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of Connecticut, except where bedrock is exposed at
the land surface. Stratified drift, a sediment that has
been sorted into layers of similar grain size by gla-
cial meltwater, forms deposits of variable width and
thickness along many stream valleys. Fine-grained
stratified drift, deposited in large glacial lakes that
once occupied the central lowland, forms extensive,
topographically flat areas. Soils developed in the
stratified-drift deposits of the central lowland con-
stitute some of the State's prime agricultural land.

The climate in Connecticut is generally tem-
perate and humid, and precipitation is typically dis-
tributed evenly throughout the year. Median annual
precipitation in Connecticut for calendar years
1951-80 ranged from about 42 in. along the south-
western coast to 53 in. in the northwestern corner of
the State (Hunter and Meade, 1983, table 3, p. 8).
The western uplands, eastern uplands, and high
ridges within the central lowland all have greater
median annual precipitation than the central low-
land (Hunter and Meade, 1983, map 2, p. 12; map
3, p. 14). The eastern part of the coastal lowland,
open to the Atlantic Ocean, has higher median
annual precipitation than the western part of the
coastal lowland, where median annual precipitation
is lowest in the State.

Streamflow in Connecticut varies consider-
ably throughout the year, in response to precipita-
tion and snowmelt conditions. High-flow conditions
generally occur in the spring, and low-flow condi-
tions generally occur in late summer or early fall;
however, major flooding can take place at any time
of year. Streamflow also changes from year to year
in response to varying climatic conditions.

Rivers, Reservoirs, and Harbors

Drainage areas for streams in Connecticut
encompass most of Connecticut and large areas of
north-central New England (fig. 1). Major streams
generally flow from north to south into Long Island
Sound.

Water-quality data from 39 monitoring sta-
tions in Connecticut have been analyzed for trends
(fig. 4). The stations include 33 stream sites, 2
impoundments, and 4 harbor or estuary sites, and
periods of record range from water years 1966-88
to 1981-88. The map location number, station
number, name and location, drainage area, period
of record, and approximate sampling frequency for
each station are provided in table 1.

Locations of selected streams relative to
major geologic regions of Connecticut are shown in
figure 3. Of particular relevance to water quality are
the locations of streams and their drainage areas rel-
ative to the arkosic sedimentary bedrock of the cen-
tral lowland and the carbonate bedrock of
northwestern Connecticut (fig. 3). Both of these
rock groups are more susceptible to chemical
weathering than the crystalline silicate rocks that
predominate throughout most of the State and drain-
age areas outside the State.

The Connecticut, Thames, and Housatonic
Rivers are the largest rivers in Connecticut. The
Connecticut River is the largest stream in New
England with a drainage area of 11,263 mi? that
extends from Quebec to Long Island Sound.
Approximately 13 percent of the drainage area is in
Connecticut. Sixty-six mi of the main stem are in
Connecticut; of this distance, 55 mi are affected by
the tides in Long Island Sound. The flow of the
Connecticut River is regulated by hydroelectric
dams, by diversions for public water supply, and by
several lakes and reservoirs before the river enters
Connecticut. In Connecticut, public-supply reser-
voirs and flood-control reservoirs are located on
some tributaries. The Farmington River, the largest
tributary of the Connecticut River in Connecticut,
has a drainage area of 601 mi?, with 497 mi® in
Connecticut. Streamflow on the Farmington River
is regulated by reservoirs, hydroelectric power
stations, and diversions for public supply (Healy
and others, 1994, p. 18).

Monitoring stations on the main stem of the
Connecticut River include Thompsonville, Hart-
ford, Middletown, Middle Haddam, and East Had-
dam (locations 8, 16, 18, 19, and 21 in fig. 4, table
1). Flow at Thompsonville is not affected by tides.
Stream stage at Hartford is affected by tides, and
tidal effects increase downstream from this point.
Upstream flow takes place at Middletown, Middle
Haddam, and East Haddam during the majority of
tidal cycles.

The drainage area of the Thames River and its
tributaries is 1,478 mi?, of which 1,153 mi? are in
eastern Connecticut. Headwaters of the Thames are
in northeastern Connecticut and adjacent parts of
Massachusetts and Rhode Island. The Thames River
forms at the confluence of the Shetucket and Yantic
Rivers in southeastern Connecticut. The Shetucket,
Quinebaug, and Yantic Rivers are the major tribu-
taries to the Thames. Streamflow in the basin is reg-
ulated by mills, flood-control reservoirs, and
diversions for public supply.
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The Housatonic River and its tributaries
drain an area of 1,946 mi? in western Connecticut
and adjacent areas of Massachusetts and New
York. Sixty-four percent, or 1,245 mi?, of the
drainage area is in Connecticut. The main stem of
the Housatonic originates in western Massachu-
setts and flows 159 mi to Long Island Sound. Of
this length, 94 mi are in Connecticut. The Shepaug
and Naugatuck Rivers are the largest tributaries to
the Housatonic. Tides in Long Island Sound affect
13 mi of the Housatonic River and about 1.5 mi of
the Naugatuck River. The main stem of the Housa-
tonic River is highly regulated by hydroelectric
storage reservoirs. Water-quality monitoring sta-
tions are located at two of these reservoirs—Lake
Lillinonah and Lake Zoar (locations 29 and 31, fig.
4). Flood-control reservoirs are located in the
Naugatuck basin (Healy and others, 1994, p. 133),
and streamflow on the Shepaug River is affected by
diversions from the basin for public water supply.

The Quinnipiac River, with a drainage area
of 166 mi?, is located in south-central Connecticut.
The river is 39 mi long, and a 9-mi reach is
affected by tides in Long Island Sound. Stream
stage and flow direction at the monitoring station at
North Haven (location 24, fig. 4) are affected by
tides. Streamflow on the Quinnipiac River is regu-
lated by mills, public-supply reservoirs, and diver-
sions to and from the basin for public water supply
(Healy and others, 1994, p. 72). Approximately 85
percent of the Quinnipiac River Basin is in the cen-
tral lowland.

In addition to these major drainage basins,
the water quality of three small coastal basins is
monitored. The Pawcatuck River Basin has a
drainage area of 304 mi?, of which approximately
61 mi? are in southeastern Connecticut and 243 mi?
are in southwestern Rhode Island. There are
numerous dams on the Pawcatuck and its tributar-
ies. The Saugatuck and Norwalk Rivers drain areas
of 93.2 mi’ and 64.2 mi? respectively, in south-
western Connecticut. Reservoirs for public water
supply are located in both of these drainage basins.

Monitored estuarine and harbor areas include
the Thames River near Mohegan, New Haven Har-
bor, the Housatonic River at Stratford, and Stam-
ford Harbor (locations 7, 25, 36, and 39, fig. 4).
Water at the New Haven Harbor and Stamford Har-
bor stations is mixed saltwater and freshwater. The

Thames River is tidal along its 16-mi length from
the confluence of the Shetucket and Yantic Rivers
to Long Island Sound. On most occasions, saltwa-
ter extends upstream underneath the freshwater
flow, from the mouth of the river to an area
upstream from the monitoring station. Water-qual-
ity samples are collected from both the saltwater
wedge and the mixed waters above the wedge. Data
from the mixed waters above the saltwater wedge
at the Thames River station were used for the trend
analyses in this study. At the Housatonic River at
Stratford, some mixing of saltwater and freshwater
occurs, and at times a saltwater wedge has been
detected at this station.

Population and Land Use

Connecticut ranked fourth of the 50 states in
population density in 1985. The population of Con-
necticut grew by 64 percent between 1950 and
1990 (table 2). The period of this trend study coin-
cides with a period of population growth, changes
in the geographic distribution of population, land
use change, and intensive water-pollution control
activity.

A map of areas served by public water sup-
plies or public sewers (fig. 5) shows the approxi-
mate extent of urbanized land in Connecticut in the
mid-1980's. Areas served by either public water
supplies or public sewers are considered to be
urbanized. Areas served by neither public water
supplies nor public sewers are considered sparsely
developed or undeveloped.

Table 2. Population in Connecticut,

1950-90

[Source: Connecticut Secretary of State, 1982,
p. 591; U.S. Department of Commerce, 1991]

Year Population Increase P?;ii::‘zge
1950 2,007,280

1960 2,535,234 527,954 26
1970 3,032,217 496,983 20
1980 3,107,576 75,359 2.5
1990 3,287,116 179,540 5.8

DESCRIPTION OF THE STUDY AREA 13
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The most highly urbanized areas are the cen-
tral lowland and the southwestern coastal lowland
(compare figs. 2 and 5). Other urbanized areas
include the Naugatuck River valley, the Thames
River estuary and nearby coastal areas, and the
Danbury area along the Still River near the western
border of the State.

In the early-to-mid-1970's, the greatest con-
centration of agricultural land in Connecticut was
in the central lowland (excluding the cities of Hart-
ford, New Britain, and New Haven and their
immediate environs) (U.S. Geological Survey,
1979c¢; Healy and others, 1994, fig. 7). The second
largest concentration of agricultural land was in the
central and northwestern parts of the Housatonic
River Basin. Considerable tracts of agricultural
land were also located in the Yantic, Shetucket, and
Quinebaug drainage basins. Few agricultural areas
were located in the coastal lowlands or in south-
western Connecticut south of the Housatonic basin.
Since the mid-1970's, large areas of agricultural
land have been converted to suburban develop-
ment, particularly in the central lowland. The east-
ern and western uplands have also experienced
suburban development, but have retained more of
their former rural and agricultural character.

Despite Connecticut's high population den-
sity, much of the State is forested. In 1980, forest
land covered 60 percent of the State, followed by
developed land (16 percent), farm land (16 per-
cent), and other land uses (8 percent) (Lewis and
Harmon, 1986, fig. 2.8, p. 27). The relative per-
centages of urbanized land and undeveloped or
sparsely developed land vary considerably in dif-
ferent parts of the State (fig. 5).

Water Quality

Differences in stream-water quality in Con-
necticut can be related to major bedrock types and
the glacial deposits derived from them. The major
bedrock types and physiographic areas of Connect-
icut are (figs. 2 and 3):

(1) noncarbonate crystalline bedrock of the eastern
uplands and parts of the western uplands;

(2) carbonate crystalline bedrock in parts of the
western uplands; and

(3) arkosic sedimentary bedrock of the central low-
land.

General areal appraisals of water quality in
Connecticut show that streams draining areas
underlain by noncarbonate crystalline bedrock
have lower concentrations of dissolved solids than
streams draining areas underlain by carbonate
crystalline or sedimentary bedrock (Randall and
others, 1966, table 18; Cervione and others, 1972,
table 15; Mazzaferro and others, 1979, table 12;
Ryder and others, 1981, table 15; Handman and
others, 1986, table 21). Median concentrations of
dissolved solids in streams from areas underlain by
carbonate crystalline bedrock or sedimentary bed-
rock often exceed 100 mg/L, whereas median con-
centrations in streams from noncarbonate
crystalline areas are typically less than 100 mg/L.
Concentrations of calcium, magnesium, and bicar-
bonate are typically higher in streams draining
areas underlain by sedimentary and carbonate crys-
talline bedrock than in streams draining areas
underlain by noncarbonate crystalline bedrock.
Concentrations of sulfate are typically higher in
streams draining areas underlain by sedimentary
bedrock than in streams from noncarbonate crys-
talline areas.

In areas underlain by noncarbonate crystal-
line bedrock, streamwater is typically soft and
slightly acidic. In areas underlain by sedimentary
bedrock, hardness of streamwater ranges from soft
to very hard, with values commonly in the moder-
ately hard range. The pH in these areas ranges from
slightly acidic to slightly alkaline. In areas under-
lain by carbonate crystalline bedrock, streamwater
is typically slightly alkaline, with hardness ranging
from soft to very hard.

Human activity affects the quality of surface
water throughout Connecticut, even in relatively
undeveloped areas. Factors that affect water qual-
ity include air quality and the quality of precipita-
tion, municipal and industrial waste disposal;
urban nonpoint runoff, including road salt; fertiliz-
ers, chemicals, and sediment from agricultural
land; land development and construction activities;
water diversions; and stream regulation.

In the early 1970's, the major focus of water-
pollution control efforts was to achieve consistent
treatment levels for untreated or inadequately
treated municipal and industrial wastewater (Con-
necticut Department of Environmental Protection,

DESCRIPTION OF THE STUDY AREA 15



1990, p. 5). Although these severe contamination
problems have been addressed, complex water-
quality problems remain.

The DEP periodically assesses the water
quality and pollution sources of major rivers and
streams in the State (table'3). In 1990, the major
problems on the State's larger rivers, as well as the

priority issues to address, were municipal-waste-
water discharges, industrial-wastewater discharges,
and municipal combined-sewer overflows (Con-
necticut Department of Environmental Protection,
1990, p. 4, 12). The DEP noted that the impact of
nonpoint sources of pollution may be substantial
on the several thousand miles of smaller streams
that were not assessed.

Table 3. Major pollution sources for rivers and streams in Connecticut monitored by the

U.S. Geological Survey

[Rivers for which no major poliution sources are listed may have moderate to minor or threatening
pollution sources within their drainage areas. Source: Connecticut Department of Environmental
Protection, 1990, Appendix A, p. 83-85, 93]

River

Major pollution sources

Pawcatuck River

no major pollution source

Willimantic River

no major pollution source

French River

municipal point sources; urban runoff; in-place contaminants

Quinebaug River

municipal point sources

Shetucket River

combined sewer overflows; on-site domestic septic systems

Connecticut River

combined sewer overflows

Stony Brook

on-site domestic septic systems

Farmington River

no major pollution source

Still River (Farmington Basin)

no major pollution source

Pequabuck River

municipal point sources

Hockanum River

municipal point sources

Salmon River

no major pollution source

Quinnipiac River

industrial point sources

Housatonic River

municipal point sources; in-place contaminants

Still River (Housatonic Basin)

municipal point sources

Shepaug River

no major pollution source

Naugatuck River

industrial point sources; municipal point sources;
combined sewer overflows

Saugatuck River

no major pollution source

Norwalk River

no major pollution source

16 Trends in Surface-Water Quality in Connecticut, 1969-88



METHODS FOR DETECTING TRENDS
IN WATER QUALITY

Major issues in choosing appropriate trend
detection procedures for water-quality data have
been discussed and summarized by Hirsch and oth-
ers (1991). Procedures for the detection of trends in
water-quality data have been developed and
described by Schertz (1990) and Schertz and others
(1991). These procedures for data analysis have
been grouped into a system of information files and
programs, collectively called the ESTREND pro-
gram (Schertz and others, 1991). The ESTREND
program has been used for trend analysis in this
study.

Procedures for the selection and preparation
of data for trend analysis and the statistical tech-
niques used by the ESTREND program have been
described by Schertz (1990, p. 4-20). Parts of the
sections on “Selection and Preparation of Data”
and “Statistical Techniques” are reproduced in this
report for the convenience of the reader.

Field and laboratory methods used to collect
and analyze water samples from stations used in
the Connecticut trend study are described by Guy
and Norman (1970), Goerlitz and Brown (1972),
Greeson and others (1977), Skougstad and others
(1979), Friedman and Erdmann (1982), Wershaw
and others (1987), Edwards and Glysson (1988),
and Fishman and Friedman (1989).

Characteristics of Water-Quality Data

The following characteristics of water-quality
data complicate detection of trends (Hirsch and oth-
ers, 1982):

* Non-normal distribution-—The distribution
of data values is not normal (bell-shaped), thereby
limiting the use of parametric statistical procedures
that assume normality.

* Seasonal variability—The concentrations of
many water-quality constituents vary in a predict-
able way depending on the season of the year.

* Variability related to discharge—Concentra-
tions of many constituents are related to stream dis-
charge. The relation can be complex, depending on
whether the major source of the constituent is natu-
ral ground-water inflow, point-source loadings, run-
off during high flows, or some combination of
sources. Trends in stream discharge can cause a

trend in concentration that is actually the result of
discharge history rather than the result of a change
in the process that supplies the constituent to the
river (Hirsch and others, 1982, p. 120).

* Censored data— Values below the analytical
detection limit are commonly reported for a number
of constituents. Censored values bias the results of
conventional parametric tests for trend (Schertz and
others, 1991, p. 2).

» Multiple detection limits—Some constitu-
ents have more than one reporting or detection limit
in the historical record because laboratory analytical
methods have changed.

» Missing values—Records are often incom-
plete.

¢ Qutliers—The data may be strongly posi-
tively skewed by a few extreme values.

» Serial correlation—Data values in a water-
quality time series may be affected by previous
hydrologic conditions. That is, each value is not
independent.

Many of these characteristics present prob-
lems in the use of conventional parametric statistical
procedures. The Seasonal Kendall test for trend, a
nonparametric test, has been investigated and devel-
oped for use with water-quality data (Hirsch and
others, 1982; Smith and others, 1982, p. 5-6, 31).
The Seasonal Kendall test and associated proce-
dures are not adversely affected by non-normal data
distributions, large seasonal variability, values
below the detection limit, missing values, or outli-
ers. Associated flow-adjustment procedures account
for concentration variability related to discharge by
defining a relation between concentration and dis-
charge; flow-adjusted concentrations can then be
tested for trend with the Seasonal Kendall test (Hir-
sch and others, 1982, p. 107). Flow-adjustment pro-
cedures have been described by Smith and others
(1982), Hirsch and others (1982), and Smith and
Alexander (1983).

Selection and Preparation of Data
Station Selection

Water-quality records are available for 53 sta-
tions in Connecticut for water years 1969-88. There
is considerable variability among these stations in
the length of the water-quality record, the beginning
or ending dates of the record, and the constituents

METHODS FOR DETECTING TRENDS IN WATER QUALITY 17



monitored. Trend analyses must be based on the
same time period so that results can be compared
among stations or among constituents; therefore,
parts of the water-quality record for some stations
were not included in the trend analysis.

Three periods of record were chosen to max-
imize the combination of years of record, number
and geographic distribution of stations, and num-
ber of constituents for trend analysis.The criteria
used to determine which stations to include in the
trend analysis for the selected period of record for
a particular constituent were as follows (modified
from Schertz, 1990, p. 6):

(1) The period of record had to be at least 5
years.

(2) At least 20 percent of the concentrations
had to be greater than the analytical detection limit.

(3) At least 40 percent of the values had to be
within the beginning one-fifth and ending one-fifth
of the selected period.

On the basis of these criteria, 39 stations
were chosen for trend analysis (table |; fig. 4).
Water years 1969-88 include 20 years of record for
11 common constituents at 8 stations. The period
1975-88 includes 14 years of record for 32 stations,
with data for 23 physical properties and common
constituents, including nutrients and bacteria.
Three additional stations that do not have records
for the full 1975-88 period are included in the anal-
ysis for selected constituents, for a total of 35 sta-
tions. The period 1981-88 includes 8 years of
record for 38 stations, with data for 29 properties
and constituents, including several trace metals.
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Constituent Selection and Data Screening

The properties and constituents selected for
trend analysis represent the major categories of
data emphasized in the long-term surface-water-
quality program in Connecticut: physical proper-
ties, major inorganic chemical constituents and
related properties, nutrients and related constitu-
ents, trace metals, bacteria, and suspended sedi-
ment (table 4). Some constituents are not included
because of significant changes in sample collection
or analytical methods, limited geographic distribu-
tion, or insufficient numbers of data values.

Trend detection procedures for censored con-
stituents were used for any constituent where more
than 5 percent of all data values were censored
(table 5). In a few instances, procedures for cen-
sored constituents were used where the overall per-
centage of censored data was less than 5 percent, but
several key stations had substantially higher per-
centages of censored data. Frequencies of concen-
trations below detection limits are shown in table 5
for censored constituents. The ESTREND program
considers all zero values as censored data values for
constituents with other censored values.

In some cases, where changes in sampling
methods or laboratory analytical techniques
affected the validity of trend analysis for a selected
period of record, comparability of data for trend
analysis was achieved either through choice of an
appropriate analytical detection limit, in the case of
censored constituents, or through choice of a time
period that minimized inconsistencies in data. For
example, a new laboratory analytical method for
dissolved sulfate used after 1982 was subsequently
found to be inaccurate for certain types of water
samples. Consequently, trend analysis periods for
dissolved sulfate end in water year 1982.



Table 4. Water-quality constituents and properties selected for trend analysis in
Connecticut

[The term "dissolved ammonia" refers to analysis on a filtered sample, whereas the term "total
ammonia" refers to analysis on a whole water sample. The term "total solids" refers to the residue
on evaporation at 105°C, and the term "dissolved solids" refers to residue on evaporation at 180°C.
NWIS, National Water Information System; uS/cm, microsiemens per centimeter at 25 degrees
Celsius; mg/L, milligrams per liter; pg/L, micrograms per liter; mL, milliliters;%, percent; °, degrees;
(C), censored constituent; NTU, nephelometric turbidity units]

Water-quality constituent or property Units para:lg:fco de
PHYSICAL PROPERTIES
Specific conductance WUS/cm 00095
Turbidity NTU 00076
MAIJOR CHEMICAL CONSTITUENTS AND RELATED PROPERTIES
Oxygen, dissolved mg/L 00300
Oxygen, dissolved % of saturation 00301
pH standard units 00400
Calcium, dissolved mg/L 00915
Magnesium, dissolved mg/L 00925
Chloride, dissolved mg/L 00940
Sulfate, dissolved mg/L 00945
Silica, dissolved mg/L 00955
Solids, residue on evaporation at 105°C, total mg/L 00500
Solids, residue on evaporation at 180°C, dissolved mg/L 70300
NITROGEN, PHOSPHORUS, AND CARBON
Nitrogen, total mg/L 00600
Nitrogen, organic, total, as N mg/L 00605
Nitrogen, nitrite-plus-nitrate, total, as N mg/L 00630
Nitrogen, ammonia, dissolved, as N (C) mg/L 00608
Nitrogen, ammonia, total, as N (C) mg/L 00610
Nitrogen, nitrite, total, as N (C) mg/L 00615
Phosphorus, total mg/L 00665
Carbon, organic, total mg/L 00680
TRACE METALS
Iron, dissolved ug/L 01046
Iron, total png/L 01045
Manganese, dissolved (C) ug/L 01056
Copper, total ug/L 01042
Nickel, dissolved (C) pg/L 01065
Nickel, total (C) ug/L 01067
Zinc, total (C) ug/L 01092
BACTERIA
Fecal coliform colonies/100 mL 31616
Fecal streptococcal colonies/100 mL 31673
SEDIMENT
Sediment, suspended mg/L 80154
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Table 5. Frequency of concentrations below detection limits for selected water-quality
constituents in Connecticut for the 1969-88 water years

[For censored constituents, historical values of 0.0 are considered to be data below a detection limit.
*, the detection limit chosen for trend analysis; mg/L, milligrams per liter; LLg/L, micrograms per liter]

Water-quality Total number Detection Date range Number of Percent of
constituent of observations limit occurrences total
Nitrogen, ammonia, 2,241 0.0 1979-80 4 0.18
dissolved (mg/L) 0.01* 1975-88 86 3.84
Nitrogen, ammonia, 3,822 0.0 1979-80 24 .63
total (mg/L) 0.01* 1977-88 142 3.72
0.04 1985 1 .03
5.00 1985 1 .03
Nitrogen, nitrite, total 3,333 0.0 1979-80 44 1.32
(mg/L) 0.01* 1973-88 973 29.19
0.03 1986 1 .03
0.04 1982 1 .03
0.06 1985 1 .03
Manganese, dissolved 3,065 0.0 1969-80 32 1.04
(Kg/L) 1.00 1981-88 8 26
10.00* 1972-85 277 9.04
Nickel, dissolved 3,039 0.0 1980-81 45 1.48
(Ug/L) 1.00% 1980-88 459 15.10
2.00 1973 1 .03
3.00 1972-87 3 .10
10.00 1987 3 .10
Nickel, total (JLg/L) 1,184 0.0 1980 1 .08
1.00%* 1980-88 50 4.22
Zinc, total (LLg/L) 1,208 10.00* 1982-88 89 7.37

Season Definition and Selection

The values of water-quality constituents and
properties often vary seasonally. The Seasonal
Kendall test minimizes the effect that seasonal
variability in the data has on trend detection,
because only data values from the same season
within a period of record are compared.

Water-quality data collected at a regular
sampling frequency, such as monthly, throughout
the period of record have a uniform number of val-
ues available for comparison between years in the
trend test (Schertz, 1990, p. 9). When sampling fre-
quency has varied during the period of record,
comparisons between years become more com-
plex. Sampling frequency at the 39 stations used in
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the trend study generally ranged from quarterly to
monthly. However, during the 8 to 20 years of
record, data at some stations may have been col-
lected at other frequencies. Such changes in sam-
pling frequency were caused by changes in
network design, availability of funding, or Federal
and State sampling priorities.

Schertz (1990, p. 9, 12) has described how
the ESTREND program, and user choices within
the program, compensate for these variations in the
number of data values available for each year:

“To compensate for variation in the data
density, a fixed number of data values [is]
selected from each year that data were
collected. The fixed number of values
used for each station [is] usually selected



to reflect the year(s) with the smallest
sampling frequency. The values [are]
selected to evenly represent the whole
year by establishing “seasons.”

A season, for the purposes of this study, is
defined as a period of a year from which a
single value will be selected to compare
to values from the same season or period
from other years.”

To illustrate how seasons are established and
how a seasonal definition is selected, an example is
given for a hypothetical sampling site. A constitu-
ent is sampled for a 20-year period. For the first 5
years the sampling frequency is once every 3
months (quarterly), for the next 10 years sampling
is once every two months (bimonthly), and for the
last 5 years sampling is once a month. Each sam-
pling frequency has a different seasonal definition
in the ESTREND program. If the bimonthly season
were selected for use in the trend analysis in this
example, there would be a disproportionate num-
ber of samples from the latter 15 years of the
record. In order to maintain uniform comparisons
among years, and to select a set of values that is
representative of the 20 years, a quarterly seasonal
definition (that is, the lowest sampling frequency)
should be adopted to analyze the data for trend.

In the Connecticut trend study, there were 2,
3,4, 6, or 12 possible seasons per year. The months
included in each seasonal definition are:

Number
of seasons Months included
per year
2 April - September; October -
March
3 March - June; July - October;
November - February
4 January - March; April - June;
July - September; October -
December
6 January - February; March -
April; May - June; July - August;
September - October; Novem-
ber - December
12 January; February; March;

April; May; June; July; August;
September; October; Novem-
ber; December

Restricting the maximum number of seasons
to 12 tends to eliminate problems of serial depen-
dence among values (Hirsch and Slack, 1984).

The ESTREND program contains an auto-
mated procedure to assist the user in determining
the best seasonal choice for each constituent for
each station (Schertz and others, 1991, p. 17-18).
The program combines the suggested season defi-
nition for the beginning 20 percent and ending 20
percent of the record and compares it to the middle
60 percent of the record. The selection procedure
emphasizes the beginning and ending parts of the
water-quality record; this ensures that the data ade-
quately span the period of interest. Also, data gaps
in the middle years of the record have less effect on
the performance of the statistical procedures than
gaps at the beginning or end of the record (Schertz
and others, 1991, p. 17-18). Where multiple data
values within a season are present, the value that is
closest to the midpoint of the season and is also
paired with discharge (where applicable) is
selected by the program to represent the season
(Schertz, 1990, p. 12).

In the Connecticut trend study, the season
definition recommended for the beginning and
ending parts of the record was used to define sea-
sons for each station and constituent. The sampling
frequency for a constituent may vary from station
to station, and consequently the season definition
for a constituent may vary from station to station.

Statistical Techniques
Flow Adjustment

The importance of streamflow variability as
a source of variability in water-quality data is
described by Schertz (1990, p. 12, 15):

“The stream discharge at the time a sam-
ple is taken can affect water-quality-con-
stituent concentrations. Concentrations of
many dissolved water-quality constitu-
ents, such as dissolved solids, generally
decrease as discharge increases because
of dilution. Concentrations of suspended
constituents, such as suspended sedi-
ments, generally increase as discharge
increases because of the transport of par-
ticulates by runoff. A large part of the
variance of constituent concentrations,
therefore, may be a result of the variation
in the associated discharges. The removal
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of streamflow as a source of variance
from the data makes trend-testing tech-
niques more powerful (greater probability
of detecting a trend if one exists) and pre-
vents the identification of trends when
they are only an artifact of trends in the
associated discharges (J.K. Crawford and
R.M. Hirsch, U.S. Geological Survey,
written commun., 1985)."

The ESTREND program removes the effects
of discharge on constituent concentrations by com-
puting a time series of flow-adjusted concentra-
tions (FAC) and testing this time series for trend.

“The FAC, in statistical terms, is a resid-
ual and is defined as the actual constituent
concentration minus the predicted con-
centration. The predicted concentration
[is] computed from an equation describ-
ing the discharge-constituent relation.”
(Schertz, 1990, p. 15).

The relation between discharge and concen-
tration is expressed as a flow-adjustment equation
(fig. 6). Schertz (1990, p. 15-16) and Schertz and
others (1991, p. 22-24) have described the forms of
flow-adjustment equations, their use in the
ESTREND program, and the procedure for select-
ing a particular form of the equation for each con-
stituent at each station.
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Schertz (1990, p. 16) notes that, “Ideally, the
best flow-concentration model would be selected
by examining the actual concentrations, the pre-
dicted concentrations from each model, and the
residuals from each model.” However, it is not
practical to conduct this type of examination for
the number of constituents, stations, and time peri-
ods involved. Consequently, the flow-adjustment
procedure in the ESTREND program is automated
“to select the model with residuals that [are] the
least correlated to flow based on a Spearman's Rho
correlation coefficient” (Schertz, 1990, p. 16). In
other words, by selecting the model where the
residuals are least correlated to flow, the program
selects the model that removes the largest amount
of flow-related variability from the concentrations.

The automated flow-adjustment procedure,
using 1 of 11 models, was applied to many constit-
uents in the Connecticut trend study, including
conservative constituents such as the major ions
(figs 6a, 6b). An additional flow-adjustment model
was used for constituents with non-conservative
transport, including turbidity, nitrogen constitu-
ents, total phosphorus, total organic carbon, fecal
bacteria, trace metals, and suspended sediment
(figs. 6¢, 6d) (Schertz and others, 1991, p. 23).
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Figure 6a. Relation between chloride concentration (C) and discharge (Q),
Connecticut River at Thompsonville, 1969-88.
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Figure 6b. Relation between chloride concentration (C) and discharge (Q),
Salmon River near East Hampton, 1969-88.
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near East Hampton, 1978-88.

80.0
mo | C =4.7H—172/(LN Q+021(N Q*2))
60.0 |
=}
P
P-4
z %00 | .
o
L
[=
& 400 |
o
>
= |
30.0 .
200 } +
+
0.0 L o+ . - . . + ‘;* . +
+ + + tes 4+ s
* o, + L"}";ﬁ‘,***ﬂl:q’:%ﬁ.w’ 3 + *
0.0 i g T tow ey B ¥ ¥t e, w T —
30 10 10’

INSTANTANEOUS DISCHARGE, IN CUBIC FEET PER SECOND

Figure 6d. Relation between turbidity (C) and discharge (Q), Quinnipiac
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Trend Analysis of Uncensored Constituents

Seasonal Kendall test

The statistical test used by the ESTREND
program to detect trends in uncensored constitu-
ents is the Seasonal Kendall test (Hirsch and oth-
ers, 1982; Smith and others, 1982, p. 5-6). This test
is a distribution-free or nonparametric test; that is,
it ignores the magnitudes of the data in favor of the
relative values or ranks of the data. The Seasonal
Kendall test is based on the nonparametric Ken-
dall's Tau test (Kendall and Gibbons, 1990). Smith
and others (1982, p. 5) describe the Kendall's Tau
test as follows:

"In this test, all possible pairs of data val-
ues are compared; if the later value (in
time) is higher, a plus is scored; if the later
value is lower, a minus is scored... In the
absence of a trend, the number of pluses
should be about the same as the number
of minuses. If, however, there are many
more pluses than minuses, the values later
in the series are more frequently higher
than those earlier in the series, and so an
uptrend 1s likely. Similarly, if there are
many more minuses than pluses, a down-
trend is likely."

The Seasonal Kendall test removes the
effects of seasonal variability in water-quality data
by restricting comparisons between pairs of data
values to those values that are from the same sea-
son. For example, if a seasonal definition of 12 sea-
sons per year is selected for a particular constituent
and station, values for the month of May are com-
pared only to all other May values in the period of
record; January values are compared to all other
January values, and so on. This process is repeated
for all seasons in the seasonal definition selected
for a particular constituent and station. The total
number of pluses and minuses from all the sea-
sonal comparisons 1s used to determine whether a
trend exists, and to determine the direction of the
trend if a trend is detected.

“Trend” in this study is defined as a one-
directional change over time. A trend is considered
to be statistically significant if the attained signifi-
cance level of the trend test for a constituent is less
than or equal to 0.10. The attained significance
level, or p-value, is the probability that a detected

trend resulted from a chance arrangement of the
data rather than from an actual change in concen-
tration. The smaller the p-value, the more signifi-
cant is the detected trend.

The magnitude of the trend is estimated by
the Seasonal Kendall Slope Estimator, described
by Smith and others (1982, p. 6). In this procedure,
for each pair of data values, the difference between
the pair of data values is divided by the number of
years separating the data points. These slopes,
expressed as change in constituent concentration
units per year, are ranked, and the median value is
chosen to indicate the magnitude of the trend.
Although a linear function is chosen to represent
trend magnitude, the relation between data values
and time may not be linear. Example scatterplots of
concentration as a function of time are shown in
figure 7. Smoothing lines are superimposed on the
plots to depict patterns in the data values through-
out the selected period. Use of the smoothing tech-
nique, called LOWESS (Locally Weighted
Scatterplot Smoothing; Cleveland, 1979), pro-
vides information about short-term changes in
water quality (Schertz and others, 1991, p. 7).
Although the calculated trend slope can indicate
the general relation between values near the begin-
ning of record and values near the end of the
record, this slope does not represent all the data
variation within the selected period of record.

A few censored data values are sometimes
present in the record for a constituent that is con-
sidered uncensored. When censored values are
encountered among data values for constituents
treated as uncensored, the ESTREND program
uses one-half of the censoring level as the data
value.

Selection of the best trend result

The Seasonal Kendall test for trend is
applied to a time series of measured concentrations
and to a time series of flow-adjusted concentra-
tions, where possible, for each uncensored constit-
uent. The ESTREND program selects a “best trend
result” for an uncensored constituent on the basis
of information from the trend tests on unadjusted
and flow-adjusted concentrations and from analy-
sis of the relation between concentration and flow.
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Figure 7a. Variations in chloride concentrations over time, Salmon River
near East Hampton, 1969-88.
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near Redding, 1969-88.
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The selection process is based on the criteria
described and summarized in table 6. If there is no
significant correlation of concentration with dis-
charge (category 1, table 6), then the best trend
result is in unadjusted concentrations. If concentra-
tion is significantly correlated to discharge, and the
flow adjustment procedure successfully removes
flow-related variability (category 2), then the best
trend result is in flow-adjusted concentrations. If
concentration 1is significantly correlated to dis-
charge, but after flow adjustment the residuals are
still correlated to discharge, indicating that flow-
related variability has not been removed com-
pletely (category 3), then the best trend result is in
unadjusted concentrations. If concentration is sig-
nificantly correlated to discharge, but none of the
attempted flow-adjustment models are statistically
significant (category 4), then the best trend is in
unadjusted concentrations.

Trend results shown in maps

All trends shown on maps generated by the
ESTREND program are statistically significant.
Stations with sufficient data for trend analysis, but
without statistically significant trends, are shown
as dots on trend maps. Stations with insufficient
data for trend analysis are not shown. There are
three different types of maps, and the meaning of
the trend results shown on each type of map is dis-
tinct (fig. 8a, b, and c).

Maps of trends in concentration show signif-
icant trends in concentration, without flow adjust-
ments at any of the stations (fig. 8a). On these
maps, a trend in concentration may be affected by
the relation between constituent concentration and
stream discharge, and may thus represent a change
in discharge rather than a change in the factors sup-
plying the constituent to the stream.

Table 6. Criteria for selecting the best trend result for uncensored constituents

[Selected level of significance is 0.10. Trend codes: blank, best trend is trend in unadjusted
concentrations; F, best trend is trend in flow-adjusted concentrations; **, best trend is trend in unadjusted
concentrations because the flow-adjustment was unsuccessful; --, not applicable. Source: Schertz, 1990,

table 4]
Trend code Significant Slgmﬁ.cant A
. . correlation of Significant flow-
shown in correlation of . .
Category . . flow-adjusted adjustment Best trend result
appendixes 1, concentration .
. concentration model
2,and 3 to discharge .
to discharge
I blank No -- -- Unadjusted
concentrations
2 F Yes No Yes Flow-adjusted
concentrations
3 *k Yes Yes -- Unadjusted
concentrations
4 ok Yes -- No Unadjusted
concentrations
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Figure 8a. Trends in the concentration of total nitrogen, 1975-88.
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A Upward trend (flow-adjusted)
V Downward trend (flow-adjusted)
+ No significant trend
23 Map location number
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Figure 8c. Total significant trends in total nitrogen, 1975-88.
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Wherever possible, constituent concentra-
tions are flow adjusted to remove the effects of dis-
charge on concentration. The flow-adjusted
concentrations are then tested for trend. Maps of
trends in flow-adjusted concentration show only
those stations where flow data are available to per-
form flow adjustment (fig. 8b). Stations where flow
adjustment is not possible, including harbors, other
tidally affected stations, and lakes, are not shown.
All stations with significant flow-adjusted trends
are shown, even if the flow-adjusted trend for a sta-
tion is not the best trend according to the criteria
shown in table 6.

Maps of total significant trends are a com-
posite of concentration trends and flow-adjusted

trends (fig. 8c). Flow-adjusted trend results are
shown for stations where the concentration-dis-
charge relation is significant, and the flow adjust-
ment is successful. Results for harbors, other
tidally affected stations, and lakes always represent
concentration trends. Results for some stations
with flow data may also represent concentration
trends if the concentration-discharge relation is not
significant or the flow-adjustment procedure is not
successful (table 6). Most of the maps shown in
this report are maps of total significant trends.

The following example, using trends in total
nitrogen, illustrates the differences in the three
types of maps. Burlington Brook (location 11) has
an upward trend in total nitrogen concentrations
(fig. 8a) and in flow-adjusted concentrations of
total nitrogen (fig. 8b). However, the correlation
between total nitrogen concentration and discharge
is not significant at this station, and so the concen-
tration trend is considered the best trend result and
is shown on the map of total significant trends (fig.
8c). The Connecticut River at Thompsonville
(location 8) also has an upward trend in total nitro-
gen concentrations (fig. 8a) and in flow-adjusted
concentrations of total nitrogen (fig. 8b). The cor-
relation between total nitrogen concentration and
discharge is statistically significant, and flow
adjustment is successful; consequently, the flow-
adjusted trend is considered the best trend result
(fig. 8c). The Quinnipiac River at Wallingford
(location 23) has an upward trend in concentrations
of total nitrogen (fig. 8a) and no trend in flow-
adjusted concentrations of total nitrogen (fig. 8b).
Because the correlation between total nitrogen
concentration and discharge is statistically signifi-
cant, and flow adjustment is successful, the flow-

adjusted result is considered the best trend result,
and the station is shown as having no trend in total
nitrogen (fig. 8c).

Trend Analysis of Censored Constituents

Methods for censored constituents were used
when more than 5 percent of the data for a constit-
uent were censored. The Seasonal Kendall test can
be used to detect trends in data where either single
or multiple detection limits are present. Where
multiple detection limits are present in the period
of record, the Seasonal Kendall test uses the high-
est detection limit and considers all detected or
censored values less than that level as equal
(Schertz, 1990, p. 20). However, application of the
highest detection limit to a water-quality record
can result in a substantial loss of discrete data val-
ues for a constituent (Schertz, 1990, p. 20). For this
reason, the ESTREND program allows the user to
choose a detection limit lower than the highest
detection limit. A lower detection limit might be
chosen, for example, when the higher detection
limit represented only a very small number of cen-
sored data values, and when use of the higher limit
would result in the loss of many uncensored data
values.

The ESTREND program provides a maxi-
mum likelihood estimation (MLE) procedure
within the parametric Tobit test, as an alternative to
the Seasonal Kendall test, for records that are
highly censored by one or more reporting limits
(Cohen, 1976; Cohn, 1988; Schertz and others,
1991, p. 28, 30):

The maximum-likelihood method, a para-
metric (distribution-dependent) proce-
dure recently adapted for trend detection
in water-quality constituents, was chosen
to best resolve the problems presented by
multiple detection limits. The method
employs a likelihood function to estimate
the parameters of a regression between
the concentrations and time. The concen-
trations are assumed to have a log-normal
distribution (Schertz, 1990, p. 20).

Flow adjustment is not feasible for censored
constituents. Consequently, all trends for censored
constituents in the tables and maps of this report
represent concentration trends. Additional infor-
mation on procedures and criteria for trend analy-
sis of censored data is presented by Schertz and
others (1991, p. 27-32).

METHODS FOR DETECTING TRENDS IN WATER QUALITY 29



Summary Statistics

The ESTREND program calculates sum-
mary statistics for each constituent at each station
for a selected period of record (Schertz, 1990, p.
20; Schertz and others, 1991, p. 26, 31-32). The
mean, 25th percentile, 50th percentile (median),
and 75th percentile of data values for each constit-
uent at each station are shown for water years
1969-88, 1975-88, and 1981-88 in appendixes 1, 2,
and 3, respectively (at back of report). The percen-
tile columns in these tables show values for which
25, 50, and 75 percent of all the data values are less
than or equal to the numbers shown. These descrip-
tive statistics summarize information about the dis-
tribution of data values in the selected period of
record for each constituent at each station. Sum-
mary statistics are based on all water-quality values
for the selected period of record (Schertz and oth-
ers, 1991, p. 26).

Some of the summary statistics provided for
censored constituents are based on estimated data
because values below a detection limit are present
in the record. The ESTREND program incorpo-
rates a log-probability regression technique for
multiply-censored data (Helsel and Cohn, 1988) to
estimate or predict the censored data values
(Schertz, 1990, p. 20). Summary statistics are then
determined from the water-quality record, with
estimated values used in place of censored values
(Schertz and others, 1991, p. 31). In the summary
statistics (appendixes 1, 2, and 3), the “e” denotes
statistics based on estimated data.

WATER QUALITY AND STREAM
DISCHARGE

Variations in stream discharge affect the
variation of many water-quality properties and
constituents. Concentration-discharge relations and
trends in stream discharge form an important back-
ground for interpreting trends in water quality. Dis-
charge values were available for 26 stations.
Discharge measurements were not made for the 7
tidally affected stream stations, 4 harbor stations,
and 2 lake stations (table 1).

Concentration as a Function of
Discharge

Many constituents and properties evaluated
show consistent relations between concentration
and discharge in many drainage basins. Conditions
at specific monitoring stations may vary from the
general relations discussed here.
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Concentrations of major ions, including cal-
cium, magnesium, chloride, and sulfate, and values
of the closely related property, specific conduc-
tance, typically decrease with increasing stream dis-
charge (figs. 6a, 6b, 9a, and 9b). This relation is
attributed to dilution effects at higher streamflows.
In some cases, it appears that the slope of the regres-
sion line is steeper for basins with major point
source discharges, such as the Quinnipiac River at
Wallingford (fig. 9b; location 23, fig. 4) than for rel-
atively undeveloped basins, such as the Salmon
River (fig. 9a; location 20, fig. 4). This suggests that
dilution effects are more pronounced in streams
where the quality of water at low flow is dominated
by point discharges. Concentrations at low flows are
also affected by the timing of wastewater releases.

Concentrations of suspended constituents
often increase with increasing stream discharge
because heavy rainfall or snowmelt washes materi-
als into streams from forests, agricultural areas,
urban areas, paved surfaces, and disturbed land. Val-
ues of turbidity (figs. 6¢ and 6d) typically increase
with increasing discharge. However, the relation
between concentration and discharge for some sus-
pended constituents, including total nitrogen and
total phosphorus, varies at stations that integrate dif-
ferent land-use characteristics. For example, at sev-
eral stations on streams that receive major point
discharges, concentrations of total nitrogen and total
phosphorus decrease with increasing stream dis-
charge (fig. 9¢). This indicates that the point sources
may contribute the bulk of the total nitrogen and
total phosphorus in these basins, with dilution
effects apparent at higher flows. By contrast, at sta-
tions in relatively undeveloped basins, total nitrogen
and total phosphorus concentrations increase
slightly at higher streamflows, suggesting that non-
point sources contribute most of these constituents
(fig. 9d).

The concentration of dissolved oxygen typi-
cally increases with increasing discharge (figs. 9e
and 9f). This relation is apparent in the data from the
Shepaug River (fig. 9f), which drains a relatively
undeveloped area (location 30, fig. 4), as well as in
the data from the Shetucket River (fig. 9e), which
drains a large basin with major point-source dis-
charges (location 3, fig. 4). The relation between
concentration and discharge may reflect increased
turbulence and stream aeration at higher discharges
on some streams. The relation may also reflect the
effects of warm stream temperatures at low flows
and cool stream temperatures at high flows.
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Figure 9a. Relation between calcium concentration (C) and discharge (Q), Salmon River near
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Figure 9b. Relation between calcium concentration (C) and discharge (Q), Quinnipiac River at
Wallingford, 1969-88.
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Trends in Stream Discharge

Trends in instantaneous stream discharge
were generally downward during the period of the
trend study (table 7). During 1969-88, two of seven
stations with discharge data had downward trends
in streamflow. During 1975-88, 12 of 20 stations
with discharge data had downward trends in
streamflow. Downward trends in streamflow were
more prevalent in central and southwestern parts of
the State (fig. 10).

Plots of discharge as a function of time are
shown in figure 11 for the Farmington River at Tar-
iffville (location 15, fig. 4), the Salmon River
(location 20, fig. 4), and the Naugatuck River at
Beacon Falls (location 34, fig. 4). The smoothing

lines in plots of discharge as a function of time
reflect variations in annual precipitation during the
same period (fig. 12). Smoothing lines dip during a
period of below-median precipitation in 1980-81
and rise during a period of above-median precipita-
tion in 1983. Records of annual precipitation for
several locations in Connecticut (National Oceanic
and Atmospheric Administration, 1970-89) show
that years of below-median annual precipitation
were more frequent in the 1980’s than during the
mid-to-late 1970’s, indicating that the downward
trends in streamflow are caused, in part, by cli-
matic variations. Diversions are also a possible
cause of trends in streamflow.

Table 7. Summary of trends in instantaneous discharge for stations in Connecticut for

water years 1969-88, 1975-88, and 1981-88.

[--, not applicable]

Trends in instantaneous discharge

Increases Decreases
Period of Number of Number of Median slope Number of Median slope
record stations stations (percent/year) stations (percent/year)
1969-88 7 0 - 2 -1.04
1975-88 20 0 -- 12 -1.86
1981-88 25 0 - 1 -3.41
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Figure 10a. Trends in instantaneous discharge, 1969-88.

EXPLANATION
A Upward trend
V Downward trend
* No significant trend

EXPLANATION
A Upward trend
V Downward trend
¢ No significant trend

Figure 10c. Trends in instantaneous discharge, 1981-88.
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Figure 11a. Variations in discharge over time, Farmington River at Tariffville, 1975-88.
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Figure 11b. Variations in discharge over time, Salmon River near East Hampton, 1975-88.
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TRENDS IN SURFACE-WATER
QUALITY, 1969-88

Trend results are reported for three periods
of record: (1) the 1969-88 water years, (2) the
1975-88 water years, and (3) the 1981-88 water
years. The 1969-88 period provides data for eight
long-term stations. The 1975-88 period provides
the longest period of record for the largest number
of stations and constituents. The 1981-88 period
has the largest number of constituents and stations,
and includes data for trace metals.

Statistically significant water-quality trends
for the 1969-88 water years are summarized for 8
stations and 11 constituents (table 8). Significant
water-quality trends for the 1975-88 water years
are summarized for 35 stations and 23 constituents
(table 9). Significant water-quality trends for the
1981-88 water years are summarized for 38 sta-
tions and 29 constituents (table 10). Significant
trends summarized in these three tables are based
on best trend results, and trend counts include both
flow-adjusted and unadjusted trends.

38 Trends in Surface-Water Quality in Connecticut, 1969-88

Some of the significant trends represent very
small changes in water quality. These changes may
not be environmentally important. The importance
of any significant trend needs to be evaluated in
terms of the nature of the property or constituent,
its effects on human health, aquatic life, and vari-
ous municipal, industrial, or recreational water
uses, and the magnitude of the change relative to
water-quality standards. Relatively small changes
in water quality may be important if they are geo-
graphically widespread or if they represent small
but persistent environmental changes.

Details of the trend results for each station
for each of the three periods are shown in appen-
dixes 1, 2, and 3 (at back of report). These results
include all trend tests, whether or not the trend was
statistically significant. The attained significance
level, or p-value, in these tables indicates the statis-
tical significance of the trend.

A detailed comparison of water-quality
trends in Connecticut with trends in other states is
beyond the scope of this report. In the following
sections, some similarities with trends detected in
other states are noted.
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Physical Properties

Trends were analyzed for two physical prop-
erties, specific conductance and turbidity. Specific
conductance, the ability of water to conduct an elec-
tric current, is caused by the presence of charged
ions in solution. Thus, specific conductance is an
indirect measure of the amount of dissolved matter
in water. In general, the higher the concentration of
ions, the greater the conductivity of the solution.
Turbidity, a measure of the clarity or murkiness of

water, is affected by suspended particles, dissolved
matter, biological material, and color.

Increases in specific conductance were
detected at 19 stations during 1975-88 (fig. 13b),
with trends more prevalent in the western half of the
State. No decreases were detected, and 13 station
records showed no trend. Increases were detected at
19 stations during 1981-88, and a decrease was
detected at 1 station (fig. 13c). The New Jersey
trend study (Hay and Campbell, 1990) also detected
geographically widespread increases in specific
conductance during a similar time period.

|

EXPLANATION

Upward trend
V Downward trend
A Upward trend (flow-adjusted)
V Downward trend (flow-adjusted)
* No significant trend

44

EXPLANATION

Upward trend

Downward trend

Upward trend (flow-adjusted)
Downward trend (flow-adjusted)
No significant trend

. Q> >

EXPLANATION

Upward trend

Downward trend

Upward trend (flow-adjusted)
Downward trend (flow-adjusted)
No significant trend

e D>

Figure 13c. Trends in specific conductance, 1981-88.



Decreases in turbidity were detected at 29  bidity were detected at 22 stations during 1981-88,
stations distributed throughout the State (fig. 14a)  and no increases were detected (fig. 14b). The
during 1978-88. No increases were detected, and 5 Arkansas trend study (Petersen, 1992) also reported
station records showed no trend. Decreases in tur-  decreases in turbidity during a similar time period.
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« No significant trend

Figure 14a. Trends in turbidity, 1978-88.
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Figure 14b. Trends in turbidity, 1981-88.
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Major lons and Related Properties

Major ions and related properties analyzed
for trend include dissolved solids, total solids, cal-
cium, magnesium, chloride, sulfate, and silica. The
concentrations of these constituents are affected by
various natural processes and human activities. Cal-
cium, magnesium, and silica are important compo-
nents of common rock types in Connecticut.
Chloride is present at low concentrations in uncon-
taminated freshwater in Connecticut. Disposal of
domestic wastewater and application of salt to win-
ter roads are two widespread human activities that
add chloride to the environment. Sulfate occurs nat-
urally at low concentrations in Connecticut streams.
Concentrations of sulfate may be increased by
municipal and industrial waste discharges and
atmospheric deposition. Dissolved solids represents
the measured concentration of dissolved material in
water. Total solids represents the approximate sum
of dissolved and suspended material in water. Dis-
solved and total solids concentrations are affected
by natural rock weathering processes and by point
and nonpoint contaminant sources.

Concentrations of several dissolved constitu-
ents increased in Connecticut during one or more of
the three time periods. These results are similar to
the New Jersey trend study (Hay and Campbell,
1990), which reported increases in calcium, magne-
sium, and chloride.

During 1975-88, increasing concentrations of
dissolved solids were detected at 17 stations and
increasing concentrations of total solids were
detected at 13 stations. Trends were most prevalent
in the west-central and southwestern parts of the
State (figs. 15a and 16a). Data for about half of the
stations showed no trend in either constituent.

Trends in the concentrations of dissolved sol-
ids and total solids were not widespread during 1981-
88 (figs. 15b and 16b). Concentrations of dissolved
solids increased at four stations and decreased at
three stations. Concentrations of total solids
increased at five stations and decreased at three sta-
tions. There were fewer increases in concentration
and more decreases in concentration for both con-
stituents during 1981-88 than during 1975-88.
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Figure 15b. Trends in dissolved solids (180°C), 1981-88.
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Figure 16a. Trends in total solids (105°C), 1975-88.
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Figure 16b. Trends in total solids (105°C), 1981-88.
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Concentrations of calcium increased at 2 of 8
stations during 1969-88, at 16 of 32 stations during
1975-88 and at 8 of 38 stations during 1981-88
(fig. 17). Increasing concentrations of magnesium
were more numerous, with increases detected at 6
of 8 stations during 1969-88, 18 of 32 stations dur-
ing 1975-88, and 13 of 38 stations during 1981-88
(fig. 18). No decreases in calcium or magnesium
were detected during 1969-88 or 1975-88.

Numerous increases in concentration were
detected for chloride during the three time periods

evaluated for trend (fig. 19). Chloride concentra-
tions increased at 6 of 8 stations during 1969-88, at
23 of 32 stations during 1975-88, and at 25 of 38
stations during 1981-88. No downward trends were
detected during any of the three time periods. The
geographic distribution of trends in chloride is sim-
ilar to the pattern of trends in specific conductance
for 1975-88. (Compare figs. 19b and 13b). Chlo-
ride was the major ion with the most numerous and
geographically widespread trends in concentration
during all three time periods.
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Figure 17c. Trends in calcium, 1981-88.
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Figure 18c. Trends in magnesium, 1981-88.
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Figure 19c. Trends in chloride, 1981-88.
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Sulfate data were analyzed for periods that
ended in 1982 because the method of sulfate deter-
mination changed in 1983. Decreasing concentra-
tions in sulfate were detected at 7 of 8 stations
during 1969-82 and no increases were detected (fig.
20a). By contrast, increasing concentrations were
detected at 10 of 28 stations during 1975-82 and no
decreases were detected (fig. 20b). Only 2 of the 7

stations with decreasing concentrations for 1969-82
also had increasing concentrations for 1975-82. The
shift from downward trends to no trends, or from
downward trends to upward trends, indicates that
the concentration decreases took place during the
late 1960’s and early 1970’s rather than throughout
the whole period of record.

EXPLANATION
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Upward trend (flow-adjusted)
Downward trend (flow-adjusted)
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Figure 20a. Trends in sulfate, 1969-82.
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Figure 20b. Trends in sulfate, 1975-82.
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Silica was the major chemical constituent
with the fewest trends. No trends were detected dur-
ing 1969-88. During 1975-88, 7 of 32 stations had
downward trends in concentration and data for 25
stations showed no trend (fig. 21a). Concentrations
of silica increased at two stations and decreased at
four stations during 1981-88 (fig. 21b).

Upward trends in concentration substantially
outnumbered downward trends for all major ions

except silica during 1975-88 (figs. 17 to 20). These
results agree with statewide trends in specific con-
ductance and dissolved solids (figs. 13 and 15).
Stations with increasing concentrations of calcium,
magnesium, and chloride are distributed through-
out the State and represent all major drainage
basins. These sometimes small but widespread
increases in the concentrations of several major
ions may indicate the cumulative effects of a vari-
ety of human activities and land uses.
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Figure 21b. Trends in silica, 1981-88.



Dissolved Oxygen

Dissolved oxygen is essential to the survival
of higher forms of aquatic life (Hem, 1985, p. 155);
thus, measures of dissolved oxygen are frequently
used in evaluations of freshwater quality. Dis-
solved oxygen can be measured as a concentration
in milligrams per liter or as a percent of saturation
under given conditions. The latter measure is based
on the saturation concentration of dissolved oxy-
gen, which varies with temperature, atmospheric
pressure, and, to some extent, the concentration of
other materials in solution (Hem, 1985, p. 155).
Cold water has a higher saturation concentration of
dissolved oxygen than warm water, if other condi-
tions are equal. The percent of saturation of dis-
solved oxygen is reported for the temperature of
measurement, thus making measurements from
different seasons comparable for purposes of
water-quality assessment.

“The oxygen concentration in a surface-water
body is a dynamic indicator of the balance between
oxygen-consuming and oxygen-producing pro-
cesses at the moment of sampling” (Hem, 1985, p.
155). Dissolved oxygen is consumed by the decom-
position of suspended and dissolved material, and
may be severely depleted in streams that receive
substantial quantities of wastewater. Oxygen from
the atmosphere is added to surface water by hydrau-
lic processes such as turbulence. Oxygen is also pro-
duced by aquatic organisms during the process of
photosynthesis, sometimes in concentrations that
exceed equilibrium values (Hem, 1985, p. 155).

Daily fluctuations in the concentration of
dissolved oxygen may be substantial in streams
with a high level of daytime photosynthetic activ-
ity. Photosynthetic activity by organisms is related
to nutrient availability, and thus it is possible for
degraded streams to have high daytime concentra-
tions of dissolved oxygen. However, plant respira-
tion may result in low nighttime concentrations of

dissolved oxygen. Because sampling at monitoring
stations is conducted during daytime hours, it is
possible that an upward trend in dissolved oxygen
might not represent a consistent improvement in
this constituent, in terms of requirements for
aquatic life.

Concentrations of dissolved oxygen, and
oxygen as a percent of saturation, increased at all
eight stations during 1969-88 (figs. 22a and 23a).
Concentrations of dissolved oxygen increased at 11
stations and decreased at 1 station during 1975-88
(fig. 22b). There were no significant trends at 20
stations. The percent saturation of dissoived oxy-
gen increased at 15 stations and decreased at 2 sta-
tions during 1975-88, with no significant trends at
15 stations (fig. 23b). Increases in both measures
were more prevalent in the south-central part of the
State. The New Jersey trend study (Hay and Camp-
bell, 1990) and the Texas trend study (Schertz,
1990) also reported numerous increases in dis-
solved oxygen during similar time periods.

The Still River at Brookfield Center (loca-
tion 28, fig. 4) had a downward trend in dissolved
oxygen concentration and percent of saturation
during 1975-88. One other station, the Quinebaug
River at Jewett City (location 6, fig. 4), had a
downward trend in percent of saturation.

Concentrations  of  dissolved  oxygen
increased at five stations and decreased at one sta-
tion during 1981-88. The percent of saturation of
dissolved oxygen increased at 10 stations and
decreased at 1 station. The two stations with
decreases for this period are in the southwestern
part of the State, as is the station with decreasing
dissolved-oxygen concentrations during 1975-88.
Increases in dissolved oxygen were less frequent
during 1981-88 than during 1975-88.
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Figure 22c. Trends in dissolved oxygen, 1981-88.
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Figure 23c. Trends in dissolved oxygen as a percent of saturation, 1981-88.
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pH

pH is a measure of the activity of hydrogen
ions and is represented by the negative logarithm
(base 10). "The hydrogen ion activity in an aque-
ous solution is controlled by interrelated chemical
reactions that produce or consume hydrogen ions”
(Hem, 1985, p. 61). pH is influenced by tempera-
ture; by the reaction of dissolved carbon dioxide
with water; by reactions in which solid materials
are dissolved, precipitated, or oxidized; and by the
photosynthetic activity of aquatic organisms,
which take up dissolved carbon dioxide during the
day and release it at night.

Increases in pH were numerous during all
three time periods. pH increased at 5 stations and
decreased at 1 station during 1969-88; data for 2
stations showed no significant trend (fig. 24a). pH
increased at 23 stations and decreased at 1 station
during 1975-88 (fig. 24b); data for 8 stations
showed no significant trend. Trends in pH were
most prevalent in the central and western parts of
the State during 1975-88. pH increased at 26 sta-
tions during 1981-88; there were no decreases and

56 Trends in Surface-Water Quality in Connecticut, 1969-88

data for 12 stations showed no significant trend.
Increases in pH were detected in all major drainage
basins of the State. The Texas trend study also
reported numerous increases in pH during a similar
time period (Schertz, 1990).

Increases both in pH and in dissolved oxy-
gen as a percent of saturation were detected at 13
stations for 1975-88. These constituents are both
affected by photosynthetic activity in streams.
Additional analyses, including the evaluation of
sampling schedules relative to daily fluctuations in
constituent concentrations, would be required to
assess possible interrelations among nutrient avail-
ability, photosynthesis, dissolved oxygen concen-
trations, and pH.

The two stations with downward trends in
pH were Burlington Brook (location 11, fig. 4) for
1969-88 and Salmon River (location 20, fig. 4) for
1975-88. Both drainage basins are sparsely devel-
oped, are underlain by noncarbonate crystalline
bedrock, and have no major point discharges.



Figure 24a. Trends in pH, 1969-88.
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Figure 24c. Trends in pH, 1981-88.
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Nitrogen, Phosphorus, and Carbon

Nitrogen, phosphorus, and carbon are impor-
tant components of plants and animals. Waste mat-
ter produced by living organisms, and materials
derived from their decomposition, are major
sources of these elements in the freshwater systems
of Connecticut. Natural organic material, domestic
and industrial wastewater, agricultural and residen-
tial fertilizer, animal wastes, and combustion by-
products in the atmosphere contribute nitrogen,
phosphorus, and carbon constituents to freshwater.
Some nitrogen and phosphorus constituents are
considered to be limiting nutrients that control the
growth of plants and algae. Ammonia nitrogen, a
common component of wastewater, is important
because it is harmful to aquatic life.

Concentrations of total nitrogen, total
organic nitrogen, total nitrite-plus-nitrate, dis-
solved ammonia nitrogen, total phosphorus, and
total organic carbon were analyzed for trend during
1975-88 and 1981-88. Concentrations of total
ammonia nitrogen and total nitrite were also ana-
lyzed for trend during 1981-88.

During 1975-88, concentrations of total nitro-
gen increased at 27 of 30 stations (fig. 25a); no sta-
tions  showed  decreasing  concentrations.
Concentrations of total organic nitrogen increased at
23 of 32 stations and decreased at | station (fig.
26a). Increasing concentrations of total nitrite-plus-
nitrate were detected at 17 of 32 stations (fig. 27a).
Three stations in the western part of the State had
decreasing concentrations, and data for 12 stations
showed no significant trend. Increases in these three
constituents were detected in all the major drainage
basins of the State. Increasing concentrations of
total nitrogen were also reported by the Texas trend
study (Schertz, 1990) for a similar time period.
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Only five stations, all representing major
drainage basins, had sufficient dissolved ammonia
data for trend analysis during 1975-88 (fig. 28a).
Two stations, the Connecticut River at Thompson-
ville (location 8, fig. 4) and the Quinebaug River at
Jewett City (location 6, fig. 4), had upward trends
in dissolved ammonia.

Stations with increasing concentrations of
total nitrogen, total organic nitrogen, and total
nitrite-plus-nitrate  outnumbered stations with
decreasing concentrations during 1981-88. How-
ever, the number of stations with increasing con-
centrations of these nitrogen constituents was
much smaller for 1981-88 than for 1975-88 (figs.
25-27). Total ammonia nitrogen, with decreasing
concentrations at 11 stations, was the only nitrogen
constituent for which decreasing concentrations
substantially outnumbered increases (fig. 29).
Decreases in total ammonia were also reported in
the Arkansas trend study (Petersen, 1992) for a
similar time period.

Concentrations of nitrite nitrogen are typi-
cally very low in Connecticut streams that do not
receive large amounts of organic wastes. Trend
results for stations in the less developed areas of the
state may not reflect environmental conditions
because the very small number of data points above
the detection limit may compromise the accurate
detection of trends. By contrast, concentrations of
nitrite in streams that receive substantial point dis-
charges are often above the detection limit, and
trend results are probably representative of environ-
mental conditions. Only one trend in total nitrite was
detected, a decrease in the sparsely developed Saug-
atuck River basin. This trend is not considered envi-
ronmentally significant because of the limited
amount of data above the detection limit.
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Figure 26b. Trends in total organic nitrogen, 1981-88.
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Figure 27a. Trends in total nitrite-plus-nitrate nitrogen, 1975-88.
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Figure 27b. Trends in total nitrite-plus-nitrate nitrogen, 1981-88.
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Figure 28a. Trends in concentration of dissolved ammonia nitrogen, 1975-88.
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Figure 28b. Trends in concentration of dissolved ammonia nitrogen, 1981-88.
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Figure 29. Trends in concentration of total ammonia nitrogen, 1981-88.
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Decreasing concentrations of total phospho-
rus were detected at 23 of 32 stations during 1975-
88 (fig. 30a). No stations had increases in phospho-
rus concentrations, and nine stations showed no sig-
nificant  trend.  Stations  with  decreasing
concentrations represent all the major drainage
basins of the State, although most stations in the

Farmington River Basin had no trend. Concentra-
tions of total phosphorus decreased at 24 of 38 sta-
tions during 1981-88 (fig. 30b). Decreases in total
phosphorus are consistent with numerous decreases
detected nationally during 1982-89 (Smith and oth-
ers, 1993).
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Figure 30b. Trends in total phosphorus, 1981-88.



Decreasing concentrations of total organic  and two stations had no significant trend. By con-
carbon were detected at 30 stations throughout the  trast, increasing concentrations of total organic car-
State during 1975-88 (fig. 31a). No increasing con-  bon were detected at seven stations during 1981-
centrations in total organic carbon were detected, 88, and only one decrease was detected (fig. 31b).
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Figure 31a. Trends in total organic carbon, 1975-88.
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Figure 31b. Trends in total organic carbon, 1981-88.
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Trace Metals

The term “trace constituent” is commonly
used for substances that nearly always occur in
concentrations of less than 1.0 mg/L (Hem, 1985,
p. 129). Trace metals that were analyzed for trend
in all three time periods include dissolved iron and
dissolved manganese. Trace metals that were ana-
lyzed for trend during 1981-88 include dissolved
iron, total iron, dissolved manganese, total copper,
dissolved nickel, total nickel, and total zinc (table
10). Dissolved iron, total iron, and total copper
were treated as uncensored constituents in the
ESTREND analyses, and all other trace metals
were treated as censored constituents. Trend results
for censored constituents are not flow-adjusted.

Iron and manganese are common elements in
the Earth's outer crust. Their concentrations in nat-
ural water are typically low because of the physical
and chemical conditions affecting their solubility
(Hem, 1985, p. 76-77). Municipal and industrial
waste effluent are additional sources of iron and
manganese. Copper, nickel, and zinc are less com-
mon than iron and manganese in the Earth’s outer
crust (Hem, 1985, table 1, p. 5-6). Use of these
trace metals in various industrial applications has
increased their concentrations in the environment
(Hem, 1985, p. 138-142).

Concentrations of dissolved iron decreased
at the only two stations with sufficient data for
trend analysis during 1969-88. Both stations are on
the Connecticut River, at Thompsonville and Mid-
dle Haddam (locations 8 and 19, fig. 4). Dissolved
iron concentrations decreased at 16 of 32 stations
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during 1975-88 (fig. 32a). No stations had increas-
ing concentrations of iron, and data for 16 stations
showed no trend.

Dissolved manganese concentrations
increased at one station during 1969-88 and
decreased at four stations; data for two stations
showed no trend (fig. 33a). Dissolved manganese
concentrations decreased at 14 stations and
increased at 1 station during 1975-88; data for 19
stations showed no trend (fig. 33b). Eight stations,
all in the southern half of the State, had decreasing
concentrations of both iron and manganese. Burl-
ington Brook, the smallest drainage basin in the
study (location 11, fig. 4), was the one station with
an increasing concentration of manganese during
both time periods.

Concentrations of most trace metals
decreased at a substantial number of stations dur-
ing 1981-88 (figs. 32 to 36). Few increases in trace
metal concentrations were detected. Concentra-
tions of dissolved nickel, total copper, and total
zinc decreased at a majority of stations that had
data sufficient for trend analysis (figs. 34a, 35, and
36). Decreasing concentrations of trace metals
were also reported by the New Jersey trend study
for a similar time period (Hay and Campbell,
1990).

A geographic pattern of distribution for
trends in trace metals is uncertain because of the
absence of stations with sufficient data for trend
analysis in the northeastern and northwestern cor-
ners of the State. Decreasing concentrations of dis-
solved iron, dissolved nickel, and total zinc were
detected in all major drainage basins of the State
(figs. 32b, 34a, and 36).
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Figure 32c. Trends in total iron, 1981-88.
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Figure 33c. Trends in concentration of dissolved manganese, 1981-88.
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Figure 36. Trends in concentration of total zinc, 1981-88.
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Bacteria

Fecal coliform and fecal streptococcal bacte-
ria are found in the intestinal tracts of warm-blooded
animals, including humans. Tests for both types of
bacteria are used to assess the presence of fecal con-
tamination in water. Bacterial contamination may be
present in streams draining urban, suburban, or agri-
cultural areas.

Concentrations of fecal coliform bacteria
increased at two stations and decreased at eight sta-
tions during water years 1975-88 (fig. 37a). Most of
the decreases were detected on the State's larger
streams. Data for 17 stations showed no trend.
Widespread decreases in fecal coliform bacteria
were also reported by the Arkansas trend study dur-
ing a similar time period (Petersen, 1992).

Concentrations of fecal streptococcal bacteria
increased at six stations and decreased at three sta-
tions during water years 1977-88 (fig. 38a). Data for

25 stations showed no trend. Increases in both fecal
coliform and fecal streptococcal bacteria were
detected on the Saugatuck River (location 37, fig. 4),
which drains a suburban and relatively undeveloped
area with no point sources.

Concentrations of fecal coliform bacteria
decreased at 17 stations during 1981-88, and data
for 21 stations showed no trend (fig. 37b). Concen-
trations of fecal streptococcal bacteria decreased at
28 stations, and data for 10 stations showed no trend
(fig. 38b). No increasing concentrations of either
type of bacteria were detected. Concentrations of
fecal coliform and fecal streptococcal bacteria
decreased at stations in all major drainage basins of
the State. Decreases in fecal coliform bacteria were
most common in the Connecticut, Farmington, and
Quinnipiac River Basins.
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Figure 37a. Trends in fecal coliform bacteria, 1975-88.
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Figure 37b. Trends in fecal coliform bacteria, 1981-88.
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Suspended Sediment

Suspended sediment in freshwater streams is
derived from natural rock weathering and soil ero-
sion processes, from floods, and from land disturbed
by human activities such as construction, agricul-
ture, logging, and mining. Suspended sediment can
harm aquatic organisms, fill reservoirs, and impair
the quality of water for various uses. Suspended sed-
iment concentrations are typically low in Connecti-
cut under natural conditions because the heavily
vegetated land cover limits soil erosion.

Only two stations, the Connecticut River at
Thompsonville and the Housatonic River at Steven-
son, had sufficient data for trend analysis for the
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Figure 38b. Trends in fecal streptococcal bacteria, 1981-88.

complete period of water years 1975-88. Neither
station had a trend in suspended sediment concen-
tration. For water years 1978-88, five stations
including these stations and the Pawcatuck River,
the Shetucket River, and the Quinebaug River at
Jewett City, had sufficient data for trend analysis.
All five stations, which monitor major river basins,
were part of the NASQAN program during the trend
study. One station, the Quinebaug River at Jewett
City, had an upward trend in suspended sediment
concentration (fig. 39). Data from the other four sta-
tions showed no trend. None of the five stations had
a trend in suspended sediment concentration during
1981-88.
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Figure 39. Trends in suspended sediment, 1978-88.
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FACTORS THAT AFFECT TRENDS IN
SURFACE-WATER QUALITY

Changes in sampling or analytical methods,
trends in stream discharge, and human uses of land
and water resources have affected the detected
trends in surface-water quality in Connecticut. The
relative magnitude of the effects of these factors is
not known in most cases. Determining the impor-
tance of these factors for specific drainage basins
and constituents is an area for further investigation.

Changes in Sampling or Analytical
Methods

The period of record for the Connecticut trend
study encompasses a period of improvement and
increasing sophistication in sampling and analytical
methods. The understanding of how choice of sam-
pling location, equipment, and methods affect
water-quality data has increased markedly during
the period of record. Although the need for docu-
menting any changes in these factors is clearly
understood now, the importance of such changes
was not always apparent in the earlier years of
water-quality data collection. The possibility of the
effects of such changes needs to be taken into
account in evaluating the results of trend analysis. It
is not always possible to document the nature,
extent, and location of changes in sampling or meth-
ods. However, the period of the trend study does not
include changes within the USGS to more rigorous
water-quality sampling methods in the early 1990’s,
and records for most constituents and locations are
considered to be reasonably consistent.

Plots of constituent concentration as a func-
tion of time sometimes show abrupt increases or
decreases in concentration or data variability that
may indicate changes in sampling techniques or ana-
lytical methods. Three constituents and properties in
the Connecticut trend study that exhibit this pattern
are dissolved oxygen, which increased about 1974,
total organic carbon, which decreased around 1981-
82, and turbidity, which decreased in the mid-1980’s.
Decreases in variance at some stations following
these dates may be caused by a change in method.
Also, the pattern is similar in both urbanized basins
with major point discharges and relatively undevel-
oped basins with few or no point discharges (fig. 40).
However, all of these trends are also consistent with
improvements in wastewater treatment during the
period of record, and these improvements may be
largely responsible for the detected trends in basins
that receive major point discharges. The noted
decreases in variance could be consistent with
improved wastewater treatment as well as with
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improved sampling or analytical methodology. In
the case of dissolved oxygen, field equipment
records indicate that a new model of instrument was
acquired at about the time of the concentration
increase, but that the method and general type of
instrument remained the same (Jonathan Morrison,
U.S. Geological Survey, oral commun., 1995).

The possible effects of laboratory measure-
ment bias on trends in several major ions and nutri-
ents have been evaluated for a national set of
stream-quality data (Alexander and others, 1993).
Decreases in total phosphorus and increases in cal-
cium and magnesium detected in the Connecticut
study may be related, in part, to trends in measure-
ment bias. The extent of this effect is uncertain.

Historical changes in the processes of sam-
pling and analysis may also have affected the
detected concentrations of trace metals in Connect-
icut. Trace elements, by definition, are present nat-
urally in very low concentrations. Consequently,
concentrations of trace constituents may be quite
sensitive to changes in sampling equipment and
methods and to changes in analytical techniques.
Evaluation of trace metal sampling procedures in the
late 1980’s has indicated that contamination of a
water sample by additional trace metals can occur at
several points during sampling and processing, thus
leading to overestimates of environmental concen-
trations of dissolved trace metals. Different filtration
techniques and materials can also affect reported dis-
solved trace metal concentrations (Horowitz and
others, 1992). Where the dissolved concentration
constitutes a large proportion of the total constituent
concentration, contamination that affects the dis-
solved concentration can also have a substantial
effect on the total concentration. For these reasons,
trend analysis on dissolved and total trace metals has
been limited to those constituents where contamina-
tion problems are believed to be minor relative to the
actual environmental concentrations.

Trend results for total copper, dissolved
nickel, total nickel, and total zinc are reported here
with the cautionary note that trends at some stations
may not represent environmental changes. In some
of the less developed basins, such as the Pawcatuck,
Salmon, and Saugatuck River basins, trace metal
concentrations are very low, and decreasing concen-
trations of trace metals may result from changes in
sampling techniques that reduce the potential for
sample contamination during collection and pro-
cessing. By contrast, contamination artifacts may be
negligible relative to environmental concentrations
of trace metals in samples from streams draining
Connecticut’s more heavily urbanized and industri-
alized areas.
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Figure 40a. Relation between dissolved oxygen concentration and time,
Salmon River near East Hampton, 1969-88.
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Figure 40b. Relation between dissolved oxygen (percent saturation) and time,
Salmon River near East Hampton, 1969-88.
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Trends in Stream Discharge

During 1975-88, 12 of 20 stations with dis-
charge data had downward trends in streamflow
(fig. 10b, table 7). Although trend results are flow-
adjusted where possible, the presence of trends in
streamflow complicates the interpretation of trends
in constituent concentrations. Increases in specific
conductance and in concentrations of calcium,
magnesium, chloride, sulfate, and dissolved solids
were all common during this period. The concen-
trations of these constituents tend to be high at low
flows, and thus the overall trend results are consis-
tent with the effects of a downward trend in
streamflow. Likewise, downward trends in turbid-
ity were numerous during this time period. Turbid-
ity tends to be low at low flows, and this trend
result is also consistent with a downward trend in
streamflow.

The trends detected in these constituents are
probably not solely caused by downward trends in
streamflow, although that may be an important fac-
tor at some stations. Flow-adjusted trend results
were compiled for selected constituents for the
eight stations that did not have a trend in stream-
flow during 1975-88 (table 11). Specific conduc-
tance and concentrations of dissolved calcium and

magnesium increased at six of the eight stations;
concentrations of dissolved chloride increased at
seven of the eight stations; and concentrations of
dissolved solids increased at five of the eight sta-
tions. Turbidity decreased at four of the eight sta-
tions. The frequency and direction of constituent
trends at stations with no trend in streamflow sup-
port the conclusion that these trends are caused by
environmental effects other than decreasing
streamflow. The geographic distribution of the
eight stations indicates that these effects are gener-
ally statewide in their scope. Factors that may have
caused these trends are discussed in the section
entitled "Human Use of Land and Water
Resources."

The detection of trends in streamflow and the
recognition of strong relations between concentra-
tion and discharge for certain constituents are
important factors in evaluating changing environ-
mental conditions and planning for future water-
quality management. Increasing or decreasing con-
stituent concentrations may have significance for
aquatic life, human health, or various water uses,
whether these changes are driven by climatic vari-
ability or by changes in the sources contributing
these constituents to streams.

Table 11. Summary of flow-adjusted trends in selected constituents for stations with no

trend in instantaneous discharge, 1975-88

[+, upward trend; -, downward trend; e, no trend; x, constituent not correlated with flow; ND, no data for

station]
Constituent or property
Map Station -
location identi- Specific Dissolved
number fication conduct- Turbidity Calcium Magnesium Chloride Sulfate solids
ance
3 01122610 . X + + .
5 01125151 + X + . +
6 01127000 . - + . . .
8 01184000 + - . + . .
11 01188000 + . . + ND +
14 01189120 + X + + ND +
22 01196222 + - + + . +
32 01205500 + - + + + +
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Human Use of Land and Water
Resources

Most human uses of land and water
resources result in some effects on stream quality,
whether these effects are obvious, such as the efflu-
ent from wastewater-treatment plants, or less
apparent, such as leachate from septic systems that
affects the quality of ground water discharging to
streams. Factors that may affect current conditions
and trends in stream quality in Connecticut include
changes in the quality or quantity of municipal and
industrial wastewater discharges; increased urban-
ization, including increased wastewater effluents in
urban areas and increased nonpoint runoff in
urban, suburban, and developing rural areas;
changes in agricultural practices; and atmospheric
deposition of contaminants. A full examination of
these effects is beyond the scope of this report;
however, some of the important trend results and
their possible causes are discussed (table 12). Mul-
tiple factors are probably responsible for constitu-
ent trends that occur statewide in both urbanized
and less developed basins.

The following discussion emphasizes the
number of stations with trends in different constitu-
ents, but in some cases the magnitudes of the
trends are also discussed. Ranking of the magni-
tude of a trend was usually based on the percentage
change (of mean concentration) per year at each
station, rather than the concentration change, in
order to minimize differences between stations that
have large concentration differences. Often the
streams draining urbanized areas have large con-
centration changes per year that may represent
very small percentage changes in constituent con-
centrations, whereas streams draining undeveloped
areas may have very small changes in concentra-
tion that represent large percentage changes.

Changes in Wastewater Discharges

Changes in wastewater discharges may result
in either improvement or deterioration in stream
quality. Removal or reduction of certain constitu-
ents in waste sources, improvements in wastewater
treatment, or reduction of total effluent loads dis-
charged to streams are likely to result in water
quality improvements. Increases in wastewater dis-
charges are likely to cause deterioration in stream
quality; such increases are discussed in the section
entitled "Increased Urbanization.”
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The water quality of many streams in Con-
necticut has improved substantially since the pas-
sage of the State's Clean Water Act in 1967 and the
Federal Water Pollution Control Act Amendments
of 1972 (Connecticut Department of Environmental
Protection, 1990, p. 5). Nitrogen constituents, phos-
phorus, organic carbon, and bacteria are all common
components of wastewater. Achievements in the
removal of suspended material under the State's
water-quality management program, particularly
along the major rivers of the State, are generally
compatible with downward trends in total phospho-
rus, total organic carbon, turbidity, fecal coliform
bacteria, and fecal streptococcal bacteria during
1975-88 or 1981-88 (table 12). The largest percent-
age decreases for fecal coliform bacteria during
1975-88 were on the Connecticut River at Thomp-
sonville (location 8, fig. 4) and the Hockanum River
(location 17, fig. 4), both in the urbanized central
lowland of Connecticut. The largest percentage
decreases for fecal streptococcal bacteria during
1977-88 were at stations on the Connecticut River at
Thompsonville and Hartford (locations 8 and 16,
fig. 4). Many of the largest percentage decreases in
turbidity during 1978-88 were detected at stations
on the Connecticut and Naugatuck Rivers. These
rivers receive major point discharges, have been the
focus of wastewater treatment improvements, and
have had substantial room for improvement. In the
case of total phosphorus, a decline in the manufac-
ture and use of detergents containing phosphorus
may also have contributed to reduced concentra-
tions of phosphorus in wastewater discharges.
Detected decreases in suspended materials in
streams affected by point discharges are consistent
with the improved health of aquatic communities
reported by the State (Connecticut Department of
Environmental Protection, 1992).

Some of the decreases in total phosphorus,
total organic carbon, turbidity, and bacteria took
place on streams draining basins without major
point discharges, and additional causes for trends
in less developed basins need to be identified.
Also, several increases in organic carbon were
detected during 1981-88, primarily on larger
streams that receive point discharges. These
increases point out the variability of water quality
over time, and the complexity of factors affecting
trends.



Table 12. Summary of the most prevalent trends in water quality in Connecticut, water
years 1975-88 and 1981-88

Possible environmental causes

Property or constituent Direction Areas
1975-88
Specific conductance Upward Central lowland, western Point discharges, nonpoint runoff
uplands
Calcium Upward Southwestern, scattered Effects of urbanization
statewide
Magnesium Upward Statewide Effects of urbanization
Chloride Upward Statewide Point discharges, road salt in non-
point runoff
Sulfate Upward Eastern and western uplands  Point discharges, atmospheric depo-
sition
Total solids Upward Scattered statewide Effects of urbanization
Dissolved solids Upward Primarily central lowland, Effects of urbanization
western uplands
Turbidity Downward Statewide Wastewater treatment improvements
Total phosphorus Downward Statewide (except Farming- Wastewater treatment improve-
ton River Basin) ments, decline in agricultural land
use, decline in use of detergents con-
taining phosphorus
Total organic carbon Downward Statewide Wastewater treatment improvements
Fecal coliform bacteria Downward Scattered statewide Wastewater treatment improve-
ments, improved agricultural man-
agement practices
Dissolved oxygen Upward Scattered statewide Wastewater treatment improvements
pH Upward Statewide Wastewater treatment improvements
Total nitrogen Upward Statewide Point discharges, nonpoint runoff,
atmospheric deposition
Total organic nitrogen Upward Statewide Point discharges, nonpoint runoff
Total nitrite-plus-nitrate Upward Central lowland, Point discharges, nonpoint runoff,
scattered statewide atmospheric deposition
Dissolved iron Downward Western uplands, Declining metals industries, waste-
Central lowland, Connecticut ~ water treatment improvements
River Basin (except Farm-
ington River)
Dissolved manganese Downward Scattered statewide Declining metals industries, waste-

water treatment lmp rovements
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Table 12. Summary of the most prevalent trends in water quality in Connecticut, water
years 1975-88 and 1981-88--Continued

Property or constituent Direction Areas Possible environmental causes
1981-88
Specific conductance 'Upward Statewide Point discharges, nonpoint runoff
Magnesium Upward Scattered statewide (except Effects of urbanization
Connecticut River)
Chloride Upward Statewide Point discharges, road salt in
nonpoint runoff
Turbidity Downward Connecticut River Basin Wastewater treatment improvements
(except Farmington River),
southwestern areas
Total phosphorus Downward Statewide Wastewater treatment
improvements, decline in
agricultural land use, decline in use
of detergents containing phosphorus
Fecal coliform bacteria Downward Central lowland, scattered Wastewater treatment
statewide improvements, improved
agricultural management practices
Fecal streptococcal Downward Statewide Wastewater treatment
bacteria improvements, improved
agricultural management practices
Dissolved oxygen Upward Central lowland, Quinebaug ~ Wastewater treatment improvements
(percent saturation) River basin
pH Upward Statewide Wastewater treatment improvements
Total ammonia nitrogen Downward Southwestern areas, scattered ~ Wastewater treatment improvements
statewide
Dissolved iron Downward Scattered statewide Declining metals industries,
wastewater treatment improvements
Dissolved and total Downward Statewide Declining metals industries,
nickel wastewater treatment improvements
Total copper Downward Central lowland, Declining metals industries,
southwestern areas wastewater treatment improvements
Total zinc Downward Statewide Declining metals industries,

wastewater treatment improvements
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Observed decreases in total ammonia and
increases in total nitrite-plus-nitrate during 1981-88
are compatible with wastewater-treatment pro-
cesses in which ammonia is converted to nitrite and
eventually nitrate. Large percentage increases in the
concentration of total nitrite-plus-nitrate and large
decreases in total ammonia were detected at stations
on the Quinnipiac River during water years 1981-
88. These changes are consistent with reported
improvements in municipal wastewater treatment in
that drainage basin (Connecticut Department of
Environmental Protection, 1988, p. 58).

Increases in pH have been detected state-
wide. In urbanized basins, these increases may be
related to requirements for neutralization of waste-
water from municipal and industrial sources. Neu-
tralization of wastewater may have been a
particularly important factor on streams such as the
Naugatuck River that receive numerous industrial
discharges (Connecticut Department of Environ-
mental Management, 1988, p. 50). Increases in pH
may also be related to improved wastewater treat-
ment processes that convert ammonia to nitrate. As
this conversion takes place, acidity actually
increases and pH is lowered. However, the transfer
of this conversion process from the stream envi-
ronment to wastewater treatment plants may have
caused increases in pH in some streams.

Increases in dissolved oxygen generally indi-
cate improvement in water quality. Most of the
increases during 1975-88 took place on streams
draining urbanized areas with major wastewater
discharges, although a few increases were in less
developed areas. The increases in dissolved oxy-
gen may indicate removal of oxygen-demanding
materials from wastewater, but the causes may be
more complex, as discussed in the section entitled
"Dissolved Oxygen."

Interpretation of increases in the concentra-
tion of dissolved oxygen and dissolved oxygen as a
percent of saturation illustrates the difficulty of dis-
tinguishing the effects of changes in sampling or
analytical methods from the effects of environmen-
tal changes. The mid-1970’s were a time of major
improvements in  wastewater-treatment  plant
design and operation, and increases in dissolved
oxygen at some stations may be attributable, in
large part, to these improvements. Detailed investi-
gation of the sampling history and wastewater

treatment history for individual drainage basins
would be necessary to evaluate these results more
fully. Possible effects of sampling changes on dis-
solved oxygen trends have been discussed in the
section entitled "Changes in Sampling or Analyti-
cal Methods."

Decreases in the concentrations of dissolved
and total trace metals indicate improvement in
water quality. Industrial activity has declined in
Connecticut during the 20th century and particu-
larly since World War II (Lewis and Harmon,
1986, p. 125-133). Historically, industrial applica-
tions involving metals have been important in the
Connecticut economy. Changes in the quantity of
industrial waste discharges, as well as improved
wastewater-treatment practices, may be factors that
have contributed to the observed downward trends
in trace metal concentrations. Particularly in
heavily urbanized and industrialized basins, such
as those of the Still (near Danbury), Naugatuck,
and Quinnipiac Rivers, reported downward trends
in trace metal concentrations are believed to indi-
cate environmental changes brought about by a
reduction in the total load of trace metals dis-
charged to streams. Analyses of additional data on
changing sources would be required to document
this.

Sediments in streams continue to be a reser-
voir of trace metals derived from past industrial
activity, despite improvements in industrial waste-
water treatment. Analyses of bottom sediment data
show that trace metals are present in the bed mate-
rial of numerous Connecticut streams (Cervione and
others, 1987, p. 226-229). Under changing hydro-
logic, physical, or chemical conditions, trace metals
currently bound to sediments may dissolve and re-
enter the water, and bottom sediments bearing trace
metals may be mobilized and transported as sus-
pended sediment (Horowitz, 1991, p. 1).

Increased Urbanization

Increases in population and changes in the
distribution of population during the period of the
trend study have resulted in new and increased
wastewater discharges in urbanized areas and
increased nonpoint runoff in urban, suburban, and
less developed areas. Increases in specific conduc-
tance and in the concentrations of several dissolved
constituents (table 12) are consistent with the gen-
eral effects of increased urbanization and land
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development. These increases are found statewide,
including rural as well as urban and suburban areas.
The largest percentage increases in specific conduc-
tance and dissolved chloride during 1981-88 were
detected at stations on the Quinnipiac, Quinebaug,
French, Connecticut, Naugatuck, and Saugatuck
Rivers. With the exception of the Saugatuck, all
these streams receive major point discharges.

Natural sources of chloride in freshwater
streams of Connecticut are limited, and upward
trends in chloride are believed to be caused by a
variety of human activities and land uses, including
wastewater discharges and nonpoint runoff that
contains road deicing salts. The effect of wastewa-
ter on chloride concentrations may predominate
during the low streamflow period of summer and
early fall, whereas the effect of runoff containing
road salt may predominate during winter and early
spring. The predominant sources of chloride are
likely to differ in urban and rural areas. Analysis of
additional data on wastewater effluent, road salt
use, and other factors would be necessary to evalu-
ate the possible causes of trends in chloride state-
wide and at specific water-quality stations.

Increasing concentrations of nitrogen con-
stituents represent both suspended and dissolved
material. Statewide increases in nitrogen constitu-
ents during 1975-88 (table 12) may have been
caused by point sources in urban areas and non-
point sources in rural areas. The five largest per-
centage increases in total nitrogen were found at
stations on the Saugatuck River, the Salmon River,
Burlington Brook, the Quinnipiac River, and the
Willimantic River at Merrow. The Quinnipiac
River basin is urbanized; the other four streams
have small, sparsely developed drainage basins
with few or no point discharges. Trends at these
four stations may indicate the increasing impor-
tance of nonpoint source contaminants in small,
sparsely developed drainage basins. Significantly,
the first three stations have historically been con-
sidered to represent water-quality conditions in rel-
atively undeveloped areas of Connecticut.
Although these three basins are still sparsely devel-
oped, population has increased during the period of
the trend study.

Substantially more stations had increasing
concentrations of nitrogen constituents during the
1975-88 period than during the 1981-88 period. At
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some stations, the major concentration increases
took place earlier within the 1975-88 period, with
concentrations becoming more stable during the lat-
ter part of the period. At other stations, there appears
to have been a steady but subtle increase which was
only detected during the longer period of record.

Increases in dissolved oxygen, although gen-
erally indicative of improving water quality, could
be related to increasing concentrations of nitrogen
constituents at some locations. Additional analyses
would be necessary to determine whether the
increases at any stations are related to daytime pho-
tosynthesis supported by high nutrient concentra-
tions from wastewater discharges or nonpoint
sources.

The only downward trends in dissolved oxy-
gen, or dissolved oxygen as a percent of saturation,
were detected at the Still River at Brookfield Cen-
ter and the Quinebaug River at Jewett City during
1975-88, and at Stamford Harbor and the Naug-
atuck River near Waterville during 1981-88 (loca-
tions 28, 6, 39, and 33, fig. 4). The Naugatuck
River, the Still River, and Stamford Harbor drain
major urban areas. Improvements in wastewater
treatment have been made; additional major
improvements have been planned. Trends for sev-
eral constituents at stations on the Still and Naug-
atuck Rivers illustrate the continuing water-quality
problems of medium-sized and small streams that
are dominated by major point discharges.

Changes in Agricultural Practices

Nitrogen and phosphorus are major compo-
nents of fertilizer. Decreases in the concentration of
total phosphorus during 1975-88 and 1981-88 may
be related to decreased agricultural activity in some
parts of the State. Decreases in fecal coliform and
fecal streptococcal bacteria may be related to
decreased agricultural activity or to improved agri-
cultural management practices in rural areas. How-
ever, increases in nitrogen constituents in rural areas
during 1975-88 could also be derived in part from
agricultural sources, so there is no clear picture of
the relationship of trends to agricultural activity.
Parcels of agricultural land are typically small in
Connecticut, and most monitored drainage basins
encompass a mixture of forested, agricultural, and
urban land, thus making it difficult to distinguish the
effects of agricultural land on water quality.



Atmospheric Deposition of Contaminants

Connecticut is in the path of major storm
systems that transport atmospheric contaminants
from the urbanized and industrialized northeastern
United States. Statewide increases in specific con-
ductance and several dissolved constituents,
including sulfate, may be partly related to the
effects of atmospheric deposition. These increases
are found in rural as well as urban and suburban
areas. Increases in total nitrite-plus-nitrate in less
developed areas of the state during [975-88 may
be related to atmospheric deposition of nitrate.

Numerous upward trends in pH during 1975-
88 and 1981-88 indicate less acidic conditions in
Connecticut streams. This result is of interest,
given the relatively acidic quality of precipitation
in the northeastern United States. The pH of 110
precipitation samples, collected at 3 precipitation-
monitoring stations in Connecticut from October
1981 to December 1983, ranged from 3.7 to 54,
with a median of 4.4 (Kulp and Hunter, 1987, table
3, p. 12). Additional unpublished data from the
files of the U.S. Geological Survey indicate a
median pH of 4.2 for 463 precipitation samples
collected at the same three monitoring stations
from October 1981 through September 1988 (K.P.
Kulp, U.S. Geological Survey, written commun.,
1990). Although precipitation tends to be slightly
acidic under natural conditions, the average pH of
precipitation in the northeastern United States has
been more acidic than the natural range during the
1970's and 1980's (Kulp and Hunter, 1987, p. 1-2).
By comparison, values of most pH measurements
for Connecticut streams fall within the range of 6.5
to 9.0, and values between 7 and 8 are common
(Cervione and others, 1991; Healy and others,
1994, p. 219). Trend results for pH at most stations
suggest that factors other than precipitation chem-
istry have had a substantial effect on the pH of
many streams.

The only decreases in pH were detected for
Burlington Brook during 1969-88 and the Salmon
River during 1975-88 (locations 11 and 20, fig. 4).
Both of these streams drain relatively undeveloped
areas underlain by noncarbonate crystalline bed-
rock. Possibly these streams are more likely than
other streams in the state to reflect the effects of
acidic precipitation because of their geologic set-
ting, the location of their drainage basins near

urbanized areas of central Connecticut, and the
absence of other major pollution sources in their
drainage basins. The relation between trends in pre-
cipitation chemistry and trends in stream chemistry
in Connecticut is a subject for further investigation.

SUMMARY AND CONCLUSIONS

Trends in water quality were analyzed for 39
monitoring stations in Connecticut, including 33
streams sites, 2 impoundments, and 4 harbor or
estuary sites. The combined drainage area for the
monitoring network encompasses most of Con-
necticut and large areas of north-central New
England. Drainage areas for individual water-qual-
ity stations range in size from 4.10 mi’ to
11,092 mi’.

Three periods of record were examined for
trends in water quality. The longest period, water
years 1969-88, includes data for 11 properties and
constituents at 8 stations. The major period of
record, 1975-88, includes data for 23 properties
and constituents at 35 stations. The period 1981-88
includes data for 29 properties and constituents at
38 stations. The number of constituents with suffi-
cient data for trend analysis varies at individual
stations.

The Seasonal Kendall test, with associated
flow-adjustment procedures, was used to remove
the effects of seasonal variability and streamflow
variability from water-quality data, making possi-
ble the accurate detection of water-quality trends.
A computer program, ESTREND, that incorpo-
rates these statistical procedures was used for
detection of trends.

Major Trends in Properties and
Constituents

Increases in specific conductance and in the
concentrations of several dissolved constituents
were numerous during 1975-88 and 1981-88.
Numerous increases in concentration were detected
for magnesium and chloride during all three time
periods. Chloride was the constituent with the most
numerous and geographically widespread increases
in concentration. Upward trends in calcium were
numerous during 1975-88 but not in the other two
time periods. Trends in calcium and silica were
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generally less numerous than for other dissolved
constituents. Few trends in the concentration of sil-
ica were detected in any of the three time periods.

Sulfate was the only major dissolved constit-
uent to show a notable difference in trend direction
during different time periods. Decreasing concen-
trations were detected at 7 stations during 1969-82,
whereas increasing concentrations were detected at
10 stations during 1975-82.

Increasing concentrations of dissolved solids
and total solids were common during 1975-88.
Data for the majority of stations showed no trend
in the concentration of either constituent during
1981-88. Increasing concentrations slightly out-
numbered decreasing concentrations for both con-
stituents during 1981-88. For both constituents,
there were fewer increases and more decreases dur-
ing 1981-88 than during 1975-88.

Concentrations of dissolved oxygen and dis-
solved oxygen as a percent of saturation increased
at all eight stations with records during 1969-88.
Numerous increases in dissolved oxygen and dis-
solved oxygen as a percent of saturation were
detected during 1975-88. Increases were less com-
mon during 1981-88.

pH increased at many stations during all
three time periods. Few decreases in pH were
detected. Increases in pH were detected in all
major drainage basins of the State.

Increasing concentrations of total nitrogen,
total organic nitrogen, and total nitrite plus nitrate
were detected in all major drainage basins of the
State during 1975-88. Concentrations of total nitro-
gen and total organic nitrogen increased at a sub-
stantial majority of stations, and concentrations of
total nitrite-plus-nitrate increased at about half of
the stations.

Six nitrogen constituents were analyzed for
trend during 1981-88. For total nitrogen, total
organic nitrogen, and total nitrite-plus-nitrate, sta-
tions with increasing concentrations outnumbered
stations with decreasing concentrations. However,
the number of stations with increasing concentra-
tions of nitrogen constituents was much smaller for
1981-88 than for 1975-88, and most stations had
no trend. Decreasing concentrations of total ammo-
nia nitrogen outnumbered increasing concentra-
tions during 1981-88.
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Turbidity and concentrations of total phos-
phorus and total organic carbon decreased at a sub-
stantial majority of stations during 1975-88. No
increases in total phosphorus, total organic carbon,
or turbidity were detected during 1975-88.
Decreases in turbidity and total phosphorus also
were common during 1981-88. By contrast,
increasing concentrations of total organic carbon
were detected at a few stations during 1981-88, and
only one decrease was detected.

Decreasing concentrations of dissolved iron
and dissolved manganese were common during
1975-88. Additional trace metals analyzed for
trend during 1981-88 include total iron, total cop-
per, dissolved nickel, total nickel, and total zinc.
Concentrations of most trace metals decreased at a
substantial number of stations during 1981-88.
Few increases in trace metal concentrations were
detected. The geographic distribution of trends for
several trace metals is uncertain because of the
absence of stations with sufficient data for trend
analysis in the northeastern and northwestern cor-
ners of the State.

Decreases in the concentration of fecal
coliform bacteria were common during 1975-88
and 1981-88. Trends in fecal streptococcal bacteria
were detected at about a quarter of all stations dur-
ing 1977-88; increases outnumbered decreases dur-
ing that period. Decreasing concentrations of fecal
streptococcal bacteria were detected at a majority
of stations during 1981-88.

Trends as Indicators of Water-Quality
Conditions in Connecticut

Several trends detected during the study
period indicate improvement in the physical,
chemical, and bacteriological quality of surface
water in Connecticut, particularly on major rivers
that receive substantial point discharges. Wide-
spread trends indicating improvement in water
quality include decreases in the concentrations of
total phosphorus and total organic carbon and
decreases in turbidity. These changes indicate a
reduction of suspended material, and possibly dis-
solved material as well, in surface water. Increases
in the concentration of dissolved oxygen, and in
dissolved oxygen as a percent of saturation, also
indicate improvement in water quality. Fewer sta-
tions showed increases in dissolved oxygen in



1981-88 than in 1975-88, a possible indication that
the major improvements had been achieved in the
earlier part of the period of record. Detected
decreases in total organic carbon and turbidity and
increases in dissolved oxygen may have been
caused, in part, by changes in sampling or analyti-
cal methods. Nevertheless, several lines of evi-
dence, from trends in other constituents, from time
periods that are unaffected by method changes, and
from State reports of healthier aquatic communi-
ties, support the conclusion that notable decreases
in suspended material and increases in dissolved
oxygen have taken place during the period of the
trend study in streams that receive point dis-
charges.

Decreases in the concentrations of several
trace metals indicate improvement in water quality.
Trends in trace metals at stations draining urban-
ized basins are considered to be reasonably repre-
sentative of environmental conditions, whereas
trends at stations draining less developed areas are
more likely to have been affected by method
changes. Although decreasing concentrations of
trace metals indicate improvement in water quality,
sediments in some streams affected by past indus-
trial activity continue to be a source of trace metals
that could adversely affect surface-water quality in
the future.

Trends in bacterial concentrations show
some improvement in water quality, with numer-
ous decreases during 1981-88. The largest percent-
age decreases for both fecal coliform and fecal
streptococcal bacteria were detected on the Con-
necticut River during 1975-88 and 1977-88,
respectively. For 1981-88, many of the largest per-
centage decreases for both types of bacteria were
detected at stations on the Quinnipiac, Connecti-
cut, Shetucket, Housatonic, and Naugatuck Rivers.

Numerous statewide increases in pH are of
interest in light of the lower-than-normal pH values
reported for precipitation in the northeastern
United States during the 1970’s and 1980's.
Increases in pH in urbanized areas may be related
to decreasing concentrations of ammonia and to
requirements for neutralization of municipal and
industrial wastewater. Decreases in pH were
detected in two streams draining relatively unde-

veloped areas. The relation between trends in pre-
cipitation chemistry and trends in stream chemistry
in Connecticut has not been investigated.

Increases both in pH and in dissolved oxy-
gen as a percent of saturation were detected at sev-
eral stations during 1975-88. Both constituents are
affected by photosynthetic activity in streams, and
additional investigation could assess possible inter-
relations among nutrient availability, photosynthe-
sis, dissolved oxygen concentrations, and pH in
Connecticut streams. In streams with high nutrient
concentrations, dissolved oxygen concentrations
and pH may fluctuate widely during a 24-hour
period. Consequently, upward trends 1. dissolved
oxygen and pH, based on daytime sampling, may
not represent the full range of water-quality condi-
tions in some streams.

Numerous increases in specific conductance
and in the concentrations of calcium, magnesium,
chloride, sulfate, dissolved solids, and total solids
during 1975-88 indicate a slight but geographically
widespread deterioration in surface water quality.
These increases may indicate subtle changes in
water quality caused by a variety of point and non-
point sources.

Trends in nitrogen constituents indicate both
deterioration and improvement in water quality.
Increasing concentrations of total nitrogen, total
organic nitrogen, and total nitrite-plus-nitrate dur-
ing 1975-88 indicate deterioration in water quality,
probably caused by both point and nonpoint
sources. The persistence of upward trends at a few
locations during 1981-88 indicates continued dete-
rioration. Decreases in total ammonia during 1981-
88 were paired with increases in total nitrite-plus-
nitrate at some locations. Decreasing concentra-
tions of ammonia, which is harmful to aquatic life,
appear to reflect improvements in wastewater treat-
ment in which ammonia is converted to nitrate.
Thus, increases in total nitrite-plus-nitrate probably
represent overall improvements in water quality at
some urban locations.

Additional information on water-quality con-
ditions may be obtained from examining the mag-
nitude and environmental setting of the detected
trends. Many of the largest percentage decreases in
turbidity and in the concentrations of total phos-
phorus and fecal coliform bacteria were detected at
stations on the larger rivers of the State, including
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the Connecticut, Housatonic, Shetucket, and Naug-
atuck. Many of the largest percentage increases in
dissolved oxygen were detected on the Quinnipiac,
Pequabuck, and Connecticut Rivers. These results
suggest that improvements have taken place where
major  water-quality  problems have been
addressed, where conditions were historically poor,
or where the dilution effects of large discharges
may be important.

Continuing adverse changes were detected in
streams that receive major wastewater discharges,
particularly in medium-sized and smaller drainage
basins. The largest percentage increases in specific
conductance and dissolved chloride were found pri-
marily in drainage basins of various sizes that
receive major point discharges. Decreases in dis-
solved oxygen at stations on the Still (near Danbury)
and Naugatuck Rivers, and large percentage
increases in total nitrite-plus-nitrate on the Quinnip-
iac, French, Naugatuck, and Still Rivers, illustrate
the continuing water-quality problems of streams
that are dominated by major point discharges.

Four of the five largest percentage increases
in total nitrogen during 1975-88 were detected in
streams draining rural or relatively undeveloped
areas. These results indicate the vulnerability of
small streams to the increasing effects of nonpoint
sources of contamination in suburban and rural
areas.
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For constituents with trends at many stations,
most trends were typically in the same direction,
were found throughout large parts of the State, and
were not confined to particular drainage basins.
Although constituent trends in some drainage basins
may have been affected in part by trends in stream
discharge, similar constituent trends in basins with
no trend in discharge suggest that other widespread
environmental factors are causing the most preva-
lent trends in Connecticut stream quality.

Trend analysis of 20 years of water-quality
data in Connecticut represents a general look at a
large resource of information. Factors causing the
detected trends in particular drainage basins and at
specific stations are subjects for further investiga-
tion. Specific constituents and drainage basins may
be investigated to resolve questions related to the
possible effects of changes in sampling or analyti-
cal methods. Further investigation also is needed to
distinguish the effects of climatic factors from the
effects of human use of land and water resources.
Trend direction and magnitude may be related in a
quantitative way to land use changes and wastewa-
ter treatment history. Concentration and trend rela-
tions among constituents at particular locations
may yield insights of local or more general signifi-
cance. Finally, analysis of the magnitude of the
trends relative to water-quality standards and goals
is necessary to determine which trends indicate a
substantial change in water quality.
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176 Appendix 3. Statistical summary and trend results of selected water-quality data for the 1981-88 water years



