
5/-E-3 

INDIAN LAKE· 
WATER QUALITY STUDY 

1975-1976 

. t, ~ ........... _ 
massachusetts department of environmenlaTfciuality engineering 

\. f 
DIVISION OF WATER POLLUTION CONTROL 

thomas C· mcmahon, director 



INDIAN LAKE 

WATER QUALITY STUDY 

1975 and 1976 

Eben W. Chesebrough 
Limnologist 

Arthur J. Screpetis 
Biologist 

Paul M. Hogan 
Biochemist 

WATER QUALITY AND RESEARCH SECTION 
MASSACHUSETTS DIVISION OF WATER POLLUTION CONTROL 

WESTBOROUGH, MASSACHUSETTS 

December 1978 

Cover 
Indian Lake Watershed 

Publication No.: ll,220-175-57-2-79-CR 

Approved by: 
Alfred C. Holland 

Purchasing Agent 



ABSTRACT 

This report records and analyzes water quality and biological data 
collected from Indian Lake in Worcester, Massachusetts for the period 
24 April 1975 to 31 March 1976. Samples were obtained monthly except 
during adverse weather and ice conditions in the winter. The 193-acre, 
20-foot-deep, variably stratified lake was found to be di.mictic, tending 
towards anoxia in the hypolimnion. Indian Lake's waters were found to 
be slightly acid in pH,_and low in total alkalinity and total hard-
ness. Nitrogen and phosphorus concentrations were moderately high, as 
was the phytoplankton population. Water transparency was low throughout 
the period of sampling. Aquatic plant growth in the lake has reached 
nuisance proportions, adversely i~pacting certain recreational activities. 
The bottom sediments in Indian Lake contain unusually high concentrations 
of lead and copper, but relatively low levels of nitrogen and phosphorus. 
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I . METHODOLOGY 

MORPHOLOGY 

A bathymetric map of Indian Lake was prepared using an original from the 
Massachusetts Division of Fisheries and Wildlife as confirmed in the field 
with a fathometer (Raytheon model DE728A), Morphometric parameters were 
measured with a planimeter and rotometer according to Hutchinson (1957) and 
Welch (1948). Other pertinent map data (e.g., drainage basin area) were 
derived from the Worcester North Ouadraru>le(7. 5 minute series) U .S .G,S. 
topographic map. • · 

DATA COLLECTION 

Physical and Chemical Data 

Temperature profiles were made "in situ" with a Thermo Fishometer (Bright 
Radio Laboratories, Inc., Oceanside, New York). Transparency measurements 
were made with a standard 20 cm. Secchi disc. Field pH tests were taken 
with a Hach model 17N Wide Range pH Test Kit. Open water samples from the 
"deep hole" station were collected with a standard-type brass Kemmerer water 
sampler. The inlet and outlet samples were generally collected below the 
surface by hand after thoroughly rinsing the sample bottle. Dissolved oxygen 
samples were collected in the manner prescribed by Welch (1948). Dissolved 
oxygen concentrations were measured by the azide modification of the Winkler 
technique (Standard Methods for the Examination of Water and ,Tastewater, 
APHA 1971). Titrations were made within several hours after fixing in the 
field with manganese sulfate and alkali-azide-iodide reagents. The sulfuric 
acid was added just prior to the titrations in the laboratory. Samples for· 
chemical analyses were transported as soon as possible to the Lawrence Expe~i
ment Station of the Department of Environmental Quality Engineering, Division:; 
of Laboratories, and analyzed according to Standard Methods (A.~HA 1971), 
The following analyses were generally performed on each sample; pH total . ,, 
alkalinity, total hardness, ammonia-nitrogen, nitrate-nitrogen, total phos
phorus, silica, specific conductance, chlorides, sulfate, suspended solids, 
dissolved solids, total solids, manganese, iron, and color, In addition, 
many of the samples were also tested for total and fecal coliform bacteria. 
Wind, weather and air temperatures were routinely recorded on each survey. 

SAMPLING STATIONS LOCATIONS 

Five separate stations were routinely sampled on Indian Lake during the 
intensive study. The location of these stations can be seen in Figure 3 
and their description follows: 

Station l - The "deep hole" station on the lake. 

Station 2 - West inlet from Kiver Pond; samples were collected from 
downstream side of Route 122A, 

Station 3 - Northwest inlet; samples were collected from this tribu
tary just above where it enters the lake. 

Station 4 - Ararat Brook inlet:; this is the major inlet to Indian Lake _ 
and samples were collected just above where the brook enters 
the lake. 
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Station 5 - Outlet from the lake drains from the east shore; samples 
were collected from the lake edge as the water went over 
the spillway. The outlet flows south into Salisbury Pond 
via Weasel Brook and thence to the Blackstone River. 

Biological Data 

Phytoplankton 

Phytoplankton samples were collected by a standard procedure described by 
the Maine Department of Environmental Protection, Division of Lakes and 
Biological Studies. Each sample consisted of a composite core taken with 
a one-quarter inch I.D. plastic tube with a weight attached to one end. 
The tube was lowered at the "deep hole" station close to the bottom, pinched 
below the meniscus, and raised into the boat. The sample was allowed to 
drain into a clean and rinsed collection bottle. The procedure was repeated 
until a volume of 500 ml was collected. The samples were normally analyzed 
for phytoplankton on the day of collection using a Whipple micrometer and 
Sedgewick-Rafter cell. Algal counts were reported as Areal Standard Units 
(ASU) per ml, according to Standard Methods (1971). 

Aquatic Vegetation 

The aquatic macrophyton community in Indian Lake was located and mapped by 
slowly examining the entire littoral zone and cove areas. All habitats 
were sampled and the relative abundance of each plant type noted. Repre
sentative macrophytes were collected by hand and, in deeper water, by drag
ging a simple grappling hook with a weight attached to the shaft. Entire 
plants were generally taken for analyses, including flowers, fruits, and, 
if present, the roots, rhizomes, or tubers. Identification of the plant 
specimens was made using a stereoscopic microscope and various taxonomic 
keys. Preservation of some representative macrophytes was made by placing 
them in a 5% formalin solution. · 

Bottom Sediment Sample 

A representative sample of surface sediments from Station 1 was collected 
using a standard 6 x 6-inch Ekman dredge. The sediment sample was placed 
in a plastic one-quart container, packed in ice, and transported to the 
Lawrence Experiment Station for analysis according to Standard Methods(l971). 
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II. INDIAN LAKE WATER QUALITY STUDY 

A. INTRODUCTION 

This report follows a one-year intensive water quality study by the Massa
chusetts Division of Water Pollution Control of Indian Lake from April 
1975 to March 1976. The objectives of this study were five-fold: 

l. Estimation and characterization of the lake's trophic level and 
limnology. 

2. Data collection for the Commonwealth's lake classification and 
restoration/preservation program in fulfillment of the require
ments of Section 314 of PL95-217, the "Clean Lakes" section of 
the 1977 Amendments to the Federal Water Pollution Control Act. 

3. To develop a basis to evaluate the impact of shoreline develop
ment and land irse patterns on the lake. 

4. To satisfy the increased public demand for attention and study of 
lacustrine problems• 

5. To develop and evaluate new limnological techniques as an 
integral part of the Massachusetts' Lakes Program. 

1. Basin and Lake Description 

Indian Lake is located in the northern section of the City of Worcester, 
bordered by the Villages.of Westchestac on the west and Indian Hill to the 
north. Norton Company sprawls out ·from the northeast corner, but is not 
contained within the watershed boundary. The major portion of the water
shed is within the City of Worcester with the northern tip extending into 
the Town of Holden up to Chaffin Pond, alongside the Village of Chaffin
ville (see Figure 1). 

The watershed is heavily urbanized, especially the southern half around the 
lake itself. Even Sears Island is completely crowded with houses. There 
is no known industry within the watershed--only urban housing, schools, 
churches, and small neighborhood stores. The average lake level is 539 
feet (mean sea level) and watershed high points include Winter Hill at 900 
feet and Indian Hill at 800 feet. The area is quite hilly with little wet
land drainage. The lake is surrounded by houses except for the north shore 
where the former Norton's Beach and Heald's Beach are located. A public 
access area, including tennis court and boat launch, is located in the 
southwest corner. The lake is typical of waters situated in urban settings
heavy usage, saturation development, and deteriorating water quality. The 
City of Worcester has limited water resources for recreational use and is 
endeavoring to save this and other valuable assets. 

Indian Lake presents the classic case of an urban lake beset by deteriorating 
water quality from non-point pollution sources, leaky sewers, and occasional 
malfunctioning of wastewater pumping stations. The lake was once a very 
popular area which afforded the populace with swimming, fishing, boating, 
and sailboat racing. Recreational use has dramatically diminished due to 



poor water quality. The problems cannot be solved simply, and restoration 
of the water quality will involve a comprehensive watershed management plan. 

2. 1 Historical Background 

Indian Lake is one of the three Great Ponds located in the City of Worcester. 
Lake Quinsigamond on the eastern boundary of the city and Bell Pond on top 
of Chandler Hill are the other Great Ponds. Great ponds are natural bodies 
of water of ten acres or more, and recognized as such by the State Legislature. 

Indian Lake was once called North Pond, a name dating from the earliest 
records. The original lake was only some 30-acres but the dam and embank
ments were successively raised until the surface area measured about 200-acres. 
The lake level was raised in order to provide a sufficient reservoir to main
tain the summit level of the Blackstone Canal. Thus, Indian Lake's early 
history was closely linked to the·early economic development of Worcester. 
Although the commercially important but infamously short-lived Blackstone 
Canal closed in 1848, Indian Lake continued to provide an important source 
of water power to downstream sites. 

The bathyrnetric map (Figure 3) indicates that the original site of North 
Pond was along the eastern shore of the present lake. The southern bay and 
northeast and northwest cove areas were created by elevating the lake level. 
Both the Norton Company and Heald Corporation once maintained beaches at the 
lake's northern end. There is also the Indian Lake bathing beach located on 
the eastern shore near Sherburne Avenue. As the lake's importance as a 
reservoir for water power diminished, it became an important and heavily-used 
recreational area for Worcester residents. Today, the lake continues to pro
vid~ water-based recreation for Worcester residents, but on a critically re
duced scale. As the water quality deteriorates further, Indian Lake will 
become a less attractive recreational resource. 

3. Geology 

The physiography and geology of the Worcester area have been extensively 
studied and reported in early works (Alden 1925; Perry 1903). New England 
has been called a "worn-'down mountain region," worn down by the Labrador 
ice sheet during the Pleistocene or Glacial epoch. In geological terms the 
area is known as a peneplain, created by the removal of overlying material 
by ordinary processes of rock weathering and stream erosion. A few rem
nants of the former mountain system persist today, most notably Wachusett 
Mountain, Asnebumskit Hill (in Paxton) and, of course, Mount Monadnock. 
The recent geological history leading to the formation of the peneplain 
can be divided into three phases: 

1 
Coombs, Zelotes W. 1934. "The Ponds in Worcester." Historical Society_Jottings, 
Vol. 7 No. 2. 

11 



1. Depression of the land under the tremendous weight of the ice sheet. 

2. Encroachment of marine waters and formation of glacial lakes during 
melting and retreat of the ice sheet. 

3. Slow rising of the land following disappearance of the ice sheet and 
development of peneplain. 

The surficial material covering the area can likewise be divided into three 
groups: drift, or glacial deposits; interglacial deposits: and postglacial 
or recent deposits. There were two nearby glacial lakes (recognized by the 
sediments they left behind), appropriately named Glacial Lake Nashua and Glacial 
Lake Assabet. Another glacial deposit common to New England and found around 
Indian Lake is the drumlin. There are several bordering the lake including 
Indian Hill, Hancock Hill, and the hill off Sears Island. Perry (1903) bas 
described in great detail the nature of the underlying bedrock in Worcester. 
The Indian Lake watershed is underlain by Worcester phyllite composed of minute 
mica scales and quartz grains. It is called micaceous schist- when the mica 
scales and quartz grains are larger. There are also formations of micaceous 
quartzite graded into the above two formations. 

The Worcester area is part of the Central Massachusetts Plateau, whose eastern 
border runs through Upton, Westborough, Northborough, Clinton, and Leominster. 
An interesting consequence of the peneplain is that it serves as the point of 
radiation for the many rivers of the plateau, such as the Blackstone·, Nashua, 
French and Quaboag rivers. 

4. 2 Soils ---
The soils within the Indian Lake watershed are of a single general type 
known as Charlton-Paxton-Woodbridge association. It is the most exten_sive 
type in Worcester County, occupying some 42 percent of the area and generally 
concentrated in the central part of the county. The soils in this associa
tion are mostly fine, sandy loams. The dominant Paxton and Charlton soils 
are well drained. A hardpan layer may or may not exist at 30-inches or more. 
The Paxton and Charlton soils occur on the moderate to steep slopes, while 
the moderately well drained Woodbridge soils are found on the more gentle 
slopes. 

Although the agricultural use of this soil association includes dairy farming, 
orchards, and poultry farming, there are no known active ·farms within the 
watershed. The very stony and steep slopes are generally forested, but new 
development is beginning to encroach on even these areas: 

S. Land Use 

Figure 2 shows the general land use pattern of Indian Lake watershed based 
on the 1974 U.S.G.S. topographic map and personal connnunications. The lake 

2
Soils information was obtained from the United States Department of Agri
culture, Soil Conservation Service, Holden, Massachusetts. 
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surface area itself comprises some 9 percent of the total area. Residen
tial housing, schools, churches, and the like cover about 58 percent of 
the total area excluding the lake, Open area and overgrown fields consti
tute about 12 percent, while the remaining 21 percent is forested land. 

Residential house zoning within the City of Worcester portion of the water
shed ranges from single family lot sizes of 10,000 square-feet to general 
residential minimum lot sizes of 5,000 square-feet. The Holden portion of 
the ll!ltershed is all zoned for single family residential house lots and 
apartment districts of 16,499 square-feet. 

The Indian Lake watershed is almost completely sewered. A few isolated 
areas may still operate on subsurface disposal systems, but sewers have 
been extended throughout the whole area including the Holden portion. Even 
Sears Island has been sewered. Although sewers may be considered s modern 
convenience of sorts, they have caused some problems in the Indian Lake 
watershed, There are two pumping stations located on the shores of the 
lake--one at the northwest corner off Indian Lake Road and the other near 
the causeway leading onto Sears Island. Both have been reported to over
flow occasionally into the nearby water. There are also several storm 
sewers which discharge into the lake. Their location and size are as follows: 

Location 

Indian Lake Road (Pumping Station overflow) 

Shore Drive 

Sherburne Avenue 

Alder Street 

Huntington Avenue 

Grove Street 

Morgan Park 

Eagle Road 

Parkton Avenue (includes overflow from 

pumping station) 

Shoreham Street 

S~e 
(Inches) 

36 

18 

12 

10 

12 

12 

12 

24 

36 

42 

Storm sewers are necessary to control runoff from the extensively paved 
areas around the lake. Their function is to collect the snow melt and 
rain water and discharge them into the nearest waterway-that being Indian 
Lake. Mixed in with the runoff, however, are all the various pollutants 
native to urban areas everywhere. Very often tj,.ese pollutants include high 
levels of nutrients which can cause accelerated eutrophication in the re
ceiving body of water. Undoubtedly this has been and continues to be one 
of the major factors affecting the water quality in the lake, Although 
they normally only discharge during the springtime and storm events, their 
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contents are often comparatively rich and highly concentrated. Brooks and 
streams located within highly urbanized areas are similarly affected by 
non-point sources of pollutants. As will be discussed later in more detail, 
the major inlets to Indian Lake showed both high nutrient concentrations and 
high coliform bacteria densities. 

The new extension of Interstate 290, presently nearing completion, is 
engineered to cut across the northeast cove. In order to acco1111110date the 
new highway, a portion of the cove has been filled. Details of the construc
tion and proposed route are contained in the Final Environmental Statement 
prepared by C.E. Maguire, Consultants', for the Massachusetts Department of 
Public Works and is on file at the Worcester Public Library. Volume I of 
this document, "Statement Summary and Southern Segment" discusses the 
localities of interest concerning Indian Lake. Construction was delayed 
for some time due to the relocation of the Greendale YMCA from the eastern 
shore to an area next to the former Norton's Beach on the north shore. Re
tention walls and basinshave been constructed in and near the northeast cove 
to protect the lake from highway runoff. One such pollutant about which 
there is some concern are chlorides from road de-icing operations. The 
highway is designed to discharge all of the r1moff into Weasel Brook and 
thence to Salisbury Pond, thus b)'1'assing Indian Lake altogether. The actual 
construction in the cove area entailed the dredging of peat and muck, followed 
by filling with crushed rock. The total area affected was about 2,2 acres. 
This particular project was permitted by the U.S. Army Corps of Engineers 
under the proviso that such operation culminate prior to the spawning time 
of Indian Lake's indigenous fish species. The entire interstate construc
tion project in the area, as well as other development, has been carefully 
monitored under the watchful eye of the Worcester Conservation Commission 
and other environmental groups, 

B. MORPHOMETRY 

Indian Lake has a surface area of 193 acres, a maximum depth of 20 feet, and: 
a mean depth of 10.7 feet. The maximum length (through Sears Island) runs,. 
5,400 feet and the maximum effective length (fetch) runs 4,600 feet. The 
maximum width is about half the length at 2,500 feet and the mean breadth 
measures 1,560 feet. Indian Lake has a drainage area of 1,810 acres or 
2.82 square-miles. The length of shoreline measures 20,000 feet (3.78 miles) 
and the development of shoreline computes to 1.94. The latter figure, which 
compares the lake to a circle of equal area, is somewhathigh due to Sears 
Island which is connected to the mainland by a causeway. The volume of the 
lake is 2,066 acre-feet and the development of volume computes to 1.6. This 
is a high development of volume'index figure and reflects the extensive, 
shallow areas caused by raising the dam in earlier times. As is true with 
most artificially enhanced lakes, the increased lake level creates extensive 
littoral zones capable of supporting dense aquatic plant growth. In Indian 
Lake,the shallow southern, western and northern areas do indeed support 
dense growths of aquatic plants. 

A complete listing of morphometric data for Indian Lake can be found in Table 1. 
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TABLE 1 

INDIAN LAKE STUDY 

MORPHOMETRIC DATA 

Maximum Length 

Maximum Effective Length 

Maximum Width 

Maximum Effective Width 

Mean Breadth 

Area 

Volume 

Maximum Depth 

Mean Depth 

Shoreline 

Development of Shoreline 

Development of Volume 

Lake Watershed Area - Including lake area 

- Excluding lake srea 

17 

5,400 

4,600 

2,500 

2,500 

1,560 

193 

2,066 

20 

10.7 

20,000 
3. 7 9 

1.94 

1.6 

feet 

feet 

feet 

feet 

feet 

acres 

acre 

feet 

feet 

feet 
miles 

2,003 acres 
3.13 mi2 

1,810 
2.82 

acres 
mi 2 

feet 



C. PHYSICAL AND CHEMICAL DATA 

Indian Lake is a variably stratified, dimictic lake which tends toward 
anoxia in the hypolimnion. The temperature and dissolved oxygen data are 
presented in Table 2 and Figures 4 and 5. Because Indian Lake is fairly 
shallow (20 feet maximum depth) with a large surface area, weather condi
tions definitely affect the lake's limnology. During the period of this 
study the lake began to thermally stratify in late May and was weakly 
stratified by June. Maximum stratification was reached in July and pro
gressed to fall isothermy in September. During this study wind played a 
major role in keeping most of the lake circulating and, thus, weakly strati
fied. The dissolved oxygen isopleths in Figure 5 show that during the year 
of study, the lake's hypolimnion did not reach anoxia. In the past, however, 
the lake has been shown to become anaerobic on the bottom (Symmes 1975). 

Indian Lake iced over early in January 1976 and remained as such until 
about mid-March. The normal inverse temperature profile was observed and 
the dissolved oxygen was 7.7 mg/1 on the bottom, Thus, there was not a 
significant loss of oxygen from the lake's hypolimnion during the winter 
period under ice at Station 1. The percent saturation values during the 
February survey for five (5) feet and eighteen (18) feet were 123 percent 
and 60 percent, respectively. The supersaturation under the ice was caused 
by a diatom bloom. The March survey took place following ice-out on.the 
lake and showed isothermic conditions from top to bottom with an even distri
bution of dissolved oxygen of 12.0 mg/1 or 103 percent saturation. The 
slight supersaturation was caused again by a diatom bloom. 

The chemical data for Station 1 is presented in Table 3. Indian Lake has 
the general chemical character of neutral to slightly acid pH, low total 
alkalinity, and low total hardness. The natural pH of Indian Lake, or that 
which occurs in the absence of influencing factors such as photosynthesis, • appears to be about or just under 7.0 standard units. The higher values 
observed in the lake corresponded with greater phytoplankton activity (e.g., 
May 1975 and March 1976). It should be mentioned that the safe pH range of. 
drinking water is generally considered to be 5-9 (USEPA 1976), but the 
toxicity of several common pollutants can be markedly affected by pH changes 
within this range. A pH range of 6.5 to 9.0 appears to provide adequate 
protection for .the life of freshwater fish and bottom-dwelling invertebrate 
organisms. 

Any lake or pond with a total·alkalinity below 20 mg/1 can be considered 
weakly buffered. Total alkalinity is a measure of the buffering capacity 
of a body of water. That is, it measures the ability of a body of water 
to resist pH change. In a lake or pond the two substances which normally 
account for total alkalinity are carbonates and bicarbonates. The top 
and bottom total alkalinities in Indian Lake waters both averaged 21 mg/1 
throughout the study. The low total alkalinity is the reason for the low 
pH during November and February. Photosynthesis, when active, has the 
effect of elevating the pH by substituting OH- ions for HC03- ions. Thus, 
during those times (e.g., May 1975) when photosynthesis was very active, 
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TABLE 2 

INDIAN LAKE STUDY 

TEMPERATURE (OF) & DISSOLVED OXYGEN DATA (mg/1) 

STATION 1 

DEEP HOLE 

4/24/75 5/20/75 6/17/75 7/8/75 8/19/75 
DEPTH (Feeq TEMP. D.O. TEMP. D.0. TEMP. n.o. TEMP. D.O. TEMP. D.O. 

Surface 48.0 11. l 72.0 7.6 74.5 9.0 81.0 8.5 69.0 7. 8 

l 48.0 69.0 

2 48.0 69.0 

3 48.0 -- 69.0 

4 48,0 80,0 69.0 

5 48,0 11.5 71.0 7.6 73.5 9.1 80.0 8.5 69.0 7.5 

6 48.0 80.0 69.0 

7 48.0 69.0 

8 47.5 77 .o 69.0 

9 47.5 69.0 

IO 47.5 11.1 70.0 6.8 72.5 8.9 75.0 8.5 69.0 7.8 

11 47.5 69.0 

12 47.5 69.0 6.5 74.0 69.0 

13 47.0 11.1 69.0 

14 73.0 6.4 66.0 6.9 

15 70.5 9.6 72,0 65.5 

16 71.0 5.5 65.0 --
17 ~- 64.0 6.0 

18 68.0 3.8 63.0 --
19 63. () l,.9 



TABLE 2 (CONTINUED) 

9/30/75 10/22/75 11/25/75 2/26/76 3/31/76 
DEPTH (Feet) TEMP. D.O. TEMP, n.o. TEMP, D.O. TEMP. D.O. TEMP. D.O. 

Surface 56.0 9.6 54.0 7.6 43.0 R.7 32.0 13. 9 48.0 12.1 

1 

2 54.0 43.0 

3 

4 54.0 43.0 8.6 

5 56.0 9.8 7.6 41.0 15.8 48.0 12.0 

6 54.0 43.0 

7 

8 54.0 43.0 8.7 

9 

10 55.0 9.0 53.5 7.4 43.0 42.0 14.8 48.0 12.0 

11 

12 53.5 43.0 8.7 

13 

14 53;5 42.5 

15 55.0 7.4 41.0 10.3 48.0 12.0 

16 -- 53.5 42.5 

17 55.0 9.2 
18 55.0 7.4 42.0 8.6 41.0 7.7 48.0 11.9 

19 53.5 



the pH was elevated. During November and on the bottom in February,.bio
logical activity was at a minimum and, thus, the pH was lower. The conclu
sion, then, is that very poorly buffered waters may be acid or alkaline 
according to the circumstances. 

Alkalinity has another basic importance to water environments, It has been 
shown that alkalinity determines whether a water is alkaline or acid in its 
reaction. Since the point of neutrality (pH 7} brings about a sharp separa
tion in the organic world in the sense that many species require alkaline 
or acid habitats, the amount of alkalinity has a direct bearing on the nature 
and composition of the plant and animal environment. Another important aspect 
of alkalinity is its ability to complex some toxic heavy metals and reduce 
their toxicity markedly. 

Total hardness is defined as the sum total of polyvalent metallic ions dis
solved in the water. For the most part, calcium and magnesium determine the 
level of hardness, although iron and manganese can also contribute hardness 
if present in appreciable concentrations. Sawyer (1960) provides the follow
ing table for determining the degree of hardness in freshwater: 

CLASSIFICATION OF WATER BY HARDNESS CONTENT 

CaC03(mg/l) Concentration 

0 - 75 

75 - 150 

150 - 300 

>300 

Description 

Soft 

Moderately Hard 

Hard 

Very Hard 

Indian Lake showed an average epilimnetic hardness of 33 mg/1 and an 
average hypolimnetic hardness of 35 mg/1. In regard to aquatic life, 
hardness appears to have a similar function as alkalinity, which is to reduce 
the toxicity of heavy metals. Thus, a body of water with low alkalinity and 
hardness would be less guarded against the toxic effects of heavy metals. 

The nutrient concentrations in Indian Lake are a contributing factor toward 
eutrophication. Nitrate-nitrogen showed very high levels in April 1975 
(0.4 mg/1), February 1976(1.1 mg/1) and April 1976 (0.5 mg/1). These three 
periods coincide with low biological activity (and thus low assimilative 
rates) and can be considered as the in-lake supply available for plant growth. 
Values in excess of 0.3 mg/1 are generally regarded as indicative of eutrophic 
conditions. The.very high concentration of 1.1 mg/1 in February which occurred 
under ice was rather exceptional in comparison to other lakes and ponds. 

Ammonia-nitrogen was fairly normal, except in the hypolimnion during summer 
and winter stagnation when excessive amounts occurred probably as a result 
of sediment release. This phenomenon is not unusual except that sediment 
release does not normally occur unless a lake's hypolimnion becomes anaerobic. 

Total phosphorus showed moderate concentrations with some rather high levels 
recorded in July 1975. Since this is a time of high biological activity 
(phytoplankton and macrophyton) it is somewhat curious. The data suggests 
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PARAMETER 

pH (Standard Units) 

Total Alkalinity 

Ammonia-Nitrogen 

Nitrate-Nitrogen 

"' 
Total Phosphorus 

JO-

Suspended Solids 

Total Solids 

Chlorides 

Hardness 

Conductivity 
(micromhos/cm) 

Silica 

Sulfate 

Iron 

Manganese 

Color (Color Units) 

TABLE 3 

INDIAN LAKE STUDY 

WATER QUALITY DATA (mg/1) 

STATION l 

DEEP HOLE 

4/24/75 5/20/75 

@ 5 Ft. @ 13 Ft, @ Surface @ 

7.1 7,2 8,0 

16 16 20 

0.01 0.01 0.00 

0.4 0.4 0.1 

0,03 0.02 0.01 

1.0 0.3 1.0 

120 

37 37 39 

31 30 34 

185 185 220 

2.6 2.6 l.1 

11 12 16 

6/17/75 

12 Ft. @ Surface @ 15 Ft. 

8.2 7.6 7.5 

19 20 22 

0.03 0,08 0.08 

0.1 0.1 0.0 

0.03 0.02 0.02 

4.0 3.5 1.5 

130 116 112 

43 39 38 

37 34 31 

240 210 210 

1.2 l.0 1.9 

15 12 12 



TABLE 3 (CONTINUED) 

7/8/75 8/19/75 9/30/75 

PARAMETER @ Surface @ 10 Ft, @ 18 Ft, @ Surface @ 14 Ft, @ 19 Ft. @ Surface @ 17 Ft. 

pH (Standard Units) 8.6 8.0 7.1 7.7 7.6 7.1 7.6 7.5 

Total Alkalinity 24 24 28 27 29 31 24 24 

Annnonia-Nitrogen o.oo o.oo 0.18 o.oo 0.00 0.33 0,01 o.oo 
Nitrate-Nitrogen 0.0 o.o o.o o.o 0.0 o.o o.o 0.1 

Total Phosphorus 0.04 0.06 0.04 0.01 0.04 0.01 0.02 o. 04 

N Suspended Solids 5.0 7.0 5.0 12 8.0 
V, 

Total Solids 210 204 204 126 120 

Chlorides 35 35 35 39 39 39 36 36 

Hardness 31 31 36 40 40 48 29 29 

Conductivity 225 215 220 190 190 190 175 175 
(micromhos/cm) 

Silica 0.8 0.8 0.9 0.9 0,8 1. 3 0.9 0.9 

Sulfate 10 9 10 8.0 7.0 4,0 11 11 

Iron 0.15 0.20 0,17 0.10 0.12 0.15 0.20 0.20 

Manganese 0.05 0.10 0.13 0.05 0.05 0.14 o. 10 o. 10 

Color (Color Units) 25 30 45 70 20 



TABLE 3 (CONTINUED) 

11/25/75 2/26/76 3/31/76 

PARAMETER @ Surface @ 18 Ft. @ 5 Ft. @ 18 Ft. @ Surface @ 18 Ft. 

pH (Standard Units) 6.9 6.6 7.1 6.7 7.6 7.7 

Total Alkalinity 19 15 18 16 18 18 

Annnonia-Nitrogen 0.01 0.02 o.oo 0.21 0.01 0.01 

Nitrate-Nitrogen 0.2 0.2 1. 1 0.7 0.5 0.5 

Total Phosphorus 0.04 0.03 0.03 0.00 0.03 0.04 
N Suspended Solids 4.5 5.0 2.0 5.0 6.5 6.5 
0-, 

Total Solids 90 92 114 230 140 140 

Chlorides 30 33 36 101 51 53 

Hardness 29 29 33 45 33 34 

Conductivity 140 144 220 225 
(micromhos/cm) 

Silica 1.9 1.8 1.5 2.4 1.8 1.7 

Sulfate 12 11 9.0 11 13 12 

Iron 

Manganese 

Color (Color Units) 30 25 10 30 15 20 



that there was more than enough phosphorus available for plant growth. 

The remaining water quality data for Station 1 showed a relatively rich 
supply of iron (0.1 - 0.2 mg/1) and manganese (0.05 - 0.10 mg/1). Silica· 
is a necessary substance for diatom growth and was in plentiful supply. 
The reason for the high chlorides concentration (101 mg/1) at eighteen 
(18) feet during February 1976 is unclear at this time. 

The two major tributaries to Indian Lake are the Route 122Ainlet (see 
Table 4) and Ararat Brook inlet (see Table 6). The data show that both of 
these brooks adversely affect the water quality in Indian Lake. In addition 
to these two inlets, there is a small intermittent inlet stream located in 
the northwest corner of the lake. (See Table 5.) There are several storm 
sewers as previously mentioned, some of whose data are also shown in Table 5. 

The three natural tributaries all showed very high total coliform and high 
fecal coliform bacteria densities, with the Route 12:?Ainlet (Station 2) 
being the worst. All three inlets also showed extremely high nitrate-nitrogen 
concentrations. The Route 12:?Ainlet was also high in total phosphorus. These 
salient factors and the remaining supportive water quality data indicate the 
high possibility of sewage contamination in the inlets, especially the Route 
122A inlet. The data show that all three natural inlets sampled contribute 
to the eutrophication of Indian Lake. By virtue of their respective volumes, 
however, Ararat Brook would weigh heaviest; then the Route 122Ainlet; and 
finally the small northwest corner inlet. Then there are the storm drains. 
Sample data for April 1975 from two such drains are shown in Table S. Un
fortunately, bacteriological data are lacking, but the other water quality 
data show high nitrate-nitrogen from both drains, and high total phosphorus 
from storm sewer #2. It should be noted that the night before the November 
survey there occurred a moderate snowfall. Due to this fact, the roads 
(especially Route 122A)were being salted. For this reason, the chlorides 
and conductivity values for Route 122A and Ararat Brooks during the November 
survey were disproportionately high. Whether or not road de-icing caused 
the high chlorides concentration in the lake at eighteen (18) feet during 
February 1976 is not known. 

The inlet data underscore the perilous position of Indian Lake. It is an 
urban lake, and as such receives all the spoils and water-borne pollutants 
from its urban watershed. Although the area is mostly sewered, there evident
ly exist leaks, spills, pumping station overflows, or some other malfunction 
which degrades the water quality of all three inlets. Then, too, during 
every storm event and especially the spring runoff period, the storm sewers 
function exactly as they were designed, that is, to collect the street and - · 
urban runoff and deliver it all into Indian Lake. A critical part. of any 
restoration attempt on Indian Lake will have to be watershed management whose 
goal will be to clean up all the urban non-point sources of pollution. 

The Secchi disc transparency in Indian Lake was generally very poor (see 
Figure 6). From July to winter, the lake showed a transparency of four feet 
or less, which violates the State Sanitary Code for public bathing beaches. 
The general, annual trend of light transparency was typical of most New 
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PARAMETER 4/24/75 

pH (Standard Units) 7.9 

Total Alkalinity 43 

Ammonia-Nitrogen 0.02 

Nitrate-Nitrogen 0.3 

Total Phosphorus 0.04 
"' '° Suspended Solids 

Total Solids 

Total Coliform/100 ml 

Fecal Coliform/ 100 ml 

Chlorides 17 

Hardness 86 

Conductivity 170 
(micromhos/cm) 

Silica 4.2 

Sulfate 13 

Iron 

Manganese 

Color ( Coior Units) 

TABLE 4 

INDIAN LAKE STUDY 

WATER QUALITY DATA (mg/1) 

STATION 2 

RT. 122A- INLET 

5/20/75 6/17/75 7 /8/75 

7.4 6.9 7.1 

22 45 45 

o.oo 0.13 0.17 

0.5 0.9 1.5 

0.06 0.50 0.17 

1.0 13 

132 144 

27 34 64 

58 53 50 

235 245 370 

6.4 7.4 8.0 

14 13 17 

0.05 

0.05 

8/19/75 9/30/75 11/25/75 2/26/75 3/31/76 

7.5 7.1 5.5 7.0 7.6 

45 35 5.0 29 39 

0.05 0.50 0.00 0.00 o. 05 

1.4 1.3 0.8 0.7 0.5 

0.09 0.22 0.05 0.01 0.05 

1.0 8.0 7.0 2.5 3.5 

234 190 392 98 130 

930 93,000 2,400 4,600 2,400 

230 43,000 430 230 36 

77 27 188 20 27 

62 45 50 42 51 

370 195 580 190 

8.3 4.6 7.4 6.5 6.0 

21 8.0 18 11 16 

0.08 0.03 

0.04 0,.05 ·--
7 40 30 15 25 



PARAMETER 

pH (Standard Units) 

Total Alkalinity 

Anunonia-Nitrogen 

Nitrate-Nitrogen 
w 
0 Total Phosphorus 

Suspended Solids 

Total Solids 

Total Coliform/100 ml 

Fecal Coliform/100 ml 

Chlorides 

Hardness 

Conductivity 
(micromhos/c,m) 

Silica 

Sulfate 

Color (Color Units) 

TABLE 5 

INDIAN LAKE STUDY 

WATER QUALITY DATA (mg/1) 

STATION 3 

NORTHWEST INLET & STORMDRAIN INLETS Hl AND #2 

N, W. INLET 

11/25/75 2/26/76 3/31/76 

6.6 6.7 6.9 

15 8 12 

0.09 o.oo 0.06 

0,8 0.6 0.8 

0.07 0.01 0.05 

13 5.0 5.5 

136 130 200 

12,400 4,600 2,400 

240 930 36 

43 49 75 

27 <36 48 

180 300 

7.4 6.2 7.0 

16 11 14 

35 10 10 

S.D. I. Hl S.D,I. 02 

4/24/75 4/24/75 

7.2 6.6 

24 16 

0.00 0,05 

0.9 1.2 

0,04 0,09 

55 55 

44 44 

250 240 

6.2 7.4 

13 12 



PARAMETER 4/24/75 

pH (Standard Units) 6,9 

Total Alkalinity 13 

Ammonia-Nitrogen 0.02 

Nitrate-Nitrogen 0.9 

Total Phosphorus 0,09 

l,.> 
Suspended Solids 

..... 
Total Solids 

Total Coliform/100 ml 

Fecal Coliform/100 ml 

Chlorides 23 

!iardness 39 

Conductivity 148 
(micromhos/cm) 

Silica 6.4 

Sulfate 13 

Iron 

Manganese 
Color (Color Units) 

TABLE 6 

INDIAN LAKE STUDY 

WATER QUALITY DATA (mg/1) 

STATION 4 

ARARAT BROOK INLET 

5/20/75 6/17 /75 7/8/75 

7.2 6.9 6.8 

20 20 26 

0.00 o.oo 0.00 

0.6 0.8 0.8 

0.01 0.01 0.03 

0.5 0,5 

116 106 

8/19/75 

6,9 

29 

0.00 

0.5 

0.01 

0,5 

144 

4,600 

430 

29 30 28 35 

37 37 46 58 

200 190 200 205 

7,8 8.4 8,6 9.1 

15 15 15 36 

o.oo 0.04 
• ,,-1 

0.00 0.00 

10 

9/30/75 11/25/75 2/26/76 3/31/76 

6,7 6.8 6,8 7.1 

22 17 15 16 

0,01 0.00 0.14 0.02 

1.1 1.0 0.8 0.9 

0.04 0.02 0,03 0,03 

1.0 2.0 2.5 1.0 

126 202 122 110 

930 930 91 36 

430 240 <36 <36 

40 86 39 42 

44 37 36 37 

215 310 200 

7.4 6,8 6.4 7.0 

21 17 12 15 

o. 10 

0.00 --
20 25 10 10 



PARAMETER 4/24/75 

pH (Standard Units) 7.1 
Total Alkalinity 16 

Anunonia-Nitrogen 0.01 

Nitrate-Nitrogen 0.4 

Total Phosphorus 0.02 

Suspended Solids 

Total Solids 

Total Coliform/100 ml 

Fecal Coliform/100 ml 

Chlorides 37 

Hardness 30 

Conductivity 185 
(mic.romhos/ cm) 

Silica 2.8 

Iron 

Manganese 

Color (Color Units) 

TABLE 7 

INDIAN LAKE STUDY 

WATER QUALITY DATA (mg/1) 

STATION 5 

OUTLET 

5/20/75 6/17 /75 7/8/75 

8.2 7.4 8.6 

18 21 23 
' 

0,03 0.07 o.od 
0.1 0.1 0.0 

0.02 0.03 0.05 

4.0 3,5 

122 116 

40 38 36 

35 32 31 

225 210 210 

0.1 0.6 0.6 

0.15 

0.06 

8/29/75 9/30/75 11/25/75 2/26/76 3/31/76 

7.6 7.6 6.9 6.6 7.7 

27 24 20 18 18 

0.00 o.oo 0.02 0.03 0.02 

o.o 0.0 0.2 0.4 o.s 
0.05 0.02 0.03 0.01 0.05 

6.0 6.0 10 0.5 6.5 

214 124 92 38 140 

36 24,000 150 <36 930 

<36 70 75 <36 <36 

39 36 30 15 51 

42 29 29 16 34 

185 175 140 230 

0.8 0.9 1.9 0.4 1.6 

0.13 0.18 

0.07 0. 10 

20 60 30 5 25 



England lakes: a sprin~maximum (6 feet) followed by reduced transmission 
of light caused by increasing algal populations and turbidity. Indian Lake 
reached its minimum transparency in October and then increased again. 
During the October survey a blue-green algal bloom was observed on the sur
face at Station 1. Figure 6 also shows the annual trend in suspended solids 
at Station L As the suspended solids increased, so did turbidity ·and, hence, 
transparency decreased. 

D. BIOLOGICAL DATA 

1. Microscopic Examination 

The perception of quality of natural waters is largely determined by the 
kinds of phytoplankton present. That is, the observed color, turbidity, and 
general appearance of lakes and ponds (as well.as rivers) is often the result 
of the nature and quantity of algae living in the water in the absence of any 
other gross pollution. The reason so much attention and importance is at
tached to nutrient concentrations in lakes and ponds is their direct and 
often immediate effect on phytoplankton populations. Phytoplankton occupy 
the interface between the physical and chemical milieu and higher levels of 
the food chain, and so may be expected to most immediately and directly re
flect objectionable conditions in a lake or pond. People do not object to 
high levels of nitrogen or phosphorus in the water, simply because they cannot 
see them. What people object to are the algal blooms and nuisance aquatic 
vegetation growths caused by the high nutrient levels. Although most .lacus
trine residents think otherwise, algae are not all bad and may some day serve 
man as a protein source. They have also contributed to the space age as a 
possible food source and as a gas exchanger. Algae can indeed by considered 
the most venerable of all chlorophyll-bearing life. They are certainly here 
to stay, which is more certain than what can be said about mankind. 

Indian Lake phytoplankton data are presented in Table 8 and Figure 7. 
During almost every survey the lake appeared turbid and. slightly brown-colored 
with poor transparency. The amorphous matter in the lake was generally high, 
which caused the greater part of the turbidity. 

The algal data showed two seasonal diatom blooms, one in the spring, the 
other in fall. This phenomenon is by no means unusual for New England lakes. 
What does vary is the type of diatoms and their total number, In the spring 
the dominant genus was Fragilaria and in the fall it was Asterionella. In 
both instances the total number of all diatoms was very high. Diatom blooms 
very often lend a turbid, brownish color to the water, which was the case in 
Indian Lake. 

The green algae were relatively diverse in genera with no outstanding dom
inant types. Their total population peaks also occurred in the spring and 
fall. 

The blue-green algae data does not show any bloom conditions, although visual 
observations showed a surface bloom in October. The lake never became "green
colored" as some others do, but is best described as turbid and tea-colored 
most of the time. 

As mentioned earlier, the February data under ice showed a diatom bloom of 
Asterionella sp. which caused a supersaturation of dissolved oxygen (123%) 
at the five-foot depth. 
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ORGANISMS 

ALGAE 

llacillariophyceae (Diatoms) 
Asterionella sp. 
Diatoma sp. 
Fragilaria sp. 
Melosira sp. 

" Synedra sp. -" 
Tabellaria sp. 

SUBTOTAL 

Cyanophyceae (lllue-green) 
Coelosphaerium sp. 
Gomphosphaeria ·sp. 
Oscillatoria sp. 
Polycystis sp. 

SUBTOTAL 

Chlorophyceae (Green) 
Ankistrodesmus sp. 
Closterium sp. 
Pediastrum sp. 
Protococcu.s sp. 
Scenedesmus sp. 
Selenastrum 8.P· 

4/24/75 

250 

30 

90 
30 

400 

35 

15 
25 

TAJILE 8 

INDIAN'LAKE STUDY 

STATION 1 

MICROSCOPIC ANALYSIS! 

5/20/75 6/17/75 7/8/75 

540 240 

1275 

50 

1865 240 

51 
~-

51 

55 
35 
10 
60 7 

8/19/75 9/30/75 10/22/75 2/26/76 3/31/76 

85 25 1600 2320 
30 

85 
73 20 

50 10 225 

73 105 75 1610 2660 

100 
58 

130 35 
181 

239 230 35 

25 
5 

10 40 
20 
15 5 



TABLE 8 (CONTINUED) 

ORGANISMS 4/24/75 5/20/75 6/17/75 7 /8/75 8/19/75 9/30/75 10/22/75 2/26/76 3/31/76 

Chlorophyceae (Green) 
Staurastrum sp. 10 30 5 
Ulothrix sp. 115 500 
IJnirlentified sp. 75 25 73 11 5 40 

SUBTOTAL 75 245 55 80 11 155 60 30 540 

TOTAL 475 2110 295 131 323 490 170 1640 3200 

' ' TOTAL AMORPHOUS MATTER 1500 12000 8875 1560 2680 1765 13125 2800 5875 

1 Areal Standard Unite (ASU) per milliliter (ml) 
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In conclusion, the data showed that the phytoplankton of Indian Lake was 
dominated by Bacillariophyceae (diatoms) and that total algal peak produc
tion occurred in the spring and fall seasons. Indian Lake is treated with 
copper sulfate on the average of four times each sUDllller. Such recourse is 
taken in order to control severe algal blooms which occur in the absence of 
such treatment. It is for this reason that the total phytoplankton popula
tions in the s=er of 1975 were low and of an unobjectionable nature. 

2. Aquatic Macrophyton 

Indian Lake suffers from very dense growths of aquatic macrophyton. The 
problem affects the entire lake except for the central and eastern portion 
where the water depth is too great for rooted plant growth. 

The distribution of aquatic macrophyton in the lake is shown in Figure 8. 
The single most prevalent species in Indian Lake is Potamogeton pusillus 
which is very dense over much of the lake. It is this species which causes 
most of the problems in the lake, including bathing complaints, fouling boat 
motors, and other general nuisance conditions. Nuphar variegatum, the yellow 
water lily, was found in several of the coves around the lake. It is partic
ularly conspicuous where Ararat Brook enters, and the southwestern cove where 
the Route 122A brook enters. Another aquatic plant species present and very 
noticeable in the lake is Polvgonum amphibium, which is confined to the 
Ararat Brook cove area. The leaves trail through the water and can be con
fused with the genus Potamogeton except .. that Polygonum amphibium, .or .more 
commonly water smartweed, has heads of pink flowers which stand above the 
water. Water smartweed is one of those aquatic plants exhibiting polymorphism 
in that the species has a wide spectrum of vegetative variants depending on 
the habitat. The same species will appear quite different depending on the 
physical substrate, depth of water, etc, The smartweed in Indian Lake was 
confined to the cove's mid-area, which was somewhat built-up by the accumu
lation of sediment carried in and deposited by Ararat Brook. There was also 
some cattail (Typha sp.) along the shore of this cove. 

Thus, Indian Lake is plagued by very dense aquatic macrophyton, overwhelmingly 
dominated by the submersed pondweed Potamogeton pusillus. · 

E. BOTTOM SEDIMENT ANALYSIS 

During the February survey when the lake was fro~en over, a bottom 
grab sample was collected from Station 1 in the manner described, 
Methodology.) The following data resulted from that sample: 
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BOTTOM SEDIMENT ANALYSIS 

Station 1 

Parameter Concentration 

Total Kjeldahl Nitrogen 10,400 

Ammonia Nitrogen 900 

Organic Nitrogen 9,500 

Total Phosphorus 111 

Cadmium 2.8 

Chromium 4.7 

Copper 215 

Iron 28,100 

Lead 400 

Manganese 420 

Zinc 390 

(mg/kg) 

Surprisingly, the nitrogen and phosphorus content of the sediments do not 
appear to be very high relative to other lakes and ponds for which data 
exist. The total phosphorus content was very low at 111 mg/kg in compari
son to the oligotrophic Lake Mattawa with 2,000 mg/kg. Although additional 
sediment samples would be necessary for confirmation, these data suggest a 
relatively low nutrient content in Indian Lake sediments. Thus, there is 
probably little contribution of nutrients from the sediments to the water. 
This does nothing, however, to ameliorate the aquatic macrophyton problem. 
Where the water is shallow enough, the vascular hydrophytes seem to grow 
very well. 

The metals data from the sediments are noteworthy for two reasons: first, 
the lead was high, which is not unc0111mon in heavily urbanized areas due to 
the heavy motor vehicle traffic around the lake; and secondly, the copper 
content of the sediments was high, which might be expected in a lake treated 
annually with copper sulfate. Symmes (1975) has shown that for Indian Lake 
most all (96%) of the copper that enters the lake via watershed runoff or 
copper sulfate treatment remains in the sediments and is.not lost through 
the outlet. An interesting study would be to determine what effect, if 
any, this high level of copper in the sediments has upon the benthic macro
invertebrate population--that is, its composition and distribution. 

The remaining metals data appear to be within the range of other lakes 
throughout the Commonwealth. 
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DATE 

4/24/75 

5/20/75 

6/17/75 

7 /8/75 

8/19/75 

9/30/75 

10/22/75 

11/25/75 

2/26/76 

3/31/76 

TABLE 9 

INDIAN LAKE 

GENERAL WEATHER CONDITIONS 

AIR TEMPERATURE (F0
) 

53 

80 

67 

78 

68 

56 

59 

45 

45 

45 

CONDITIONS 

overcast, Drizzle, Moderate 
Breeze 

Clear, No Wind 

overcast, Southerly Breeze 

Partly Cloudy, No Breeze 

Sunny, Northerly Winds 

Partly Cloudy, Southerly 
Wind, 5 - 10 MPH 

overcast, No Wind 

Partly Cloudy, No Wind 

Sunny, No Wind, Ice Cover_ 

overcast, Drizzle, Moderate 
Breeze 



III. CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSim1s 

1. Indian Lake is a thermally stratified, dimictic lake with a maximum 
depth of 20 feet and surface area of 193 acres. It is a raised, 
natural Great Pond located in a heavily urbanized area in the City of 
Worcester. The water quality is adversely impacted by a plethora of 
urban pollutants via the inlets and storm sewers. 

2. The lake has been classified as mesotrophic in the Massachusetts Lake 
Classification Program. If the lake had not been truted with copper 
sulfate during the summer season, the algal population would have been 
such as to place the lake in the eutrophic category, where it decidedly 
belongs. The lake possesses the following poor qualities: 

a. high nutrient levels; 

b. anoxia, or near anoxia in the hypolimnion; 

c. history of nuisance algal blooms until copper sulfate treatment 
began; 

d. dense aquatic macrophyton growth; 

e. very poor water transparency. 

3. There is easy, adequate public ·access to Indian Lake. Despite this 
fact, recreational use of the area, especially of the water contact 
type, has diminished greatly due to the offensible nature of the water 
quality. 

4. The major factors responsible for the degradation of Indian Lake water 
quality include faulty wastewater pumping stations, urban runoff via 
the many storm sewers, and the major inlets entering the lake. The 
major inlets have been shown to have very high total coliform and fecal 
coliform counts which may be due to faulty sewerage upstream. 

5. The bottom sediments in Indian Lake do not 
concentrations of nitrogen and phosphorus. 
centrations, however, are exceedingly high. 

RECOMMENDATIONS 

contain abnormally high 
The lead and copper con-

1. Each of the major factors responsible for the degradation of water 
quality must be addressed within the framework on an Indian Lake water
shed management plan. Such a plan should have input from, and be co
ordinated between, the Indian Lake Improvement Association, Indian 
Lake Yacht Club, the Worcester Conservation Commission, and any other 
organization interested in restoring the water quality. The City of 
Worcester Public Health Department has a considerable amount of data on 
Indian Lake and is also familiar with the sewerage problems in the area. 
They should be consulted concerning a watershed management plan. 
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Specifics of the plan might include: 

a) Proper operation and maintenance of the wastewater pumping stations. 

b) Solution to the storm drain problem, such as properly maintained 
catchment basins; or even completely rerouting them all to the 
outlet. 

c) Investigation and intensive survey of the major inlets to find the 
sources and causes of the high bacterial counts and high 
nutrient levels. Perhaps a sanitary dye study would pinpoint 
faulty sewer lines. 

2. In-lake treatment should be deferred or minimized until the problem 
sources have been adequately controlled. 

3. The Indian Lake Improvement Association, in conjunction with other such 
organizations, should undertake a public educational program for all 
those residents within the watershed--particularly those on or close 
to the perimeter of the lake. Topics for discussion would include 
phosphorus-free detergents, lawn fertilizer use and application, com
munity awareness of the environment, partial or complete ban of motor 
boats, and public involvemen~ in conservation measures within the water
shed. 

If such a watershed management plan succeeds in reducing the incoming 
nutrient level, the summer algal problem should likewise be ameliorated, 
thus canceling the need for annual copper sulfate treatments. Another 
noticeable improvement should be an increased transparency, with much 
better water clarity. If both of these goals can be reached, the entire 
lake will once again become an attractive water body, suitable for recre
ational purposes. At that time, ·the rooted macrophyton problem can be 
addressed with possible in-lake treatment. It is also possible that the 
macrophyton problem will improve or stabilize by reducing the incoming 
nutrient load to the lake. 

In any event, it would certainly be nice to see a flotilla of small 
sailboats on the lake once again, 
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A NOTE ON LL'INOLOGY A."'ID LAKE RESTORATION PROJECTS 

Limnology is the study of in1and fresh waters, especially lakes and 
ponds (lentic water vs, lotic water for streams and rivers). The 
science encompasses the geological, physical, chemical, and biological 
events that operate together in a lake basin and are dependent on each 
other (Hutchinson, 1957), It is the study of both biotic and abiotic 
features that make up a lake's ecosystem. As pointed out by Dillon 
(1974) and others before him, in order to understand lake conditions, 
one must realize that the entire watershed and not just the lake, or 
the lake and its shoreline, is the basic ecosystem. A very important 
factor, and one on which the life of the lake depends, is the gravita
tional movement of minerals from the watershed to the lake. Admittedly 
the report contained herein concentrates·main1y on the lake itself. 
Yet the foremost problem affecting the lakes and ponds today is accel
erated cultural eutrophication, which originates in the watershed and 
is translated into various and sundry non-point sources.of pollution. 
A great _deal of lake restoration projects will have to focus on shore
land and lake watershed management. 

Hynes SWIIS up the science well in stating ••• "The conclusions ••• are 
therefore that any interference with the normal condition of a lake or 
a stream is almost certain to have some adverse biological effect, even 
if, from an engineering point of view, the interference results in con
siderable improvement. At present it would seem that this is little 
realized and that often much unnecessary damage is done to river and 
lake co=nities simply because of ignorance. It is of course manifest 
that sometimes engineering or water-supply projects have over-riding 
importance; and even if they have not, the question of .balancing one 
interest against another must often arise. But, r~grettably, even the 
possibility of biological consequences is often ignored. It cannot be 
emphasized too strongly that when it is proposed to alter an aquatic 
environment the project should be considered from the biological as well 
as the engineering vfewpoint. Only then can the full implications of the 
proposed alteration be assessed properly, and a reasonable decision be 
taken. Obviously this will vary with the circumstances and the relative 
importance of the various consequences involved, but, as present, unneces
sary and sometimes costly mistakes are often made because the importance 
of biological study is unknown to many administrators •. Often, as for 
instance in drainage operations, it would be possible to work out compro
mises which would satisfy both engineering and biological interests".* ·· •,·. 

* Hynes, a:B.N. 1974. The Biology of Polluted Waters. 
University of Toronto Press, Toronto, Canada. 
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EIJTROPHICATION 

The term "eutrophic" means well-nourished; thus·, "eutrophication" refers, 
to natural or artificial addition of nutrients to bodies of vater and to 
the effects of added nutrients (Eutrophication: Causes, Consequences, 
and Correctives, 1969), The process of eutrophication is nothing new or 
invented by man. It is the process whereby a lake ages and eventually 
disappears. An undisturbed lake will slowly undergo a natural succession 
of stages, the end product usually being a bog and, finally, dry land 
(see Figure A). These stages can be identified by measuring various 
physical, chemical, and biological aspects of the lake's ecosystem, Man 
can and often does affect the rate of eutrophication. From a pollutional 
point of view, these effects are caused by increased population, industrial 
growth, agricultural practices, watershed development, recreational use 
of land and waters, and other forms of watershed exploitation, 

It might also be mentioned that some forms of water pollution are natural, 
Streams and ponds located in densely wooded regions may experience.such 
heavy leaf fall as to cause asphyxiation of some organisms. Discoloration 
of many waters in Massachusetts is caused by purely natural processes. 
As pointed out by Hynes (1974), it is extremely difficult to define just 
what is meant by "natural wai:ers", which is not necessarily synonomous 
with "clean waters". 

For restorative or preservative purposes of a lake and .its watershed, 
it is important to identify both a lake's problem and the cause of the 
problem. Problems associated with eutrophication include nuisance algal 
blooms (especially blue-green algae), excessive aquatic plant growth, 
low dissolved oxygen content, degradation of sport fisheries, low trans
parency, mucky bottoms, changes in species type and diversity, and others, 
The pollutional cause is identified as either point or non-point in origin. 
A point source of pollution may be an inlet to the lake carrying some 
waste discharge from upstream. Or it may be an industrial, agricultural, 
or domestic (e.g., washing machine pipe) waste discharge which can be 
easily identified, quantified, and evaluated. 

Non-point sources of.pollution, which are the more common type affecting 
a lake, are more difficult to identify. They include agricultural runoff, 
urban runoff, fertilizers, septic or cesspool leakage, land clearing, and 
many more. They are often difficult to quantify and, thus, evaluate. 

An objective of a lake survey is to measure a lake's trophic state; that 
is, to describe the point at vhich the lake is in the aging process. 
The measure most widely used is a lake's productivity. Technically, 
this involves finding out the amount of carbon fixed per meter per day 
by the primary producers. Since it is a rather involved procedure to 
determine the energy flow through a lake system, the lake survey attempts 
to indirectly describe the lake's trophic state or level of biological 
productivity. 
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TABLE A 

LAlCE TROPHIC CHARACTERISTICS 

1. Oligotrophic Lakes: 

a. Very deep, thermocline high; volume of hypolimnion large; water 
of hypolimnion cold. 

b. Organic materials on bottom and in suspension very low. 

c. Electrolytes low, or variable; calcium, phosphorus, and nitrogen 
relatively poor; humic materials very low or absent. 

d. Dissolved oxygen-content high at all depths and throughout year. 

e. Larger aquatic plants scanty. 

f. Plankton quantitatively restricted; species many; algal blooms 
rare; Chlorophyceae dominant. 

g. Profundal fauna relatively rich in i;pecies and quantity; 
Tanvtarsus type; Corethra usually absent. · 

h. Deep-dwelling, cold-water fishes (salmon, cisco, trout) common 
to abundant. 

i. Succession into eutrophic type. 

2. Eutrophic Lakes: 

a. Relatively shallow; deep, cold water minimal or absent. 

b. Organic materials on bottom and in suspension abundant. 

c. Electrolytes variable, often high;·calcium, ·phosphorus, and 
nitrogen abundant; founic materials slight. 

d. Dissolved oxygen, in deeper stratified lakes of this type, 
minimal or absent in hypolimnion, 

e, Larger aquatic plants abundant. 

f. Plankton quantitatively abundant; quality variable; water 
blooms common; Myxophyceae and diatoms predominant. 

g. Profundalfauna, in deeper stratified lakes of this type, poor 
in species and quantity in hypolimnion; Chironcmus type; 
Corethra present. 

h. Deep-dwelling, cold-water fishes usually absent; suitable for 
perch, pike, bass, and other warm-water fishes. 

1. Succession into pond, swamp, or 111&rsh. 
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TAl!LE A (CONTINUED) 

3. Dystrophic Lakes: 

a. Usually shallow; temperature variable; in bog surroundings or 
in old mountains. 

b. Organic materials in bottom and in suspension abundant. 

c. Electrolytes low; calcium, phosphorus, and nitrogen very 
scanty; humic ~aterlals abundant. 

d. Dissolved oxygen.almost or entirely absent in deeper water. 

e. Larger aquatic plants scanty. 

f. Plankton variable; commonly low in species and quantity; 
Myxophyceae may be very rich quantitatively. 

g. Profundal macrofauna poor to absent; all bottom deposits 
with very scant fauna; Chironomus sometimes present; Corethra 
present. 

h. Deep-dwelling cold-water fishes always absent in advanced 
dystrophic lakes; sometimes devoid of fish fauna; when 
pres~nt, fish production usually poor. 

1. -Succession into peat bog. 

SOURCE: Welch, P.S., Limnology, McGraw Rill Book Co., New York, 1952. 
(Reprinted with permission from the publisher.) 



During the process of eutrophication, a lake passes through three major 
broad stages of succession: oligotrophy, mesotrophy, and eutrophy. 
Each stage has its o...n characteristics (see Table A). Data from a· lake 
survey can be analyzed for assessment of the lake's trophic state. 
Although the level of productivity is not quantified, the physical, 
chemical and biological par&meters measured go a long way in positioning 
the lake as to its trophic status. The perimeter survey helps locate 
and identify sources of pollution. It should be noted, however, that at 
the present time, there is no single determination that is a universal 
measure of eutrophication, 

Figure B shows the various zones of a typical stratified lake. In 
addition to the lake's li~e history mentioned above, a lake also bas 
characteristic annual cycles. Depending on the season, a lake has a 
particular temperature and dissolved oxygen profile (Figure B). During 
the summer season, the epilimnion, or warm surface water, occupies the 
top zone. Below this is the metalimnion, which is characterized by a 
thermocline. In a stratified lake, this is the zone of rapid temperature 
change with depth. The bottom waters, or hypolimnion, contain colder 
~ater. The epilimnion is well mixed by wind action, whereas the 
bypolimnion does not norm.a1ly circulate. During the spring and fall 
seasons, these regions hreak·do...n due to temperature change and the 
whole lake circulates as one body. In shallow lakes (i.e., 10 to 15 
feet maximum-depth) affected by wind action, these zones do not exist 
except for short periods during calm weather. 

The summer season (July and August) is the best time to survey a lake in 
order to measure its trophic statu.s. This is the ti.me when productivity 
and biomass are at their highest and when their direct or indirect effects 
can best be measured and observed. The oxygen concentration in the 
hypolimnion is an important characteristic for a lake. A high level of 
productivity in the surface waters usually results in low_oxygen concen
trations in the lake's bottom. Low oxygen 1n the hypolimnion can adversely 
affect the life ·10 the lake, especially the cold-water fish which require 
a certain oxygen concentration. Organic material brought in via an inlet 
can also cause an oxygen deficit in the hypolimnion. Hutchinson (1957) 
has alllply stressed the importance of dissolved oxygen in a lake: 

"A skilled lilllnologist can probably learn more about the nature 
of a lake from a series of oxygen determinations than from any 
other kind of chemical data. If the oxygen determinations are 
accompanied by observations on secchi disc transparency, lake 
color, and some morphometric data, a very great deal is known 
about the lake." 
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Nitrogen and phosphorus have assumed proninance in nearly every lake 
investigation in relating nutrients to productivity (eutrophication). 
Some investigators (Odum, 1959) use the maximum nitrogen and phosphorus 
concentrations found during the winter as the basis of nutrient pro
ductivity correlation due to the biological minimum caused by environ
mental conditions. Others use data following the spring overturn as a 
more reliable basis for nutrient productivity correlation. In any 
event, considerable caution must be used in transporting nutrient con
centration limits found in other lakes to the present situation. 

Table B depicts concentrations of various substances a~d other data for 
two hypothetical lakes, one eutrophic, the other oligotrophic. It is 
intended as a guide for eomparison to the data presented in this report. 
Each lake, of course, is different from all others. There is no hard 
and fast rule as to critical concentrations for each lake. The mor
phology of a lake (e.g., mean depth) plays an important part in its 
general well-being. ·A sma11, deep lake will react differently to nutrient 
loadings than a large, shallow lake. In the final analysis, each lake is 
found unique and 111Ust be evaluated on an individual. basis. 
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TABLE B 

SELECTED DATA FOR TWO HYPOTHETICAL LAl<ESl 

CONCENTRATIONS IN (mg/1) 

DISSOLVED 

TROPHIC STATUS 2 OXYGEN AT TRANSPARENCY PHYTOPLANKTON 
BOTTOM (Secchi Level) NII -N NO -N TOTAL-P ASSEMBLAGES -3-"- -3-"-

Lake A High High Low· Low Low High diversity, 
(Oligotrophic) >5.0 <0,3 <0.3 <0.01 low numbers, 

nearly complete 
absence of blue-
greens 

Lake B Low Low High High High Low diveraity 
(Eu trophic) <5,0 >0.3 >O. 3 >0.01 high numbera, 

abundance of 
blue-green a 

1 ' 
Not established as State standards. 

2oligotrophic • nutrient poor 

Eutrophic • high concentrations of nutrients 

AQUATIC CIIARACTERISTI C 
VEGETATION FISIIERIES 

Sper·ae Cold lfot<!r 
typea 

Abundant Warm Water 
types 
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DESCRIPTION OF TER.'15 

.,.; 

MAXIMUM LENGTH: 
lake; Represent!! 
than islands. 

Length of line connecting two 
true open-water length; does 

most remote extremities of 
not cross any land other, ,. 

MAXIMUM EFFECTIVE LENGTH: Length of straight line connecting most remote 
extremities of lake along which wind and wave action occur without any kind 
of land interruption, Often identical with maximum length. 

}tl\XIMUM WIDTH: Length of straight line connecting most remote transverse 
extremities over water at right angles to maximum length axis, 

• 
MAXIMUM EFFECTIVE WIDTH: Similar to maximum effective length only at 
right angles to it. 

MAXIMUM DEPTH: Maximum depth known for lake. 

MEAN DEPTH: -Volume of lake divided by its surface area, 

MEAN WIDTH: Area of lake divided by maxilDlllll length. 

AREA: Refers to surface area of lake exclusive of islands. Determined by 
planimetry from outline of map, 

VOLUME: Determined by computing the volume of each horizontal stratum as 
limited by the several submerged contours on the bathymetric (hydrographic) 
map and taking the sum of the volumes of all such strata. 

SHOJ!l:LINE: Length of lake's perimeter, measured from map with rotometer 
(map measurer). 

DEVELOPMENT OF SHOJ!l:LINE: Degree of regularity or irregularity of shoreline··· 
expressed as index figure.. It is the ratio of the length of the shoreline ·, 
to the length of the circumference of a circle of an area equal to that of' 
the lake. It cannot be less than unity, The quantity can be regarded as a 
measure of the potential effect of littoral processes on the lake. 

DEVELOPMENT OF VOLUME: Defined as the ratio of the volume of the lake to 
that of a cone of basal area equal to the lake's area and height equal to 
the maxillllllll depth. 

MEAN DEPTH - MAXIMUM. DEPTH RATIO: Mean depth divided by maximum depth. 
It serves as an index figure which indicates 1n general the character of 
the approach of basin shape to conical forms. 

LENTIC: Relating to still or calm water, as lakes or ponds. 

LOTIC: Relating to moving water, as rivers or streams. 
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EPILIMNIO!l: The circul.atiug, superficial l.ayer of a l.ake or pond lying 
above the metalimniou which does not exhibit thermal stratification. 

METALIMNION: The l.ayer of water in a l.ake between che"epilimn.ion and 
hypol.imuion in which the temperature exhibits the greatest difference in 
a vertical direction. 

HYPOLUlKION: The deep l.ayer of a lake lying below the metalimnion and 
removed from surface influences (i.e., not circulating). 

TdER~OCLINE: Coincident with metalimuion; relates to lake zone with 
greatest temperature change in a vertical direction • 

• 
CLINOGRADE: A stratification curve of temperature or of a chemical 
substance in a lake that exhibits a uniform slope from the surface into 
deep water. 

ORTHOGRADE: A stratification curve for temperature or a chemical substance 
iu a lake which has a straight uniform course. 

HETEROGRADE: A stratification curve for temperature or a chemical substance 
in a lake that exhibits a 11011-uniform sl.ope from top to bottom. It can be 
positive (metalimnetic maximum) or negative (metal.imnetic minimum). 

CULTURAL EUTROPHICATION: Enrichment or rapid increase in productivity of 
a body of.water caused by man. ·rt is an accelerated process as opposed 
to natural, slow aging of a body of water. Visual effects include ·nuisance 
algal. bl.ooms, l.ow transparency, extensive aquatic pl.ant growth, loss of 
cold water fisheries due to oxygen depletion, and others.' It is caused 

· by the rapid increase in nutrient additions to the l.ake. 

AQUATIC PI.Al,"TS: An aquatic can be defined as a vascular plant that 
· germinates and grows with at least its base in the water and is l.arge 

enough to be seen with the naked eye. The foll.owing three broad categories 
are recognized: 

1. EMERGENT: Those plauts rooted at the bottom aud projecting 
out of the water for part of their length. 

Examples: Arrowhead (Sagittaria sp.) 
Pickerel.weed (Pontederia sp.) 

2. FLOATING: Those which wholly or in part float on the surface 
of the water and usually do not project above it. 

Examples: Water shiel.d (Brasenia sp.) 
Yell.ow water lily (Nuphar sp.) 

3. SUBMERGED: Those which are continuously submerged (except 
. sometimes for floating or emergent inflorescences). 

Examples: Bladderwort (Utricularia sp.) 
Pondweed (Potamogeton sp.) 



SESTCN: All the particulate matter suspended ·in the water. 

DIMICTIC LAKE: One with spring and fall turnovers (temperate lakes). 

SILICA: This substance (SiO) is necessary for diatom growth. The 
concentration of silica is orten closely linked with the diatom populations 
growth. The limiting concentration is usually considered to be 0.5 mg/1 • 

• 

0-M 
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