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FOREWORD 

The Massachusetts Division of Water Pollution Control was established by the 
Massachusetts Clean Water Act, Chapter 21 of the General Laws as amended by 
Chapter 685 of the Acts of 1966. Included in the duties and responsibili- 
ties of the Division is the periodic examination of the water quality of 
various coastal waters, rivers, streams and ponds of the Commonwealth, as 
stated in section 27, paragraph 5 of the Acts. This section further 
directs the Division to publish the results of such examinations together 
with the standards of water quality established for the various waters. 
The Technical Services Branch of the Division of Water Pollution Control 
has, among its responsibilities, the execution of this directive. This 
report is published under the Authority of the Acts and is among a con- 
tinuing series of reports issued by the Division presenting water quality 
data and analyses, water quality management plans, baseline and intensive 
limnological studies and other special studies. 
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ABSTRACT 

?fassachusetts Division of Water Pollution Control 

l986-1986 Buzzards Bay Sediment Survey 

Pages 75, Tables 15, Figures 37 

Levels of selzcted priority pollutants are reported from 22 sediment sta- 
tions in the major estuaries, inner embayments and outer bay of Buzzards 
Bay. The study represents the Division of Water Pollution Control's first 
extensive survey 3f rnarine sediments. 

Sediments were analyzed for total metals (cadmium, chromium, copper, lead, 
mercury and nickel), polychlorinated biphenyls (PCB'S), polycyclic aromatic 
hydrocarbons &AH'S) and grain size. Materials and methods, analytical pro- 
cedures, limits of detection and water quality classifications are also 
reported. 
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INTRODUCTION 

The Buzzards 3ay 1985-1986 sediment survey report represents the Division ' s 
first extensive survey of selected pollutant levels in marine sediinents. 
While the Division of Water Pollution Control's mandated concerns are with 
the ~ommonwealth's surface waters, it has long recognized that a better 
assessment of pollutant Loadings could be gained through evaluation of 
other available data sources including sediments and biota tissue. This 
data report is the third in a series of studies conducted by the Technical 
Services Branch of the Division of Water Pollution Control to update the 
Commonwealth's knowledge on water quality conditions within the Buzzards 
Bay Drainage Sasin. The study is also part of a national estuarine manage- 
ment program developed by the Office of Marine and Estuarine Protection and 
Region I of the Environmental Protection Agency. The program was initiated 
to promote and develop coordinated efforts between federal, state, local 
authorities, research institutions and the public to identify and correct 
the environmental problems effecting this nation's estuaries. The Division 
through its Technical Services Branch proposed and received funding during 
FY85 and FY86 to conduct a broad scale assessment of the levels of selected 
priority pollutants (PAH's, PCB's and heavy metals) at stations located 
throughout the tidal portions of Buzzards Bay, excepting the waters of the 
Acushnet River and New Bedford Harbor. 

The study had three objectives: 

1. To provide data on levels of PCB'S as Aroclors (1016/1242, 1248, 
1254, 1260); heavy metals (Cu, Ni, Pb, Cd, Cr, and ~g), and PAH'S 
from sediment stations located throughout the bay. 

2. To compare the levels of the pollutants listed above with findings 
reported from the Battelle Superfund study and other pertinent 
studies. 

3. To make a determination based on these findings as to the 
influence of the New Bedford ~arbor1Acushnet River PCB problem on 
sediments found in the upper reaches of Buzzards Bay. 

This report presents the data collected during the summers of 1985 and 
1986. Subsequent reports by the Division will provide the Division's 
interpretation of these data and address objectives 2 and 3. 

Due to the size of the Buzzards Bay Drainage Basin and limitations in 
equipment and personnel, the Division decided to survey the basin by areas. 
These areas were selected based on similarities in features and for 
logistical purposes (see Figure 1). They are as follows: 

Area I - The subdrainage basins and inner embayments of the western 
shore from the Rhode Island/~assachusetts state line to the 
FairhavenIMattapoisett town line. 

Area I1 - The subdrainage basins and inner embayments from the 
FairhavenIMattapoisett town line to Buttermilk Bay in 
Bourne. 



Area I11 - The ~ubdrainag~ basins and inner embayments of the eastern 
shore from the Cape Cod Canal to Woods Hole, Falmouth. 

Area ZV - The Elizabeth Islands. 
Area V - The Outer Bay, the water seaward of the headlands out to the 

mouth of the bay. 

Station locations were selected with the following criteria in mind: 

The Station had been previously sampled by other researchers. 

The Stations were located in the vicinity of potential sources. 

The Stations were located in areas where fine grained deposits were 
known to exist. 

An initial screening of potential stations identified 11 inner embayments 
for further examination. 

During August of 1985, six stations located in the Outer Bay (~rea V), 
north of an imaginary line drawn between the towns of Mattapoisett and 
Woods Hole, Falmouth were sampled. During the late spring and early summer 
of 1986, several preliminary surveys were made in the 11 inner embayments. 
During these preliminary surveys the substrate type was confirmed along 
with the stations' proximity to shellfish resources. A total of ten sites 
were selected. All of the inner embayment stations were sampled by 
10123186. On 10129186, with the assistance of the Massachusetts Division 
of Marine Fisheries, the last of six stations within the lower Outer Bay and 
Elizabeth Islands were surveyed. All chemical analysis was completed by 
the end of November, 1986. The Technical Services Branch collected a total 
of 29 samples from 22 stations during the course of this project. (Tables 
5 and 6, and Figures 6-10 locate the station locations). 

Overlying water quality data as well as temperature, salinity and dissolved 
oxygen profiles were also collected and are reported in the respective 
Buzzards Bay 1985 and 1986 Part A Water Quality Data Reports. 

Field sampling was conducted according to methods described in this report 
and according to the Division's Standard Operating Procedures document 
which was developed from standardized and approved sampling methodologies. 
Copies of this document are on file at the Technical Services Branch office 
in Westborough, Massachusetts. Grain size analysis was conducted according 
to a modification of the Plumb method. Analytical protocols were developed 
from EPA approved procedures and referenced methods. Specific information 
is contained in the Materials and Methods section as well as Tables 14 
and 15. 



DESCRIPTION OF BASIN 

Buzzards Bay Dra inage  Bas in  ( 9 5 )  

Buzzards Bay i s  a  prominent c o a s t a l  embayment on t h e  New England c o a s t  
n e s t l e d  between Cape Cod and s o u t h e r n  Massachuse t t s .  The mouth of  t he  Bay 
opens south  i n t o  Rhode I s l a n d  Sound. Along i t s  w e s t e r n  s h o r e  t h e  d r a i n a g e  
b a s i n  i s  formed b y  seven c o a s t a l  r i v e r  b a s i n s ,  w i t h  a  t o t a l  d r a i n a g e  a r e a  
of approximately 350 square mi l e s .  From e a s t  t o  west  t he  major  r i v e r  
b a s i n s  a r e :  Agawam, Wankinco, Weweantic, M a t t a p o i s e t t ,  Acushnet ,  
Paskamanset/Slocums, and Westport .  

Along the  e a s t e r l y  shore from t h e  Cape Cod Canal t o  Woods Hole,  Fa lmouth ,  
small  r i v e r  bas in s  provide an a d d i t i o n a l  35 squa re  m i l e s  of  d r a i n a g e  a r e a .  
The prominent f reshwater  s t reams a l o n g  t h e  e a s t e r n  s h o r e  from n o r t h  t o  
south  a r e :  the Back River ,  Pocas se t  R i v e r ,  Wild Harbor R i v e r ,  and H e r r i n g  
Brook. A cha in  of  i s l a n d s  ( t h e  E l i z a b e t h  I s l a n d s ) ,  s e p a r a t e d  by t i d a l  chan- 
n e l s  ( h o l e s ) ,  forms the s o u t h e a s t e r n  s i d e  of  t h e  Bay. 

Geo log ica l ly ,  the Buzzards Bay Bas in  i s  c h a r a c t e r i z e d  a s  a  low g r a n i t i c  
upland wi th  g l a c i a l  t i l l  and outwash d e p o s i t s  forming t h e  s o i l s .  The 
t e r r a i n  can be desc r ibed  a s  low and g e n t l y  r o l l i n g  wi th  numerous l a k e s  and 
marshes. Maximum e l e v a t i o n s  range  between 200 t o  300 f e e t  i n  t h e  n o r t h e r n -  
most reaches  of t h e  bas in .  

The Bay i t s e l f  i s  28 m i l e s  long ,  ave rages  e i g h t  m i l e s  i n  w id th  and has  an  
average depth  of 50 f e e t  i n  t he  c e n t r a l  b a s i n .  The s u r f a c e  a r e a  o f  t h e  Bay 
i s  e s t ima ted  t o  be 235 square  m i l e s .  

The numerous harbors  and coves l o c a t e d  a l o n g  t h e  Bay ' s  jagged c o a s t l i n e  a r e  
used e x t e n s i v e l y  f o r  r e c r e a t i o n a l  and commercial pu rposes ,  w i th  ove r  4 ,300  
s l i p s  and moorings a long  the  Bay. Over 20,000 v e s s e l s  p a s s  through t h e  
Cape Cod Canal and Buzzards Bay a n n u a l l y ,  t r a n s p o r t i n g  ove r  19 m i l l i o n  t o n s  
of commercial cargo inc lud ing  most of  t h e  number 2  f u e l  used i n  New England.  
New Bedford Harbor i s  t h e  i n d u s t r i a l  and commercial c e n t e r  of t h e  b a s i n ,  
c a r r y i n g  over  from i t s  e a r l i e r  days  a s  a  p r i n c i p a l  whal ing  p o r t .  I t  i s  now 
one of t h e  most impor tan t  f i s h i n g  p o r t s  i n  t h e  Uni ted  S t a t e s ,  o f t e n  l e a d i n g  
t h e  n a t i o n  i n  t he  of va lue  of l a n d i n g s .  

The harbor  a l s o  s u f f e r s  t h e  most s e v e r e  wa te r  q u a l i t y  problems.  E x t e n s i v e  
contaminat ion  of New Bedford Harbor was f i r s t  documented d u r i n g  t h e  mid- 
7 0 ' s  when a  few sediment samples from t h e  ha rbo r  were f i r s t  ana lyzed  f o r  
a romat ic  hydrocarbons. I n t e r f e r e n c e  i n  t h e  expec ted  r e s u l t s  l e d  t o  t h e  
d i s cove ry  t h a t  t h e  samples con ta ined  h igh  l e v e l s  of  p o l y c h l o r i n a t e d  b iphe-  
n y l s  (PCB's).  Subsequent s t u d i e s  by o t h e r  r e s e a r c h e r s ,  t h e  Envi ronmenta l  
P r o t e c t i o n  Agency, and s t a t e  a g e n c i e s  such a s  t h e  D i v i s i o n  of Water 
P o l l u t i o n  Cont ro l  and t h e  D iv i s ion  o f  Marine F i s h e r i e s  confirmed t h e  wide- 
spread  contaminat ion  of sediments  and b i o t a  w i t h i n  t h e  Acushnet R ive r  
Es tuary ,  Inner  Harbor and p o r t i o n s  o f  t h e  Outer  New Bedford Harbor.  The 
l i k e l y  sou rces  f o r  t h e  PCB's have been t r a c e d  t o  two i n d u s t r i a l  o p e r a t i o n s  



which discharged wastewaters directly to the harbor and indirectly through 
the New Bedford municipal sewer system. The sediments underlying the 
entire estuary and Inner Harbor contain elevated levels of PCB's. The con- 
centrations range from a few parts per million (ppm) to 100,000 ppm. 
Currently the entire estuary and harbor have been designated by the U.S. 
Environmental Protection Agency as a superfund site. Additional problems 
within the harbor include combined sewer overflows, industrial discharges, 
street runoff, discharges from marine vessels, municipal sewage treatment 
plant discharges, and poor water circulation vithin the Tnner Harbor. 
Problems in other harbors within the basin include street runoff from urban 
development, discharges from failing septic systems, watercraft, leachate 
from landfills and agricultural runoff. 



FIGURE I 
-- 

BUZZARDS B A Y  DRAINAGE BASIN 

95 DWPC DRAINAGE BASIN CLASSIFICATION SYSTEM P E R  314 CMR 4.05: 
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TABLE 1 

BUZZARDS BAY BASIN AREA I - CLASSIFICATION 

ANTICIPATED PRESENT 
BOUNDARY PRESENT USE FUTURE USE CONDITION* CLASSIFICATION 

New Bedford Reservoir, 
Acushne t 

Acushnet River from the outlet 
of New Bedford Reservoir, 
Acushnet, to Hamlin Road, 
Acushne t , New Bedford 

Acushnet River from Hamlin 
Road, Acushnet, New Bedford, 
to Main Street, Acushnet, 
New Bedford 

m 

Acushnet River from Main 
Street, Acushnet, New Bedford, 
to Route 6, Acushnet, New 
Bedford, Fairhaven 

Inner New Bedford Harbor 
New Bedford, Fairhaven 

Outer New Bedford Harbor, 
New Bedford, Fairhaven 

Emergency water supply 

Bathing, recreational 
boating, fish and 
wildlife propagation, 

Recreational boating, 
fish and wildlife 
propagation, fishing, 
waste waste assimila- 
tion 

Recreational boating, 
fish and wildlife 
propagation, fishing, 
industrial processing 
and cooling, waste 
assimilation 

Recreational boating, 
fish & wildlife 
propagation, fishing, 
industrial processing 
& cooling, waste 
assimilation 

Recreational boaticg, 
fish & wildlife propa- 
gat ion, fishing, indus- 
trial processing & 
cooling, waste 
assimilation 

Same B 

Same B 

Bathing, recreational C 
boating, fish & wildlife 
propagation, fishing 

Bathing, recreational u 1 
boating, fish & wildlife 
propagation, fishing, 
industrial processing 
and cooling 

Bathing, recreational 
boating, fish and wildlife 
propagation, fishing, 
industrial processing 
& cooling 

Bathing, recreational sc3 
boating, fish & wildlife 
propagation, industrial 
processing & cooling 
she1 lfishing 



TABLE 1 (CONTINUED) 

BOUNDARY PRESENT USE 
ANTICIPATED PRESENT 
FUTURE USE CONDITION CLASSIFICATION 

Clark Cove, New Bedford, Bathing, recreational Bathing, recreational S B ~  
Dartmouth boating, fish & wildlife boating, fish & wildlife 

propagation, fishing, propagation, fishing, 
industrial processing & industrial processing 6 
cooling, waste assimila- cooling, shellfishing 
ti on 

Apponagansett Bay, 
Dartmouth 

Paskamanset River 
Dartmouth, New Bedford 

4 

Slocums River, Dartmouth 

Bathing, recreational Bathing, recreatio~la 1 ~ 1 3  5 
boating, fish & wildlife boating, fish & wildlife 
propagation, fishing propagation, fishing, 

shell fishing 

Bathing, recreational Same 
boating, fish & wildlife 
propagation, fishing 

Bathing, recreational Same 
boating, fish & wildlife 
propagation, fishing, 
shell fishing 

Shingle Island River, Bathing, 
Dartmouth boating, 

propagat 

Noquochoke Lake, Bathing, 
Dar tmou th boating , 

propaga t 

recreational Same 
fish & wildlife 

ion, fishing 

recreational Same 
fish & wildlife 
ion, fishing 

Westport River, East Branch Recreational boating, Bathing, recreational C 
from the outlet of Noquochoke fish & wildlife propa- boating, fish and wildlife 
Lake, Dartmouth, to Old gation, fishing life propagation, fishing 
County Road, Westport 

Westport River, East Branch Bathing, recreational Same 
from Old County Road, Westport boating, fish & wildlife 
to the mouth, Westport life propagation, 

fishing, shellfishing 



TABLE 1 (CONTINUED) 

ANTICIPATED PRESENT 
BOUNDARY PRESENT USE FUTURE USE CONDITION CLASSIFICATION 

Westport River, West Branch, Bathing, recreational Same 
Wes tport boating, fish & wildlife 

life propagation, 
fishing, shellfishing 

Nasketucket Bay, Fairhaven, Bathing, recreational Same 
Mattapoisett boating, fish & wildlife 

propagation, fishing, 
shellfishing 

* SOURCE: Massachusetts Department of Environmental 
sanitation records. 

Quality Engineering, Southeast Regional Office, shellf 

Massachusetts Department of Fisheries, Wi ldlife & Environmental Law Enforcement, Uivisiou of Mar 
Fisheries Report, entitled, "Massachusetts Marine Fisheries Assessment of Mid-Decade," 1985. 

All of the tidal portions of the Acushnet River closed to fishing and shellfishing by Massachusetts 
Department of Public Health. Chapter 130, Section 74 M.G.L. 

All of the Inner Harbor is closed to fishing and shellfishing of any kind by the Massachusetts Department 
of Public Health. Chapter 130, Section 74 M.G.L. 

3 All of the Outer Harbor is closed to lobstering, inner portions from Ricketsons Point, Dartmouth to Wilbur 
Point Fairhaven closed to the taking of ground fish by Massachusetts Department of Public Health. Chapter 
130, Section 74 M.G.L. 

All of Clark Cove closed to lobstering, the taking of ground fish and shellfishing by the Massachusetts 
Department of Public Health. Chapter 130, Section 74 M.G.L. 

Portions of Apponagansett Bay closed to shellfishing in accordance with provisions of Chapter 130, Section 
74 M.G.L. 

Portions of Westport River East Branch closed to shellfishing in accordance with provisions of Chapter 130, 
Section 74 M.G.L. 

Portions of Westport River West Branch closed to shellfishing in accordance with provisions of Chapter 130, 
Section 74 M.G.L. 



FIGURE 2 BUZZARDS BAY A R E A  I 
B A S I N  C L A S S I F I C A T I O N  

NOTE: SEE FIGURE I 
W I ~  -PI FOR LOCATIOR 

rown ------ O F  AREA I 
C W ~ Y  ----- 
R A t t  - - - - - -  

. I t 1 T O W M  

P A L -  I l l V L R  

5 WA WPC. 

T l V C l l T O l  

NEW B E D F O R D  HAR- 

BOR DRAINAGE BASIN 

B U T T O N W O O D  BROOK/ 

A P P O N A G A N S E T T  BAY 

ORAINAGE B A S I N  

S K A M A N S E T T /  s MILES 

ORAINAGE B A S I N  
S L O C U M  R I V E R  
ORAINAGE BASIN 

S KILOMETERS 



TABLE 2 

BUZZARDS BAY BASIN AREA I1 - CLASSIFICATION 

ANTICIPATED PRESENT 
BOUNDARY PRESENT USE FUTURE USE CONDITION* CLASSIFICATION 

Little Buttermilk Bay, 
Buttermilk Bay, Wareham, 
Bourne 

Onset Bay, Wareham 

Agawam River, Plymouth, 
Wareham 

Wankinco River, Carver, 
Plymouth, Wareham 

Sippican River from the 
headwaters, Rochester, 
Wareham, to County Road, 
Marion, Wareham 

Sippican River from County 
Road, Marion, Wareham, to 
the mouth, Marion, Wareham 

Bathing, recreational Same 
boating, fish & wild- 
life propagation, 
fishing, shellfishing 

Bathing, recreational Same 
boating, fish & wild- 
life propagation, 
fishing, shellfishing 

Bathing, recreational Same 
boating, fish & wild- 
life propagation, 
fishing, irrigation, 
waste assimilation 

Bathing, recreational Same 
boating, fish & wild- 
life propagation, 
fishing, irrigation 

Bathing, recreational Same 
boating, fish & wild- 
life propagation, 
fishing, irrigation 

Bathing, recreational Same 
boating, fish & wild- 
life propagation, 
fishing, shellfishing 



TABLE 2 (CONTINUED) 

ANTICIPATED PRESENT 
BOUNDARY PRESENT USE FUTURE USE CONDITION CLASSIFICATION 

Weweantic River from the 
headwaters, Carver, to the 
outlet of Horseshoe Pond, 
Wareham 

Weweantic River from the 
outlet of Horseshoe Pond 
Wareham, to the mouth, 
Wareham, Marion 

Wareham River, Wareham 

Mattapoisett River, 
Mattapoisett, Rochester 

Mattapoisett Harbor, 
Mattapoisett 

Bathing, recreational 
boating, fish & wild- 
life propagation, 
fishing 

Bathing, recreational 
boating, fish & wild- 
life propagation, 
fishing, shellfishing 

Bathing, recreational 
boating, fish & wild- 
life propagation, 
fishing, shellfishing, 
waste assimilation 

Bathing, recreational 
boating, fish & wild- 
life propagation, 
fishing 

Bathing, recreational 
boating, fish & wild- 
life propagation, 
fishing, irrigation 

Bathing, recreational 
boating, fish & wild- 
life propagation, 
fishing, shellfishing 

Same B 

Same 

Same 

Bathing, recreational S B ~  
boating, fish & wild- 
life propagation, 
fishing, shellfishing 

Same 

Bathing, recreational S A ~  
boating, fish & wild- 
life propagation, 
fishing, shellfishing 



TABLE 2 (CONTINUED) 

ANTICIPATED PRESENT 
BOUNDARY PRESENT USE FUTURE USE CONDITION CLASSIFICATION 

Hiller Cove, Mattapoisett, Bathing, recreational Bathing, recreational SB 
Marion boating, fish & wild- boating, fish & wild- 

life propagation, life propagation, 
fishing fishing, shellfishing 

All other freshwater streams --- 
within Buzzards Bay Basin 
Area I1 

All other coastal waters --- 
within Buzzards Bay Basin 
Area I1 

* 
P SOURCE: Massachusetts Department of Environmental Quality Engineering, Southeast Regional O f f i c e ,  
N shellfish sanitation records. 

Massachusetts Department of Fisheries, Wildlife & Environmental Law Enforcement, 1)ivision 
of Marine Fisheries Report, entitled, "Massachusetts Marine Fisheries Assessment at Mid-Decade," 
1985. 

Portions of Buttermilk Bay in Wareham, Little Buttermilk Bay in Bourne are closed to shellfishing in 
accordance with provisions of Massachusetts General Laws, Chapter 130 Section 74A (MGL Ch. 130 ~ 7 4 ~ ) .  

Tidal portions of Agawam and Wankinco rivers in Wareham are closed to shellfishing in accordance with 
provisions of MGL Ch. 130 S74A. 

Portions of Wareham River, Wareham are closed to shellfishing in accordance with provisions of 
MGL Ch. 130 S74A. 

Portions of Sippican Harbor including Briggs Cove, Marion are closed to shellfishing in accordance with 
provisions of MGL Ch. 130 S74 (seasonal closure), Ch. 130 S74A. 

Tidal portions of Mattapoisett River are closed to shellfishing in accordance with 
provisions of MGL Ch. 130 S74A. 

Portions of Mattapoisett Harbor including all of Eel Pond are closed to shellfishing in accordance 
with provisions of YGL Ch. 130 S74A. 
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TABLE 3 

BUZZARDS BAY BASIN AREA I11 - CLASSIFICATION 

ANTICIPATED PRESENT 
BOUNDARY PRESENT USE FUTURE USE CONDITION* CLASSIFIC 

Cape Cod Canal, Bourne and Recreational boating, Same 
Sandwich fish & wildlife propaga- 

tion, fishing, industrial 
processing & cooling, 
assimilation 

Phinneys Harbor, Bourne Recreational boating, Recreational boating, 
fish & wildlife propaga- bathing, fish & wildlife 
tion, fishing, bathing, propagation, fishing, 
restricted shellfishing shellfishing 

Pocasset Harbor, Bourne 
w 
E- 

Red Brook Harbor, Bourne 

Megansett Harbor, Bourne 
and ~almouth 

Wild Harbor, Falmouth 

Herring Brook, Falmouth 

Recreational boating, Recreational boating, 
fish & wildlife propaga- bathing, fish & wildlife 
tion, fishing, bathing, propagation, fishing, 
shellfishing shell fishing 

Recreational boating, Recreational boating, 
fish & wildlife propaga- bathing, fish & wildlife 
tion, fishing, bathing, propagation, fishing, 
restricted shellfishing shellfishing 

Recreational boating, Recreational boating, 
fish & wildlife propaga- bathing, fish & wildlife 
tion, fishing, bathing, propagation, fishing 
shell fishing shell fishing 

Recreational boating, Recreational boating, 
fish & wildlife propaga- bathing, fish & wildlife 
tion, fishing, bathing, propagation, fishing, 
restricted shellfishing shellfishing 

Recreational boating, Recreational boating, 
fish & wildlife propaga- bathing, fish & wildlife 
tion, fishing, bathing, propagation, fishing, 
restricted shellfishing shellfishing 



TABLE 3 (CONTINUED) 

ANTICIPATED PRESENT 
BOUNDARY PRESENT USE FUTURE USE CONDITION CLASSIFICATION 

West Falmouth Harbor, Recreational boating, Recreational boating, S A 
Falmou th fish & wildlife propaga- bathing, fish & wildlife 

tion, fishing, bathing, propagation, fishing, 
shellfishing shellfishing 

Great Sippewieset Creek, Recreational boating, Recreational boating, S A 
Falmou th fish & wildlife propaga- bathing, fish & wildlife 

tion, fishing, bathing propagation, fishing, 
ehellfishing 

Little Sippewisset Creek, Recreational boating, Recreational boating, S A 
Falmou th fish & wildlife propaga- bathing, fish & wildlife 

tion, fishing, bathing propagation, fishing, 
shellfishing 

C 
cn Quissett Harbor, Falmouth Shellfishing, recrea- Recreational boating, SB~/SA 

tional boating, fish & bathing, fish & wildlife 
wildlife propagation, propagation, fishing, 
fishing, bathing she1 1 fishing 

All other freshwater streams --- --- 
within Buzzards Bay Basin 
Area 111 

All other coastal waters - 
within Buzzards Bay Basin 
Area TI1 

* SOURCE: Massachusetts Department of Environmental Quality Engineering, Southeast Regional Office, shellfish 
sanitation records. 

Massachusetts Department of Fisheries, Wildlife & Environmental Law Enforcement, Division of Marine 
Fisheries Report, entitled, "Massachusetts Marine Fisheries Assessment at Mid-Decade," 1985. 

Portions of Back River, Pocasset River and Eel Pond located within Phinneys Harbor, Bourne are closed to 
shellfishing in accordance with provisions of Massachusetts General Laws Chapter 130, Section 7 4 A  (MGL Ch. 

130 ~ 7 4 ~ ) .  
Portions of Red Brook Harbor, Bourne are seasonally closed to shellfishing in accordance with provisions o t  
MGL Ch. 130 S74 
Portions of Quissett Harbor, Falmouth are closed to ehellfishing in accordance w i t h  provisions o f  MGL Ch. 130 974. 
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TABLE 4 

BUZZARDS BAY BASIN AREA IV & V - CLASSIFICATION 

ANTICIPATED PRESENT 
BOUNDARY PRESENT USE FUTURE USE CONDITION* CLASSIFICATION 

All other freshwater streams 
within Buezardo Bay Baein 

All other coastal waters 
within Buzzards Bay Baein 

* Cuttyhunk Pond seasonally closed to shellfishing in accordance with provisions of Massachusetts General I.aws 
Chapter 130, Section 74A. 
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MIERIALS AND METHODS 

F i e l d  C o l l e c t i o n s :  

The sampling techniques  employed d u r i n g  t h e  c o l l e c t i o n  p e r i o d  v a r i e d  w i t h  
t h e  depth  of water and t h e  a c t u a l  sampling d e v i c e s  employed. During t h e  
summer of 1985,  t he  D i v i s i o n  of TJater P o l l u t i o n  C o n t r o l ' s  T e c h n i c a l  
S e r v i c e s  Branch c o n t r a c t e d  with t h e  D i v i s i o n  of Marine F i s h e r i e s  f o r  u se  of 
t h e i r  r e sea rch  v e s s e l  F.W. Wilbour. The Wilbour p rov ided  a  working p l a t -  
form f o r  c o l l e c t i o n  of  water  q u a l i t y  and sediments  from s t a t i o n s  l o c a t e d  i n  
t h e  Outer  Bay and a long  t h e  E l i z a b e t h  I s l a n d  Chain;  a r e a s  i d e n t i f i e d  by t h e  
D i v i s i o n  f o r  r e p o r t i n g  purposes a s  Areas V and I V .  S t a t i o n  l o c a t i o n s  were 
v e r i f i e d  by use of t h e  on-board LORAN C n a v i g a t i o n a l  equipment .  Samples 
were r e j e c t e d  i f  they appeared t o  c o n t a i n  a  h igh  p e r c e n t a g e  of  c o a r s e  
g ra ined  sediments .  During the i n i t i a l  c o l l e c t i o n s  i n  t h e  Outer  Bay, t h e  
D iv i s ion  employed two sampling dev ices .  The f i r s t ,  a  P h l e g e r  c o r e r ,  i s  a  
f r e e - f a l l  device s u i t a b l e  fo r  c o l l e c t i o n  of  s o f t ,  sandy o r  semi-compacted 
sed iments .  I t  i s  composed of a hydrodynamical ly shaped l e a d  weight  w i t h  a 
s t a b i l i z i n g  f i n  assembly which minimizes p l ann ing  and t u r b u l e n c e  d u r i n g  
d e s c e n t .  The lower s e c t i o n  of t h e  c o r e r  i s  composed of  v a r i a b l e  l e n g t h s  of 
ga lvan ized  s t e e l  c o r i n g  tube having an  i n t e r n a l  d i ame te r  of  37 mm. 
Sediments  a r e  r e t a i n e d  i n  the tube  by t h e  p re sence  of  a  s t a i n l e s s  s t e e l  
co re -ca t che r ,  t he  l e a v e s  o f  which remain open d u r i n g  t h e  c o r e r ' s  p e n e t r a -  
t i o n  i n t o  t h e  s u b s t r a t e  and a r e  t hen  p r e s s e d  c l o s e d  by t h e  weight  of t h e  
t rapped  sediments .  The Div i s ion  used a  60 cm c o r i n g  tube  wi th  a  r e p l a -  
c e a b l e  p l a s t i c  l i n e r  i n s e r t .  The c o r e r  and i t s  components a r e  manufac tured  
by t h e  Kah l i s i co  I n t e r n a t i o n a l  C o r p o r a t i o n ,  P.O. Box 947,  E l  Cajon ,  CA 
92022. 

The second dev ice  employed i n  t he  Outer  Bay was a  Ponar  g r a b  d redge  quan- 
t i t a t i v e  bottom dredge manufactured by t h e  W i l d l i f e  Supply Company, 
Saginaw, M I  48602. The dredge which has  a  sampling a r e a  of  23 x 23 cm. (9" 
x 9" ) ,  u t i l i z e s  i t ' s  we igh t ,  28 kg ( 6 2  l b s ) ,  d u r i n g  d e s c e n t  t o  p e n e t r a t e  
i n t o  t h e  sediment. Upon r e t r i e v a l ,  a  s imp le  t e n s i o n  r e l e a s e  h inge  l e v e r s  
t h e  jaws of t h e  dredge  c lo sed .  Both d e v i c e s  were connected  t o  t h e  s h i p ' s  
winch by use  of a  s h a c k l e  and 314 i n c h  l i n e .  Each d e v i c e  was a l lowed t o  
f r e e  f a l l  t o  the  bot tom and r e t u r n e d  t o  t h e  deck by u s e  of t h e  s h i p ' s  
winch. The o r i g i n a l  i n t e n t  was t o  u se  t h e  c o r e r  w i th  p l a s t i c  i n s e r t s  t o  
e s t i m a t e  t h e  r e l a t i v e  dep th  of t h e  r edox  boundary. However, t h i s  proved  t o  
be i m p r a c t i c a l  s i n c e  s e v e r a l  of t h e  samples c o l l e c t e d  showed no d i s c e r n a b l e  
redox boundary; a s  a  consequence t h e  c o r e r  was e l i m i n a t e d  from t h e  c o l l e c -  
t i o n s .  A second problem a r o s e  w i th  t h e  u s e  of t h e  l a r g e  Pona r ,  which 
r e p e a t e d l y  f a i l e d  t o  c l o s e ,  n e c e s s i t a t i n g  r e p e a t e d  d rops  t o  o b t a i n  a  sample.  
Var ious  remedies were employed such a s  l oosen ing  a l l  h i n g e s ,  v a r y i n g  t h e  
r a t e  of descen t  and by app ly ing  and r e l e a s i n g  t e n s i o n  t o  t h e  r e t r i e v a l  
l i n e .  The f a i l u r e s  appeared  t o  be r e l a t e d  t o  t h e  dep th  of  t h e  wa te r  w i t h  a  
g r e a t e r  frequency of f a i l u r e  a t  t h e  s t a t i o n s  i n  deepe r  wa te r .  Th i s  
sugges ted  t h a t  t h e  r e l e a s e  hinge was always under  t e n s i o n  and t h a t  t h e  314 
inch  l i n e  might be p l a n n i n g  ou t  d u r i n g  d e s c e n t .  Subsequent  su rveys  con- 
duc ted  i n  t h e  summer of 1986 seemed t o  con f i rm  t h i s  when a  s h i f t  was made 
t o  112 inch  nylon l i n e .  The nylon l i n e  was found t o  be much l i g h t e r  and 
seemed t o  provide  more s p r i n g  upon r e t r i e v a l  r e s u l t i n g  i n  a  much lower r a t e  
of f a i l u r e .  

Sediments from t h e  i n n e r  embayments, Areas I ,  11, 111, were c o l l e c t e d  w i t h  
K a h l i s c o ' s  " p e t i t e  ponar." This  s m a l l e r  v e r s i o n  has  a  sampling a r e a  of  15 



cm x 15 cm (6" x 6") and a weight o f  !O kg (22 lbs). Collections were made 
from the Division's 17' "Boston J h a l e r " ,  retrieval was by hand. Station 
location were verified by triangulation with various topographical features 
in the area after confirming the presence of silty, muddy sediments. The 
Division employed the following regimen during sample collections. Prior 
to each sample collection a member of the crew was responsible for pre- 
paring the Ponar dredge for sampling. The dredge was first washed in clean 
seawater to remove any adhering clumps of sediment. The interior of the 
dredge was then washed with reagent grade acetone followed by a rinse with 
reagent grade hexane, followed by a final rinse in clean seawater. The 
waste rinses were collected and transported back to the laboratory for 
disposal. 

Upon retrieval of the dredge, it was opened and the contents placed in a 
galvanized steel wash tub. Glassware used in the sample collection were 
specifically purchased for that purpose or cleaned in a manner described in 
a TSB internal memorandum dated August 26, 1985 after consultation with the 
Lawrence Experimental Station (LES). Subsamples were taken in the 
following sequence, PCB's, PAH's, metals and grain size to minimize the 
possible cross contamination of the sediments with the metallic surfaces of 
the dredge. During the 1986 collections two samples were generally taken 
at each station. The sediments destined for organic analysis were scooped 
into the specially prepared jars which contained either a teflon or alumi- 
num foil septum. Care was taken to minimize the collection of sediments in 
direct contact with the wash tub. Each sample was then tagged and placed 
in an ice cooler for subsequent transport to the laboratory. Sediments 
collected from the inner embayments during the FY86 sampling period were 
split for organic analysis. Samples destined for grain size analysis were 
kept frozen until analysis. For more specific information regarding field 
and analytical protocols refer to Tables 14 and 15 and/or contact the 
Massachusetts Division of Water Pollution Control's Technical Services 
Branch. 

Particle Size Analysis: 

The particle size analysis was conducted according to the "pipet method" as 
described in a draft document entitled "Protocols for Sampling Surficial 
Sediments for Physical/Chemical Variables." This was later supplemented 
with procedures found in the USGS publication "National Handbook of 
Recommended Methods for Water Data Acquisitiont', revision 4/79. 

Sediments collected in the field were tagged, placed in an ice filled 
cooler and transported back to the Technical Services Laboratory where they 
were kept frozen pending the grain size determinations. 

After thawing, the sample was mechanically homogenized by mixing. A wet 
weight sub-sample of approximately 40-50 grams was removed and placed in a 
2 liter beaker. Replicate grain-size analysis was conducted on every fifth 
sample. Since it was desired to obtain the true particle size distribu- 
tion, the sample was treated with the prescribed 20 ml of 10% hydrogen 
peroxide (H202) solution to digest any organic matter. The resulting 
reaction was found to be too slow and the procedure modified to use 10 ml. 
Increments of 30% Hz02 (Fisher Certified ACS) to speed up the digestion 
process. Approximately 100 mls of 30% Hz02 and 24 hours of digestion time 
per sample were required to completely digest all the organic matter. The 



samplo was then boi led  for  s e v e r a l  minutes  t o  d r i v e  o f f  any e x c e s s  hydrogen 
peroxide  s o l u t i o n .  

The samplz was s epa ra t ed  i n t o  c o a r s e  and f i n e  f r a c t i o n s  by wet s i e v i n g  
through a  63-micron s t a i l e s s  s t e e l  s i e v e .  The s i e v i n g  p r o c e s s  con t inued  
wi th  succes s ive  washes of d ion ized  d i s t i l l e d  w a t e r  u n t i l  c l e a r  w a t e r  passed  
through the  s i e v e .  The coa r se  f r a c t i o n  r e t a i n e d  by t h e  s i e v e  was t r a n s -  
f e r r e d  t o  a  250 ml beaker and d r i e d  i n  an  oven a t  a  t empera tu re  of  50" cen- 
t i g r a d e .  The d r i e d  f r a c t i o n  was f i n a l l y  t r a n s f e r r e d  t o  a  d e s s i c a t o r  f o r  
coo l ing .  

The con ten t s  were t h e n  d r i e d  i n  an oven ma in t a ined  a t  105" c e n t r i g r a d e  
u n t i l  a l l  t h e  mois ture  was d r i v e n  o f f .  

Coarse F r a c t i o n :  

The coa r se  f r a c t i o n  was subsequen t ly  d i s a g g r e g a t e d  u s i n g  a  mor t a r  and p e s t l e  
t r a n s f e r r e d  t o  a  t a r ed  beaker  and weighed t o  t h e  n e a r e s t  0 .1  mg on " M e t t l e r  
HI0 A n a l y t i c a l  Balance" t o  o b t a i n  t h e  t o t a l  weight  of  t h e  c o a r s e  f r a c t i o n .  
A n e s t  of U.S. s tandard  s i e v e s  o r d e r e d  from c o a r s e s t  ( 2  mm. mesh) t o  f i n e s t  
(0.0625 mm. mesh) was then assembled w i t h  a  pan l o c a t e d  on t h e  bot tom. The 
c o a r s e  f r a c t i o n  was p laced  i n  t h e  t op  s i e v e  and t h e  whole n e s t  shaken  f o r  
15 minutes  on a  mechanical shake r  t a b l e .  The c o n t e n t s  of  each  s i e v e  was 
emptied on to  a  shee t  of aluminum f o i l .  The s i e v e  s c r e e n s  were l i g h t l y  
tapped and brushed wi th  a  nylon  b r u s h  t o  d i s l o d g e  any a d h e r i n g  p a r t i c l e s .  
The e n t i r e  c o n t e n t s  of each s i e v e  was t r a n s f e r r e d  from t h e  aluminum s h e e t  
t o  a  t a r e d  beaker  where upon t h e  i n d i v i d u a l  s i z e  f r a c t i o n s  were weighed t o  
t h e  n e a r e s t  0.1 mg. Add i t i ona l  m a t e r i a l  p a s s i n g  through t h e  f i n e s t  s c r e e n  
was added t o  t h e  beaker c o n t a i n i n g  t h e  f i n e  f r a c t i o n .  

F ine  F r a c t i o n :  

The f i n e  f r a c t i o n  from t h e  i n i t i a l  s i e v i n g  was a l lowed t o  s t a n d  u n t i l  t h e  
s i l t s  and c l a y s  s e t t l e d  o u t .  The c l e a r  s u p e r n a t a n t  wa te r  was removed by 
s iphoning .  The f i n e  f r a c t i o n  was t r a n s f e r r e d  t o  a  me ta l  cup of  a  ma l t  
b l ende r  and 10 m l  of a  1% s o l u t i o n  of  Calgon added t o  t h e  mix tu re .  The 
Calgon s o l u t i o n  ac t ed  a s  a  p e p t i z e r  t o  p reven t  f l o c c u l a t i o n  o f  t h e  sed iment  
p a r t i c l e s .  The mixture was blended f o r  t h r e e  minu te s ,  t r a n s f e r r e d  t o  a  
1,000 m l  g raduated  c y l i n d e r  and b rough t  up t o  a  volume of  app rox ima te ly  900 
mls with d i o n i z e d  d i s t i l l e d  wa te r .  The mix tu re  was a l lowed t o  s t a n d  f o r  
t h r e e  hours  and observed f o r  s i g n s  of f l o c c u l a t i o n .  I f  a  d e f i n i t e  band of  
c l e a r  water  developed an  a d d i t i o n a l  amount of  Calgon s o l u t i o n  was added t o  
t h e  mixture.  The volume of Calgon s o l u t i o n  was r eco rded  f o r  f u t u r e  ca l cu -  
l a t i o n s .  The sediment suspens ion  was d i l u t e d  t o  1 ,000  m l s  by a d d i t i o n  of  
d ion ized  d i s t i l l e d  water .  The sample was thoroughly  mixed w i t h  a  l ong  
s t i r r i n g  rod  and a  20 m l  sample withdrawn from a  d e p t h  of  20 cm t o  d e t e r -  
mine i t s  wet weight .  Th i s  was p l aced  i n  a  t a r r e d  50 m l  b e a k e r ,  t h e  p i p e t  
was washed wi th  d ionized  d i s t i l l e d  w a t e r  and t h e  r i n s e  added t o  t h e  b e a k e r .  
The c o n t e n t s  were t hen  d r i e d  i n  an  oven ma in t a ined  a t  105' c e n t i g r a d e  u n t i l  
a l l  t he  mo i s tu re  was d r i v e n  o f f .  The c o n t e n t s  were a l lowed t o  c o o l  i n  a  
d e s s i c a t o r  b e f o r e  be ing  weighed t o  t h e  n e a r e s t  0 .1  m l  t o  o b t a i n  an  e s t i m a t e  
of t he  t o t a l  weight  of f i n e  f r a c t i o n .  The g radua ted  c y l i n d e r  was p l a c e d  i n  
a  cons t an t  tempera ture  b a t h ,  clamped i n  p l a c e  f o r  s t a b i l i t y  and b rough t  up 
t o  t he  1,000 m l  mark wi th  d i o n i z e d  d i s t i l l e d  wa te r .  The sample was t hen  
thoroughly s t i r r e d  t o  i n s u r e  t h a t  t h e  sed iments  were un i fo rmly  mixed 



t h roughou t  t h e  wa te r  colxmn. F i f t e e n  seconds  a f t e r  c e s s a t i o n  of  t h e  
s t i r r i n g  20 mls of s o l n t i o n  was withdrawn from a  dep th  of  20 cm. Th i s  was 
p l a c e d  i n  a  t a r e d  50 m l  b e a k e r ,  t h e  p i p e t  washed wi th  d i o n i z e d  d i s t i l l e d  
w a t e r  and t h e  r i n s e  added t o  t h e  beake r .  

The c o n t e n t s  were a l lowed t o  c o o l  i n  a d e s s i c a t o r  b e f o r e  be ing  weighed t o  
t h e  n e a r e s t  0 .1 mg. Subsequent  timed wi thd rawa l s  were made i n  accordance  
wi th  s p e c i f i e d  d i r e c t i o n s  w i th  t he  l a s t  wi thdrawal  be ing  made f o r  PHI s i z e s  
8 .0  o r  l e s s .  A l l  o f  t h e  t a r e d  50 in1 beake r s  were t hen  t r a n s f e r r e d  t o  an 
oven ma in t a ined  a t  105' c e n t i g r a d e  u n t i l  a 1 1  t he  m o i s t u r e  was d r i v e n  o f f .  
The f r a c t i o n s  were t hen  a l lowed co c o o l  3nd weighed t o  t h e  n e a r e s t  0 .1 mg. 

C a l c u l a t i o n s  : 

The d a t a  f o r  bo th  t h e  c o a r s e  f r a c t i o n  and t h e  f i n e  f r a c t i o n  were recorded  
i n  t a b u l a r  form i n  a  bound notebook.  The we igh t s  of  t he  samples withdrawn 
d u r i n g  t h e  p i p e t  a n a l y s i s  were cumula t ive  w h i l e  t h o s e  of  t h e  d r y  s i e v i n g  
were n o t .  C o r r e c t i o n s  f o r  t h e  amount of p e p t i z e r  were i n c l u d e d  i n  t h e  
c a l c u l a t i o n s .  The t o t a l  sample weight  was t o  be c a l c u l a t e d  from t h e  weight  
of t h e  f i n e  f r a c t i o n  and t h e  c o a r s e  f r a c t i o n .  

Upon comple t ion  o f  t h e  methods d e t a i l e d  above and d u r i n g  t h e  c a l c u l a t i o n  
phase  i t  became a p p a r e n t  t h a t  t h e  methodology c o n t a i n e d  s e v e r a l  omis s ions  
and s o u r c e s  o f  e r r o r .  V e r i f i c a t i o n  came from t h e  methodology d e s c r i b e d  i n  
t h e  fo remen t ioned  "Na t iona l  Handbook of Recommended Methods f o r  Water Data 
A c q u i s i t i o n "  r e v i s i o n  4/79. t h e  d r a f t  p rocedure  made no p r o v i s i o n  f o r  
o b t a i n i n g  a  d r y  we igh t  of  t h e  subsample a f t e r  t r e a t m e n t  w i th  t h e  hydrogen 
p e r o x i d e .  T h e r e f o r e ,  t h e r e  was no t r u e  measure o f  t h e  t o t a l  weight  of  t h e  
sample.  The d r a f t  p rocedure  a l s o  c a l l e d  f o r  t h e  a d d i t i o n  of  t h e  Calgon 
d i s p e r s e n t  t o  t h e  f i n e  f r a c t i o n ,  whereas ,  t h e  handbook c a l l s  f o r  i t s  add i -  
t i o n  p r i o r  t o  s e p a r a t i o n  i n t o  t h e  c o a r s e  and f i n e  f r a c t i o n s .  The i n i t i a l  
w i thd rawa l  t o  o b t a i n  a n  e s t i m a t e  of  t o t a l  f i n e s  was c o n s i s t e n t l y  s m a l l e r  
t h a n  t h e  n e x t  wi thdrawal  i n d i c a t i n g  some l o s s  of  f i n e s .  Accord ingly ,  t h e  
r e p o r t e d  g r a i n  s i z e  a n a l y s i s  u n d e r e s t i m a t e s  t h e  p e r c e n t a g e  of  f i n e s  and 
t h e  r e l a t i v e  p r o p o r t i o n s  o f  f i n e  f r a c t i o n s .  P a r t i c l e  s i z e  i s  r e p o r t e d  i n  
t h e  f o l l o w i n g  t a b l e s  by "PHI s i z e "  a s  recommended by t h e  subcommittee on 
sed iment  t e rmino logy  of  t h e  American Geophys ica l  Union by Lane (1947) .  

CLASS NAME MILLIMETERS MICROMETERS PHI VALUE 

Bou lde r s  
Cobbles  
G r a v e l  

Very c o a r s e  sand  2.0-1 .O 2,000-1,000 -1 t o  0  
Coa r se  sand  1.0-0.50 1,000-500 0  t o  +1 
Medium sand  0.50-0.25 500-250 +1 t o  +2 
F i n e  sand  0.25-0.125 250-125 +2 t o  +3 
Very f i n e  sand  0.125-0.062 125-62 +3 t o  +4 

Coa r se  s i l t  0.062-0.031 
Medium s i l t  0.031-0.016 
F i n e  s i l t  0.016-0.008 
Very f i n e  s i l t  0.008-0.004 



CLASS N A P E  PHI VALUE 

Coarse clay 0.004-0.0020 4- 2 +8 to +9 
Medium clay 0.0020-0.0010 2- 1 +9 to +10 
Fine clay 0.0010-0.0005 1-0.5 +10 to +11 
Very fine clay 0.0005-0.00024 0.5-0.24 +11 to +12 
Colloids <O .00024 <O. 24 >+I2 

Priority Pollutants Sediment Analysis: 

All field samples were inmediately placed on ice at the time of collection 
and remained so until they were received by the Lawrence Experiment Station 
(LES). All samplzs were received by LES within two days of collection, 
generally within 24 hours. TSB collected a total of 29 samples from 22 
stations during :he course of this project. Table 7 provides a comparative 
list of sampling parameters by area. Upon receipt by the laboratory the 
samples were logged and procsssed according to approved EPA procedures. 
Analysis was conducted by direct aspiration atomic absorption spectroscopy. 
In direct aspiration atomic absorption spectroscopy a sample is aspirated 
and atomized in a flame. A light beam from a hollow cathode lamp whose 
cathode is made of the element to be determined is directed through the 
flame into a monochromator, and onto a detector that measures the amount 
of light absorbed. Absorption depends upon the presence of free unexcited 
ground state atoms in the flame. Since the wavelength of the light is 
characteristic of only the metal being determined, the light energy 
absorbed by the flame is a measure of the concentration of that metal in 
the sample. Preliminary treatment of solids by atomic absorption is 
complicated by the complexity and variability of the sampla matrix. This 
process varies with the metal to be determined and the nature of the sample 
to be analyzed. When the breakdown of organic material is necessitated, 
the process included a wet digestion procedure. A list of the procedures 
used is found as Table 15 of this report. The reference section of this 
report provides additional information concerning analytical procedures, 
sample preparation and quality assurance/quality control. 

Prior to 5/23/86 LES used a Perkin Elmer 403 spectrophometer to analyze for 
metals. It did not have a background correction factor to filter out 
"background noise" caused by the matrix of the material being analyzed, 
thereby resulting in artificially high levels. The analytical QA/QC proce- 
dures used by LES did not and could not reflect that interference. 
Sediment samples delivered to LES after 5/23/86 were analyzed with a Varian 
AA01275 spectrophotometer which did have the necessary background correction 
factor and are so noted in Table 8. 

Gas chromatography was used to analyze for polychlorinated biphenyls 
according to the EPA soxhlett extraction procedure for sediments (U.S. EPA, 
October 1980). Confirmation was made by running the sample through a 
second column. Quantification was made by comparing sample results with 
known standards of Aroclors 1242, 1248, 1254 and 1260. Polycyclic aromatic 
hydrocarbons were analyzed by gas chromatography/mass spectrometry 
according to procedures described in U.S. EPA methods 3510 and 8100. Table 
15 lists all analytical procedurews employed as well as minimum detection 
limits. For more specific information regarding extraction procedures, 
laboratory QA/QC employed by LES contact the TSB office in Westborough, 
Massachusetts or the Lawrence Experiment Station, Lawrence, Massachusetts. 
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TABLE 5 

1985-1986 BUZZARDS BAY SEDIMENT SURVEY 

STATION LOCATIONS - AREAS 1-111 

STATION DATE 
NUMBER LOCATION DESCRIPTOR LATITUDE LONGITUDE SAMPLED 

Area I - 
Westport River East Branch at Hix Bridge, 41°34'13"N 71 "04'19"W 6/23/86 
Westport 

Westport Harbor, Main Channel at Can #25, 41°30'51"N 7l004'14"W 6/23/86 
Westport 

Apponagansett Bay, north of Padanarum 41 "35' 14"N 70" 55' 58"W 7/24/86 
Dartmouth 

Slocum River at Gaffney Road Landing, 41°32'45"N 71°00'03"W 7/24/86 
Da~t'mouth 

Area I1 

Mouth of Mattapoisett Harbor at Nun #4, 
Mattapoisett 

Wareham River at Crab Cove, Wareham 

Onset Bay, Basin between Wickets 
Island and Onset Island, Wareham 

Red Brook, at mouth of Red Brook, 
Wareham/Bourne town line 

Area I11 

Red Brook Harbor at Can #13, Bourne 

Center Harbor at Can # 7 ,  Falmouth 





FIGURE 8 B U Z Z A R D S  B A Y  AREA I1 

DRAINAGE B A S I N  





TABLE 6 

1985-1986 BUZZARDS BAY SEDIMENT SURVEY STATIONS 

STATION LOCATIONS - AREAS IV-V 

STATION 1) A 'T I-; 
NUMBER LOCATION DESCRIPTOR LATITUDE LONGITUDE LORAN-C SAMPLED I 

Area IV 

Cuttyhunk Pond Center Harbor, Gosnold 41°25'50"N 

Weepecket Island betweeen Weepecket and 41 30 ' 83"N 
Uncatena Island, Gosnold 

Area V 

Nashawena Island west of #7 bell, Gosnold 

Outer Bay east of R8 Approximate 
Station 0 (Sanders lH~n~osnold 

Naushon Island off Kettle Cove. A proximate 
Station 9 ( ~ e w  England Aquarium)$, Gosnold 

Buzzards Bay halfway between navigational 
markers BW1/W1', Gosnold 

Wareham River south of Indian Neck, Wareham 

Sippican Harbor south of Converse Point, 
Marion 

Anchorage C, Marion 

Cape Cod Canal berthing basin, Bourne 

Wild Harbor outside 30 ft. contour, Falmouth 

Clevelands Ledge, Falmouth 

1 See references 
See references 



FIGURE 10 BUZZARDS B A Y  AREAS 1Y 8 V 

SEDIMENT STATION L O C A T I O N S  

95 DWPC DRAINAGE BASIN CLASSIFICATION SYSTEJI PEi? 314 CMR 4.05:  
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TABLE 7 

1985-1986 BUZZARDS BAY SEDIMENT QUALITY SURVEY 

COMPARISON OF PARAMETERS MEASURED VS. AREA 

AREA 

PARAMETER A 1 A 2 A 3 A 4  A5 

Actual vs. Proposed 4-4 
Number of Stations 
(in preliminary survey)* 

Overlying Water 
Quality ** 
Grain Size Analysis 4-4 

Metals 
Total (Silver)*** 
Total (Cadmium)*** 
To ta 1 Chromium 
Total Copper 
Total Mercury 
Total Nickel 
Total Lead 
Total Zinc 

Polychlorinated Biphenyls 4-4 

Polycyclic Aromatic Hydrocarbons 4-4 

* See FY85 and FY86 Work Plans 
** See Buzzards Bay 1985 and 1986 Water Quality Survey Data Reports 
*** Metals included in parenthesis represent those not included in 

the original proposal 



TABLE 8 

1985-1986 BUZZARDS BAY SEDINENT SURVEY 

AR4;AS I - V  

TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL 
CADMIUM CHROMIUM COPPER LEAD ME RCU RY N I C K E L  

STATION 
Area 1 

Area I1 

41?i~0800 ( 1 )  * 4.0 9.5 21 2.6 3.0 
4 1 ~ ~ 0 8 0 0  ( 2 )  * 11 14 21 0.36 4.5 
24WA0180 ( 1 )  dr 16 24 34 0.95 4.5 
24WA0180 ( 2 )  * 10 14 30 0.23 2.5 
llOB0200 ( 1 )  * 21 20 28 0.17 9.0 
llOB0200 ( 2 )  -k 26 27 44 0.16 12 
lRBOl0 S a m p l e  l o s t  

Area I11 

Area I V  

lCPl0 ( 1 )  <O.  80 2 2 5 2 5 2 0.368 * 
lCPl0 ( 2 )  <0.80 20 48 44 0.480 * 
6WI 10 S a m p l e  l o s t  



TABLE 8 (CONTINUED) 

TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL 
CADMIUM CHROMIUM COPPER LEAD ME RCU RY NICKEL 

STAT - 
Area V 

20 11 19 
21 9.6 20 
19 8.4 18 
21 9.6 20 
8.0 4.0 5.2 
S a m p l e  l o s t  

8.5 4.5 8.0 
9.0 9.0 15 
13 12 14 
2.5 1.0 5.5 
2.5 5.0 9.5 
7.0 9.0 12 

* No data 
** Analyzed on Perkin Elmer 403 spectrophotometer. All others on a Varian 

AA-1275. 
Numbers in parentheses are numbers of samples at that station 



T A B L E  9 

1985-1986 BUZZARDS BAY S E D I M E N T  SURVEY 

PCB/AROCLOR (ug/g) AND PAH (ug/g) DRY WEIGHT 

A R E A S  I - V  

S T A T I O N  
A r e a  I 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

A r e a  I1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

A r e a  I11 

ND 

ND 

A r e a  I V  

<0.16 

ND 



TABLE 9 (CONTINUED) 

STATION 

2NSI 10 

3BB10 
4NUIlO 
5BB20 
42WA0400 
43SH0500 
44BU0300 
45CC01 
46WH008 
47CL020 

Area V 

<o. 16 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Code - PAH 1 = Phenanthrene 
2 = Anthracene 
3 = Fluoranthene 
4 = Pyrene 
5 = ~enzo(a)anthracene 

ND = Not Detected 

1) No standard available 
for quantitation. The 
mass spectrum obtained 
was compared to a mass 
spectral data base for 
identification. 

Values reported as less 
than (< )  indicate that 
the parameter was detected 
but at concentrations too 
low for quantification. 



T A B L E  10 

1985-1986 BUZZ.ARDS BAY S E D I N E N T  SURVEY 

P A R T I C L E  S I Z E  A N A L Y S I S  PERCENT COARSE AND F I N E  F R A C T I O N  

P E R C E N T  P E R C E N T  
F I N E  COAXSE 

S T A T I O N  

A r e a  I 

79.06 
88.75 
23.61 
22.55 
33.27 
50.86 
66.82 
90.06 
80.68 

A r e a  I1 

49 .50  
30.10 
28.07 
61 .13  
40.10 
66 .01  
66.21 
85.44 
26.78 
14.07 

A r e a  I11 

93 .22  
70.81 
95.19 
93.34 
93.52 

A r e a  I V  

63.64 
44.57 
43.27 



STATION 

2NSI 10 
3BB10 (1) 
3BB10 (2) 
4NUI 10 
5BB20 
42WA0400 
43SH0500 
44BU0300 
45CC01 
45CC01 R 
46WH008 
46WH008 R 
47CL020 

PERCENT PERCENT 
FINE COARSE 

Area V 

R = replicate grain size analysis 
(I)= First sample 
(2)= Second sample 



FIGURE I I 
BUZZARDS BAY PARTICLE S IZE ANALYS 

COARSE AND FINE - AREA I 
WESTPORT RIVER 

PHI SIZE 

R DENOTES REPLICATE OF GRAIN SIZE ANALYSIS. 



FIGURE 12 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 

% COARSE AND FINE - AREA I 
APPONAGANSETT BAY / SLOCUM RIVER 

LEGEND 

R DENOTES REPLICATE OF ORAlN SIZE ANALYSIS. 



FIGURE 13 
BUZZARDS BAY PARTICLE SlZE ANALYSIS 

% COARSE AND FINE - AREA I I  
MATTAPOISETT HARBOR / WAREHAM KIVEIR 

41MH2 41MH2 K 24WA1 2 4 W A 2  

STATION 
R DENOTES REPLICATE OF GRAIN 

LEGEND 

SlZE ANALYSIS. 



FIGURE 14 
BUZZARDS BAY PARTICLE 

% COARSE AND FINE 
ONSET BAY / RED 

SIZE ANALYSIS 
- AREA I I  
BROOK 

LEGEND 

R DENOTES REPLICATE OF GRAIN SIZE ANACfSIS. 



FIGURE 15 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 

% COARSE AND FINE - AREA Ill 
RED BROOK HARBOR QUISSETT HARBOR 

1 SRBHA 15RBHB 37QHA 37QHA R 37QHF3 

STAT1 ON 
R DENOTES REPLICATE OF GR41N 

LEGEND 



FIGURE 16 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 

% COARSE A N 3  FINE - AREA IV 
ELIZABETH ISLANDS 

LEGEND 

R DENOTES REPLICATE OF GRAItJ SIZE ANALYSIS. 



FIGURE 17A 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 

% COARSE AND FINE - AREA V 
OUTER BAY 

LEGEND 

R DEf4OTES REPLICATE OF GRAIN SIZE ANALYSIS. 



FIGURE 178 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 

% COARSE AND FINE - AREA V 
OUTER BAY 

42WA 43SH 44BU 45CC 45CC R 
STATION 

R DENOTES REPLIC.4TE OF GRAlN 

LEGEND 

SIZE: ANALYSIS. 



FIGURE 17C 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 

% COARSE AND FINE - AREA V 
OUTER BAY 

LEGEND 

R DENOTES REPLICATE OF G M I N  SEE ANALYSIS. 



TABLE 11 

1985-1986 BUZZARDS BAY S E D I X E N T  SURVEY 

P A R T I C L E  S I Z E  ANALYSIS PERCENT ERROR I N  COARSE F R A C T I O N  

PERCENT 

S T A T I O N  
A r e a  I 

A r e a  I1 

A r e a  111 

A r e a  I V  

ERROR 

1.91 
6.35 
0.74 
0.40 
1.00 
0.61 
4.80 
0.97 
0.23 

1.36 
0.80 
0.30 
1.72 
0.60 
0.76 
0.73 
2.10 
0.18 
0.43 

9.92 
2.20 
7.90 
8.10 
6.63 

1.63 
0.29 
0.28 



FERCENT 
ERROR 

STATION 
Area V 

R = Replicate grain size 
analysis 

( I ) =  First sample 
(2 ) -  Second sample 



T A B L E  12 

1985-1986 BUZZARDS BAY S E D I X E N T  SURVEY 

P A R T I C L E  S I Z E  A N A L Y S I S  P E R C E N T  F I N E R  

P H I  S I Z E  
6 

S T A T I O N  
A r e a  I 

62.56 
74.58 
15.69 
16.80 
21 .oo 
54.84 
38.45 
67.40 
62.70 

A r e a  I1 

32.68 
17.49 
17.54 
47.96 
23.67 
42.28 
45.78 
90.90 
16.49 
12.04 

Area I11 

27.51 
50.11.  
64.06 
84.90 
70.70 

A r e a  I V  

37.76 
31 .go 
33.52 



PHI SIZE 
4 5 6 7 8 

STATION 
A r e a  V 

R = Replicate grain size analysis 
( I ) =  First sample 
( 2 1 1  Second sample 



FIGURE 18 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 

% FINER - AREA I 
WESTPORT RIVER 

PHI SlZE 

4 

5 

6 

7 

8 

R DENOTES REPLICATE OF ORAlN SlZE ANALYSIS. 



FIGURE 19 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 

% FINER - AREA I 
APPONAGANSETT BAY / SLOCUM RIVER 

PHI SIZE 

4 

5 

6 

7 

8 

R DENOTES REPLICATE OF GRAIN SIZE ANALYSIS. 



FIGURE 2 0  
BUZZARDS BAY PARTICLE SIZE ANALYSIS 

/ "I o FINER - AREA II 
MATTAPOISETT HARBOR / WAREHAM RIVER 

PHI SlZE 

4 

5 

6 

7 

8 

R DENOTES REPLICATE OF ORAlN SlZE ANALYSIS. 



FIGURE 21 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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R DENOTES REPUCATE OF GFiAlN SIZE ANALYSIS. 



FIGURE 22 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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R DENOTES REPLICATE OF QRAIN SIZE ANALYSIS. 



FIGURE 23 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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FIGURE 2 4 A  
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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FIGURE 248 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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FIGURE 24C 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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R DENOTES REPLICATE OF GRAIN SIZE ANALYSIS. 



S T A T I O N  

TABLE 13 

1985-1986 BUZZARDS BAY S E D I Y E N T  SURVEY 

PERCENT LARGER 

P H I  S I Z E  
- 1 i) + 1 + 2 +3 + 4 

A r e a  I 

A r e a  I1 

A r e a  I11 

A r e a  I V  



TABLE 1 3  (CONTINUED) 

P H I  S I Z E  
- i 0 + 1 + 2 + 3 + 4 

STATION 
Area V 

0 0 .08  
1.91 2.09 
0.03 0.08 
0 .08 1 .26 
0 .18 0 .64  
2.75 12.63 
2.02 2 .96 
0 0.06 
0 .20 1 .31 
4 .58 11.76 
6.87 48.75 

25.84 44.95 
1.75 9.85 

R = Replicate grain size analysis 
( 1 ) =  First sample 
( 2 ) =  Second sample 



FIGURE 25 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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FIGURE 26 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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FIGURE 27 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 

% LARGER - AREA II 
MATTAPOISETT HARBOR ' WAREHAM RIVER 

PHI SIZE 

-1 

n o  
EzEl + I  

-+-2 

+3 

fgggg +4 

R DENOTES REPLICATE OF QRAlN SIZE ANALYSIS. 



FIGURE 28 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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R DENOTES REPLICATE OF GRAIN SIZE ANALYSIS. 



FIGURE 29 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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F I G U R E  30 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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R DENOTES REPLICATE OF GRAIN SIZE ANALYSIS. 



F I G U R E  31A 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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R DENOTES REPLICATE OF GRAIN SIZE ANALYSIS. 



FIGURE 31B 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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R DENOTES REPLICATE OF GRAIN SIZE ANALYSIS. 



FIGURE 31C 
BUZZARDS BAY PARTICLE SIZE ANALYSIS 
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TABLE 14 

1985-1986 BUZZARDS SAY SEDIYENT SURVEY 

PARAMETER AND COLLECTION METHODS EMPLOYED AT SEDIMENT STATIONS 

SAMPLE VOLUME SAMPLE IMMEDIATE SHIPBOARD 
PAilAlYETE R ( liters) CONTAINER PROCESSING & ST3RAGE 

PCB 101611242 Sediment 

PCB 1248 Sediment 

PCB 1254 Sediment 

PCB 1260 Sediment 

PAH's Sediment 

Copper Sediments 

Nickel Sediments 

Lead Sediments 

Cadmium Sediments 

Chromium Sediments 

Mercury Sediments 

Gl~luminum Foil 
Septum M) 

G/Aluminum Foil 
Septum (lAT8779) 

G/~luminum Foi 1 
Septum ( W 9 )  

Gl~luminum Foil 
Septum (Hf8ft9) 

GIAluminum Foil 
Septum (-MH-@> 

G k ~ e f  lon Septum 

~ I ~ e f l o n  Septum 

GITeflon Septum 

Gl~eflon Septum 

G/Te f lon Septum 

Gl~eflon Septum 

Cool to 4°C 

Cool to 4°C 

Cool to 4OC 

Cool to 4°C 

Cool to 4°C 

Cool to 4OC 

Cool to 4°C 

Cool to 4°C 

Cool to 4°C 

Cool to 4OC 

Cool to 4OC 

G = Glass 



TABLE 15 

1985-1986 BUZZARDS BAY SEDIMENT SURVEY 

SAMPLING PARAMETERS AND ANALYTICAL METHODS 

LIMITS OF MAX [MUM 
PARAMETER METHOD REPORTED AS DETECTION REFERENCE HOLDING TIME 

Grain Size Analysis 
"Pipet Method" - Sediment 

Metals Analysis 
Cadmium 

- Sediment 

Total Chromium 
- Sediment 

Total Copper 
- Sediment 

Total Lead 
- Sediment 

Total Mercury 
- Sediment 

Total Nickel 
- Sediment 

Total Silver 
- Sediment 

Total Zinc 
- Sediment 

AA spectro air-acetylene flame 
(3) 

AA spectro air-acetylene flame 
(3) 

Atomic Absorption, direct 
aspiration 

( 3 )  

Atomic Absorption, direct 
aspiration 

(3) 

Manual Cold Vapor Technique 

AA spectro air-acetylene flame 
(3) 

AA spectro air-acetylene flame 
(3) 

Atomic Absorption, direct 
aspiration 

(3) 

phi size (mm) 

mg/kg (d.w. )* 

mg/kg (d.w. )* 

mg/kg (d.~. )* 

EPA Draft Document 1985 -- 

EPA Method 21 3.1 6 months 

EPA Method 218.1 h m o n t h s  

EPA Method 220.1 6 ~wnths 

EPA Method 239.1 6 ~nonths 

EPA Method 245.5 

EPA Method 249.1 

EPA Method 272.1 

EPA Method 289.1 

6 months 

6 months 

6 rndnths 

6 months 



LIMITS OF MAX I MUM 
PARAMETER METHOD REPORTED AS DETECTION REFERENCE HOLD1 NG TIME 

PAH'S Gas chromatography/Mass uglkg (d.w.)* 
- Sediment Spectrometry 

Polychlorinated Biphenyl Analysis 

PCB 101611242 Gas chromatography 
- Sediment 

PCB 1248 Gas chromatography 
- Sediment 

4 
W 

PCB 1254 Gas chromatography 
- Sediment 

PCB 1260 Gas chromatography 
- Sediment 

(1) EPA Method 3510 ( 2 )  
EPA Method 8100 (2) 

0.16 EPA Soxhlet Procedure ( 3 )  

0.084 EPA Soxhlet Procedure (3) 

0.56 EPA Soxhlet Procedure (3) 

EPA Soxhlet Procedure (3) 

7 days to 

extraction, 
analysis. 

7 days L o  

exlrdction, 
40 days to 
analysis. 

7 days to 
extraction, 
40 days to 
analysis. 

7 days to 
extraction, 
40 days to 
analysis. 

7 days to 
extraction, 
40 days to 

(1) No standard available for quantitation. The Mass Spectrum obtained was compared to a Mass spectral data base for 
identification. 

(2) Proposed Sampling and Analytical Methodologies for Addition to Test Methods for Evaluating Solid Waste - 
~h~sical/Chemical Methods. SW-846. Second Edition. 1984. 

(3) U.S. EPA. Environmental Monitoring and Support Laboratory. Interim Methods for the Sampling and Analysis of Priority 
Pollutants in Sediments and Fish Tissue. 1980 Oct. Cincinnati, OH. 

Jn. Dry weight 
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