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FOREWORD 


The Massachusetts Division of Water Pollution Control was established by
the Massachusetts Clean Water Act, Chapter 2 1  of the General Laws as 
amended by Chapter 685 of the Acts o f  1966. Included in the duties and 
responsibilities o f  the Division is the periodic examination o f  the water 
quality o f  various coastal waters, rivers, streams and ponds of the 
Commonwealth, as stated in section 27, paragraph 5 o f  the Acts. This sec- 
tion further directs the Division to publish the results of such examina- 
tion together with the standards of water quality established for the 
various waters. The Technical Services Branch of the Division o f  Water 
Pollution Control has, among its responsibilities, the execution o f  this 
directive. This report is published under the Authority o f  the Acts and is 
among a continuing series o f  reports issued by the Division presenting 
water quality data and analyses, 
and intensive limnological studies 

water quality management plans, baseline 
and various special studies. 
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ABSTRACT 


Massachusetts Division of Water Pollution Cont ro l .  1984-1985. Assabet 
River Basin Water Qual i ty  Survey Data, Wastewater Discharge Data and 
Analysis. 77 p . ,  36 tables ,  6 f i g s .  

Water quali ty data were collected and analyzed b o t h  from 30 s ta t ions 
spanning the en t i re  Assabet River during July 1 7  and 19, 1985, and  from 1 2  
s ta t ions in the upper r iver  approximately monthly from December 1984 
through October 1985. In addition, data were gathered from wastewater 
treatment plants discharging t o  the Assabet corresponding with r iver  survey 
dates. 

River water quali ty parameters l i s t ed  i n  the report are temperature,
dissolved oxygen, five-day BOD, COD,  pH, t o t a l  a lka l in i ty ,  suspended
sol ids ,  t o t a l  sol ids ,  to ta l  Kjeldahl-nitrogen, ammonia-nitrogen, n i t r a t e -
nitrogen, to ta l  phosphorus, chloride,  su l fa te ,  to ta l  and fecal coliform 
bacteria,  to ta l  metals, phenols, o i l  a n d  grease, and purgeable organic com-
pounds,Wastewater samples were analyzed for  a l l  the previously mentioned 
parameters with the exception o f  dissolved oxygen, su l fa te ,  and purgeable
organics, and t he  addition of se t t leab le  sol ids .  
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INTRODUCTION 


This  r e p o r t  i s  a comp i la t i on  and ana lys i s  o f  t he  r e s u l t s  o f  f i e l d  and 
l a b o r a t o r y  examinations o f  t he  Assabet R ive r  and i t s  wastewater discharges 
du r ing  t h e  years 1984 and 1985 by  t h e  Technical  Services Branch of t he  
D i v i s i o n  o f  Water P o l l u t i o n  Contro l  (DWPC). 

The s tudy had, as i t s  goals, t h e  determinat ion o f  t h e  causes of odor and 
other  problem c o n d i t i o n s  i n  t h e  upper p o r t i o n s  o f  t he  r i v e r  through 
Westborough and Northborough, and the  updat ing o f  t he  water q u a l i t y  data base 
f o r  t he  Assabet R i v e r  as a whole. To t h i s  end, t he  data i n  t h i s  r e p o r t  are 
d i v i d e d  i n t o  a s e c t i o n  on t h e  upper r i v e r  surveys, a s e c t i o n  on t h e  f u l l  
r i v e r  survey, and a s e c t i o n  on wastewater discharge in fo rma t ion .  

The sampling program cons is ted  o f  several  phases. The upper p o r t i o n  of t he  
r i v e r  was sampled f o r  chemical and b a c t e r i o l o g i c a l  parameters approximately 
monthly from December 1984 through October 1985. The e n t i r e  r i v e r  was 
sampled J u l y  17 and 19, 1985, when on the  f i r s t  day a complete s e t  o f  chemical 
and b a c t e r i o l o g i c a l  data were taken, as w e l l  as some metal and v o l a t i l e  
organic  compound data. On the  second day an e a r l y  morning sampling o f  o n l y  
d i sso l ved  oxygen and temperature were taken. Corresponding wastewater data 
were gathered du r ing  the  t imes o f  a l l  r i v e r  surveys by  t h e  Compliance 
Mon i to r i ng  Sect ion o f  t h e  DWPC. 

R i ve r  water q u a l i t y  was evaluated by t a k i n g  grab samples o f  r i v e r  water a t  
t he  s t a t i o n s  l i s t e d  i n  Table 2. Water temperature was measured a t  t he  t ime  
of sample c o l l e c t i o n .  Dissolved oxygen determinat ions were made by 
Technical Services Branch personnel us ing the  Winkler method. 

A l l  o t h e r  chemical and b a c t e r i o l o g i a l  samples were t ranspor ted  t o  t he  
Lawrence Experiment S t a t i o n  o f  t h e  Department o f  Environmental Q u a l i t y  
Engineer ing (DEQE), where they were analyzed according t o  procedures s e t  
f o r t h  i n  t h e  most c u r r e n t  e d i t i o n  o f  t he  American P u b l i c  Hea l th  Associa- 
t i o n ' s  Standard Methods f o r  t h e  Examination o f  Water and Wastewater. The 
da ta  were compiled and t a b l u l a t e d  by  personnel o f  t h e  DWPC. 

R i ve r  f low measurements du r ing  t h e  surveys were c o l l e c t e d  by  t h e  Un i ted  
States Geological  Survey (USGS) a t  t he  USGS gaging s t a t i o n  on the  Assabet 
River  .in the  town o f  Maynard. I t  must be noted t h a t  these measurements were 
intended t o  g i v e  an i n d i c a t i o n  o f  t h e  f l o w  regime o f  t he  r i v e r  du r ing  the  
sampling, a l though most o f  t h e  surveys d i d  n o t  extend i n t o  Maynard. 

I S C O  automatic samplers were used t o  o b t a i n  24-hour composite samples, 
where poss ib le ,  f rom t h e  s i x  munic ipa l  d ischargers on t h e  r i v e r ;  t he  
Westborough Wastewater Treatment P l a n t  (WWTP), t he  Shrewsbury WWTP, t h e  
Marlborough West WWTP, t h e  Hudson WWTP, t h e  Maynard WWTP, and t h e  Concord 
M C I  WWTP. Since the  Shrewsbury WWTP discharges through a long (1.5 m i l e )
p a r t i a l l y  open pipe, samples were f r e q u e n t l y  taken bo th  a t  t h e  f i n a l  
e f f l u e n t  a t  t he  p l a n t ,  and from the  end o f  t he  pipe. ( A  composite sample 
i s  i n d i c a t e d  i n  t h i s  r e p o r t  by b racke t ing  the  days over which the  sample 
was taken, i.e., 7/16-17/85, whereas, a grab sample i s  i n d i c a t e d  by a 
s i n g l e  date, i.e., 8/7/85 o r  August 7, 1985). However, c o l i f o r m ,  o i l  and 
grease, purgeable organic  compounds, and phenols were always grab sampled. 
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Figure 1 

ASSABET RIVER BASIN CLASSIFICATION 
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TABLE 1 

1985 ASSABET RIVER BASIN WATER QUALITY CLASSIFICATION* 

BOUNDARY MILE POINT CLASSIFICATION DESIGNATED USES OTHER RESTRICTIONS 

Source t o  Westborough WWTP 31.8 - 30.4 B Aquat ic  L i f e  
Recreat ion (P&S)  

314 CMR 4.04(3) 

Westborough STP t o  o u t l e t  o f  
Boons Pond 

30.4 - 12.4 B Aquat ic  L i f e  
Recreat ion (P&S)  

Ou t le t  o f  Boones Pond t o  con- 
f l uence  w i t h  Sudbtiry R ive r  

12.4 - 0.0 B Warm Water F ishery  
Recreat ion'  (P&S) 

White Pond t o  i t s  o u t l e t  i n  Stow -_ A Pub l i c  Water Supply MGL., Ch. 111 
and those t r i b u t a r i e s  t h e r e t o  

Gates Pond t o  t h e  i n take  i n  B e r l i n  A Pub l i c  Water Supply MGL., Ch. 111 

--~ and those t r i b u t a r i e s  the re to  
0 

Unnamed Brook f rom i t s  source t o  A Pub l i c  Water Supply MGL., Ch. 111 
Gates Pond, B e r l i n  

Mi l lham Brook Reservoi r  t o  i t s  A Pub l i c  Water Supply MGL., Ch. 111 
o u t l e t  i n  Marlborough and those 
t r i b u t a r i e s  t h e r e t o  

Lake Wi l l iams t o  i t s  o u t l e t  i n  .- A Pub l i c  Water Supply MGL., Ch. 111 
Marlborough and those t r i b u t a r i e s  
t h e r e t o  

Cold Harbor Brook Reservoi r  i n  .- A Pub l i c  Water Supply MGL., Ch. 111 
Shrewsbury and those t r i b u t a r i e s  
the re to  

Sandra Pond t o  i t s  o u t l e t  i n  A Pub l i c  Water Supply MGL., Ch. 111 
Westborough and those t r i b u -  
t a r i e s  t h e r e t o  



-- 

-- 

TABLE 1 (CONTINUED) 


BOUNDARY .MILE POINT CLASSIFICATION DESIGNATED USES OTHER RESTRICTIONS 

Sudbury Reservoir  i n  Westborough, 
Marlborough, Southborough, Framing-
ham and those t r i b u t a r i e s  t h e r e t o  

A P u b l i c  Water Supply MGL., Ch. 111 

Nagog Pond t o  i t s  o u t l e t  i n  Acton A Pub l i c  Water Supply MGL., Ch. 111 
and t r i b u t a r i e s  t h e r e t o  

Other sur face waters of the Assabet B .- 314 CMR 4.04(3) 
R ive r  Drainage Area unless otherwise 
denoted above 

.+ 
r 

*Massachusetts Water Q u a l i t y  Standards, 1985 
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Figure 2 ASSABET RIVER ELEVATION PROFILE 
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PHYSICAL CHARACTERISTICS OF THE ASSABET R I V E R  


The Assabet River,  o r i g i n a t i n g  i n  impounded swamplike l and  i n  southwestern 
Westborough, f l o w s  through several  h i g h l y  populated areas i n c l u d i n g
Westborough, Northborough, Hudson, Maynard, and Concord, u n t i l  i t  j o i n s
w i t h  t h e  Sudbury R i v e r  i n  Concord t o  form the  Concord R ive r .  It c u r r e n t l y
receives major discharges from f i v e  munic ipa l  wastewater t reatment  p l a n t s  
and a s t a t e  p r i s o n  t reatment  p lan t .  

The va ry ing  phys i ca l  c h a r a c t e r i s t i c s  o f  t h e  Assabet R ive r  p l a y  a c r i t i c a l  
r o l e  i n  t h e  chemical and b i o l o g i c a l  a c t i v i t i e s  which occur i n  t h e  r i v e r .  
The re -occu r r i ng  presence o f  dams and t h e  slow moving, swampy impoundments 
they  c r e a t e  are v i t a l  f a c t o r s  i n  t h e  water q u a l i t y  o f  t h e  Assabet River.  
F igu re  1 shows t h e  drainage basin, major t r i b u t a r i e s  and the  assigned water 
use c l a s s i f i c a t i o n  (see Table 1) o f  t he  Assabet R i v e r  and i t s  t r i b u t a r i e s .  
F i g u r e  2 shows t h e  Assabet p r o f i l e ,  w i t h  changes i n  e leva t i on ,  l o c a t i o n  of 
dams and wastewater t reatment  p l a n t  discharges. I n  t h e  f o l l o w i n g  desc r ip -  
t i o n ,  t h e  m i l e  p o i n t  f rom t h e  conf luence w i t h  the  Sudbury R i v e r  i s  shown i n  
parentheses. 

The Assabet R i v e r  begins a t  t he  o u t l e t  o f  t h e  George H. Nicho ls  
Mult ip le-Purpose Dam i n  t h e  southwest s e c t i o n  o f  Westborough. The dam 
creates a smal l  impoundment o f  about 0.6 sq. m i .  which c o l l e c t s  water 
drainage from.an area o f  about 7 sq. mi.,  much o f  which i s  swampland. The 
dam was intended t o  p rov ide  f i s h  and w i l d l i f e  h a b i t a t  and low f l o w  augmen- 
t a t i o n  f o r  p o l l u t i o n  abatement. Decaying organic  ma t te r  formed by the  
i n s u f f i c i e n t  removal o f  t r e e s  and r o o t s  when t h e  area was f l ooded  produces 
i n f e r i o r  water q u a l i t y  w i t h i n  the  impoundment. I n  addi t ion,  proper f l o w  
r e g u l a t i o n  i s  absent. Water which does f l o w  through t h e  dam, however, i s  
aerated, and t h e  r e s u l t i n g  water q u a l i t y  i n  t h e  newly emerging Assabet i s  
good as f a r  as d i sso l ved  oxygen and b a c t e r i o l o g i c a l  parameters are con- 
cerned. 

A f te r  a shor t ,  f a s t  f l o w i n g  s t re t ch ,  t h e  r i v e r  begins i t s  c h a r a c t e r i s t i c  
s lugg ish  f low. Hocomonco Stream j o i n s  t h e  r i v e r  j u s t  above where the  f i r s t  
o f  s i x  wastewater t reatment  p l a n t  discharges i n t o  t h e  Assabet - the  town of 
Westborough Wastewater Treatment P l a n t  (WWTP) (30.2). S h o r t l y  downstream 
t h e  Shrewsbury WWTP discharges t o  t h e  r i v e r .  The Assabet meanders i t s  way 
through swamplike lands and f l o w s  by a g o l f  course be fo re  reaching t h e  next  
impounded area and dam on Route 20 i n  Northborough (26.5). Soon, another 
r e l a t i v e l y  steep g rad ien t  causes t h e  r i v e r  t o  acce le ra te  through a small  
i n d u s t r i a l  complex. Then, t a k i n g  a 90" tu rn ,  t he  Assabet en te rs  t h e  
"headwater'  pool o f  t h e  A l l a n  Road dam impoundment (25.4). A f te r  f l ow ing  
through pasture lands, t h e  bas i c  p a t t e r n  o f  t he  r i v e r  i s  repeated - t h e  
Marlborough West WWTP (24.1) co inc ides w i t h  t h e  s lowing o f  t h e  r i v e r  f l ow .  
The r i v e r  f l o w s  through swamplands u n t i l  t h e  dam a t  Route 85 i n  Hudson 
(18.2). Through Hudson center  t h e  f l o w  i s  c o n s t r i c t e d  by i n d u s t r i a l  devel-  
opments on bo th  banks. Passing out  o f  Hudson cen te r  t he  p a t t e r n  i s  again 
repeated - t h e  Hudson WWTP discharges i n t o  t h e  Assabet j u s t  above the  
swampland impoundment created by  t h e  Gleasondale dam (14.4). Fo l l ow ing  a 
s h o r t  r a p i d  sect ion,  t he  r i v e r  f l o w s  i n  i t s  c h a r a c t e r i s t i c  slow meandering 
s t y l e  f o r  4.5 m i l e s  through t h e  town o f  Stow. 

13 



Flowing over the American Woolen Dam (9 .0)  and in to  the town o f  Maynard,
the r i v e r ' s  gradient  sharply increases  and the flow i s  channeled t h r o u g h
the center  of Maynard. The Assabet, f o r  the four th  time, repea ts  i t s  
pa t te rn  - flowing i n t o  the Powder Mill impoundment and receiving the d is -
charge from the Maynard WWTP (6 .3) .  From the  Powder Mill dam, t o  the 
confluence with the Sudbury River, the r i v e r ' s  gradient  i s  r e l a t i v e l y  uni- 
form. The Assabet flows t h r o u g h  West Concord receiving i t s  f i n a l  discharge 
from the Massachusetts Correctional I n s t i t u t i o n  (MCI) a t  West Concord 
(2 .4) .  The river slowly reaches the Sudbury River just north o f  the center  
o f  Concord. The confluence o f  t he  Assabet and Sudbury r i v e r s  produces one 
main stream - the Concord River. 
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Figure 3 

LOCATION of SAMPLING STATIONS 

A S S A B E T  RIVER BASIN 

Flow 

S a m p l i n g  S t a t i o n  N u m b e r  
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TABLE 2 

1984-1985 ASSABET R I V E R  B A S I N  SURVEYS 

LOCATION OF SAMPLING STATIONS 

STATION 
NUMBER LOCATION R I V E R  MILE 

AS01 Water Ou t le t ,  
Westborough 

George H. N i cho ls  Mult i -Purpose Dam, 31.8 

AS02 Maynard S t ree t ,  Westborough 31.0 

AS03 (T)  O u t l e t  o f  Hocomonco Pond, O t i s  S t ree t ,  Westborough 30.5, 0.5 

AS04 Route 9, Westborough 30.1 

AS04 ( T I  Hop Brook, Westborough/Northborough L i n e  29.6 

AS05 Route 135, Westborough/Northborough L i n e  29.2 

AS06 School St reet ,  Northborough 28.3 

AS06 (SI Winn Street ,  off t he  shore, Northborough 26.7 

AS06 ( T I  Small t r i b u t a r y ,  School St reet ,  Northborough 26.9, 0.05 

AS07 Above Dam, Route 20, Northborough 26.5 

AS07 (T )  Cold Harbor Brook, Hudson S t ree t ,  Northborough 26.2, 0.1 

AS08 Above Dam, A l l e n  Road, Northborough 25.4 

AS09 Boundary St reet ,  Northborough/Marlborough Line 24.2 

AS 10 Robin H i l l  Road, Marlborough 23.8 

AS11  Bigelow Road, B e r l i n  22.0 

AS12 Four Br idges Road, o f f  t he  shore, Hudson 20.6 

AS13 Chapin Road, Hudson 19.6 

AS14A, B Above o r  below dam, Route 85, Hudson 18.2 

AS15 Fores t  Avenue, Hudson 17.6 

AS16 Cox S t ree t ,  Hudson 16.2 

AS17A, B Above o r  below dam, Route 62, Stow 14.4 
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TABLE 2 (CONTINUED) 


STATION 
NUMBER LOCATION R I V E R  MILE 

AS18 Boon Road, Stow 12.1 

AS19 Route 621117, above dam, Maynard 9.0 

AS20 Routes 27/62 a t  USGS gage, Maynard 7.7 

A S Z l A ,  B Above o r  below dam, Acton 6.5 

AS22 Route 62, f i r s t  br idge, Concord 6.1 

AS23 Route 62, second br idge, Concord 4.6 

AS24 Route 62, t h i r d  b r idge,  Concord 3.3 

AS25 Routes 2/2A, Concord 2.6 

AS26 Nashawtuc H i l l ,  o f f  t h e  shore, Concord 0.4 

SU15 Sudbury River ,  Nashawtuc H i l l  Road, Concord 0.0, -0.5 

coo1 Concord River ,  Lowel l  Road, Concord 0.0, to.1 

( T I  - T r i b u t a r y  
( S )  - Supplemental S t a t i o n  
A - Above dam 
B - Below dam 
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DATA ANALYSIS 

I n t r o d u c t o r y  Summary 

Munic ipa l  wastewater t reatment p l a n t  discharges and impoundments cont inue 
t o  plague t h e  Assabet R i v e r  as they have done f o r  two decades. The o n l y  
p o r t i o n  o f  t h e  r i v e r  meeting c lass  B water q u a l i t y  c o n d i t i o n s  throughout 
t h e  year i s  t h e  f i r s t  m i l e  s t a r t i n g  a t  t h e  headwaters p r i o r  t o  any 
wastewater discharges. Sampling programs i n  1965, 1969, 1974, 1979 and 
1985 a l l  document s i g n i f i c a n t  d i sso l ved  oxygen d e f i c i t s  and excessive 
f e c a l  c o l i f o r m  counts. S i g n i f i c a n t  s t re t ches  o f  t he  r i v e r  support dense 
populat ions o f  algae and macrophytes d u r i n g  t h e  s u m e r  months. Decaying
vegetat ion,  sediments i n  impoundments and slow-moving sect ions,  and anaero-
b i c  in-stream c o n d i t i o n s  have been respons ib le  f o r  odor complaints. 

The m a j o r i t y  o f  t he  water q u a l i t y  problems i n  the  Assabet R ive r  can be 
a t t r i b u t e d  t o  t h e  discharges associated w i t h  the  f i v e  major munic ipa l  
wastewater t reatment  p l a n t s  and a t reatment p l a n t  t h a t  serves t h e  
Massachusetts C o r r e c t i o n a l  I n s t i t u t e  a t  Concord. Accordingly,  t h e  i n t e r -  
a c t i o n  o f  these discharges w i t h  r i v e r  hydrology and chemist ry  w i l l  be 
explored i n  t h i s  r e p o r t .  

For a n a l y t i c a l  purposes, t h e  r i v e r . w i l 1  be d i v i d e d  i n t o  two segments, upper
and lower. The upper segment, where f a i r l y  extens ive water q u a l i t y  data 
were taken i n  1984-85, extends from t h e  headwaters i n  Westborough t o  
Boundary S t ree t ,  Marlborough. The lower segment, where data were gathered 
f o r  two days i n  1985, begins a t  Boundary S t ree t ,  and extends u n t i l  the 
conf luence w i t h  t h e  Sudbury R ive r .  The upper segment can be discussed i n  
g rea te r  d e t a i l  because o f  t he  q u a n t i t y  o f  t h e  data a v a i l a b l e .  

The chemical and b i o l o g i c a l  parameters o f  p r i n c i p l e  i n t e r e s t  which w i l l  be 
examined as t o  source and e f f e c t  are d i sso l ved  oxygen (O.O.), f ive-day
biochemical  oxygen demand (BODg), ammonia-nitrogen, phosphorus, and f e c a l  
c o l i f o r m  bac te r ia .  D.O. and BOD5 are p l o t t e d  i n  F igures 4 and 5 f o r  t h e  
e n t i r e  r i v e r .  We w i l l  see t h a t ,  as i l l u s t r a t e d  i n  F igu re  6, which p l o t s  
D.O. w i t h  t ime  f o r  t h e  upper r i v e r ,  t he  water q u a l i t y  problems which occur, 
and which have occurred f o r  over t e n  years, are exacerbated i n  t h e  summer, 
when r i v e r  f l o w s  are a t  a minimum ( y i e l d i n g  minimum d i l u t i o n s ) ,  and decay 
and vege ta t i ve  growth processes are a t  a maximum. 

Other water q u a l i t y  problems e x i s t  i n  t h e  Assabet r i v e r ,  such as non-point
and t o x i c  p o l l u t a n t s ,  b u t  they are d i f f i c u l t  t o  q u a n t i f y  a t  t h i s  t ime. 
Toxics are discussed under a separate heading i n  t h i s  analys is .  

Segment Analys is  

The f i r s t  segment o f  t he  r i v e r  begins i n  the  headwaters a t  t he  o u t l e t  of 
t he  George H. Nicho ls  Dam, ASO1, and ends a t  t he  Marlborough l i n e ,  AS09. A 
f a i r l y  thorough once monthly survey was undertaken i n  t h i s  segment i n  
1984-1985, whose r e s u l t s  appear in Tables 3 t o  21. Water q u a l i t y  problems 
i n  t h i s  segment are due p r i m a r i l y  t o  the  Westborough and Shrewsbury WWTP 
discharges, and are t h e  most severe i n  t h e  Assabet River.  
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The reason f o r  t h e  s e v e r i t y  o f  t h e  water q u a l i t y  problems here i s  
t h r e e f o l d .  F i r s t ,  t he  two wastewater t reatment  p l a n t s ,  Westborough and 
Shrewsbury, are i n  need o f  upgrading due t o  f requen t  over loading and l e s s  
than opt imal  equipment performance. Thus, each o f  them, a t  times, produces 
an i n f e r i o r  q u a l i t y  e f f l u e n t .  Second, these t reatment  p l a n t s  discharge t o  
a smal l  and o f ten  slow-moving r i v e r  c lose  t o  i t s  headwaters, where t h e  
q u a n t i t y  o f  d i l u t i o n  water i s  l i m i t e d ,  e s p e c i a l l y  d u r i n g  summer low f l o w  
per iods.  (Dissolved oxygen standard v i o l a t i o n s  d u r i n g  t h e  summer are 
i l l u s t r a t e d  i n  F igu re  6). F i n a l l y ,  organic  sediments, o r i g i n a t i n g  i n  the  
t reatment  p l a n t  e f f l u e n t s ,  have accumulated on t h e  bottom and banks o f  t h e  
Assabet i n  t h i s  segment which, i n  t h e  n a t u r a l  process o f  decay, u t i l i z e  
oxygen from t h e  water as w e l l  as produce unpleasant odors. 

The f i r s t  r i v e r  s t a t i o n  i n  t h i s  study, ASOL, was l oca ted  below t h e  s p i l l w a y  
of t h e  George H. N i cho ls  dam, i.e., a t  t h e  very beginning of t he  r i v e r  
proper.  The c o n s t r u c t i o n  o f  t he  dam created immediate problems. Tree 
stumps and roo ts ,  l e f t  a f t e r  c l e a r i n g  an area f o r  t he  impoundment, decay and 
c r e a t e  a 0.0. demand and a probable source o f  ammonia. Past study o f  t h e  
impoundment, "Basel ine Water Q u a l i t y  o f  Selected Lakes and Ponds i n  the  
Assabet R i v e r  Basin, 1974," i n d i c a t e  a v a r i a t i o n  o f  0.0. w i t h  depth, b u t  no 
such recen t  data were taken. Dissolved oxygen readings a t  ASO1, however, 
were u s u a l l y  good, w i t h  o n l y  t h e  mid-July l e v e l  o f  4.4 mg/l s l i g h t l y  below 
the  5.0 standard f o r  a Class B r i v e r .  BOD5 l eve l s ,  though, were g e n e r a l l y
h igh  d u r i n g  the  summer f o r  a "c lean water"  s t a t i o n ,  r e f l e c t i n g  the  decay 
processes occurr ing.  Ammonia-nitrogen and phosphorus were a l so  e levated 
here du r ing  t h e  sumner. 

The nex t  s t a t i o n  o f  i n t e r e s t ,  AS04 on Route 9, i s  l oca ted  below t h e  
Westborough WWTP. Hocomonco stream en te rs  the  r i v e r  upstream o f  t h i s ,  b u t  
t he  f l o w  r a t e  i s  low enough t o  cause minimal impact i n  convent ional  water 
q u a l i t y  parameters. The d i sso l ved  oxygen a t  AS04 i s  below the  5.0 mg/l
standard from May through August, p a r t l y  due t o  decreased stream v e l o c i t y  
and aerat ion,  b u t  b a s i c a l l y  due t o  an increased BOO5 l oad ing  from t h e  
Westborough WWTP. A t  t h i s  p o i n t  also, ammonia-nitrogen and phosphorus 
n u t r i e n t  values are e levated over upstream values, again due p r i m a r i l y  t o  
the  WWTP. N u t r i e n t  values w i l l  remain high, due t o  t h e  i n f l u e n c e  o f  t h i s  
and o t h e r  WWTP's, a long most o f  t he  r e s t  of t h e  Assabet River .  

S t a t i o n  AS05 i s  l oca ted  a f t e r  t h e  Shrewsbury WWTP discharges t o  t h e  
Assabet. Once again we see a low D.O., and even h ighe r  BOD5, ammonia-
n i t rogen,  and phosphorus values, i n d i c a t i v e  o f  impacts of t h e  upstream 
WWTP's. I n  a d d i t i o n ,  ve ry  h igh  l e v e l s  o f  f e c a l  c o l i f o r m  b a c t e r i a  are 
observed here f requen t l y ,  and f o r  several  s t a t i o n s  downstream, due t o  t h e  
Shrewsbury discharge. 

From AS05 i t  i s  i n t e r e s t i n g  t o  no te  t h e  pronounced increase i n  ammonia 
values through AS07. Th is  i s  t h e  probable r e s u l t  o f  organic  degradat ion 
from both water and sediment sources. 

S t a t i o n  AS07, l oca ted  on Route 20, above the  dam i n  Northborough, i s  t he  
p o i n t  a t  which the  0.0. "sag" occurs, t h e  lowest d i sso l ved  oxygen values i n  
the  upper segment o f  t h e  r i v e r  occurred here, as can be seen i n  F igures 4 
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and 6. I n  f a c t ,  i n  t h e  summer, t he  concent ra t ion  o f  d isso lved oxygen here 
f a l l s  n e a r l y  t o  zero. Th is  exp la ins  t h e  f requent  compla in ts  by  r i v e r  
neighbors o f  f o u l  odors emanating f rom t h e  r i v e r -  anaerobic decomposition 
i s  probably  occu r r i ng  i n  t h e  r i v e r  and on the  exposed r i v e r  banks, producing
the  unpleasant odors. I n  add i t i on ,  t he  r i v e r  f rom AS06 f l ows  s lowly ,  and 
the  dam on t h e  r i v e r  reduces the  v e l o c i t y  o f  f l o w  s t i l l  more and c rea tes  a 
smal l  impoundment where sedimentat ion i s  l i k e l y  t o  occur. Thus, t he re  i s  a 
l a rge  oxygen demand due t o  both ben th i c  and k i n e t i c  cons iderat ions.  These 
accumulated sediments w i l l  cont inue t o  be a problem f o r  some t ime  a f t e r  t he  
new Westborough/Shrewsbury WWTP i s  on 1 ine.  

From AS07, t h e  Assabet f l ows  over a dam, reaera t ing .  I n  add i t i on ,  t he  
i n t e r m i t t e n t  bu t  h i g h l y  aerated t r i b u t a r y ,  Cold Harbor Brook, j o i n s  the  
Assabet about a h a l f  m i l e  downstream. The increase i n  d isso lved oxygen 
a l lows both a con t inu ing  decrease i n  BOD (see F igu re  5)  and a conversion of 
ammonia-nitrogen t o  n i t r a t e - n i t r o g e n .  Organic sedimentat ion though, con-
t i nues  t o  occur as the  Assabet f l ows  s low ly  through wet land areas. By
AS09, 6005, ammonia-nitrogen, and f e c a l  c o l i f o r m  b a c t e r i a  l e v e l s  have a l l  
decreased, a l though standards v i o l a t i o n s  do occur i n  t h e  feca l  c o l i f o r m  
values. However, d i sso l ved  oxygen a t  AS08 and AS09 f a l l s  below the  5 mg/l
standard du r ing  the summer. High n u t r i e n t  leve ls ,  a t t r i b u t a b l e  t o  the 
upstream WWTP's, cause profuse growth o f  aquat ic  vegeta t ion  f rom AS08 
through AS09 and beyond. 

The lower Assabet R iver  f rom AS10 through i t s  conf luence w i t h  t h e  Sudbury 
R iver  i s  beset w i t h  s i m i l a r  problems t o  those descr ibed on t he  upper 
Assabet, such as D.O. and f e c a l  c o l i f o r m  standard v i o l a t i o n s ,  and h igh  
n u t r i e n t  l e v e l s  bu t  i n  much less  severe form. The lower r i v e r  was synop-
t i c a l l y  surveyed du r ing  t h e  week o f  J u l y  17, 1985. 

Dissolved oxygen du r ing  t h i s  t ime  pe r iod  was f r e q u e n t l y  below t h e  5 mg/l
standard f o r  a Class B r i v e r ,  as can be seen i n  F igure  4. General ly,  t he  
reasons f o r  t h i s ,  as before,  are due t o  the  e f f l u e n t  o f  t he  wastewater 
t reatment  p l a n t s  c r e a t i n g  an oxygen demand, as w e l l  as the  na ture  of t h e  
Assabet, a r i v e r  which f lows s l o w l y  through swampy areas w i t h  l i t t l e  aera-
t i o n .  BOD5 values instream, as can be seen i n  F igu re  5, drop t o  a much 
lower l e v e l  than i n  t h e  upper Assabet. 

Nu t r i en ts ,  i n c l u d i n g  n i t r o g e n  compounds such as ammonia and n i t r a t e s ,  and 
e s p e c i a l l y  phosphorus, p r i m a r i l y  o f  t reatment  p l a n t  o r i g i n ,  con t inue t o  be 
very  h igh  i n  t h i s  segment, as w e l l  as i n  the  upper segment. Th is  leads t o  
p r o l i f i c  aquat ic  weed growth i n  slow moving p a r t s  o f  t h e  r i v e r .  

F i n a l l y ,  t he re  i s  an i n d i c a t i o n  f rom t h i s  one-day survey, t h a t  f e c a l  c o l i -  
form l e v e l s  i n  t h e  lower s t r e t c h  o f  t h e  r i v e r  are i n  some areas, a t  some 
times, above t h e  200 organisms per 100 m l  standard. The areas of v i o l a -
t i o n ,  i n  t h i s  survey, do no t  co inc ide  w e l l  w i t h  wastewater t reatment  p l a n t  
e f f l u e n t  discharges, and so are probably  o f  w i l d l i f e  o r  non-point  source 
o r i g i n . 
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Figure 4 SUMMARY of DISSOLVED OXYGEN DATA 
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Figure 6 DISSOLVED OXYGEN TRENDS 
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Waste Discharges 

The major discharges on t h e  Assabet R iver  are f i v e  mun ic ipa l  sewage t r e a t -  
ment p l a n t s  and a t reatment  p l a n t  t h a t  serves the  Massachusetts 
Cor rec t i ona l  I n s t i t u t e  a t  Concord. The l o c a t i o n  o f  t he  t reatment  p l a n t s  
are found on F igu re  2. The compliance mon i to r i ng  sec t i on  o f  t h e  D i v i s i o n  
o f  Water P o l l u t i o n  Cont ro l  (DWPC) has surveyed these WWTP's concurrent  
w i t h  t h e  recen t  water q u a l i t y ,  as w e l l  as a t  o the r  t imes, w i t h  ex tens ive  
s tud ies  on t h e  Westborough and Shrewsbury p lan ts .  Labora tory  analyses o f  
these discharges appear i n  Tables 30 t o  35. The f o l l o w i n g  sec t i on  i s  a 
d e s c r i p t i o n  o f  t reatment  p l a n t s  as they  e x i s t  now, o f  t h e  problems they  
c rea te  i n  the  Assabet River ,  and o f  t h e i r  f u t u r e  upgrades. 

Westborough 

The Westborough WWTP i s  t he  most upstream discharge on the  Assabet r i v e r ,  
very  near t h e  headwaters. The f a c i l i t y  uses the  extended ae ra t i on  process 
w i t h  d i s i n f e c t i o n  by c h l o r i n a t i o n .  The sand f i l t e r  beds were no t  used 
du r ing  1985 due t o  the  d i s r u p t i o n  caused by t h e  cons t ruc t i on  o f  t he  new 
f a c i l i t i e s .  The present  p l a n t  went i n t o  use i n  1971.. Average f l o w  t o  the  
p l a n t  i s  about 1.2 t o  1.5 MGO, b u t  due t o  i n f l o w  and i n f i l t r a t i o n  du r ing  
wet weather, t h e  f l o w  can reach h igher  values. The design f l o w  i s  1.1 MGD 

Dur ing t h e  1984-1985 wastewater surveys as l i s t e d  i n  Table 30, t he  
Westborough p l a n t  genera l l y  performed w e l l .  I t s  NPDES permi t  a l lows an 
A p r i l  through October d a i l y  maximum BOD5 and t o t a l  suspended s o l i d s  of 30 
mg/l each, which t h e  WWTP met i n  a l l  days tes ted  except J u l y  16-17.. The 

.WWTP a l s o  genera l l y  met i t s . f e c a 1  c o l i f o r m  l i m i t s ,  w i t h  two except ions.  
Flows through t h e  p l a n t  were genera l l y  h igh.  Un fo r tuna te l y  a f t e r  t h i s  
s tudy was completed, t h e  Westborough WWTP had major ope ra t i ona l  problems 
f o r  severa l  months. 

The Westborough p l a n t  i s  i n  t h e  process o f  upgradjng i t s  ope ra t i on  t o  
become the  WestboroughlShrewsbury reg iona l  WWTP. P a r t  o f  t he  town o f  
Hopkinton w i l l  a l so  be t i e d  in ,  b u t  i t s  f l o w  c o n t r i b u t i o n  w i l l  be propor-  
t i o n a l l y  low. The new advanced secondary f a c i l i t y ,  which should be o n - l i n e  
e a r l y  i n  1987, has a design capac i t y  o f  7.68 MGD. It w i l l  use pr imary 
c l a r i f i c a t i o n ,  mul t i -channel  ox ida t i on ,  secondary c l a r i f i c a t i o n ,  sand 
f i l t r a t i o n  and seasonal post -aerat ion.  It i s  expected t o  produce a h igh
q u a l i t y  e f f luen t ,  i.e., summer d a i l y  maximum BOD5 o f  15  mg/l, d i sso l ved  
oxygen o f  6 mg/l, and ammonia o f  1.5 mg/l. 

Shrewsbury 

S h o r t l y  downstream from t h e  Westborough e f f l u e n t ,  t h e  Shrewsbury WWTP 
discharge, averaging 1.6 MGD, en ters  the  Assabet R iver .  The c lose  proxim- 
i t y  of t he  two discharges m u l t i p l i e s  the  water q u a l i t y  problem. The p l a n t ,  
i n  use s ince  1963, i s  a secondary t r i c k l i n g  f i l t e r  f a c i l i t y  w i t h  d i s i n f e c -  
t i o n  v i a  c h l o r i n a t i o n .  The e f f l u e n t  t r a v e l s  i n  a l o n g  p ipe  t o  the  Assabet. 
In f low and i n f i l t r a t i o n  cause major opera t iona l  problems du r ing  wet 
weather. 

The Shrewsbury p l a n t  performed p o o r l y  throughout t h e  one-year sampling 
program. It f r e q u e n t l y  v i o l a t e d  i t s  NPDES pe rm i t  l i m i t s  i n  BODS, suspended 
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so l i ds ,  and f e c a l  c o l i f o r m  b a c t e r i a .  Samples of e f f l u e n t  were taken both 
a t  t h e  c l a r i f i e r  o u t l e t ,  and a t  t he  o u t f a l l  t o  the  Assabet. I n  add i t i on ,  
t he  e f f l u e n t  i s  extremely h igh  i n  n u t r i e n t s ,  as would be expected f o r  t h i s  
type o f  secondary p l a n t .  

Shrewsbury i s  j o i n i n g  t h e  new Westborough Regional WWTP which should be on 
l i n e  e a r l y  i n  1987. This  merger i n t o  the  advanced WWTP should g r e a t l y  
improve t h e  upper Assabet R ive r  water q u a l i t y .  

Marlborough West 

About 5.4 m i l e s  downstream from t h e  two p r e v i o u s l y  mentioned p lan ts ,  t he  
Marlborough West WWTP discharges about 1.9 MGD i n t o  the  Assabet R ive r .  
Much o f  t h e  i n f l u e n t  t o  t h e  p l a n t  i s  i n d u s t r i a l  i n  o r i g i n ,  which exp la ins  
some h i g h  heavy meta ls  concentrat ions i n  the  e f f l u e n t  du r ing  t h e  m o n i t o r i n g  
of t h e  p l a n t  i n  1985. Planning has begun f o r  upgrading t h i s  p l a n t  f o r  
increased f l ows  and ammonia ox ida t i on .  Expected complet ion i s  i n  1989. 

Hudson 

A t  r i v e r  m i l e  p o i n t  16.0, t h e  Hudson Wastewater Treatment P l a n t  en te rs  the  
Assabet R i v e r  w i t h  a design f l o w  o f  2.0 MGD. Hudson i s  served p r e s e n t l y  by  
a secondary WWTP, b u t  t h e  MDWPC has determined t h a t  advanced secondary 
t reatment i s  needed i n  o rde r  f o r  t h e  Assabet R i v e r  t o  meet i t s  C l a s s  B 
standard. The upgraded p l a n t  p r e s e n t l y  under c o n s t r u c t i o n  has a design
f low o f  2.63 MGD, and w i l l  i nc lude  post ae ra t i on  and ammonia removal. I t  
should be completed by  t h e  l a t t e r  p a r t  o f  1986. 

Maynard 

E f f l u e n t  from the  Maynard WWTP w i t h  an average f l o w  r a t e  o f  0.9 MGD en te rs  
the  Assabet R i v e r  a t  m i l e  p o i n t  6.8. It i s  c u r r e n t l y  a secondary 
a c t i v a t e d  sludge p l a n t  b u t  al though i t - w i l l  remain secondary, i t  i s  i n  t h e  
process of upgrading treatment t o  i nc lude  an i n n o v a t i v e  technology -
r o t a t i n g  b i o l o g i c a l  contactors .  The new f a c i l i t i e s  should be completed by  
t h e  end o f  1986. 

Concord M C I  WWTP 

The Concord Cor rec t i ona l  I n s t i t u t i o n  WWTP ( m i l e  p o i n t  2.41 i s  a small  
d ischarge t o  t h e  Assabet R i v e r  averaging 0.188 MGD, w i t h  a design c a p a c i t y  
o f  0.162 MGD. I t s  t reatment process cons is t s  of extended aerat ion,  a c t i -
vated sludge w i t h  sand-anthrac i te  f i l t e r s  and f i n a l  c h l o r i n a t i o n .  The 
wastewater t reatment  system a t  t h i s  p o i n t  i s  over-capaci ty  and plans e x i s t  
t o  expand the  p r i s o n  by 250 beds. Thus, upgrading t h e  WWTP should be a 
p r i o r i t y .  

Toxic P o l l u t a n t s  

Inc luded i n  t h e  1984-1985 sampling program on the  Assabet R ive r  were a 
l i m i t e d  number o f  t o x i c  p o l l u t a n t  samples such as heavy metals, purgeable
organic  compounds, and pheno l i c  compounds. Tes t i ng  was l i m i t e d  due t o  d i f -  
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f i c u l t i e s  encountered because o f  t h e  m u l t i p l i c i t y  o f  substances t o  be t e s t e d  
for ,  t h e  development o n l y  r e c e n t l y  o f  techniques t o  de tec t  these substances 
i n  t r a c e  q u a n t i t i e s ,  and t h e  past  l a c k  o f  emphasis i n  c o n t r o l l i n g  these 
t o x i c s .  

Heavy metals were t e s t e d  a t  se lected t imes i n  t h e  r i v e r  water column (see 
Tables 18 and 271, i n  the  wastewater t reatment  p l a n t  e f f l u e n t s  (see Tables 
30-35), and i n  t h e  sediment (see Table 21). Copper and z i n c  l e v e l s  i n  t h e  
water column o f t e n  exceeded the  EPA n a t i o n a l  "whi te  book" gu ide l ines,  
l i s t e d  i n  Table 36 f o r  in-stream concentrat ions.  I n t e r e s t i n g l y ,  copper and 
z inc  were a l so  present  i n  the  sediment i n  h igher  l e v e l s  than found i n  many * other  Massachusetts sediments. Copper and z i n c  were found i n  t h e  
e f f l uen ts  of a l l  t he  WWTP's i n  t h i s  study a t  var ious concentrat ions.  The 
probable source o f  t he  copper a t  t h e  WWTP's i s  t h e  d r i n k i n g  water supp l i ed  
t o  the  m u n i c i p a l i t i e s  where copper p i p i n g  i s  t y p i c a l l y  used. The labora-  
t o r y  l e v e l s  o f  d e t e c t i o n  i n  t h i s  s tudy o f  cadmium, lead, and mercury are 
h igher  than t h e  "whi te  book" in-stream c r i t e r i a ;  thus, we can n o t  p r e d i c t  
from these da ta  whether these t h r e e  metals pose a problem instream. 

F i n a l l y ,  n i c k e l  was found i n  h igh  concentrat ions i n  the  Marlborough West 
WWTP e f f l u e n t ,  and the  n i c k e l  concen t ra t i on  found downstream i n  the  Assabet 
a t  AS10 was i n  excess o f  t h e  "wh i te  book" ch ron ic  c r i t e r i o n .  

Purgeable o r  v o l a t i l e  organic  compounds were t e s t e d  f o r  i n  t h e  water column 
i n  a l i m i t e d  number o f  samples l i s t e d  i n  Tables 19 and 28. These compounds 
were e i t h e r  present  i n  very smal l  q u a n t i t i e s ,  o r  non-ex is tent  a t  t he  s i t e s  
tested. However, it must be remembered t h a t  both t h e  number o f  samples 
taken and t h e  number o f  s i t e s  they  were taken a t  were extremely l i m i t e d .  

Phenols (phenol, o r tho - and meta- s u b s t i t u t e d  phenols, and p o s s i b l y  c e r t a i n  
para- s u b s t i t u t e d  phenols) were t e s t e d  f o r  i n  the  water column a t  AS03T and 
AS04 several  t imes d u r i n g  1985 as shown i n  Table 19. These s t a t i o n s  were 
chosen because o f  t h e i r  p r o x i m i t y  t o  the  EPA Superfund s i t e  a t  Hocomonco 
Pond i n  Westborough, which i s  contaminated w i t h  creosote.  Phenols were 
found i n  t h e  stream l e a d i n g  from Hocomonco t o  t h e  Assabet, and downstream 
i n  the  Assabet River.  Fu r the r  t e s t i n g ,  i n c l u d i n g  sediments i n  t h e  Assabet, 
i s  probably  warranted. 

Overa l l ,  t he  p o t e n t i a l  f o r  t o x i c  e f f e c t s  e x i s t s  a t  some places i n  the  
Assabet, b u t  ac tua l  e f f e c t s  are unknown, and p o s s i b l y  masked by more con- 
v e n t i a l l y  recognized p o l l u t i o n  problems such as low d i sso l ved  oxygen o r  
c h l o r i n e  compounds from WWTP e f f l u e n t s .  Thus, when the  new WWTP's are on 
l i n e ,  eva lua t i on  o f  t o x i c i t y  e f f e c t s  w i l l  be f a c i l i t a t e d .  

* McGinn, Joseph. " A  Sediment Con t ro l  Plan f o r  t h e  Blackstone River . "  
DEQE, O f f i c e  o f  Planning and Program Management. 1981. pp 95-96. 
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WATER Q U A L I T Y  SAMPLING DATA 

UPPER ASSABET R I V E R  B A S I N  
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TABLE 3 

1984-1985 UPPER ASSABET R I V E R  B A S I N  SURVEYS 

TIME ( h r / m i n )  - TEMPERATURE ( O F )  - DISSOLVED OXYGEN ( m g / l )  

STATION 
NUMBER 12/4/84 1/23/85 2/26/85 4/16/85 5/16/85 6/27/85 7/17/85 8/22/85 9/10/85 10/17/85 

AS01 * 
** 
*** 

0915 
41 
11.3 

1023 
36 
10.3 

0930 
36 
12.2 

0910 
50 
10.2 

0935 
62 
8.0 

1034 
68 
8.0 

0836 
75 
4.4 

0930 
72 
5.8 

0910 
65 
6.8 

0906 
55 
8.2 

AS02 0925 
41 
11.6 

1039 
36 
12.2 

0945 
34 
12.3 

0920 
51 
10.1 

0950 
58 
8.1 

1042 
61  
7.2 

0914 
54 
8.6 

AS03T 
62 

1112 
60 

850 
73 

940 
68 

930 
67 

5.1 2.7 1.3 3.0 5.9 

AS04 1040 1040 1001 0952 1006 1050 0905 0947 0940 0929 
45 4 1  43 53 57 60 70 69 63 54 
8.9 7.4 10.8 7.7 3.8 2.4 1.5 2.9 5.0 5.6 

AS05 1050 1100 1011 1005 1016 1126 0915 0957 1013 0945 
45 39 46 54 56 57 70 66 62 53 
9.0 11.0 9.8 7.1 2.8 3.2 0.8 1.1 4.9 4.4 

AS06 1105 
45 

1125 
36 

1031 
41 

1015 
54 

1036 
56 

1140 
60 

0922 1012 1028 0953 

8.0 8.6 10.0 4.6 1.2 1.3 0.5 0.9 4.1 1.6 

AS06T 1130 
36 
11.o 

-_ 

-
* Time
** 
*** 

Temperature
Dissolved Oxygen 



TABLE 3 (CONTINUED) 

STATION 
NUMBER 12/4/84 1/23/85 2/26/85 4/16/85 5/16/85 6/27/85 7/17/85 8/22/85 9/10/85 10/17/85 

AS06S -- -- 1035 1032 1041 1150 -- -- -- --
-- -- 39 54 56 60 -- -- -- --
-- -- 9.3 2.2 1.3 0.9 -- -- -- --

AS07 1125 1136 1100 1040 1106 1200 0932 1023 1038 1009 
45 34 4 1  53 56 57 72 68 61 54 
5.6 6.3 8.7 1.8 1.1 0.7 0.2 0.6 3.1 1.0 

AS07T 1215 --- 1200 1114 1206 1212 0942 -- 1108 --
43 -- 36 54 56 55 72 -- 60 --
12.8 -- 13.3 9.7 9.1 9.2 7.5 -- 8.6 -_ 

AS08 1225 1147 1210 1056 1215 1219 -- 1045 1115 1027 
45 36 39 54 60 58 -- 68 62 54N 

W 8.7 8.9 11.0 6.3 4.5 4.6 -- 2.7 5.3 5.0 

AS09 1235 1225 1225 1120 1245 1225 0950 1053 1128 1040 
44 32 40 56 58 58 71 66 61 52 
10.2 7.3 10.8 8.6 6.4 3.2 1.1 2.3 3.9 5.3 



-- 
-- -- -- -- -- -- 

-- 

-- -- -- -- 
-- -- 

-- -- -- 

-- -- -- -- 

TABLE 4 

1984-1985qUPPER ASSABET R I V E R  BASIN SURVEYS 

CHEMICAL OXYGEN DEMAND DATA (mg/l) 

STAT I ON 
NUMBER 12/4/84 1/23/85 2/26/85 4/16/85 6/27/85 7/17/85 8/22/85 9/10/85 10/17/85 

AS01 39 42 39 30 44 52 98 53 47 
AS02 48 37 44 29 
AS03T 15 29 27 

AS04 48 88 61 45 44 57 109 53 71  
AS05 100 167 92 90 93 71 103 74 99 
AS06 68 93 53 50 54 7 1  53 66 

w 
0 

AS07 68 88 61 55 49 62 109 59 I 66 

AS07T 39 31 20 29 37 

AS08 58 70 75 35 76 53 71 
AS09 58 60 44 96 29 48 
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TABLE 7 

1984-1985 UPPER ASSABET RIVER BASIN SURVEYS 

TOTAL ALKALINITY DATA ( m g / l )  

STATION
NUMBER 12/4/84 1/23/85 2/26/85 4/16/85 5/16/85 6/27/85 7/17/85 8/22/85 9/10/85 10/17/85 

AS01 12 20 28 18 -- 22 16 21 21 16 
AS02 10 14 27 -- 18 17 -- -- -- --
AS03T -- -- -- -- 43 32 38 -- 34 --
AS04 9.0 47 41 36 55 25 34 24 21 20 
AS05 29 75 30 48 72 65 58 47 35 59 

w AS06 16 55 27 39 55 47 66 -- 27 50 
w 

AS06T -- 30 -- -- -- -- -- -- -- -_ 
AS06S -- -- -- -- 71 -- -- -- -- --
AS07 35 65 10 49 72 67 70 63 26 59 
AS07T -- -- 29 -- -- 16 20 -- 12 --
AS08 36 53 28 160 52 51 -- -- 25 58 
AS09 26 50 106 -- -- 38 55 -- 20 38 
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TABLE 8 

1984-1985 UPPER ASSABET R I V E R  B A S I N  SURVEYS 

TOTAL HARDNESS DATA (mg/l)  

STATION 
NUMBER 12/4/84 1/23/65 2/26/85 4/16/85 5/16/85 6/27/85 7/17/85 9110185 10/17/85 

AS01 26 31 29 26 30 26 27 
AS02 26 31 30 25 26 -_ 
AS03T 48 42 51 42 
AS04 39 41 36 36 40 45 35 42 
AS05 54 63 44 49 52 58 41 58 
AS06 50 52 43 43 46 58 38 49 

p” AS06T 54 
AS06S 47 
AS07 48 61  41 43 58 38 
AS07T 26 30 23 
AS08 48 57 39 42 53 34 
AS09 47 49 37 43 34 
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TABLE 9 

1984-1985 UPPER ASSABET R I V E R  BASIN SURVEYS 

SUSPENDED SOLIDS DATA (rng/l) 

STATION 
NUMBER 12/4/84 1/23/85 2 /26/05 4/16/85 5/16/85 6/27/85 7/17/85 8/22/85 9110185 10/17/85 

AS01 5.5 8.5 0.5 3.5 12 9.0 11 15 12 
AS02 13 6.0 7.0 8.5 8.5 
AS03T 9.5 1.0 16 4.5 

AS04 14 33 13 5.0 14 4.5 13.5 7.5 11 18 
AS05 31 76 19 13 20 14 9.5 12 47 22 
AS06 23 41 23 8.0 13 2.5 7.5 15 6.0 
AS06T 6.0 
ASD6S 9.0 
AS07 20 12 18 5.0 8.0 2.5 8.0 63 13 6.5 
AS07T 4.0 0.0 4.0 5.5 

AS08 11 8.5 12 2.0 8.0 2.5 7.5 4.0 
AS09 5.0 5.5 9.5 2.0 3.0 16 7.5 



TABLE 10 

1984-1985 UPPER ASSABET R I V E R  B A S I N  SURVEYS 

TOTAL SOLIDS DATA ( m g / l )  

STATION 
NUMBER 12 '84 1 /2  2/26/85 4/16/85 5/16/85 6/27/85 7/17/85 '22/85 9/10/85 10/17/85 

AS01 74 120 120 68 -- 78 98 110 90 130 
AS02 110 100 96 -- 120 82 -_ -- -- --
AS03T -- -- -- -- 140 110 90 -- 88 --
AS04 200 200 140 140 190 180 160 162 150 220 
AS05 220 . 300 200 180 250 250 190 164 180 270 
AS06 190 240 160 160 210 180 190 -- 160 240 
AS06T -- 160 -- -- -- -- -- -- -- --
AS06S -- -- 250 -- -- -- -- --
AS07 200 250 170 170 230 210 210 186 130 270 
AS07T -.. -- 120 -- -- 120 110 -- 100 --
AS08 200 220 170 140 180 200 -- -- 150 200 
AS09 190 190 150 -- -- 180 170 -- 170 200 
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TABLE 11 

1984-1985 UPPER ASSABET R I V E R  B A S I N  SURVEYS 

TOTAL KJELOAHL-NITROGEN OATA (mgll) 

STATION 
NUMBER 12/4/84 1/23/85 2/26/85 4/16/85 6/27/85 7/17/85 8/22/85 9/10/85 10/17/85 

AS01 2.0 1.1 1.5 0.49 1.3 1.8 3.4 0.85 1.2 

AS02 1.9 0.61 1.3 1.6 
AS03T 0.74 1.9 0.32 

AS04 2.3 7.8 2.3 6.4 1.9 2.7 5.2 1.0 1.4 

AS05 3.4 7.0 4.4 3.4 8.8 6.6 5.3 4.5 6.3 
AS06 3.0 5.0 2.4 4.4 7.0 4.7 1.9 4.3 

W..I AS06T 0.76 

AS06S 2.0 
AS07 3.2 5.2 3.6 3.7 9.0 7.2 2.0 6.4 
AS07T 2.0 1.2 0.86 1.4 0.62 

AS08 3.6 5.0 2.5 3.1 5.2 2.4 4.5 
AS09 3.1 4.5 2.2 2.3 4.9 1.7 2.0 
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TABLE 12 

1984-1985 UPPER ASSABET R I V E R  BASIN SURVEYS 

AMMONIA-NITROGEN DATA (mg/l)  

AS01 0.06 0.02 0.01 0.05 0.16 
AS02 0.03 0.06 0.00 0.09 
AS03T 0.16 0.02 
AS04 0.11 5.5 1.2 0.71 0.57 
AS05 2.7 7.0 2.5 5.3 3.8 
AS06 1.0 5.0 1.1 ,2.8 4.1 
AS06T 0.10 
AS06S 0.97 
AS07 1.9 4.0 1.1 4.7 6.3 
AS07T 0.05 0.01 0.12 0.00 

AS08 3.0 5.0 0.87 4.7 
AS09 1.6 4.5 0.79 1.7 3.8 

0.03 0.13 

0.04 
0.19 0.23 
1.5 4.0 
0.91 2.9 

1.2 4.2 
0.04 
1.3 2.8 
0.78 1.2 

4.4 
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TABLE 13 

1984-1985 UPPER ASSABET R I V E R  BASIN SURVEYS 

NITRATE-NITROGEN DATA ( m g f 1 )  

STATION 
NUMBER 12/4/84 1/23/85 2/26/85 , 4/16/85 6/27/85 7/17/85 8/22/85 9/10/85 10/17/85 

AS01 0.2 0.4 0.1 0.0 0.2 0.0 0.1 0.1 

AS02 0.2 0.4 0.2 0.3' 

AS03T 0.2 0.1 0.0 
AS04 4.5 0.4 0.2 0.1 3.0 1.7 2.6 4.7 

AS05 0.9 0.5 0.3 0.2 0.7 0.1 0.5 0.6 

AS06 1.0 0.6 0.4 0.3 0.5 . 0.1 0.7 0.4 
AS06T 1.3 
AS06S 0.4 
AS07 1.3 0.5 0.4 0.1 0.3 0.0 0.7 0.3 

AS07T 0.06 0.4 0.5 0.2 0.2 

AS08 1.4 0.5 0.4 0.2 0.9 0.8 0.3 

AS09 1.5 0.5 0.5 1.6 0.9 1.3 0.9 
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TABLE 14 

1984-1985 UPPER ASSABET R I V E R  BASIN SURVEYS 

. TOTAL PHOSPHORUS DATA ( m g / l )  

STATION 
NUMBER 12/4/04 1/23/85 2/26/85 4/16/85 6/27/85 7/17/85 8/22/85 9/10/85 10/17/85 

AS01 0.14 0.06 0.12 0.12 0.10 0.19 0.14 0.09 0.1 
AS02 0.11 0.06 0.16 0.09 

ASO3T 0.06 0. l o  0.06 
AS04 1.4 0.94 0.34 2.2 1.4 2.4 1.2 1.1 1.7 

AS05 1.6 1.8 0.86 1.5 1.9 3.1 1.4 1.1 2.2 

AS06 1.0 1.o 0.72 1.9 1.4 2.6 0.7 1.7 
p
0 

AS06T 
AS065 

0.09 
0.68 

AS07 1.4 1.1 0.76 1.9. 3.0 1.4 0.69 2.5 
AS07T 0.23 0.11 0.10 0.25 0.08 

AS08 1.2 0.82 0.58 1.1 0.72 1.6 

AS09 1.0 0.64 0.54 0.99 3.0 0.72 1.1 
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TABLE 15 

1984-1985 UPPER ASSABET R I V E R  B A S I N  SURVEYS 

SULFATE DATA (mg/l) 

P 

AS01 14 39 6.0 
AS02 15 11 
AS03T 
AS04 22 15 16 
AS05 39 21 20 

AS06 28 20 19 
AS06T 25 
AS06S 
AS07 34 18 
AS07T 16 
AS08 31 18 

AS09 30 18 

11 16 8.1 8.0 
l o  14 
9.0 12 18 11 
20 22 27 20 23 
20 28 25 22 28 
l a  25 39 21 24 

21 
21 29 33 20 

16 17 14 
5.0 28 20 

26 21 20 
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TABLE 16 

1984-1985 UPPER ASSABET R I V E R  B A S I N  SURVEYS 

TOTAL COLIFORM BACTERIA DATA (organismsI100 ml) 

AS01 100 5 20 140 200 100 700 100 200 100 

AS02 150 20 20 1,000 300 700 

AS03T 200 1,300 1,000 500 500 

AS04 6 a 000 100 50 750 22,000 9,100 7,000 10,000 1,200 33,000 

AS05 150,000 930,000 65,000 7,000 130,000 20,000 a0 ,ooo 20,000 20,000 24,000 

AS06 12,000 43,000 5,200 5,000 17,000 8,000 98,000 21,000 6,000 12,000 

AS06T 20 
AS06S 15,000 40,000 90,000 9,000 
AS07 40,000 93,000 9,000 98,000 85,000 10,000 90,000 12,600 12,000 6,900 

AS07T 400 100 1,200 1,200 300 8,000 

AS08 40,000 18,000 16,000 20,000 3,300 24,000 24,000 3, ZOO 

AS09 8,000 14,000 5,000 8,500 2,400 aoo 2,500 13,000 600 



-- 

-- 
-- 

-- 
-- 
-- 

-- 

-- 

-- 

-- 

-- 

-- 
-- 

-- -- -- 

-- 

-- 
-- 

-- 

-- 

-- 
-- 

-- 

-- 

-- 

-- 

-- 
-- 

_ _  

TABLE 17 

1984-1985 UPPER ASSABET R I V E R  B A S I N  SURVEYS 

FECAL COLIFORM BACTERIA DATA (organisrns/100 ml) 

P 

AS01 5 <5 <5 25 <20 <5 
AS02 10 <5 <5 40 20 
AS03T <20 60 
AS04 100 <5 <5 l o  480 280 
AS05 10,000 430,000 6,000 20 700 1,200 
AS06 400 7 50 60 100 480 160 
AS06T 10 
AS06S 300 2,600 800 500 
AS07 3,900 24,000 220 3,500 560 700 
ASO7T 200 30 200 200 
AS08 1,000 600 900 240 600 
AS09 400 650 20 40 160 

10 <20 40 <20 
40 

zoo 240 140 
300 260 380 2,100 
4,500 1,500 1,200 1,300 
32,000 1,200 1,300 980 

-_ 
35,000 560 3,000 400 
5 2,000 

1,600 4,400 360 
20 140 1,800 <20 



-- 
-- 
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TABLE 18 

1984-1985 UPPER ASSABET R I V E R  BASIN SURVEYS 

TOTAL METALS DATA ( m g f l )  

METALS 

A 1  Cd Cr cu Fe Pb Hg Mn N i  z13 

STATION 
NUMBER 

6/ 27/ 85 

AS04 <o. 10 <0.01 <o .02 0.02 0.63 <O .04 <0.0002 0.08 C0.05 0.07 
AS05 0.12 <0.01 CO.02 0.03 0.54 C0.04 <0.0002 0.08 <0.05 0.04 

7/17/85 
P 
P 

A S O l  CO.10 <0.02 C0.02 c0.02 1.7 0.05 <0.0002 0.15 C0.05 0.04 
AS03T 
AS04 

<o. 10 
<0.10 

<0.02 
C0.02 

c0.02 
C0.02 

C0.02 
0.03 

0.98 
0.79 

<O .04 
<0.04 

<0.0002 
<0.0002 

1.6 
0.10 

C0.05 
<0.05 

(0.03
0.10 

AS05 <0.10 c0.02 <0.02 0.05 0.80 (0.04 <0.0002 0.12 C0.05 0.07 

9/ l o /  85 

A S O l  
AS04 

0.14 
0.15 

<0.02 
<0.02 

<o .02 
<o .02 

10.02 
0.02 

0.52 
0.47 

(0.04
c0.04 

<0.0002 
<0.0002 

0.06 
0.12 

c0.05 
c0.05 

0.03 
0.03 

AS05 1.0 <o.02 <0.02 0.05 0.70 <0.04 <0.0002 0.10 <0.05 0.03 

lo/ 17/85 

A S O l  <o. 1 a . 0 2  C0.02 <0.02 0.42 <0.04 0.05 c0.05 <0.03 
AS04 0.25 <0.02 c0.02 0.05 0.40 c0.04 0.07 c0.05 0.03 
AS05 0.30 co.02 co ,02 0.04 0.45 <0.04 0.09 c0.05 0.03 



TABLE 19 

1985 UPPER ASSABET R I V E R  B A S I N  SURVEYS 

PURGEABLE ORGANIC, PHENOLIC, AND O I L  AND GREASE COMPOUNDS 

PURGEABLE 
S T A T I O N  ORGANICS PHENOLS O I L  & GREASE 
NUMBER (4911) (mg/l) (mgll) 

6/27/85 

A S 0 3 T  
A S 0 4  

none detected 
none detected 

0.04 
0.09 

A S 0 3 T  none detected 0.9 
A S 0 4  methylene chloride - 1.0 0.9 

chloroform - 1.3
bromodi chl oromethane - c1.0 

8/22/85 

A S 0 3 T  -- 0.03 

9/10/85 

A S 0 3 T  -- 0.03 
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TABLE 20 

1985 UPPER ASSABET R I V E R  BASIN SURVEY 

EMBANKMENT DATA 

12/4/85 

TOTAL TOTAL TOTAL 
STATION VOLATILE SOLIDS KJELDAHL-NITROGEN PHOSPHORUS 
NUMBER ( % I  (rng/kg dry w t . )  (rnq/kg dry w t . )  

AS04 26.2 10,380 2,770 

AS05 18.7 10,050 3,150 

AS07 16.5 10,814 3,081 
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TABLE 21 

1984-1985 UPPER ASSABET R I V E R  B A S I N  SURVEY 

SEDIMENT METALS DATA 
( A l l  da ta  i n  mg/kg dry w e i g h t )  

10/17/85 

S T A T I O N  
NUMBER A 1  Cd Cr Fe Cu Mn N i  P b  Zn 

A S 0 4  9,300 3.0 26 12,000 900 315 16 125 405 

AS05  3,350 1.5 22 6,500 190 105 10 44 150 

A S 0 7  15,200 3.5 110 13,500 750 195 22 105 480 

47 




WATER Q U A L I T Y  SAMPLING DATA 

ASSABET R I V E R  B A S I N  

July 1985 



TABLE 22 

1985 ASSABET R I V E R  B A S I N  SURVEY 

TIME (h r .  min.) - TEMPERATURE ( O F )  - DISSOLVED OXYGEN ( m g / l )  

Run 1: 7/17/85 Run 2: 7/19/85 

STATION STATION 
NUMBER RUN 1 RUN 2 NUMBER RUN 1 RUN 2 

AS01 * 0836 0545 A S 1 1  1008 0635** 
*** 75 74 72 71 

4.4 5.7 2.6 0.9 

AS03T 0850 0555 AS 12 1019 0640 
73 74 73 72 
1.3 1.6 2.0 0.8 

AS04 0905 0557 AS13 1031 0645 
70 69 74 72 
1.5 1.2 1.7 0.7 

AS05 0915 0600 AS14A 1041 0650 
70 67 74 73 
0.8 0.6 4.8 1.4 

AS06 0922 0607 AS14B 1045 0650 
69 67 77 73 
0.5 0.3 7.2 3.9 

AS07 0932 0613 AS15 1105 0700 
72 71 75 74 
0.2 0.3 6.8 3.3 

AS07B 0935 0613 AS16 1119 0705 
7 1  71 77 74 
4.4 2.6 5.6 3.2 

AS07T 0942 0620 AS17B 1130 07 10 
72 72 77 74 
7.5 7.3 6.6 7.0 

AS09 0950 0625 AS17A 1144 --
71 70 77 --
1.1 0.5 1.6 --

AS 10 0958 0630 AS18 1155 0715 
72 70 77 75 
0.7 0.8 2.7 3.4 
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TABLE 22 (CONTINUED) 

STATION STATION 
NUMBER RUN 1 RUN 2 NUMBER RUN 1 RUN 2 

AS19 1209 0730 AS24 1343 0805 
79 75 79 73 
1.9 2.4 8.0 4.3 

AS20 1222 0740 AS25 1354 0815 
79 73 a0 75 
7.3 6.2 7.8 5.2 

AS21A 1245 0750 AS26 1419 0830 
ao 72 a0 76 
7.6 5.4 6.2 5.6 

AS216 1255 0750 SU15 1407 0830 
80 73 a4 76 
6.9 6.7 6.4 6.9 

AS22 1305 0755 coo1 1430 0835 
80 72 83 76 
7.3 6.6 5.8 6.3 

AS23 1319- 0800 
80 72 
9.0 5.1 

* Time
** Temperature ( O F )

*** Dissolved Oxygen (mg/ l )  
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TABLE 23 

1985 ASSABET R I V E R  BASIN SURVEY 

RESULTS OF LABORATORY ANALYSES 
( A l l  u n i t s  in mg/l) 

7/17/85 

STATI ON TOTAL 
NUMBER BOD5 COD ALKALINITY HARONESS 

AS01 8.1 52 16 30 
AS03T 3.3 29 38 51 
AS04 11 57 34 45 
AS04A 2.4 29 24 

AS05 19 71 58 58 
AS06 17 71 66 58 
AS07 11 62 70 59 
AS07T 2.4 29 20 40 
AS09 5.4 29 55 55 
AS 10 6.3 48 54 59 
A S 1 1  3.0 48 40 56 
AS12 2.1 43 35 53 
AS13 4.5 48 25 64 
AS148 3.0 48 44' 53 
AS15 1.5 48 38 53 
AS16 2.7 43 38 48 
AS175 3.9 48 34 56 
AS18 2.1 43 36 53 
AS 19 2.1 43 34 50 
AS20 3.3 43 30 44 
AS21A 3.6 48 26 44 
AS22 3.0 48 28 46 
AS23 3.0 43 28 47 
AS24 3.0 43 28 47 
AS25 5.1 38 27 46 
AS26 2.4 48 28 45 
SU15 4.2 48 28 45 
coo1 4.2 58 28 45 

5 1  



‘TABLE 24 

1985 ASSABET R I V E R  BASIN SURVEY 

RESULTS OF LABORATORY ANALYSES 
( A l l  u n i t s  i n  mg/l unless otherwise noted) 

7/17/85 

STATION SUSPENDED TOTAL PH 
NUMBER SOLIDS SOLIDS SULFATE ( S t a n d a r d  log.  u n i t s )  

AS01 9.0 98 16 6.6. 
AS03T 16 90 18 7.1 
AS04 13.5 160 27 7.1 
AS05 9.5 190 25 7.3 
AS06 7.5 190 39 7.3 
AS07 8.0 210 33 7.3 
AS07T 4.0 110 17 7.2 
AS09 3.0 170 21 7.0 
AS10 7.0 190 30 7.0 
A S 1 1  3.0 180 84 7.2 
AS12 2.0 170 28 7.1 
AS13 2.0 220 35 6.8 
AS14B 2.0 170 23 7.8 
AS15 4.5 180 27 7.7 
AS16 2.0 190 30 7.7 
AS17B 2.0 220 58 7.6 
AS18 2.0 200 33 7.6 
AS19 4.0 180 26 7.6 
AS20 5.0 160 19 7.6 
AS21A 6.0 180 23 7.7 
AS22 4.0 170 30 7.8 
AS23 3.5 160 21  7.8 
AS24 4.0 160 26 7.4 
AS25 5.0 150 23 7.5 
AS26 5.0 160 18 7.4 
SU15 10 170 22 7.2 
coo1 13 160 25 7.4 
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TABLE 25 

1985 ASSABET R I V E R  B A S I N  SURVEY 

RESULTS OF LABORATORY ANALYSES 
( A l l  u n i t s  i n  mg/l )  

7/17/85 

STATION TOTAL 
NUMBER KJELDAHL-NITROGEN AMMONIA-NITROGEN NITRATE-NITROGEN PHOSPHORUS 

AS01 1.8 0.16 * 0.0 0.19 
AS03T 1.9 0.02 0.1 0.10 
AS04 2.7 0.57 1.7 2.4 
AS05 6.6 3.8 0.. 1 3.1 
AS06 4.7 4.1 0.1 2.6 
AS07 7.2 6.3 0.0 3.0 
AS07T 1.4 0.0 0.2 0.25 
AS09 4.9 3.8 0.9 3.0 
AS10 5.6 3.3 0.7 2.7 
A S l l '  4.0 1.2 0.8 0.98 
AS12 2.5 0.63 1.3 1.1 
AS13 2.4 0.59 1.2 1.0 
AS140 2.5 0.70 0.8 0.94 
AS15 2.4 0.39 0.9 0.99 
AS16 1.9 0.06 0.9 0.83 
AS17B 1.5 0.14 1.5 0.98 
AS18 1.5 0.06 1.2 1.0 
AS19 1.5 0.16 0.4 1.0 
AS20 1.4 0.05 0.3 0.78 
AS21A 1.3 0.10 1.0 0.98 
AS22 1.1 0.14 0.8 0.90 
AS23 1.3 0.14 1.5 0.92 
AS24 1.5 0.04 0.9 0.90 
AS25 1.2 0.08 1.4 0.69 
AS26 1.4 0.31 0.8 0.60 

SU15 1.2 0.11 0.1 0.14 
coo1 1.1 0.10 0.6 0.16 

53 




TABLE 26 

1985 ASSABET R I V E R  B A S I N  SURVEY 

TOTAL AND FECAL COLIFORM BACTERIA 
(Organisms/100 ml) 

7/17/85 

STATION TOTAL FECAL 
NUMBER COLIFORM BACTERIA COLIFORM BACTERIA 

AS01 700 10 
AS03T 1,000 200 
AS04 7,000 300 
ASO4A 2,400 91 
AS05 80,000 4,500 
AS06 98,000 32,000 
AS07 90,000 35,000 
AS07T 300 5 
AS09 800 20 
AS10 900 20 
AS11 100 (5 
AS12 1,800 640 
AS13 600 200 
AS146 700 140 
AS15 5,200 880 
AS16 1,900 600 
AS170 1,100 300 
AS18 200 80 
AS19 50 <5 
AS20 30,000 2,200 
AS21A 3,000 460 
AS22 2,900 480 
AS23 800 100 
AS24 700 200 
AS25 11,000 500 
AS26 1,100 160 
SU15 3,000 70 
coo1 40 <5 
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TABLE 27 

1985 ASSABET R I V E R  B A S I N  SURVEY 

TOTAL METALS DATA (mg/ l )  

7/17/85 

STATION 
NUMBER A 1  Cd C r  c u  Fe Pb H g M L N i  Zn-

AS01 
AS03T 
AS04 

(0.10 
(0.10 
(0.10 

(0.02 (0.02
(0.02 (0.02 
(0.02 (0.02 

(0.02 
(0.02 

0.03 

1.7 
0.98 
0.79 

0.05 
c0.04 
(0.04 

0.0000 
0.0000 
0.0000 

0.15 
1.6 
0.10 

(0.05 
(0.05 
(0.05 

0.04 
c0.03 

0.10 

AS05-
AS10 
AS17 
AS21 
AS22 
AS23 

(0.10 
(0.10 
(0.10 
(0.10 
(0.10 
(0.10 

(0.02 (0.02 0.05 
(0.02 cO.02 0.03 
(0.02 (0.02 0.02 
(0.02 (0.02 (0.02 
(0.02 (0.02 (0.02 
(0.02 (0.02 (0.02 

0.80 
1.5 
0.31 
0.60 
0.57 
0.43 

(0.04 
c0.04 
(0.04 
(0.04
0.04 
0.05 

0.0000 0.12 
0.0000 0.68 
0.0000 0.06 
0.0000 0.13 
0.0000 0.11 
0.0000 0.05 

(0.05 
0.08 

c0.05 
(0.05 
(0.05 
c0.05 

0.07 
0.03 
0.03 
0.03 
(0.03 
(0.03 
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T A B L E  28 

1985 ASSABET R I V E R  B A S I N  SURVEY 

PURGEABLE ORGANIC, AND OIL AND GREASE COMPOUNDS 

71171a5 

PURGEABLE 
S T A T I O N  ORGAN I C s  OIL & GREASE 
NUMBER (!q/l) Will ) 

A S 0 3 T  none detected 0.9 
A S 0 4  methylene chloride - 1.0 0.9 

chloroform - 1.3 
bromodichloromethane - <1.0 

A S 2 0  none detected 
A S 2 1  none detected 
A S 2 2  none detected 
A S 2 3  none detected 
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STREAMFLOW DATA 
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TABLE 29 

1985 ASSABET R I V E R  B A S I N  

U.S.G.S. GAGE A T  MAYNARD 

FLOW DATA* 

DISCHARGE 
DATE (ft3/sec) 

December 4, 1984 82 
January 23, 1985 67 
February 26, 1985 218 
A p r i l  16, 1985 139 
May 16, 1985 80 
June 27, 1985 P 68 
July 17, 1985 41  
August 22, 1985 45 
September 10, 1985 98 
October 17, 1985 98 

* Data from U.S.G.S. with drainage area o f  
116 sq. mi. 
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WASTEWATER DISCHARGE DATA 

ASSABET R I V E R  B A S I N  
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TABLE 30 

WESTBOROUGH WASTEWATER TREATMENT PLANT 

RESULTS OF LABORATORY ANALYSES 
( A l l  u n i t s  i n  mg/l unless otherwise noted) 

12141841 1/23/851 41161a51 

-F METER- EFFLUENT EFFLUENT EFFLUENT 

COD 
BOD
pH ?Standard Log. 
To ta l  A l k a l i n i t y
Suspended So l i ds  
Tota l  So l i ds  

U n i t s )  

92
8.0 
6.2 
17 
17 
350 

102 
34 
7.1 
101 
14 
320 

ao 
4. a 
7.4 
107 
11 
290 

Hardness 61 49 63 
S u l f a t e  40 36 32 
Tota l  K je ldah l -N i t rogen 
Amnonia-Nitrogen
N i t ra te -N i t rogen
Tota l  Phosphorus
Chlor ine  Residual  1 

0.17 
12 

0.5 

2.8 

6.8 

15 
9.5 
0.4 
2.4 
2.0 

33 
12 
0.0 
21 
1.2 

Tota l  Co l i f o rm 

Fecal Co l i f o rm 
(organisrns/100 m1) l  24,000 160 30 

Flow (MGD)
(organisrns/100 m l ) 1  4,300 10 5 

1.61 

Aluminum 0.26 
C admi urn 
Chrorni urn 

(0.02
C0.02 

Copper
I r o n  
Mercury
Manganese
N icke l  

-.- 0.07 
0.21 

<o .0002 
<o. 02 
<O. 05 

Lead 0.01 
T i n  
Zinc -- . 

co.10 
0.33 

1 Grab sample 
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TABLE 30 (CONTINUED) 

6/26-27/85 7/16-17/85 8121-22/85 919-10/85 10/16-17/85 

PA- 4METER EFFLUENT EFFLUENT EFFLUENT EFFLUENT NFLUENT EFFLUENT 

coo 
BOO
pH ?Standard Log. U n i t s )
To ta l  A1 k a l  i n i  t y  
Suspended S o l i d s  
To ta l  S o l i d s  
S e t t l e a b l e  S o l i d s  ( m l / l )
Hardness 
S u l f a t e  
Ch lo r ide  
T o t a l  Kj e l  dah1 -Ni t r ogen
Amnonia-Nitrogen
N i t ra te -N i t rogen
T o t a l  Phosphorus 
Ch lo r ine  Residual1 

120 
16 
7.1 
31 
23 
330 
1.0 

62 
4.0 
0.14 
10 
3.6 
1.5 

166 
45 
7.0 
30 
119 
310 
14 

39 
14 
0.24 
4.1 
6.5 
1.4 

59 
7.8 
7.0 
27 
3.0 
294 
0.0 

69 
14 
0.16 
11 
4.2 
0.95 

53 
5.6 
6.8 
32 
18 
330 

1.5 
0.15 
11 
5.2 
1.4 

T o t a l  C o l i f o r m  

Fecal C o l i f o r m  

Flow (MGD) 

(organisms/100 m1) l  

(organisms/100 m 1 ) l  

230 

40 

1.25 

2,400 

<36 

3.85 

230 

36 

1.24 

200 

(20 

1.43 

A 1  uminum 0.11 0.57 0.18 <o. 10 
Cadmi urn c0.02 c0.02 <o-02 <0.02 
Chromi urn <o.02 <o.02 <o .02 <0.02 
Copper
I r o n  
Mercury
Manganese
N icke l  

0.09 
0.31 

0.04 
C0.05 

0.34 
0.82 

0.08 
<0.05 

0.04 
0.08 

<o. 0002 
<0.02 
<0.05 

0.05 
0.10 

<o.0002 
co.02 
<O .05 

Lead 
T i n  

C0.04 
<0.5 

0.07
<0.5 

0.04 
<0.5 

C0.04 

Zinc 
S i l v e r  

0.22 0.14 0.04 0.05 
<o* 02 

Grab sample 
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TABLE 31 

SHREWSBURY WASTEWATER TREATMENT PLANT 

RESULTS OF LABORATORY ANALYSES 
(All units mg/l unless otherwise noted) 

PARAMETER EFFLUENT^ EFFLUENT~ EFFLUENT2 EFFLUENT3 EFFLUENT3 

coo 340 307 285 302 --
BOD5 200 200 200 81 105
pH (Standard Log. Units) 7.3 7.1 7.1 
Total Alkalinity 195 197 203 
Suspended Solids 94 81 67 
Total Solids 550 530 540 
Hardness 127 96 78 
Sulfate 63 56 65 42 5.0
Total Kjeldahl-Nitrogen 62 34 39 39 --
Ammonia-Nitrogen 27 25 19 22
Nitrate-Nitrogen -- 0.0 0.0 0.0 
Total Phosphorus 20 4.2 6.9 6.7 
Chlorine Residual1 0.2 0.4 0.15 --
Total Coliform 

(organisms/100 ml)1 240,000 240,000 1,300,000 --
Fecal Coliform 

(organisms/100ml)1 9,300 43,000 14,000 -- --
Flow (MGO) -- -- -- 2.2 1.6 (est 

Aluminum 0.30 --
Cadmium <o. 02 --
Chromium CO.02 --
Copper 0.25 --
Iron 0.66 --
Mercury 0.001 --
Manganese CO.02 --
Nickel <0.05 --
Lead <O. 04 --
Tin 0.13 --
Zinc 0.49 _-

1 Grab sample
2 Outfall to river 
3 Clarifier outfall 
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TABLE 31 (CONTINUED) 

6/27/851 7/16-17/85 

PARAMETER EFFLUENT3 EFFLUENT2 EFFLUENT3 EFFLUENT2 

COD 296 301 330 280 
BOD5 93 22 132 114 

7.3 7.4 . 7.1 7.3 
Total Alkalinity 
pH (Standard Log. Units) 

183 187 213 192 
Suspended Solids 43 28 57 87 
Total Solids 470 430 540 530 
Settleable Solids (ml/l) 0.5 0.16 3.8 1.4 
Chloride 74 77 72 
Total Kjeldahl-Nitrogen 51 44 30 
Ammonia-Nitrogen 21 21 23 
Nitrate-Nitrogen 0.1 0.1 0.0 
Total Phosphorus 6.6 7.1 7.9 9.0 
Chlorine Residual 1 -- 0.10 -- 0.4 
Total Colifovrn 

(organisms/100 -- 240,000 -- 43,000
Fecal Coliform 

(organisms/100 ml)1 -- 93,000 -- 2,400
Flow (MGD) 1.61 -- 1.55 --
A1 uminum 0.38 0.18 0.27 0.22 
Cadmi urn <o .02 <0.02 <o -02 <o. 02 
Chrorni urn <o .02 <o .02 <0.02 <o .02 
Copper 0.24 0.22 0.28 0.23 
Iron 0.55 0.51 0.82 0.67 
Manganese 0.10 0.11 0.10 0.10 
Nickel <0.05 <o .05 C0.05 <O. 05 
Lead <O .04 c0.04 0.05 <0.04 
Tin <0.5 (0.5 <O. 50 <O .50 
Zinc 0.10 0.13 0.14 0.14 

Grab sample
2 Outfall to river 
3 Clarifier outfall 
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TABLE 31 (CONTINUED) 

8121-22185 919-10185 10116-17/85 

PARAMETER EFFLUENT3 EFFLUENT2 EFFLUENT^ INFLUENT EFFLUENT3 

coo 277 288 207 -- --
102 120 69 350 140 

pH (Standard Log. U n i t s )  7.3 7.5 7.6 7.3 6.8 
To ta l  A l k a l i n i t y  198 196 151 175 146 
Suspended S o l i d s  41 44 52 210 130 
Tota l  So l i ds  474 480 460 710 580 
S e t t l e a b l e  So l i ds  (mill) 1.6 1.5 -- -- --
Ch1o r i  de 77 81  -- -- --
To ta l  K je ldah l -N i t rogen  51 41 22 24 22 
Ammoni a-Ni t rogen 19 20 18 21 22 
N i t ra te -N i t rogen  0.1 0.2 0.1 0.2 0.1 
Tota l  Phosphorus 8.1 7.5 6.5 
Ch lo r ine  Residual1 -- 0.60 0.10 
To ta l  Co l i f o rm 

(organisms/100 m l ) 1  -- 430 46,000 
Fecal Co l i f o rm 

(organisms/100 m l ) l  -- 36 9,300
Flow (MGD) 1,546 -- 1.920 

Aluminum 0.15 0.19 1.6 
Cadmium <0.02 <o.02 <0.02 
Chromi um <o. 02 c0.02 c0.02 
Copper 0.23 0.24 0.26 
I r o n  0.62 0.62 2.0 
Mercury 0.0001 0.0009 <o10002 
Manganese 0.11 0.11 0.10 
N icke l  <O .05 C0.05 C0.05 
Lead 0.07 0.06 <O .04 
T i n  <0.5 C0.5 --
Zinc 0.12 0.12 0.15 
S i l v e r  -- -- C0.02 

1 Grab sample 
2 O u t f a l l  t o  r i v e r  
3 C l a r i f i e r  o u t f a l l  
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TABLE 32 

MARLBOROUGH WEST WASTEWATER TREATMENT PLANT 

RESULTS OF LABORATORY ANALYSES 
( A l l  u n i t s  mg/l unless otherwise noted) 

117-8185 119185l 119-10185 1/16/85 7116-17185 

PARAMETER EFFLUENT INFLUENT EFFLUENT EFFLUENT EFFLUENT EFFLUENT 

con 87 306 142 157 128 113 
BOD5 11 140 18 20 14 17 
pH (Standard Log. U n i t s )  7.0 7.0 7.0 7.2 6.9 7.3 
To ta l  A l k a l i n i t y  150 110 130 120 190 74 
Suspended S o l i d s  13 120 31 38 22 65 
T o t a l  S o l i d s  390 390 400 590 450 550 
S e t t l e a b l e  S o l i d s  ( m l l l )  -- 0.0 0.1 0.0 0.0 
Ch lo r ide  215 48 76 90 -- 106 
To ta l  K j e l  dah1 - N i  t rogen 26 17 18 36 20 3.2 
Amnoni a -N i  t rogen 18 17 18 31 19 1.1 
N i trate-N.i t rogen  1.1 0.2 0.9 0.6 0.5 8.7 
T o t a l  Phosphorus 2.4 3.3 2.9 2.4 3.8 1.3 
Ch lo r ine  Residual1 -- -- -- -- -- 1.0 
T o t a l  C o l i f o r m  

(organisms/100 m l ) l  -- 9,300
Fecal C o l i f o r m  

(organisms/100 m1)l -- -- 2,300
Flow (MGD) 1.18 1.16 1.42 

A1umi num <0.1 <0.1 <0.1 0.1 co.1 <o. 10
Cadmi um 0.01 0.00 0.01 0.01 0.00 C0.02 
Chromium 0.02 0.04 0.04 0.08 0.04 0.03 
Copper 0.08 0.34 0.11 0.12 0.14 0.08 
I r o n  0.31 1.7 0.72 0.72 0.63 0.27 
Mercury 0.0000 0.0000 0.0000 0.0000 0.0006 --
Manganese 0.10 0.10 0.15 0.15 0.14 0.07 
Nicke l  0.54 1.1 0.52 6.5 1.4 1.0 
Lead 0.04 0.04 0.00 0.07 0.00 <O.04 
T i n  <0.50 C0.50 C0.50 <O. 50 <0.5 <O.50 
Zinc 0.08 0.20 0.17 0.18 0.19 0.11 
S i l v e r  -- -- -- -- 0.00 --

I Grab sample 
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TABLE 33 

HUDSON WASTEWATER TREATMENT PLANT 

RESULTS OF LABORATORY ANALYSES 
( A l l  u n i t s  i n  mg/l unless otherwise noted) 

7/16-17/85 

PARAMETER EFFLUENT 

COD 147 
6005 25 
pH (Standard log.  u n i t s )  7.3 
T o t a l  A l k a l i n i t y  87 
Suspended S o l i d s  16 
T o t a l  S o l i d s  700 
S e t t l e a b l e  So l i ds  ( m l / l )  0.0 
Ch lo r ide  165 
T o t a l  K je ldah l -N i t rogen  2 1  
Amnonia-Nitrogen 11 
N i t r a t e - N i t r o g e n  3.3 
T o t a l  Phosphorus 7.0 
Ch lo r ine  Residual1 0.8 
To ta l  C o l i f o r m  

(organisms/100 ml ) 1 150,000 
Fecal C o l i f o r m  

(organisms/100 m l ) 1  2,400 
Flow (MGD) 2.5 

A1 urni num 0.30 
Cadmiurn <0.02 
Chromi um C0.02 
Copper 0.13 
I r o n  0.85 
Manganese 0.12 
N icke l  <0.05 
Lead 0.06 
T i n  C0.50 
Z inc 0.11 

Grab sample 
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TABLE 34 

MAYNARD WASTEWATER TREATMENT PLANT 

RESULTS OF LABORATORY ANALYSES 
( A l l  u n i t s  i n  mgJ1 unless otherwise noted) 

PARAMETER 

COD 
BOD5 
DH (Standard loa. u n i t s )
T o t a l  A l k a l i n i t ;  
Suspended Sol id; 
T o t a l  Sol- ids 
S e t t l e a b l e  Sol i d s  (ml/l)
C h l o r i d e  
T o t a l  K je ldah l -N i t rogen  
Amnonia-Nitrogen
N i t r a t e - N i t r o g e n
T o t a l  Phosphorus 
Ch lo r ine  Residual 
T o t a l  Col i form 

(organisms/100 m l ) l
Fecal C o l i f o r m  

(organisms/100 m l  ) I
Flow ( M G D )  

Aluminum 
Cadmium 
Chromi um 
Copper
I r o n  
Manganese
N icke l  
Lead 
T i n  
Zinc 

1 Grab samole 

7/16-17/85 

EFFLUENT 

90 
16 
6.0 
4.0 
8.5 
330 
0.0 
47 
7.3 
0.51 
13 
6.2 
1.3 

930 

36 
0.85 

0.24 
(0.02
<0.02 
0.03 
0.75 
0.28 

<0.05
<O .04 
(0.50
0.19 
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TABLE 35 

CONCORD M C I  WASTEWATER TREATMENT PLANT 

RESULTS OF LABORATORY ANALYSES 
[ A l l  u n i t s  in mg/l  unless otherwise noted) 

7 m - i 7 / a 5  
PARAMETER EFFLUENT 

COD_.- 137 
BOD5 42 
pH (Standard log.  u n i t s )  7.0 
To ta l  A l k a l i n i t y  40 
Suspended So l i ds  57 
T o t a l  So l i ds  290 
S e t t l e a b l e  So l i ds  ( m l / l )  0.0 
Ch lo r ide  40 
T o t a l  K je ldah l -N i t rogen  19 . 
Amon ia lN i  t rogen 0.97 
Ni t ra te -N i t rogen  3.6 
To ta l  Phosphorus 3.1 
Chlarine Residual 1 0 .3  
Tota l  Co l i f o rm 

(organisms/IoO m l ) 1  240,000 
Fecal Co l i f o rm 

(organisms/100 m l ) 1  93,000 
Flow (MGO) 0.275 

A 1  urninurn 0.24 
Cadmi urn <0.02 
Chromi urn <o.02 
Copper 0.02 
I r o n  0.20 
Manganese 0.02 
N icke l  <O .05 
Lead <0.04 
T i n  C0.50 
Zinc 0.08 

1 Grab sample 
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-- 

-- 

-- 

-- 

TABLE 36 

NATIONAL WATER QUALITY CRITERIA  METALS AND OTHER COMMON CONTAMINANTS 

Freshwater ( f lg / l )  

HARDNESS 
POLLUTANT (mg/ l )  4 DAY AVG/3  YR. 1 HOUR AVG/3 YR. 

1) Arsenic  (111) 190 360 

2 )  Cadmium** 20 
50 

0.32 
0.66 

0.64 
1.8 

3)  Ch lo r ine  11 19 

4)  Chromium (III)**20 
50 

55 
120 

46 5 
980 

Chromium ( V I )  11 16 

5) Copper** 20 
50 

3.0 
6.5 

3.9 
9.2 

6 )  Cyanide 5.2 22 

7) Lead** 20 
50 

0.41 
1.3 

11 
34 

8) Mercury 0.012 2.4 

24-HOUR AVERAGE M A X I N M  

9 )  Nickel**  20 28 319 
50 56 641 

10) S i l ve r * *  20 [0.121 0.09 
50 c0.121 0.44 

11) Zinc** 20 47 74 
50 47 159 

** Numbers f o r  t h e  f reshwater  c r i t e r i a  f o r  these compounds are de r i ved  
from t h e  equat ion . 

[I  Data i n d i c a t e  t h a t  t o x i c i t y  may occur as low as 0.12 ,ug/l;  t h i s  value 
i s  n o t  a c r i t e r i o n .  
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THE ASSESSMENT OF WATER POLLUTION 


A workable d e f i n i t i o n  o f  t h e  term "water p o l l u t i o n "  i s  d i f f i c u l t  t o  f o r -  
mulate s imply  because p o l l u t i o n  problems are extreme-ly v a r i a b l e  and s i t e -  
s p e c i f i c .  The word " p o l l u t e "  l i t e r a l l y  means t o  "render impure"; however, 
a more acceptable d e f i n i t i o n  o f  p o l l u t i o n  must take f a c t o r s  i n t o  account 
such as the  chemical, phys ica l ,  and b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  n a t u r a l  
water, t h e  intended use o f  a r e c e i v i n g  water, and an understanding o f  t h e  
na tu re  and f a t e  o f  a g iven p o l l u t a n t  a f t e r  i t s  i n t r o d u c t i o n  i n t o  a body of 
water. Regardless o f  how we choose t o  d e f i n e  i t ,  water p o l l u t i o n  i nvo l ves  
the  a d d i t i o n  o f  c e r t a i n  c h a r a c t e r i s t i c s  t o  a water body which may render 
t h a t  w a t e r ' u n f i t  f o r  i t s  intended u t i l i z a t i o n .  Some o f  t he  more common 
forms o f  water p o l l u t i o n  inc lude:  oxygen demanding organic  wastes and 
sewage d e r i v a t i v e s ;  man-made organic  compounds such as pes t i c ides ,  some 
i n d u s t r i a l  wastes, and ino rgan ic  t o x i c  compounds; i n f e c t i o u s  disease pro- 
ducing agents; n u t r i e n t s  and sediments f rom land r u n o f f ;  r a d i o a c t i v e  
substances; o i l  and grease; and thermal discharges. I n  some instances, t he  
combined e f f e c t s  o f  two o r  more contaminants a re  f u r t h e r  enhanced by t h e i r  
i n t e r a c t i o n .  I n  short,  whether discharged from residences, i n s t i t u t i o n s ,  
o r  i n d u s t r i e s ,  each form o f  p o l l u t i o n  has a c h a r a c t e r i s t i c  e f f e c t  on the  
water i n t o  which i t  i s  introduced. The r e c e i v i n g  water may become un- 
s i g h t l y ,  malodorous, and/or a hazard t o  p u b l i c  heal th ,  and consequently 
i t s  uses may be seve re l y  l i m i t e d .  

Methods used f o r  t he  assessment o f  water q u a l i t y  generaLly f a l l  i n t o  t h r e e  
main categor ies:  chemical, phys i ca l ,  and b i o l o g i c a l .  Chemical analyses may 
inc lude  t h e  determinat ion o f  pH and a l k a l i n i t y  i n  a d d i t i o n  t o  the  con- 
c e n t r a t i o n s  o f  var ious ions, metals, and d i sso l ved  gases such as oxygen,
carbon d i o x i d e  and hydrogen s u l f i d e .  Phys ica l  parameters o f t e n  measured 
are temperature, c o l o r ,  t u r b i d i t y ,  and f l o w  c h a r a c t e r i s t i c s .  B i o l o g i c a l
methods may be categor ized as e i t h e r  f i e l d  surveys which are an at tempt t o  
asce r ta in  t h e  numbers and k i n d s  of aqua t i c  organisms associated w i t h  
var ious water q u a l i t i e s ,  o r  l abo ra tocy  s tud ies  i n  which bioassays are con- 
ducted t o  determine t h e  l e v e l s  o f  t o x i c i t y  o f  d i f f e r e n t  chemical parameters 
f o r  a g iven t e s t  organism. 

The parameters l i s t e d  above are measured i n  most water q u a l i t y  surveys con- 
ducted by the  Massachusetts D i v i s i o n  o f  Water P o l l u t i o n  Contro l .  Although
no bioassay s tud ies  are done by t h e  D iv i s ion ,  t h e  B i o l o g i c a l  Sect ion con- 
ducts macro inver tebrate surveys on se lected r i v e r s  and streams throughout 
the  Commonwealth. I n  a d d i t i o n ,  microscopic  examinations are conducted 
d u r i n g  most surveys t o  determine the  abundance and k inds  o f  algae and o t h e r  
microorganisms present i n  t h e  water. F i n a l l y ,  b a c t e r i a l  samples are 
obta ined and analyzed d u r i n g  each water q u a l i t y  survey. 

Two types of  samples are c o l l e c t e d  f o r  chemical analys is .  A grab sample is 
an instantaneous sample c o l l e c t e d  t o  i n d i c a t e  water q u a l i t y  c o n d i t i o n s  a t  a . 
p a r t i c u l a r  t ime. Composite samples are c o l l e c t e d  over a p e r i o d  of t ime a t  
s p e c i f i c  i n t e r v a l s .  Th i s  method g i ves  a b e t t e r  i n d i c a t i o n  o f  t he  o v e r a l l  
water q u a l i t y  s i t u a t i o n  du r ing  t h e  sampling per iod.  
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Oxygen Re la t i onsh ips  

The d i sso l ved  oxygen (D.O.) i n  water r e f e r s  t o  the  uncombined oxygen he ld  
i n  s o l u t i o n  and thereby made a v a i l a b l e  t o  aquat ic  organisms f o r  r e s p i r a -
t i o n .  Sources o f  d i sso l ved  oxygen inc lude  atmospheric a e r a t i o n  and t h e  
d i r e c t  a d d i t i o n  o f  oxygen as t h e  byproduct o f  chemical r e d u c t i o n  r e a c t i o n s  
and a l g a l  photosynthesis.  Whereas r e s p i r a t o r y  processes o f  aquat ic  organ- 
isms consume oxygen throughout t h e  day and n igh t ,  pho tosyn the t i c  re lease  
of oxygen i s  r e s t r i c t e d  t o  t h e  d a y l i g h t  hours. As a r e s u l t ,  p roduc t i ve
waters e x h i b i t  a c h a r a c t e r i s t i c  d i u r n a l  v a r i a t i o n  i n  d i sso l ved  oxygen con- 
c e n t r a t i o n .  The s o l u b i l i t y  o f  oxygen (02) i n  water i s  p r i m a r i l y  a f u n c t i o n  
o f  water temperature and the  atmospheric p a r t i a l  pressure o f  oxygen.
S a t u r a t i o n  l e v e l s  a t  standard pressure (760 mm Hg) range from 14.6 mg/l 02 
a t  0°C t o  6.6 mg/l 02 a t  40°C. 

Organic ma t te r  is in t roduced t o  a r i v e r  o r  stream e i t h e r  as the  r e s u l t  o f  
n a t u r a l  phenomena, such as the  depos i t i on  o f  leaves and o t h e r  p l a n t  
m a t e r i a l s  i n  autumn, o r  by t h e  discharge o f  p o l l u t a n t s  r e s u l t i n g  from human 
r e l a t e d  a c t i v i t i e s .  Regardless o f  i t s  o r i g i n ,  organic  ma t te r  is g r a d u a l l y
decomposed by b a c t e r i a  which u t i l i z e  t h e  a v a i l a b l e  d i sso l ved  oxygen i n  the  
water. Therefore, t he  a b i l i t y  o f  a stream segment t o  a s s i m i l a t e  these 
organic  ma te r ia l s ,  t h a t  i s ,  i t s  -waste a s s i m i l a t i v e  capaci ty ,  is dependent
upon the  amount o f  d i sso l ved  ox.yqen present i n  the  water. I n  many instances, 
the a s s i m i l a t i o n  o f  l a r g e  amount; o f '  organic  wastes seve re l y  depletes the  
oxygen concen t ra t i on  i n  t h e  water body render ing  i t  u n s u i t a b l e  f o r  t he  e x i s -  
tence o f  aqua t i c  organisms such as invertebra.tes and f i s h .  

The biochemical oxygen demand (BOD) i s  a measure o f  t h e  amount o f  oxygen 
r e q u i r e d  by b a c t e r i a  todecompose a g iven amount of organic  matter.  This 
decomposit ion process occurs i n  two d i s t i n c t  s teps each governed by a spe- 
c i f i c  k i n d  o f  bac te r ia .  Dur ing t h e  f i r s t  step, o r  carbonaceous stage, c a r -
bon compounds are s t a b i l i z e d  w i t h  a concurrent  re lease  o f  carbon d iox ide.  
The second stage, n i t r i f i c a t i o n ,  begins approximately seven days l a t e r  and 
is  t h e  process by  which ni t rogenous substances are broken down t o  ammonia 
and u l t i m a t e l y  t o  n i t r a t e .  The t o t a l  combined oxygen demands o f  bo th  s ta-  
ges i s  t h e  u l t i m a t e  BOD which may be exe r ted  over a p e r i o d  of t h i r t y  days 
o r  more. Through r e c u r r e n t  use, t h e  f i v e  day BOD (BOD51 has been accepted 
as the  standard t e s t  used i n  water q u a l i t y  analys is .  Whi le the  BOD5 o f  
unt reated sewage no rma l l y  ranges from 150 t o  300 mg/l, t h e  BOD5 o f  an 
u n p o l l u t e d  water r a r e l y  exceeds 2 mg/l. 

Some types o f  organic  wastes are n o t  r e a d i l y  broken down by b a c t e r i a  b u t  
can be decomposed by chemical processes. The chemical oxygen demand (COD)
r e f e r s  t o  t h e  amount o f  oxygen r e q u i r e d  f o r  t h e  dichromate o x i d a t i o n  of a 
g iven amount o f  o rgan ic  mat ter .  Since some organic  ma t te r  i n  any waste i s  
n o t  biodegradable, t h e  COD i s  u s u a l l y  g rea te r  than t h e  BOD. 

7 1  




N u t r i e n t s  

N u t r i e n t s  are substances t h a t  are e s s e n t i a l  t o  the  growth o r  rep roduc t i on
of organisms. I n  aquat ic  h a b i t a t s  algae and macrophytes r e l y  on d i sso l ved  
n i t r o g e n  and phosphorus compounds as n u t r i e n t s  and, as such, these substances 
are n o t  harmful  a t  low concentrat ions.  Wastewater discharges o f t e n  con ta in  
l a r g e  amounts o f  carbon, n i t rogen,  and phosphorus c o n t a i n i n g  compounds, 
Excessive n u t r i e n t  l oad ing  o f  a water body increases p l a n t  product ion.  As 
a r e s u l t  o f  t h i s  increased p r o d u c t i v i t y ,  r a p i d l y  m u l t i p l y i n g  a l g a l  popula- 
t i o n s  o r  "blooms" occur which may seve re l y  l i m i t  t he  p o t e n t i a l  use o f  t h e  
water. I n  many instances a h igh  oxygen demand i s  exer ted by the  decomposing 
algae r e s u l t i n g  f rom a sudden dieback. 

N i t rogen  compounds e x i s t  i n  water i n  a v a r i e t y  o f  forms. They may occur as 
c e l l u l a r  components, p a r t i c u l a t e  matter,  s o l u b l e  oraanic  substances o r  
i no rgan ic  ions.  These d i f f e r e n t  forms and t h e i r  i n t e r r e l a t e d  chemical 
r e a c t i o n s  are c o l l e c t i v e l y  known as t h e  n i t r o g e n  cycle.  Organic n i t r o g e n  
i n  t h e  form o f  p ro te in ,  amino acid,  o r  urea occurs i n  water con ta in ing  
organic  wastes. Oxidat ion and r e d u c t i o n  o f  these n i t rogenous compounds are 
c l o s e l y  l i n k e d  t o  the  metabol ic  a c t i v i t y  o f  many k inds o f  microorganisms. 
As descr ibed above, n i t r i f i c a t i o n  i s  t i e d  t o  b a c t e r i a l  act ion,  and i s  
c a r r i e d  o u t  by  a f i x e d  sequence o f  r e a c t i o n s  through which ammonia, n i t r i t e ,  
and u l t i m a t e l y  n i t r a t e  are produced. Therefore, t h e  progress of decomposi-
t i o n  of organic  n i t r o g e n  can be determined by  assessing the  r e l a t i v e  amounts 
of these compounds. Ammonia (NH3) r e s u l t s  from t h e  i n i t i a l  decomposit ion 
of organic  n i t r o g e n  a n d i s a l w a y s  present i n  unt reated sewage. It can a l so  
be formed by t h e  r e d u c t i o n  o f  n i t r i t e .  Ammonia e x e r t s  a h igh  oxygen demand 
and i s  t o x i c  t o  many aqua t i c  organisms. Ox ida t i on  o f  ammonia y i e l d s  
n i t r i t e  (N02-) which i s  q u i c k l y  converted t o  n i t r a t e  (NO3-), t h e  end product 
o f d e c o m p o s i t i o n  o f  n i t rogenous matter.  N i t r a t e  i s  t h e  form o f  n i t r o g e n  
t h a t  i s  d i r e c t l y  a v a i l a b l e  t o  algae and o t h e r  aquat ic  p l a n t s  as a n u t r i e n t .  

Phos horus i s  present i n  water b t d i e s  i n  dissolved, c o l l o i d a l ,  o r  par-  
h  t  a  t  e  s  and o r i g i n a t e s  p r i m a r i l y  f rom a g r i c u l t u r a l  r u n o f f  and 
wastewaters c o n t a i n i n g  detergents.  It may e x i s t  as orthophosphate, 
polyphosphate, o r  i n  organic  compounds. Although phosphorus occurs i n  
n a t u r a l  waters i n  smal ler  amounts than n i t rogen ,  i t  i s  an e s s e n t i a l  p l a n t  
n u t r i e n t .  

Co l i f o rm B a c t e r i a  

Fecal c o l i f o r m  b a c t e r i a  are found i n  t h e  i n t e s t i n a l  t r a c t  o f  warm-blooded 
animals. Although n o t  a ser ious h e a l t h  hazard by themselves, t h e i r  pres- 
ence i n  water i s  a good i n d i c a t i o n  t h a t  sewage and associated pathogenic 
microorganisms may be present. Since c o l i f o r m s  can be detected by  r e l a -  
t i v e l y  s imple t e s t  procedures they  are used t o  i n d i c a t e  the  e x t e n t  o f  bac- 
t e r i a l  p o l l u t i o n  f rom sewage and combined sewer over f lows.  Tests are 
u s u a l l y  conducted t o  determine the  number o f  f e c a l  and t o t a l  c o l i f o r m s  pre- 
sent i n  water o r  wastewater. The number o f  t o t a l  c o l i f o r m s  inc ludes  those 
o f  f e c a l  o r i g i n  and from non-fecal  sources such as s o i l ,  grain,  o r  decaying 
vegetat ion.  In areas where urban r u n o f f  i s  a problem, t o t a l  c o l i f o r m  
l e v e l s  can be ve ry  high, whereas f e c a l  c o l i f o r m  l e v e l s  may remain minimal 
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as long  as sewage i s  n o t  present  i n  t h e  water. Of ten munic ipa l  wastes a r e  
d i s i n f e c t e d  a t  a t reatment  p l a n t  t o  k i l l  b a c t e r i a  be fo re  they are d i s -  
charged t o  a r e c e i v i n g  water. 

pH and A l k a l i n i t y  

The pH o f  water i s  a measure o f  i t s  hydrogen i o n  (H+) concentrat ion on an 
inve rse  l o g a r i t h m i c  sca le  which ranges from 0 t o  14. pH values o f  l e s s  
than 7 i n d i c a t e  h ighe r  H+ content  and t h e r e f o r e  a c i d i c  s o l u t i o n s  whereas pH 
values above 7 denote a l k a l i n e  so lu t i ons .  The pH o f  pure water a t  25°C i s  
7.00; however, n a t u r a l  waters e x h i b i t  a a i d e  range o f  pH values depending 
upon t h e i r  chemical and b i o l o g i c a l  c h a r a c t e r i s t i c s .  Unpol lu ted r i v e r  water 
u s u a l l y  has a pH between 6.5  and 8.5. In p r o d u c t i v e  segments, a d i u r n a l  
f l u c t u a t i o n  i n  pH may occur as pho tosyn the t i c  organisms take up d i sso l ved  
carbon d i o x i d e  d u r i n g  t h e  d a y l i g h t  hours. D r a s t i c  changes i n  pH occur when 
i n d u s t r i a l  e f f l uen ts  con ta in ing  s t rong  ac ids o r  a l k a l i  are discharged t o  a 
water body. These pH s h i f t s  are sometimes t o x i c  t o  aquat ic  organisms. 
A l k a l i n i t y  i s  de f i ned  as t h e  c a p a c i t y  o f  water t o  n e u t r a l i z e  ac id .  This 
p roper t y  i s  a t t r i b u t e d  t o  t h e  presence o f  several  d i f f e r e n t  s o l u t e  species. 
These are p r i m a r i l y  carbonates and bicarbonates b u t  a l s o  hydroxides, bo-
rates,  s i l i c a t e s ,  and phosphates. A l k a l i n i t y  i s  expressed i n  m i l l i g r a m s  per  
l i t e r  o f  equ iva len t  ca l c ium carbonate. 

Sol i d s  

Suspended s o l i d s  r e f e r s  t o  the  p a r t i c u l a t e  ma t te r  t h a t  e i t h e r  f l o a t s  on the  -surface of ,  o r  I S  i n  suspension in ,  water o r  wastewater, and i s  removable by 
l a b o r a t o r y  f i l t e r i n g  techniques. That ma t te r  remaining i n  t h e  water a f t e r  
f i l t e r i n g  i s  r e f e r r e d  t o  as d i sso l ved  s o l i d s .  Suspended s o l i d s  i n  a stream 
may s e t t l e  o u t  i n  s l u g g i s h l y  f l o w i n g  segments causing sediments t o  b u i l d  up 
on the  subst rate.  This  s i l t a t i o n  can be p a r t i c u l a r l y  harmful  t o  f i s h  eggs 
and l a r v a e  b y  h i n d e r i n g  t h e i r  mechanisms f o r  o b t a i n i n g  oxygen from t h e  
water. Suspended s o l i d s  ana lys i s  prov ides a r e l i a b l e  measure o f  t he  e f f i -  
c iency o f  wastewater t reatment  f a c i l i t i e s .  Pr imary t reatment  should remove 
about 50 percent o f  t h e  suspended s o l i d s  f rom an i n f l u e n t  w h i l e  90 percent
removal should r e s u l t  f rom secondary t reatment.  The t e s t  f o r  t o t a l  s o l i d s  
measures a l l  suspended and d i sso l ved  s o l i d s  i n  water. They a r a s u r e b y  
evaporat ing t h e  water f rom a sample o f  known volume and weighing the  r e s i -  
due. Th is  res idue  can then be i g n i t e d  i n  a furnace t o  determine the  orga- 
n i c  p o r t i o n .  T u r b i d i t y  i s  a measure o f  t he  c l a r i t y  o f  a water sample and . 
i s  r e l a t e d  t o  s o l i d s  content.  The l a b o r a t o r y  t e s t  i s  based on the  scat -  
t e r i n g  and absorpt ion o f  l i g h t  by  the  sample and t h e  r e s u l t s  are expressed 
i n  Nephelometric T u r b i d i t y  U n i t s  (NTU). 

Color  

The c o l o r  o f  n a t u r a l  water i s  p r i m a r i l y  due t o  t he  l each ing  o f  organic  
d e b r i s  and i s  e m p i r i c a l l y  determined by  comparing t h e  sample w i t h  known 
concentrat ions o f  co lo red  s o l u t i o n .  I t  i s  then expressed i n  standard u n i t s  
of co lo r .  Severe c o l o r  problems r e s u l t i n g  f rom a p o l l u t i o n  discharge are 
descr ibed q u a l i t a t i v e l y  r a t h e r  than numer ica l ly .  Although c o l o r  may n o t  be 
harmful t o  aquat ic  l i f e ,  i t  may render  t h e  water unacceptable f o r  d r i n k i n g  
purposes and f o r  some types o f  i n d u s t r i a l  use. 
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Other Parameters 

Depending upon s p e c i f i c  r i v e r  condi t ions,  a water q u a l i t y  survey may 
i n c l u d e  a d d i t i o n a l  analyses such as those f o r  o i l  and grease, heavy meta l ,  
o r  t o x i c  organic  compound content.  Grease i n  a wastewater cons is t s  o f  a 
m i x t u r e  o f  f a t s ,  waxes, f r e e  f a t t y  acids, ca lc ium and magnesium soaps, 
minera l  o i l s ,  and c e r t a i n  o t h e r  n o n f a t t y  substances. 

Heavy meta ls  and c e r t a i n  organic  compounds are t o x i c  t o  aquat ic  organisms 
when present i n  s u f f i c i e n t  q u a n t i t i e s .  They may a lso have an adverse 
e f fec t  on sewage and i n d u s t r i a l  wastewater t reatment  systems. Meta ls  t h a t  
are o f t e n  monitored are cadmium, chromium, copper, i r on ,  lead, manganese,
n i cke l ,  and zinc.  
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APPENDIX A 

ANALYTICAL METHODS USED AT LAWRENCE EXPERIMENT STATION 

PARAMETER METHOD REPORTED AS 

BOD 5-day oxygen d e p l e t i o n  a t  20°C mg/l BOD 

Dissolved Oxygen Azide m o d i f i c a t i o n  o f  Winkler 
method. 0.0375 N sodium t h i o -  
s u l f a t e  t i t r a n t ,  300 m l  sample 

mg/l D.O. 

PH E lec t romet r i c ,  g lass  i n d i c a t o r ,  
s i l v e r  c h l o r i d e  re fe rence  

pH Standard 
Logar i thmic U n i t s  

T u r b i d i t y  Nephelometric. Hach T u r b i d i -  
meter. Model 2100A 

Nephelometric
T u r b i d i t y  U n i t s  

T o t a l  A l k a l i n i t y  0.02 N s u l f u r i c  a c i d  p o t e n t i o -  
m e t r i c  t i t r a t i o n  t o  pH 4.5, 
Or ion Model 701, d i g i t a l  pH 
meter 

mg/l CaC03 

Suspended Sol i d s  F i l t r a t i o n  through standard 
g lass f i b e r  f i l t e r  paper. Residue 
d r i e d  a t  103-105°C. Grav ime t r i c  

mg/l S.S. 

T o t a l  S o l i d s  Evaporat ion t o  dryness a t  103- 
105OC. Grav ime t r i c  

mg/l T.S. 

S e t t l e a b l e  S o l i d s  Grav ime t r i c  s e t t l i n g  us ing an 
Imhof f  cone 

m l / l  s e t t .  s o l i d s  

T o t a l  K j e l d a h l -  
Ni t rogen 

Acid d i g e s t i o n  us ing  Technical  
BD-40 Block Digester.  C o l o r i -
m e t r i c  ana lys i s  ( r e a c t i o n  o f  
ammonia, sodium s a l i c y l a t e ,  
sodium n i t r o p r u s s i d e ,  and sodium 
h y p o c h l o r i t e  i n  b u f f e r e d  a l k a l i n e  
medium) us ing  Technicon Auto 
Analyzer I 1  

mg/l TKN 

Ammonia-Nitrogen Phenate method, automated. C o l o r i -
m e t r i c  ana lys i s  us ing  Technicon 
Auto Analyzer I1 

mg/l NH3-N 

N i t r a t e - N i t r o g e n  Hydrazine r e d u c t i o n  method, auto-
mated. C o l o r i m e t r i c  ana lys i s  
us ing Technicon Auto Analyzer I 1  

mg/l NO3-N 
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PARAMETER 

Total Phosphate 

Total Coliform 

Fecal Coliform 

COD 

Conductivity 

Color 

Chloride 

Silica 

Cadmium, copper, 
chromium, iron, 
lead, magnesium, 
manganese, nickel, 
zinc, hardness 
(Ca+Mg) 

Aluminum, Tin 

Hexavalent Chromium 

Phenols 

ANALYTICAL METHODS (CONTI NUED) 

METHOD 

Acid digestion using Technicon 
BD-40 Block Digester. Ascorbic 
acid reduction colorimetric 
method using Technicon Auto 
Analyzer I1 

Membrane filter technique 

Membrane filter technique 

Dichromate reflux 

Wheatstone Bridge type meter. 
Yellow Springs Instrument 
conductivity bridge, Model 31 

Visual comparison o f  sample with 
known concentrations o f  colored 
sol uti ons 

Argentometric (titration with 
silver nitrate) 

Colorimetric analysis (silico- 
molybdate reduction in acidic 
solution to "heteropoly blue" 
by aminonaphtholsulfonic acid) 
Technicon Auto Analyzer I 

Atomic Absorption Spectrophoto- 
metry. Air-acetylene flame. 
Perkin-Elmer Model 403 

Atomic Absorption Spectrophoto- 
metry. Nitrous oxide-acetylene 
flame. Perkin-Elmer Model 403 

Colorimetric using diphenyl- 
carbazide. Klett-Summerson 
photoelectric colorimeter 

4-amino anti-pyrine colorimetric 
method 
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REPORTED -AS 
mg/l P 

Total coliforms/100 ml 

Fecal coliforms/100 ml 

mg/l COD 

pmhos/cm 

Color Units 

mg/l C1 

mg/l Si02 

mg/l 

mg/l 

mg/l Cr+6 

mg/l 
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