 2 58 80 58 2 
19 44 34 18 2 
3016,50012,200 7900 58 25,600 7408 815 46 

November  6 3110 1970 1180 33 4600 760 68 182 
9 26 20 6 16 70 128 93 30 
15 386 440 444 53 ....................................................................... 

D e c e m b e r  3 18 <2 2 2 
19 <2 <2 <2 10 

F e c a l  C o l i f o r m  in cfu [ c o l o n y  f o r m i n g  units)/100 m l  MF.  



TABLE A-3.2 
WESTPORT RIVER SURVEY 
FECAL COLIFORM RESULTS 
MEMBRANE FILTRATION 

August 6 10 7 10 8 
20 <2 6 <2 <2 

September 4 6 20 8 2 
18 12 6 16 10 

November 6 20 34 168 38 52 780 58 18 
9 15 10 2 10 34 61 <2 2 

15 153 153 21 7 150 

December 3 6 4 12 2 
19 <2 11 <2 <2 

....................................................................... 

Fecal Col i form i n  c f u  (colony forming units)/100 m l  MF. 



TABLE A - 3 . 3  
WESTPORT R I V E R  SURVEY 
FECAL COLIFORM RESULTS 

MEMBRANE F I L T R A T I O N  

S e p t e m b e r  4 
18 

O c t o b e r  3 126 11 1 300 85 
9 <2 <2 <2 2 <2 

18 <2 2 <2 <2 
30 52 15 14 4 6 

....................................................................... 
November  6 18 15 14 16 8 

9 6 2 < 2 <2 <2 
15 89 38 22 28 

....................................................................... 
D e c e m b e r  3 

19 

F e c a l  C o l i f o r m  i n  cfu ( c o l o n y  f o r m i n g  u n i t s ) / l 0 0  m l  MF.  



TABLE A-3.4 
WESTPORT RIVER SURVEY 
FECAL COLIFORM RESULTS 
MEMBRANE FILTRATION 

August 6 
20 

September 4 
18 

October 3 
9 

18 
30 

November 6 
9 

15 

December 3 
19 

Fecal Coliform i n  cfu  (colony foming  uni ts ) / l00  rnl MF.  



TABLE A-3.5 
WESTPORT RIVER SURVEY 
FECAL COLIFORM RESULTS 
MEMBRANE FILTRATION 

March 13 1400 2120 1120 280 
15 26 26 36 12 2 1 75 4 14 
18 13 8 8 <2 20 39 <2 <2 
20 4 <2 12 4 <2 22 <2 10 
27 2 4 4 <2 ....................................................................... 

May 7 107 75 161 45 
9 76 34 59 <2 - - 28 4 
13 I06 4 1 70 20 220 2910 226 106 
15 140 92 6 1 14 164 1130 80 16 
20 <20 6 2 <2 79 43 12 <20 
29 81 130 110 24 ....................................................................... 

July 23 8 14 6 2 
26 14 20 <2 2 
30 225 23 17 16 ....................................................................... 

August 1 740 310 4315 220 ....................................................................... 

Fecal Coliform in cfu (colony forming units)/100 ml MF. 



TABLE A-3.6 
WESTPORT RIVER SURVEY 
FECAL COLIFORM RESULTS 
MEMBRANE FILTRATION 

May 7 66 35 24 42 
9 8 6 6 8 < 2 17 10 4 

13 6 21 8 2 2 135 3600 2 22 
15 12 6 10 14 36 71 16 12 

20 20 2 2 2 102 30 2 <2 
29 64 128 2(3 26 

....................................................................... 
Ju ly  23 2 2 4 <2 

26 2 <2 2 <2 
30 19 13 25 2 

August 1 84 135 92 79 
....................................................................... 

Fecal Col i form i n  c f u  (colony forming units]/100 m l  MF. 



T A B L E  A-3.7 
WESTPORT R I V E R  SURVEY 
F E C A L  COLIFORM RESULTS 

MEMBRANE F I L T R A T I O N  

M a r c h  13 96 66 185 99 
15 13 18 18 11 4 
18 <2 <2 <2 2 2 
20 <2 2 <2 <2 <2 
27 6 <2 <2 <2 

M a y  7 22 2 6 23 
9 <2 <2 2 <2 <2 

13 <2 <2 <2 <2 12 
15 2 2 4 2 2 
20 2 <2 <2 20 <2 
29 32 29 53 36 ....................................................................... 

July 23 4 4 <2 <2 
26 <2 20 2 2 
30 6 11 8 10 

A u g u s t  1 17 17 40 8 
....................................................................... 

Fecal C o l i f o r m  i n  c fu  [colony f o r m i n g  units)/100 m l  MF. 



TABLE A-3.8 
WESTPORT RIVER SURVEY 
FECAL COLIFORM RESULTS 
MEMBRANE FILTRATION 

Fecal Coliform in cfu (colony forming units)/100 ml MF. 



T A B L E  A-3.9 
WESTPORT R I V E R  SURVEY 
F E C A L  COLIFORM RESULTS 

MEMBRANE F I L T R A T I O N  

...................................................................... ....................................................................... 
D A T E  S T A T I O N  NUMBERS 

M a r c h  13 
15 
18 

20 
27 

---------------- 

M a y  7 192 153 40 
9 117 162 18 

13 I600 170 400 
15 202 304 59 
20 201 93 107 
29 >2000 530 600 

....................................................................... 

July 23 
26 

30 

A u g u s t  1 6800 2300 4400 
....................................................................... 

Fecal C o l i f o r m  i n  c fu  (colony f o r m i n g  units)/100 m l  MF. 



TABLE A-3.10 
WESTPORT R I V E R  SURVEY 
FECAL COLIFORM RESULTS 

MEMBRANE F I L T R A T I O N  

N o v e m b e r  5 26 4 2 4 
7 6400 7600 8000 3100 

12 13CI 120 100 150 ....................................................................... 

Fecal C o l i f o r m  i n  cfu [ c o l o n y  f o r m i n g  units) / l00 m l  MF. 



TABLE A - 3 . 1 1  
WESTPORT R I V E R  SURVEY 
FECAL COLIFORM RESULTS 

MEMBRANE F I L T R A T I O N  

O c t o b e r  9 4 2 8 6 
22 4 <2 2 < 2 
29 <2 2 13 <2 

N o v e m b e r  5 40 2 <2 <2 
7 >4000 >4000 >4000 >4000 
I2 80 60 <20 (20 ....................................................................... 

F e c a l  C o l i f o r m  i n  cfu ( c o l o n y  f o r m i n g  units)/100 m l  MF. 



TABLE A - 3 . 1 2  
WESTPORT R I V E R  SURVEY 
FECAL COLIFORM RESULTS 

MEMBRANE F I L T R A T I O N  

....................................................................... ....................................................................... 
DATE STATION NUMBERS 

....................................................................... 
1985 C- I C-2 C-3 C-4  C-5 

....................................................................... 

N o v e m b e r  5 <2 2 <2 2 
7 > 4 0 0 0  >4000 >4000 2340 

1 2  <20 <20 40 <20 
....................................................................... 

F e c a l  C o l i f o r m  i n  cfu ( c o l o n y  f o r m i n g  u n i t s ) / 1 0 0  m l  MF. 



TABLE A-3.13 
WESTPORT RIVER SURVEY 
FECAL COLIFORM RESULTS 
HEHBRANE FILTRATION 

October 8 
22 
29 

November 5 
7 
12 

Fecal Coliform in cfu (colony forming units)/100 ml HF. 



TABLE A-3.14 
WESTPORT RIVER SURVEY 
FECAL COLIFORM RESULTS 

MEMBRANE FILTRATION 

October 8 170 
22 260 
29 91 

November 5 39,000 

Fecal Coliform i n  c fu  [colony forming units)/100 m l .  



T A B L E  A-4.1  
WESTPORT R I V E R  SURVEY 

COMPARISON O F  M F  AND MPN 
F E C A L  COLIFORM R E S U L T S  

....................................................................... 
A-2 9-1 C- 1 C - 3  

1984 MF MPN M F  MPN M F  MPN MF MPN 
....................................................................... 
A u g u s t  6 31 8 110 10 43 < 2 8 4 8 

20 346 280 <2 <2 < 2 8 < 2 14 

S e p t e m b e r  4 224 170 6 3 1 < 2 13 10 8 
18 372 280 12 49 16 2 <2 <2 

N o v e m b e r  6 1970 3500 20 49 18 49 14 46 

9 20 79 15 13 6 2 < 2 7 
15 440 350 153 350 89 1 10 22 130 

D e c e m b e r  3 <2 13 6 13 <2 13 2 7 
19 <2 11 <2 <2 <2 2 3 2 

Fecal C o l i f o r m  i n  c fu  (colony fawning units)/100 m l .  



T A B L E  A-4.2 
WESTPORT R I V E R  SURVEY 

COMPARISON O F  MF AND MPN 
F E C A L  COLIFORM RESULTS 

....................................................................... 
A-2 6-1 C- I C-3  

1985 MF MPN MF MPN MF MPN MF MPN 

M a r c h  13 2120 9200 194 540 96 110 105 280 
1 5  26 23 8 94 13 49 10 22 
18 8 40 <2 11 < 1 14 <2 14 
20 <2 8 2 2 <2 11 <2 < 1 
27 4 2 <2 2 6 2 <2 < 1 

Ju l y  2 3 14 6 2 8 4 2 < 2 12 
2 6 20 21 2 17 <2 6 2 39 
3 0  23 >2400 19 I600 6 45 8 24 

....................................................................... 

Fecal C o l i f o r m  i n  c fu  (colony f o r m i n g  u n i t s ) / 1 0 Q  m i .  



TABLE A-4.3 
WESTPORT RIVER SURVEY 
COMPARISON OF MF AND MPN 
FECAL COLIFORM RESULTS 

October 8 128 130 4 2 <2 2 < 2 2 
22 34 49 4 8 4 8 2 13 
29 2 14 <2 4 2 7 2 2 

....................................................................... 

November 5 4 4 40 350 <2 4 < 2 2 
7 7600 >2400 >4000 >2400 >4000 >2400 >4000 1600 
12 120 230 80 45 <20 <I 0 40 20 

Fecal Coliform in cfu (colony forming units)/l80 ml. 



TABLE A - 5 . 1  
WESTPORT RIVER SURVEY 

5 TUBE MPN FECAL STREPTOCOCCUS RESULTS 

October 8 
22 
29 

November 5 
7 
12 

Fecal Steptococcus in cfu (colony forming units)/l00 ml MPN. 



TABLE A - 6 . 1  
WESTPORT RIVER SURVEY 

FECAL STREPTOCOCCUS MF RESULTS 

October 8 
22 
29 

November 5 
7 
12 

Fecal Streptococcus in cfu [colony forming units)/100 ml MF. 



TABLE A-7.1 
WESTPORT RIVER SURVEY 

FECAL STREPTOCOCCUS RESULTS 
MF VS MPN 

DATE STATION NUMBERS 
....................................................................... 

1985 S ta t ion  A-2 The Head o f  Westport 
MF MPN MF MPN 

October 8 82 25 161 350 
22 30 540 71 2 1600 
29 2 14 120 79 ....................................................................... 

November 5 - 49 
7 4400 >2400 

12 90 78 

Fecal Streptococcus i n  c f u  (colony forming un i t s ) / l 00  m l .  



TABLE A-8 .1  
WESTPORT R I V E R  SURVEY 

FECAL COLIFORM VS FECAL STREPTOCOCCUS 
RESULTS MPN 

A u g u s t  6 

S e p t e m b e r  18 5400 - 
....................................................................... 

*.- 0 
-1, 

O c t o b e r  8 130 25 
22 49 540 

A q 
ILJ , 

29 14 14 / .  ~ ~ 6 -  ....................................................................... 
l o p  

N o v e m b e r  5 4 49 - .  _ ". 
7 >2400 >2400 

12 230 1300 
/ i7' (9, ( ....................................................................... 

Fecal C o l i f o r m  and Fecal S t r e p t o c o c c u s  i n  cfu ( c o l o n y  f o r m i n g  u n i t s )  
/ I00 m l  MPN. 



TABLE A-9.1 
WESTPORT RIVER SURVEY 

FECAL COLIFORM VS FECAL STREPTOCOCCUS 
RESULTS MF 

September 10 2600 590 11,000 10,30L3 
I 

....................................................................... 

November 5 
8 

12 

Fecal Coliform and Fecal Streptococcus i n  c fu  (colony forming uni ts )  
/ I00 m l  MF. 



TABLE A-10.1 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

August 6 13.0 15.6 18. I 21.5 
20 18.6 19.9 21.4 26.6 

....................................................................... 

September 423.5  23.7 23.8 29.1 
18 18.5 19.9 20.9 27.5 

October 3 19.4 20.5 21.4 27.0 
9 20.0 21.0 23.1 26.2 27.2 25.8 3.4 25.1 

18 21.9 22.8 23.5 28.1 
30 16.2 15.8 17.1 25.5 11.7 5.2 0.9 23.8 

November 6 14.5 17.5 18.1 25.3 11.9 18.6 2.4 24.7 
9 22.6 22.8 22.6 23.4 18.1 13.5 14.4 22.6 

15 12.3 13.5 15.5 24.8 
....................................................................... 
December 3 18.8 21.4 22.8 23.5 

19 16.8 21.2 23.0 28.2 

S a l i n i t y  i n  PPT. 



TABLE A-10.2 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

September 4 28.1 28.5 27.2 28.1 
18 27.4 27.4 27.0 27.7 

October 3 27.7 28.1 27.4 27.7 
9 27.5 28.1 25.6 28.7 29.3 4.4 25.5 30.6 

18 27.7 29.1 27.2 28.3 
30 26.4 26.8 23.8 25.8 19.7 24.1 24.7 9.1 

November 6 25.8 26.2 22.1 25.3 6.0 8.6 24.7 23.8 
9 27.2 28.5 28.3 29.1 24.0 26.8 28.7 24.3 

15 22.2 24.1 21.5 24.0 ....................................................................... 
December 3 26.2 27.7 26.7 27.0 

19 27.7 28.9 26.4 28.5 

Salinity in PPT. 



TABLE A-10.3 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

August 6 27.6 27.0 28.1 28.3 
20 27.4 28.3 29.1 27.7 

September 4 28.9 29.1 29.4 29.8 
18 28.3 29.3 29.8 30.0 

....................................................................... 

October 3 28.5 29.4 29.4 29.4 
9 27.7 29.3 29.1 29.6 30.4 

18 30.0 38.0 29.8 38.8 
30 26.6 28.1 28.1 28.7 29.1 

....................................................................... 

November 6 26.4 25.5 26.8 28.3 29.1 
9 30.0 29.6 28.9 29.8 29.4 

15 27.7 29.2 27.7 29.2 
....................................................................... 
December 3 28.5 29.3 27.4 29.7 

19 29.7 31.2 30.6 31.2 

S a l i n i t y  i n  PPT. 



TABLE A-10.4 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

August 6 
2 0  

September 4 
18  

October 3 
9 
18 

30 

November 6 
9 

15 

S a l i n i t y  i n  PPT. 



TABLE A-10.5 
WESTPORT R I V E R  SURVEY 

S A L I N I T Y  RESULTS 

March 13 - 3.46 5.81 22.8 
15 4.00 6.89 7.79 17.7 2.60 7.07 2.02 18.5 
18 9.24 14.9 17.0 24.2 5.08 13.0 15.9 22.4 

20 - 18.8 20.3 21.0 8.36 10.9 8.72 22.1 
27 19.9 18.0 22.3 34.7 

....................................................................... 

May 7 10.5 14.9 18.8 24.4 
9 7.43 8.69 10.32 23.2 - - 7.97 22.8 

13 9.96 13.8 16.3 18.8 5.48 6.89 5.63 17.4 
15 10.3 14.1 17.0 25.5 6.2 9.6 1.5 24.2 
20 15.9 19.2 22.1 22.4 13.4 13.8 10.5 21.4 
29 14.1 14.9 16.3 21.7 

Ju ly  23 26.1 27.2 28.3 29.9 
26 18.8 18.1 18.8 22.1 
30 16.3 18.8 20.6 22.1 

A u g u s t  1 16.7 21.4 22.8 28.3 
....................................................................... 

Salinity in PPT. 



TABLE A-10.6 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

March 13 16.7 17.4 17.0 20.6 
15 15.6 15.6 15.6 16.3 2.02 2.56 18.5 17.4 
18 23.9 24.2 22.4 24.6 22.4 15.6 21.7 21.0 
20 22.1 24.2 22. I 23.2 1.16 24.2 23.5 29.3 
27 32.0 35.8 29.9 34.7 

July 23 29.9 31.5 29.9 31.5 
26 22.1 27.7 21.0 27.7 
30 21.0 26.6 24.4 28.3 

Salinity in PPT. 



TABLE A-10.7 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

March 13 24.4 26.6 25.5 27.2 
15 18.8 22.1 20.3 22.4 27.7 
18 25.3 32.6 29.9 31.0 34.7 

20 29.9 32.6 28.8 29.9 32.6 
27 35.5 31.2 34.8 39.8 

May 7 28.3 31.0 29.3 37.7 
9 23.9 26.6 28.3 29.3 32.0 

13 27.2 28.3 26.1 27.2 29.9 
15 23.2 27.2 26.1 28.8 29.9 
20 29.9 30.4 31 .Q 30.4 
29 25.0 25.0 26.1 25.5 ....................................................................... 

Ju ly  23 33.7 33.1 31.5 32.0 
26 28.8 29.9 28.3 25.5 
30 29.3 29.3 29.3 29.3 

August 1 28.8 29.9 31.0 29.9 
....................................................................... 

S a l i n i t y  i n  PPT. 



TABLE A - 1 0 . 8  
WESTPORT R I V E R  SURVEY 

S A L I N I T Y  RESULTS 

May 7 
9 

1 3  
15 

20 
29 

Salinity in PPT. 



TABLE A-10.9 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

DATE STATION NUMBERS 
....................................................................... 

The Head o f  Forge Pond Bread 6 Cheese 
1985 Westport Out l e t  Brook 

May 7 <O. 38 <O. 38 <O. 38 
9 6.2 0.40 0.58 

13 0.40 4.18 0.40 
15 0.80 <O. 22 <O. 22 
20 0.80 0.40 0.40 
29 0.22 (0.22 <0. 22 

....................................................................... 

July 23 
26 <!a. 22 (0.22 <0. 22 
30 0.80 0.44 0.40 ....................................................................... 

Salinity in PPT. 



TABLE A-10.10 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

August 6 8.69 9.60 11.04 21.a 
13 - - - - 
14 - - - 20.6 

15 17.7 21.4 23.8 - 

October 8 16.3 17.7 I .  27.7 
22 19.6 21.4 22.8 27.2 
29 14.5 19.2 19.9 26.6 ....................................................................... 

November 5 9.96 17.4 2D.6 22.4 
7 2.38 3.82 8.69 14.9 

12 19.6 22.1 23.5 22.1 
....................................................................... 

S a l i n i t y  i n  PPT 



TABLE A-10.11 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

August 6 19.6  2 0 . 6  17 .7  21 .4  
13 - - 8 .36  - 
14 - - - - 
15 - - - - 

S a l i n i t y  i n  PPT. 



TABLE A-10.12 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

....................................................................... ....................................................................... 
DATE STATION NUMBERS 

....................................................................... 

August 6 22.8 25.5 25.5 27.7 
13 - - 22.8 - 
14 - - - - 
15 - - - - 

October 8 28.3 27.7 27.7 29.3 
22 21.7 28.3 35.3 31.5 
29 27.7 29.3 28.8 29.9 

....................................................................... 

November 5 27.2 27.7 26.6 29.9 
7 19.6 22.8 23.2 24.2 
12 32.6 33.1 27.7 31.5 

Salinity in PPT. 



TABLE A-10.13 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

August 6 
13 
14 
15 

November 5 30.4 
7 27.2 
12 32.6 ....................................................................... 

S a l i n i t y  in PPT. 



TABLE A-10.14 
WESTPORT RIVER SURVEY 

SALINITY RESULTS 

August 6 (0.22 
13 - 
14 - 
15 - 

September 10 <0. 22 <la. 22 <0.  22 

November 5 ld.80 
7 - 

12 <0.22 

Salinity in PPT. 



TABLE A-11.1 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

August 6 3.6 3.6 3.5 2.8 
20 3.4 3.2 2.8 1.3 

September 4 3.4 2.7 2.8 1 .I 
18 2.6 2.1 2.0 0.64 

....................................................................... 
October 3 5.3 3.2 3.0 2.4 

9 1.2 1.4 1.5 1.3 1.6 1.5 1.0 1.5 
18 1.3 2.0 1.3 1.6 
30 2.0 1.9 1.6 1.5 2.4 1.7 0.74 2.6 ....................................................................... 

November 5 I .8 I .6 1.4 1.5 I .8 1.4 0.7 1.6 
9 1.6 1.4 1.7 2.0 1.5 1.4 1.4 1.7 

15 2.4 2.6 2.8 2.8 
....................................................................... 

December 3 I .5 1.8 1.9 1.7 
19 1.8 2.1 2.0 2.0 

T u r b i d i t y  in NTU. 



TABLE A-11.2 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

August 6 2.9 2.9 2.8 2.7 
20 2.2 2.1 1.9 2.4 

September 4 1.8 1.5 2.4 1.6 
18 1.8 1.6 2.4 2.2 

....................................................................... 

October 3 2.9 3.2 2.4 3.0 
9 1.4 1.4 1.6 1.6 2.1 1.4 1.2 1.2 

18 1.5 1.5 1.4 I .2 
30 1.4 1.6 1.7 1.2 2.1 2.4 2.4 4.8 ....................................................................... 

November 6 1.5 1.4 1.4 1.7 0.7 2.2 1.6 2.8 
9 1.4 1.4 1.4 1.2 1.7 1.1 1.5 1.1 

15 2.8 3.6 3.0 3.2 ....................................................................... 
December- 3 1.8 2.2 1.6 2.2 

19 1.6 2.1 1.5 1.6 

T u r b i d i t y  i n  NTU. 



TABLE A-1 1 .3 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

August 6 
20 

September 4 1.3 1.4 1.3 0.94 
I 8  1.7 1.6 1.7 1.6 

....................................................................... 

October 3 2.8 3.1 5.1 3.9 
9 1.2 1.3 1.5 1.4 2.4 

18 1.7 1.6 1.8 1.7 
30 1.4 1.2 2.2 1.5 1.8 

November 6 1.5 1.4 1.4 1.5 1.9 
9 1.4 0.94 2.0 a. 86 1 .I 

15 3.0 3.4 3.7 4.0 ....................................................................... 
December 3 

19 

T u r b i d i t y  i n  NTU. 



TABLE A-11.4 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

August 6 
2 0  

October 3 
9 

18 
30 

December 3 
19  

T u r b i d i t y  in NTU. 



TABLE A-11.5 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

May 7 3.0 2.6 3.0 2.2 
9 2.8 2.6 2.2 1.6 - - 1.3 1.9 

13 3.2 2.6 2.2 1.8 3.4 3.5 1.6 2.5 
15 3.8 2.6 2.4 2.2 2.9 2.4 0.6 2.6 
20 2.7 2.5 2.6 2.8 2.5 1.4 3.4 
29 2.4 2.4 2.1 2.2 

J u l y  23 4.5 3.4 3.4 2.9 
26 5.2 4.1 3.8 5.8 
30 6.1 4. I 3.6 4.2 

....................................................................... 

T u r b i d i t y  in NTU. 



TABLE A-1 1 -6  
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

March 13 3.6 3.2 3.7 3.0 
15 2.6 3.2 2.6 2.5 2.0 3.8 2.6 3.1 
18 2.8 3.0 3.4 3.2 3.0 2.8 2.7 3.7 
20 2.2 2.0 1.9 1.9 1.2 2.6 1.9 1.7 
27 1.8 1.4 1.8 1.8 

May 7 2.6 2.2 2.0 2.2 
9 1.8 1.8 1.8 1.8 2.0 2.0 1.8 1.8 

13 1.9 1.8 2.0 2.a 1.4 3.7 2.3 1.7 
15 1.5 2.0 2.6 2.4 2.1 2.2 2.4 2.2 
20 2.5 2.5 2.2 2.0 - 2.2 2.3 2.3 1.6 
29 2.2 2.4 2.8 3.2 ....................................................................... 

Ju ly  23 3.0 3.4 2.1 2.8 
26 2.9 2.5 3.2 2.1 
30 3.4 2.7 2.8 2.2 

Turbidity in NTU. 



TABLE A-11.7 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

....................................................................... ....................................................................... 
DATE STATION NUMBERS 

....................................................................... 
1985 C- I C-2 C -3 C -4 C-5 

....................................................................... 

May 7 
9 

1 3  
1 5  
20 
29 

J u l y  23 
26 

30 

August 0 1  4 . 4  3 . 9  4 . 0  3.9 
....................................................................... 

T u r b i d i t y  i n  NTU. 



TABLE A-11.8 
WESTPPORT RIVER SURVEY 

TURBIDITY RESULTS 

May 7 2 . 1  
9 1.6 

13  1 .4  
15 1 . 4  
2 0  1 . 1  
29 2.2  

J u l y  23 
26  
30 

T u r b i d i t y  in NTU. 



TABLE A-11.9 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

May 7 1.8 2.0 1.6 
9 1.4 1.6 0.9 

13 1.4 1.7 1.4 
15 1.2 1.2 I .0 
20 1.4 1.6 1.0 
29 1.8 1.7 1.3 

....................................................................... 

July 23 1.6 1.3 2.2 
26 2.4 2.7 1.3 
30 2.0 2.2 1.1 

....................................................................... 

Turbidity in NTU. 



TABLE A-11.10 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

August 6 3.8 3.8 3.2 2.6 
13 - - - - 
14 - - - 3.0 

15 3.8 3.2 2.9 - 

October 8 1.8 1.6 1.6 2.6 
22 1.8 1.7 1.6 1.5 
29 1.9 2.2 2.0 2.2 ....................................................................... 

November 5 I .4 I .6 1.2 1.3 

7 2.2 1.9 1.9 2.2 

12 2.0 3.0 3.0 2.8 

T u ~ b i d i t y  in NTU. 



TABLE A - I  I . I I 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

August 6 3.0 2.5 3.0 2.7 
13 - - 3.9 - 
14 - - - - 
15 - - - - 

October 8 1.8 1.7 I .7 1.6 
22 1.6 1.5 1.6 1.6 
29 2.3 2.2 2.1 5.5 

....................................................................... 
November 5 1 .I 1.2 I .2 1.2 

7 1.9 2.0 1.9 1.8 
12 2.4 2.2 2.1 1.8 

T u r b i d i t y  i n  NTU. 



TABLE A-11.12 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

August 6 2 . 5  2 . 6  2 . 0  1 . 8  
1 3  - - 2.0 - 
14  - - - - 
15 - - - - 

November 5 1 . 6  2 . 0  1 . 9  2 . 8  
7 1 . 8  1 .8  1 . 7  4 .0  

12  3 . 2  2 . 3  3 . 6  1 . 8  

T u r b i d i t y  in NTU. 



TABLE A-11.13 
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

October 8 
22 
29 

November 5 
7 

12 

T u r b i d i t y  in NTU. 



TABLE A-11 . I 4  
WESTPORT RIVER SURVEY 

TURBIDITY RESULTS 

August 6 2 . 1  
13 - 
1 4  - 
1 5  - 

O c t o b e r  8 1 . 6  
22 1 . 5  
2 9 1 . 8  

November 5 5.0 
7 - 

1 2  1 . 8  

T u r b i d i t y  in NTU. 



TABLE B-1 .I 
WESTPORT RIVER SURVEY 

MPN TOTAL AND FECAL COLIFORM RESULTS 

Oysters  

October 30 330 130 
....................................................................... 

S h e l l f i s h  Samples: T o t a l  and F e c a l  C o l i f o r m  i n  c f u  (colony 
forming u n i t s ) / l 0 0  gm MPN. 



TABLE 8-1.3 
WESTPORT RIVER SURVEY 

MPN TOTAL AND FECAL COLIFORM RESULTS 

Soft Shell  Clams 

August 14 9200 2800 9200 1300 
....................................................................... 

October 8 
22 
30 

Shel l f ish  Samples: Total and Fecal Coliform i n  cfu  (colo 
units1/100 gm MPN. 



TABLE 8-1 .2  
WESTPORT RIVER SURVEY 

MPN TOTAL AND FECAL COLIFORM RESULTS 

Qua hogs 

DATE STATION NUMBERS 

S h e l l f i s h  Samples: T o t a l  and F e c a l  C o l i f o r m  i n  c f u  ( c o l o n y  fo rming  
u n i t s ] / 1 0 0  gm MPN. 



T A B L E  8-2.1 
WESTPORT R I V E R  SURVEY 
F E C A L  COLIFORM RESULTS 

OYSTER MEAT V S  O V E R L Y I N G  WATER Q U A L I T Y  

O y s t e r s  

....................................................................... 
Z o n e  A 1  Z o n e  A 2  Z o n e  A 3  

Water S h e l l f i s h  W a t e r  S h e l l f i s h  Water S h e l l f i s h  

O c t o b e r  30 < 1 130 
....................................................................... 

Water S a m p l e s :  Fecal C o l i f o r m  i n  c fu  (colony f o r m i n g  units) 

/ I00 m l  MPN. 
S h e l l f i s h  S a m p l e s :  Fecal C o l i f o r m  i n  c fu  (colony f o r m i n g  units) 

/ I00 g m  MPN. 



TABLE 8-2.2 
WESTPORT R I V E R  SURVEY 
FECAL COLIFORM RESULTS 

QUAHOG MEAT VS OVERLYING WATER 

Qua hogs 

October 8 
22 
30 

Water Samples: Fecal Coliform i n  cfu (colony forming uni ts )  

/ I00 m l  MPN. 
She l l f i sh  Samples: Fecal Coliform i n  cfu (colony forming uni ts )  

/1B0 gm MPN. 



TABLE 8-3.3 
WESTPORT RIVER SURVEY 
FECAL COLIFORM RESULTS 

SOFT SHELL CLAM MEAT VS OVERLYING WATER 

Soft  Shel l  Clams 

October 8 130 78 
22 49 230 
30 < 1 20 

Water Samples: Fecal Colifosm i n  c f u  (colony forming un i ts )  
/ I00 r n l  MPN. 

Shel l f ish  Samples: Fecal Colifosm i n  c f u  (colony forming u n i t s )  
/ I00 gm MPN. 



TABLE C-1.1 
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY ( I N  INCHES) 
AUGUST 1984 

Tota 1 0.67 0.92 

Regular Sampling Event.  
$c+ Episod ic  Sampling Event. 
TR = Trace.  



TABLE C-1.2 
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY ( I N  INCHES] 
SEPTEMBER I984 

Tota l  2.22 2.26 

$ Regular Sampling Event. 
t$ Episodic  Sampling Event. 
TR = Trace. 



TABLE C-1.3 
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY ( I N  INCHES) 
OCTOBER 1984 

T o t a l  4.71 3 .92  2 .98  

D Regular Sampling Event.  
** Episodic  Sampling Event. 
TR = Trace.  



TABLE C-1.4 
WESTPORT RIVER SURVEY 

DAILY  RAINFALL SUMMARY [ I N  INCHES) 
NOVEMBER I984 

T o t a l  1 . 3 5  2.28 1 . 3 0  

4 R e g u l a r  S a m p l i n g  E v e n t .  
4t Episodic S a m p l i n g  E v e n t .  
TR = T r a c e .  



TABLE C-1.5 

WESTPORT RIVER SURVEY 
DAILY RAINFALL SUMMARY ( I N  INCHES) 

DECEMBER 1 9 8 4  

............................................................................... ............................................................................... 
DATE NEWPORT, R I  NEW BEOFORD, MA WESTPORT, MA 
............................................................................... 

T o t a l  3.70 4 . 5 1  3.36 

$ R e g u l a r  S a m p l i n g  E v e n t .  
P* E p i s o d i c  S a m p l i n g  E v e n t .  
TR = T r a c e .  



TABLE C-1.6 
WESTPORT R IVER SURVEY 

DAILY  RAINFALL SUMMARY ( I N  INCHES] 
JANUARY 1985 

T o t a l  1.19 1.40 0.83 

Regular S a m p l i n g  Event.  
44 E p i s o d i c  S a m p l i n g  Event.  
TR = T r a c e .  



TABLE C-1 .7  
WESTPORT R IVER SURVEY 

DAILY  RAINFALL SUMMARY ( I N  INCHES) 
FEBRUARY 1 9 8 5  

T o t a l  I .60 2.65 1.11 

R e g u l a r  S a m p l i n g  E v e n t .  
48 E p i s o d i c  S a m p l i n g  E v e n t .  
TR = T r a c e .  



TABLE C-1.8 
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY ( I N  INCHES) 
MARCH 1985 

Total  3.55 3.55 2.97 

t Regular Sampling Event. 
t8 Episodic Sampling Event. 
TR = Trace. 



TABLE C-1.9 
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY ( I N  INCHES) 
APRIL 1985 

T o t a l  1 . I 9  1.75 1.26 

8 Regular Sampling Event. 
88 Episodic Sampling Event. 
TR = Trace.  



TABLE C-1 . I 0  
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY [ I N  INCHES) 
MAY 1985 

Total 5.74 5.73 4.84 

Regular Sampling Event. 
* Episodic Sampling Event. 
TR = Trace. 



TABLE C-1-11 
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY [ I N  INCHES) 
JUNE 1985  

T o t a l  4 . 1 4  4 . 6 8  5 . 6 1  

t Regu la r  Sampling Event .  
t* E p i s o d i c  Sampling Event .  
TR = Trace .  



TABLE C-1-12 
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY (IN INCHES) 

JULY IS85 

Total 2.48 3.76 3.42 

Regular Sampling Event. 
84 Episodic Sampling Event. 
TR = Trace. 



TABLE C-1.13 
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY (IN INCHES) 
AUGUST 1985 

Total 12.91 14.72 12.07 

S Regular Sampling Event. 
A r r  ... Episodic Sampling Event. 

TR = Trace. 



TABLE C-1.14 
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY ( I N  INCHES) 
SEPTEMBER 1985 

T o t a l  I .77 1.50 1 .00 

Regu la r  Sampling Even t .  
t8 E p i s o d i c  Sampling Even t .  
TR = Trace .  



TABLE C-1.15 
WESTPORT RIVER SURVEY 

DAILY RAINFALL SUMMARY [IN INCHES) 
OCTOBER 1985 

Total 1.65 1.40 1.58 

t Regular Sampling Event. 
+ Episodic Sampling Event. 
TR = Trace. 



TABLE C-1 .16  

WESTPORT RIVER SURVEY 
DAILY RAINFALL SUMMARY ( I N  INCHES) 

NOVEMBER 1985 

............................................................................... ............................................................................... 
DATE NEWPORT, R I  NEW BEDFORD, MA WESTPORT, MA 
............................................................................... 

T o t a l  6 . 0 3  

9 R e g u l a r  Sampl ing  E v e n t .  
E p i s o d i c  Sampl ing  E v e n t .  

TR = T r a c e .  



TABLE C-1 .17  
WESTPORT RIVER SURVEY 

DAILY  RAINFALL SUMMARY [ I N  INCHES) 
DECEMBER 1 9 8 5  

T o t a l  .85 

* R e g u l a r  S a m p l i n g  E v e n t .  
S* E p i s o d i c  S a m p l i n g  E v e n t .  
TR = T r a c e .  


