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Trip B-19

THE EFFECT OF URBANIZATION ON WATER QUALITY

Frank lin  W. Fessenden 
Bentley Co llege, Waltham, Mass.

I. Introduction and Purpose

In his forward to the C ir c u la r  601 Ser ies , Hendricks (1969) states in 
part, "Urbanization - -  the concentration o f people in urban areas and the 
consequent expansion o f these areas --  i s  c h a ra c te r is t ic  o f  our time. I t  has 
brought with i t  a host o f  new or aggravated problems that often make new 
demands on our natural resources and our physical environment. Problems 
invo lv ing  water as a v i t a l  resource and a powerful environmental agent are 
among the most c r i t i c a l . "  This t r i p  w i l l  examine the Charles R ive r , a r iv e r   ̂
which well i l l u s t r a t e s  Hendricks' concern. The Charles r ise s  in a rura l se tt ing  
but almost immediately flows through an urban area and the e f fe c t  o f th is  
passage on the qu a l i ty  o f  the water is  marked. The r iv e r  continues on i t s  
course through both urban and rura l se t t in g s ,  ending in an a r t i f i c i a l l y   ̂
impounded area termed the Charles Basin. The basin , an area g rea t ly  modified 
by man, serves as a s ink fo r  various forms o f e f f lu en t  from the densely 
populated urban areas o f Boston and Cambridge. This t r i p  w i l l  examine the 
qu a l i ty  o f water at several points along the Charles R iver and explanations 
fo r  the leve l o f water qu a l i ty  encountered w i l l  be o ffered. Several f i e ld  
te s t ing  k i t s  w i l l  be ava i lab le  fo r  use and the re su lt s  obtained from them 
w i l l  be charted and discussed.

II . Descr ip t ion o f the Watershed

The Charles R iver watershed is  an elongated, hourglass shaped area 
aoproximately t h i r t y  miles long and f iv e  to f i f te e n  miles wide comprising  ̂
307 square m iles. The source o f  the Charles is  a spring flowing from Honey H i l l  
in  Hopkinton (see map, f igu re  1). Runoff from th is  spring flows in to  Echo Lake 
which is  genera lly  considered to be the headwater o f the r iv e r .  The watershed 
varies in e leva t ion from 586 feet above mean sea leve l along the south westerly 
d iv ide  in Hopkinton to less than 10 feet along i t s  lower reaches. The r iv e r  
is  almost 80 miles in length an d - fa l ls  a distance o f 350 feet from Echo Lake 
to the Charles Basin where the water surface i f  normally maintained at 2+ feet. 
The gradients o f the various r iv e r  reaches are con tro l led  by the approximately 
twenty-two dam loca t ions spaced at i r re g u la r  in te rv a ls  along the r iv e r .  The 
western and northern parts o f the watershed are moderately h i l l y  while  the 
eastern and southern areas are characterized by more r o l l in g  topography and 
extensive swampy areas. Marsh and wetlands make up about one tenth or 20,000 
acres o f the watershed.
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I

THE CHARLES RIVER WATERSHED

(after Massachusetts Water 
Resources Commission, 1974)

F i g u r e  I
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The c limate is  humid temperate with an average annual temperature of 
49°F, and an average annual p re c ip i ta t io n  o f 44 inches d is t r ib u ted  evenly over 
the year. Discharge data recorded at 4 U.S.G.S, gaging s ta t ions w ith in  the 
watershed are as fo llows:

Location o f  Drainage Period o f  Discharge (cfs)
Gaging Station Area Record Mean Maximum Minimum*

(sq. mi.)

Charles R iver at 
Charles R iver
V i l la g e ,  Mass. 184 1937-1969 292 3,220 0.9

Mother Brook at 
Dedham', Mass. — 1931-1969 77 1,040 0

Charles R iver at 
We lles ley , Mass. 211 1959-1969 312 2,410 1.0

Charles R iver at 
Waltham, Mass.

**CXI
CXI 1931-1969 368 2,670 0.2

*Minimum d a i ly
**Excludes 23.6 square miles drained by Stony Brook

The Charles R iver flows through the most h igh ly  populated watershed in 
Massachusetts. The 1970 population was in  excess o f 810,000 persons with the 
highest dens it ie s  (13,000 - 14,000 per mile in Boston and Cambridge) in the 
h igh ly  developed urban areas o f the lower watershed. The Charles R iver flows 
over bedrock o f  pre-Paleozo ic to Mesozoic age which is  mantled by unconsolidated 
g la c ia l  d r i f t .  The upper t r ib u ta r ie s  genera lly  are underlain by o lder forma
tions while  upper Paleozoic rocks are found under the lower reaches o f  the 
r iv e r .  The r iv e r  genera lly  flows in t i l l  and on bedrock in i t s  upper reaches 
and in unconsolidated glaciomarine and outwash sediments in the middle and 
lower reaches. The course o f  the r iv e r  i s  con tro l led  in great measure by the 
pattern o f the s u r f i c i a l  sediments over ly ing  the bedrock. Frimpter (1973) shows 
the lo ca t ion  o f several th in ,  i r r e g u la r  shaped deposits o f  sand and gravel 
serving as ground-water reserves in the watershed and the in f luence these have 
on the course o f  the r iv e r  is  well i l lu s t r a t e d .

I l l . Water Qua lity

Urbanization, in one form or another, has dominated the Charles R iver ever 
s ince man began to s e t t le  permanently near i t .  During the i n i t i a l  co lon iza t ion  
o f the r iv e r  in the period 1630-1675, twelve settlements were b u i l t  along 
75 miles o f the 80 mile r iv e r ,  and we haven't stopped s ince. The watershed is  
now out l ined by in te rs ta te  expressways 1-495, 1-90, and 1-95. State highways 
l i b e r a l l y  c r is s c ro s s  the area. These transporta t ion  routes l in k  up the 35 
communities which l i e  wholly or p a r t i a l l y  in the watershed. That degradation
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o f the Charles R iver is  occuring due to th is  urban growth is  obvious, and one 
o f the best ways to measure th is  degradation and i t s  in te n s i t y ,  i s  by determining 
the qua l i ty  o f the water. Some o f the standard water qua l i ty  parameters and 
th e i r  d e f in i t io n s  are given below. (D e f in it ion s  are taken from Massachusetts 
Water Resources Commission, 1976, and Cragwell, 1975.)

Biochemical Oxygen Demand (BOD) - The amount o f oxygen required by bacteria 
to s t a b i l i z e  organic matter. BOD consists o f two parts , carbonaceous 
and nitrogenous. The carbonaceous portion occurs f i r s t ;  compounds of 
carbon are broken down with the carbon released combining with oxygen to 
form carbon d iox ide. In the nitrogenous port ion , organic compounds of 
nitrogen are broken down to ammonia which in turn is  converted to hydrogen 
gas and, success ive ly , n i t r i t e  and n i t r a te .  Although the to ta l  BOD of a 
waste may take 30 days or more to exert i t s e l f ,  the portion exerted a f te r  
5 days has become the standard te s t  through recurrent usage. The 5 day 
BOD of untreated sewage normally ranges from 150 to 300 mg/1. Streams 
not subject to po l lu t io n  w i l l  normally have 5 day BOD's o f 2.0 mg/1 or 
le s s .

Coliform Bacteria - Found in  abundance in the in te s t in a l  t ra c t  o f warmblooded 
animals. Although not harmful themselves, the presence o f  c o l i forms 
often ind ica tes  that pathogenic bacte r ia  are a lso  present. Since they 
can be detected by r e la t i v e ly  simple te s t  procedures, co liforms are used 
to ind ica te  the extent o f bac te r ia l p o l lu t io n .  Tests are often conducted 
to measure the to ta l and feca l co l ifo rm . Fecal co l i fo rm  make up about 
90 per cent o f the co liforms in feca l matter. Non-fecal co l ifo rm  may 
o r ig in a te  in s o i l ,  g ra in , or decaying vegetation. Untreated sewage 
contains upwards o f 20,000,000 co liforms per 100 m i l l i l i t e r s .  The legal 
maximum fo r  swimming areas is  1000 co l i fo rm  per 100 ml, while  fo r  public  
water supplies i t  is  100 per 100 ml.

Color - In water ana lys is  the term "co lo r"  re fe rs to the appearance o f water
that is  free from suspended s o l id s .  Many tu rb id  waters that appear ye l low , 
red, or brown when viewed in the stream show very l i t t l e  co lo r  a f te r  the 
suspended matter has been removed. The yellow-to-brown co lo r  o f some 
waters is  usua lly  caused by organic matter extracted from leaves, roots, 
and other organic substances in  the ground. In some areas objectionable 
co lo r  in water re su lt s  from in du s t r ia l  wastes and sewage. C lear deep 
water may appear blue as the re su lt  o f a sca tte r ing  o f sun ligh t by the 
water molecules. Water fo r domestic use and some in d u s t r ia l  uses should
be free from any percept ib le  co lo r . A co lo r  less than 15 un its genera lly
passes unnoticed. Some swamp waters have natural co lo r  in excess of 
300 un its .

Dissolved 0\yqen (DO) - The uncombined oxygen in  water which is  ava i lab le  to 
aquatic l i f e ;  DO is  therefore the c r i t i c a l  parameter fo r  f is h  propagation. 
Numerous factors in f luence DO, inc lud ing organic wastes, bottom depos its, 
stream hydrau lic  c h a ra c te r is t ic s ,  nu tr ien ts ,  and aquatic organisms. 
Saturation DO, or the equ i l ib r ium  concentration, is  p r im ar i ly  a function 
o f temperature. DO values in excess o f sa tura t ion  are usua lly  the re su lt  
o f a lga l blooms and therefore ind ica te  an upset in the eco log ica l balance. 
Optimum DO values range from 6.0 mg/1 (minimum allowable fo r  cold water 
f is h e r ie s )  to sa tura t ion values. The la t t e r  range from 14.6 mg/1 at
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0°C (32°F) to 6.6  mg/1 at 40°C (104°F).

Dissolved so l id s  - T heo re t ic a l ly ,  d isso lved so l id s  are anhydrous residues of 
the d isso lved substances in water. A l l  so lutes a f fe c t  the chemical and 
physical propert ies o f the water and re su lt  in an osmotic pressure.
Water with several thousand mg/1 o f d isso lved so l id s  is  genera lly  not 
pa la tab le , although those accustomed to h igh ly  m inera lized water may 
complain that less concentrated water tastes f l a t .  The U.S. Pub lic  Health 
Service recommends that the maximum concentration o f d isso lved so l id s  
not exceed 500 mg/1 in dr ink ing and cu l ina ry  water on ca r r ie r s  subject to 
Federal quarantine regu la t ions, but permits 1,000 mg/1 i f  no be tter water 
is  ava i lab le .

Hardness - Hardness is  the c h a ra c te r is t ic  of water that receives the most 
a t tent ion  in in d u s t r ia l  and domestic use. I t  is  commonly recognized by 
the increased quantity  o f soap required to produce la the r .  The use of 
hard water is  a lso  object ionable  because i t  contr ibutes to the formation 
o f  sca le in b o i le r s ,  water heaters, rad ia to rs ,  and p ipes, with the 
re su ltan t decrease in rate o f heat t ran s fe r ,  p o s s ib i l i t y  o f b o i le r  f a i lu r e ,  
and loss o f flow. Genera lly , bicarbonate and carbonate determine the 
proportions o f  "carbonate" hardness o f water. Carbonate hardness is  the 
amount o f hardness chem ically  equ iva lent to the amount o f bicarbonate and 
carbonate in so lu t ion . Carbonate hardness is  approximately equal to the 
amount o f hardness that is  removed from water by b o i l in g .  Noncarbonate 
hardness i s  the d if fe rence  between the hardness ca lcu la ted  from the to ta l 
amount o f calcium and magnesium in so lu t ion  and the carbonate hardness.
The sca le  formed at high temperatures by the evaporation o f water 
conta in ing noncarbonate hardness commonly is  tough, heat re s is ta n t ,  and 
d i f f i c u l t  to remove.

Hardness range 
(calcium carbonate in mg/1) Hardness descr ip t ion

0 - 6 0 .................................................  Soft
61-120 .............................................  Moderately hard
121 -180 .......................................... Hard
More than 1 8 0 ..............................  Very hard

Ammonia-Nitrogen - Nitrogen in  the form o f d isso lved ammonia gas (NH3) or 
ammonium ion (NH^). Concentrations over one or two mg/1 are to x ic  to 
ce rta in  f is h  and other aquatic organisms. N i t r i f i c a t io n  o f ammonia by 
bacter ia  to n i t r i t e  and n i t r a te  exerts a biochemical oxygen demand.
Ammonia is  a lso  a nu tr ien t  fo r  algae and other aquatic p lants.

N i t r a t e - N i t r o g e n  -  N i t r o g e n  in the form o f  d i s s o l v e d  n i t r a t e  ion (NO3 ) .
N itra te  is  a primary nutrie_nt fo r  algae and other aquatic p lants.

Total K je ldah l-N itrogen (Total K jeldahl-N) - The sum o f ammonia-nitrogen and 
nitrogen in a l l  organic forms (which may include l i v in g  c e l l  matter). 
Bac te r ia l decomposition o f organic forms rap id ly  produces ammonia-nitrogen, 
perhaps re su lt in g  in to x ic  ammonia concentrations.

£H_ - A measure o f the hydrogen ion concentration o f a so lu t ion  on an inverse

495



logar ithm ic sca le  ranging from 0 to 14. Values from 0 to 6.9 ind ica te  
a c id ic  so lu t ion s , while values from 7.1 to 14 ind ica te  a lk a l in e  so lu t ions. 
A pH o f 7.0 ind ica tes a neutral so lu t ion . Natural streams usua lly  show 
pH values between 6.5 and 7.5, although higher and lower values may be 
caused by natural cond it ions . Low pH values may re su lt  from the presence 
o f heavy metals from acid mine drainage or metal f in is h in g  waste. High 
pH values may re su lt  from detergents or limestone quarrying.

S p e c if ic  conductance (micromhos per centimetre at 25°C) - S p e c if ic  conductance 
is  a convenient, rapid determination used to estimate the amount o f 
d isso lved so l id s  in water. I t  is  a measure o f the a b i l i t y  o f  water to 
transmit a small e le c t r i c a l  current. The more d isso lved
so l id s  in water that can transmit e l e c t r i c i t y  the greater the s p e c i f ic  
conductance of the water. Commonly, the amount o f  d isso lved so l id s  
( in  mg/1) is  about 65 percent o f the s p e c i f ic  conductance ( in  micromhos).

Temperature - Temperature is  an important fa c to r  in  properly determining the 
qua l i ty  o f  water. This is  very evident fo r such a d i re c t  use as an 
in du s t r ia l  coo lant. Temperature is  also important, but perhaps not so 
evident, fo r  i t s  in d ir e c t  in f luence upon aquatic b io ta , concentrations of 
d isso lved gases, and d is t r ib u t io n  o f chemical so lutes in lakes and 
reservo irs  as a consequence o f thermal s t r a t i f i c a t i o n  and va r ia t ion .

Total Phosphorus (Total P) - The sum to ta l o f  phosphorus in a l l  forms in which 
i t  may be present, inc lud ing d isso lved and p a r t ic u la te ,  organic and 
inorgan ic , in l i v in g  c e l l s  and, most important ly, in the form o f  d isso lved 
phosphate ion (PCL“ ). Phosphate is  a primary nu tr ien t fo r  algae and other 
aquatic p lants.

Tu rb id ity  - Tu rb id i ty  is  the op t ica l property o f a suspension with reference 
to the extent to which the penetration o f l ig h t  is  in h ib ite d  by the 
presence o f in so lub le  m ater ia l.  Tu rb id ity  is  a function o f both the 
concentration and p a r t ic le  s ize  o f the suspended m ater ia l. I t  is  
reported in terms o f  mg/1 of s i l i c a  or Jackson tu rb id i t y  un its (JTU).

Sources o f p o l lu t io n  along the Charles include po int sources such as 
municipal sewers and sewage treatment p lan ts , in s t i t u t io n a l  discharges from 
hosp ita ls  and pr isons, and in d u s t r ia l  discharges. Fourteen major po int sources
have been id e n t i f ie d  in the watershed upstream from the Watertown Dam. These
are located in f igu re  1. Other po int sources are sewer overflows and bypasses,
disposals o f sewage sludge, and discharges o f coo ling water. Non po int sources
include urban runoff, subsurface disposal (cesspool and sep t ic  tank leakage), 
the e f fe c t  o f dams, leachate from san ita ry  l a n d f i l l s ,  wetland discharge, 
ag r icu l tu ra l p ract ices  ( f e r t i l i z e r s ) ,  and mining.

IV. F ie ld  T r ip  Schedule

A formal road log w i l l  be ava i lab le  fo r  d is t r ib u t io n  at the Conference. 
The morning schedule w i l l  focus on the upper part o f the watershed, e spec ia l ly  
from the source o f the Charles down to below the town o f M i l fo rd . There are 
some very in te re s t ing  dynamics present in the r is e  and f a l l  o f d isso lved

496



oxygen and BOD le ve ls  due to the impact o f the town o f M i l fo rd . Lunch w i l l  
be a t a lo ca t ion  in the middle part o f  the watershed. I t  w i l l  probably not 
be p ra c t ica l  to buy food on the way so be sure to bring a lunch. The afternoon 
w i l l  be spent in and around the lower part o f the r iv e r  in the portion below 
the Watertown Dam known as the Charles Basin. This is  by fa r  the most h ighly 
po llu ted part o f  the r iv e r .  I t  is  "fed" by an in t r i c a t e  network o f streams, 
o u t f a l l s ,  and sewage overflows. The laye r  of sludge on the bottom o f the basin 
w i l l  be discussed and sampling w i l l  endeaver to show the layered nature o f the 
waters in the Charles Basin.

The en t ire  r iv e r  is  included on the fo l low ing U.S.G.S. Massachusetts 
topographic quadrangles:

Boston South H o l l is to n
Newton Frank lin
Natick Blackstone
Medfie ld M i l fo rd
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