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Analysis and Interpretation of Water-Quality Trends
in Major U.S. Rivers, 1974-81

By Richard A. Smith, Richard B. Alexander, and M. Gordon Wolman

Abstract

Water-quality records from two nationwide sampling
networks are now of sufficient length to permit nationally
consistent analysis of long-term water-quality trends at
more than 300 locations on major U.S. rivers. Observed
trends in 24 water-quality measures for the period 1974-81
provide evidence of both improvement and deterioration
in stream quality during a time of major changes in
atmospheric and terrestrial influences on surface waters.
Particularly noteworthy are widespread decreases in lead
and fecal bacteria concentrations and widespread
increases in nitrate, arsenic, and cadmium concentrations.
Changes in municipal waste treatment, leaded-gasoline
consumption, highway-salt use, and nitrogen-fertilizer
application, and regionally variable trends in coal produc-
tion and combustion during the period, appear to be
reflected in water-quality changes. There is evidence that
atmospheric deposition of a variety of substances has
played a surprisingly large role in water-quality changes.

INTRODUCTION

More than a decade ago, several investigators
(Ackerman and others, 1970; Wolman, 1971) sought
to describe long-term trends in water quality of the
Nation’s rivers and found that a major difficulty in
doing so was the lack of continuous and consistent
water-quality records. Records then available for
describing regional or nationwide trends had to be
assembled from a large number of sources, many of
which were discontinuous in time or had relatively
limited constituent coverage reflecting a concern
with local water-quality problems. Moreover, differ-
ences in sampling and laboratory methods and in
the criteria for siting stations made identification of
regional trends very difficult.

In the years immediately following these stud-
ies, several Federal programs for nationally consis-
tent water-quality data collection were established
in response to increased interest in water-quality
trends. The most comprehensive of these was the

U.S. Geological Survey’s National Stream Quality
Accounting Network (NASQAN), which in 1972
established monthly sampling for some 30 constitu-
ents at stations located near the outlets of major
drainage basins so as to collectively monitor a large
fraction of total U.S. runoff (Briggs, 1978). The
location of NASQAN stations was not based on the
presence or absence of pollution sources in the
vicinity of the stations, but a focus on large rivers
has resulted in a moderate bias toward higher
pollution loads. The number of stations in the net-
work has increased from 50 in 1972 to 501 in 1985
with the gradual addition of stations higher in the
drainage of the major interior basins as well as
stations in small coastal basins. Costs of the pro-
gram since its inception have totaled about $45
million. A second water-quality monitoring pro-
gram, the National Stream Quality Surveillance
System (NWQSS), was initiated by the U.S. Envi-
ronmental Protection Agency (EPA; 1976) in 1974 to
help track progress in pollution control efforts. Sam-
pling and laboratory analyses at most NWQSS sites
were performed by the U.S. Geological Survey for
the EPA using procedures identical to those used in
the NASQAN program. The 188-station sampling
program focused on dissolved oxygen and nutrient
levels in rivers and included fewer constituents than
that of NASQAN. Stations were located both
upstream and downstream from selected urban and
agricultural areas, and on somewhat smaller
streams than NASQAN stations. Like NASQAN,
however, the primary objective of NWQSS was trend
identification. Total cost for the program through
1981, when sampling was discontinued, was about
$10 million.

Since their establishment, the nationwide
fixed-station networks have provided data for sev-
eral general summaries of water-quality conditions
(Briggs and Ficke, 1977; Council on Environmental
Quality, 1982; U.S. Geological Survey, 1983; Peters,
1984) but have been used to only a limited extent in
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interpretive studies of long-term trends (Conserva-
tion Foundation, 1984; Smith and Alexander, 1984;
Gilliom and others, 1985). There have been several
impediments to such studies. First, it has taken time
to collect records long enough for worthwhile trend
analysis. Not until 1975 did NASQAN include as
many as 300 stations, so that only recently has the
data base been sufficient to permit a truly nation-
wide study of trends. Second, specific techniques for
dealing with the commonly encountered statistical
problems of water-quality trend detection, including
seasonality, flow dependence, and the occurrence of
values reported as “less than” the laboratory detec-
tion limit, have only recently become available
(Hirsch and others, 1982; Smith and others, 1982).
Finally, interpretation of possible causes of water-
quality trends requires ancillary information on
land use, pollution sources, and other environmen-
tal factors. Nationally consistent data bases for a
variety of environmental variables have been estab-
lished within the past decade and only recently have
become large enough and complete enough to use in
the interpretation of water-quality trends. Partly
because of the difficulties in detecting and interpret-
ing trends in fixed-station data, recent nationwide
assessments of water-quality trends have taken the
form of surveys (ASIWPCA, 1984, 1985; Judy and
others, 1984) of local environmental and natural-
resource officials concerning their knowledge of and
opinions on changes in water quality. While the
advantage of such surveys is their capacity for
integrating chemical as well as ecological informa-
tion into a concise summary of conditions, the dis-
advantage is a loss of detail and objectivity.

In this paper, we present an analysis of trends
in stream-water quality based on data from the
NASQAN and NWQSS networks, which collectively
provide the largest available set of nationally con-
sistent data on water-quality conditions in U.S.
rivers. The study period was October 1974 through
October 1981, the approximate limits of operation of
NWQSS. During this period, major changes
occurred in several factors influencing water quality
in the United States, including large reductions in
point-seurce pollution loads and regionally variable
changes in nonpoint-source influences, both terres-
trial and atmospheric. We begin by presenting a
summary of statistically defined trends for 24 con-
stituents, giving a brief description of the geo-
graphic pattern of trends in each. We then investi-
gate possible explanations for the observed trend
patterns using data describing changes in basin
conditions during the study period.

2 Water-Quality Trends in Major U.S. Rivers, 1974-81

METHODS AND SCOPE

Two hundred ninety-four NASQAN stations
and 94 NWQSS stations (fig. 1) are collectively
referred to as “combined network” stations. Owing
to the more limited constituent coverage at NWQSS
stations, results are presented for 6 constituents at
combined network stations and for 18 constituents
at NASQAN stations only (table 1). Data for water-
quality constituents were collected biweekly at
NWQSS stations and were averaged to produce
monthly time series. Data for common constituents
were collected monthly, and for trace metals, quar-
terly, at NASQAN stations. Sampling and labora-
tory procedures (Guy and Norman, 1970; Skougstad
and others, 1979) were the same for all stations
throughout the study period. Statistical procedures
applied to these water-quality records have been
previously described in detail (Hirsch and others,
1982; Smith and others, 1982; Smith and Alexander,
1983b). Trend analyses were conducted using the
Seasonal Kendall test (Hirsch and others, 1982;
Smith and others, 1982), which is intended for
monthly water-quality time series with potentially
large seasonal variability. Because the test is
nonparametric, outliers, missing values, or values
defined as “less than” the laboratory detection limit
(see table 1) present no computational or theoretical
problem in its application. “Trend” is defined as
monotonic change in time, occurring as either an
abrupt or a gradual change in concentration. Trends
were considered statistically significant for p<0.10
(p is the probability that an apparent trend resulted
from a chance arrangement of the data rather than
from an actual change in concentration). Records for
the 15 “common” constituents were flow-adjusted
(Hirsch and others, 1982; Smith and others, 1982;
Smith and Alexander, 1983b) prior to trend testing
in an attempt to eliminate streamflow variation as
either a cause of trend or a confounding influence in
its detection. Owing to the presence of “less than”
values, trace element records were not flow-adjusted
prior to trend testing. For the same reason, the
magnitude of the trend slope, which is estimated
separately from the trend test (Smith and others,
1982), could not be reliably determined for trace
constituents.

Evaluation of the possible influence of str-
eamflow variation on trends in trace element con-
centrations was undertaken by testing the statisti-
cal association between trace element trends and
trends in streamflow measurements made at the
time of water-quality sampling. Contingency tables
were constructed as three-by-three arrays
(increases, decreases, no trends) and tested for chi









approached the problem of trend interpretation in
three stages. First, through literature review we
identified major regional sources of specific chemical
and biological constituents, noting previous reports
of regional trends. This information was used to
develop an initial set of hypotheses.

Second, we investigated statistical associa-
tions among the observed water-quality trends and
between the water-quality trends and various
hydrologic characteristics of the basins upstream
from the sampling stations (i.e., drainage area, flow
frequency, flow regulation, and seasonal distribu-
tion of trends). Although these tests tended to show
expected relationships between variables (e.g., well-
known correlations among common ions, and
between suspended sediment and nutrients), in sev-
eral instances the results suggested answers to basic
questions about the causes of trends, such as the
relative importance of point and nonpoint sources
and of strong and weak acids.

Finally, we tested statistical associations
between the observed trends and related data (table
2) describing population, land use, and known pol-
lution sources in the basins upstream from the
sampling stations. Contingency tables were con-
structed as either two-by-three or three-by-three
arrays. Water-quality trends were grouped in three
classes (increases, no trends, decreases) and were
arrayed against either two or three classes of ancil-
lary data, depending on the static or dynamic nature
of the data. Unless otherwise specified, static mea-
sures of basin characteristics were divided at the
median. When ancillary data described changing
conditions over the period of study, three classes of
roughly equal size were established indicating the
direction of change (increase, decrease, little or no
change). Significance of contingency tables was
determined in chi square tests. In the results that
follow, significance is reported as p, the probability
that an apparent relationship between
water-quality trends and ancillary data could have
resulted solely from a chance arrangement of the
data. For tables with expected frequencies less than
1, or with more than 20 percent of expected frequen-
cies less than 5, significance was determined
through enumeration of all possible table configura-
tions (Agresti and others, 1979: Cantor, 1979). Point
sources within the conterminous United States (see
table 2) could be identified by river-reach number
(DeWald and others, 1985) and located as a function
of channel distance from the sampling stations.
Industrial and agricultural land-use information
(see table 2) was available either by cataloging unit
or by county and was aggregated by basin through
digitization of the drainage area above the stations

(see example in fig. 2). Point-source contaminates
include biochemical oxygen demand (BOD), kjeldahl
nitrogen, total phosphorus, arsenic, cadmium, and
lead (Gianessi and Peskin, 1984). Load estimates
(Gianessi and Peskin, 1984) are based on flow
records (for regularly discharging facilities) from
the EPA Industrial Facility Discharge File (Taylor,
1983), and effluent-concentration estimates
obtained in written communications from State
pollution-control authorities and from values in
published literature. Data on use of highway salt
(Salt Institute, 1975, 1980) and consumption of
leaded gasoline (Ethyl Corporation, 1982; Shelton
and others, 1982) were compiled by State and appor-
tioned to drainage basins on the basis of detailed
population figures (U.S. Department of Commerce,
1970, 1983).

Several limitations of the interpretive methods
should be emphasized. First, statistical associations
between water-quality trends and basin conditions
do not establish cause and effect. This limitation is
especially significant when, by necessity, the ancil-
lary data for interpreting trends take the form of
static measures of basin characteristics rather than
records of concurrent changes in conditions. Second,
we assume that, in general, there are many causes
of trends in each constituent, yet our approach,
which depends on finding similarities in the nation-
wide distributions of variables, focuses only on fac-
tors of sufficiently widespread importance to signif-
icantly influence the overall pattern of trends. In
sum, given the nature and scope of the analysis, we
view this approach as preliminary hypothesis test-
ing, serving to direct more intensive types of water-
quality sampling and investigation in the future.

TREND ANALYSIS AND INTERPRETATION

Chloride

Increases in chloride concentrations (fig. 3)
were extremely frequent and widespread at
NASQAN stations over the 197481 study period.
Chloride increases occurred in nearly all regional
drainage systems, but were especially frequent in
the Missouri, Mississippi, Ohio, and Atlantic
Coastal basins (see fig. 1). Decreases in chloride
were frequent only in the Great Lakes and Lower
Colorado basins (fig. 1).

Chi square tests indicate that chloride trends
are positively, though only moderately (p=0.064),
associated with basin population changes, 1970-80
(U.S. Department of Commerce, 1970, 1983).
Human wastes are a major source of chloride in
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all cases, far too large to be explained by observed
changes in either alkalinity or acid anions given the
prevailing alkalinities at stations showing pH
trends.

Suspended Sediment

Nationwide, nearly equal numbers of stations
showed increases and decreases in
suspended-sediment concentrations, but within cer-
tain regions trends were predominantly in the same
direction (fig. 7). Decreases occurred on several
tributaries to the Missouri River while increases
were frequent in the basins of the Arkansas, Red,
Columbia, Lower Mississippi, and Ohio Rivers.

The regional pattern of suspended-sediment
trends suggests a variety of causative factors. Many
streams in the Columbia River basin carried
increased sediment loads following eruptions of
Mount St. Helens during 1980-81 (Haeni, 1983).
Declining concentrations for several locations in the
Missouri River basin have been previously reported
and have been clearly traced to the effects of reser-
voir construction throughout the basin during the
1950’s and 1960’s (Williams and Wolman, 1984).
The effects of reservoirs on suspended-sediment con-
centrations may be observed for very long periods of
time after construction as a new equilibrium
between sediment transport and deposition in the
channel is established. A test of association between
sediment trends and the fraction of the drainage
basin located upstream from reservoirs was not
significant, however. Thus, although reservoirs are
known to be responsible for suspended-sediment
decreases in the Missouri basin, they do not appear
to be a major factor in the nationwide occurrence of
trends.

Increasing sediment concentrations occurred
in several basins in which the predominant forms of
land use are associated with high rates of soil
erosion (e.g., logging in the Columbia River basin,
agriculture in the Arkansas-Red and Mississippi
basins). Sediment trends are not significantly asso-
ciated with estimates of total basin soil erosion, but
sediment increases are positively related (p =0.020)
to the fraction of total soil erosion contributed by
cropland in the basin (U.S. Department of Agricul-
ture, 1982). Also, sediment increases occurred more
frequently than expected (p =0.078) where the crop-
land erosion rate is high in absolute terms (more
than 5,600 kilograms per hectare per year). In
contrast, sediment trends are not associated with
erosion rates on either forest land, pastureland, or
rangeland. The apparent relationship between sed-

iment trends and cropland erosion is interesting but
is difficult to interpret because of the static nature of
the soil-erosion estimates. Sediment trends were
also compared with the change in estimated soil
erosion, 1977-82 (U.S. Department of Agriculture,
1982), for various rural land-use classifications in
the basins and were not significantly related. The
apparent inconsistency may stem from a lack of
comparability of the erosion estimates for different
years (U.S. Department of Agriculture, 1982). More-
over, lags frequently occur in the response of
stream-sediment concentrations to changes in ero-
sion rates owing to the effects of basin storage of
sediment (Trimble, 1981; Meade and Parker, 1985).

Total Phosphorus

Nearly equal numbers of stations showed
increases and decreases in total phosphorus concen-
trations, but as with suspended sediment, trends
were predominantly inthe same direction in certain
regions. Decreases occurred frequently in the Great
Lakes and Upper Mississippi basins, while increases
occurred throughout the Southeastern United
States.

Despite the predominance of nonpoint sources
of phosphorus nationally, point sources contribute
significantly to total phosphorus concentrations in
certain regions, especially the New England, Mid-
Atlantic, and Great Lakes basins (Gianessi and
Peskin, 1981). Phosphorus decreases at combined
network stations in the Great Lakes region probably
result, in part, from point-source reductions
achieved in the region in the late 1970’s (Rockwell
and others, 1980; Hartig and Horvath, 1982). Sev-
eral lines of evidence suggest that observed phos-
phorus decreases stem generally from point-source
reducticns, while observed increases in phosphorus
result from nonpoint-source increases. Tests of asso-
ciation between phosphorus trends and various
static measures of phosphorus point sources (point-
source load, point-source load/streamflow, point-
source/nonpoint-source load) (Gianessi and Peskin,
1984) within 160 kilometers upstream from com-
bined network stations are significant (p=0.003,
0.002, and 0.045, respectively) mainly because of the
frequent coincidence of phosphorus decreases with
large point-source loads. Evidence for the impor-
tance of nonpoint sources in relation to trends,
however, lies in a strong statistical association
(p<0.001) between phosphorus trends and trends in
suspended sediment. Moreover, phosphorus
increases are associated with high values of various
static measures (U.S. Department of Commerce,
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Table 3. Tests of association between trends in dissolved-oxygen deficit (DOD) and
various measures of municipal biochemical oxygen demand (BOD) loads upstream from

combined network stations

[Tests 1 and 2 employed static measures of BOD (i.e., average values during the study period), while
tests 3 through 6 considered changes in BOD resulting from treatment plant expansion and upgrading
during 1977-81. Tests 7 through 10 considered various transformations of the DOD and BOD data
designed to enhance the degree of association. The results of the tests (expressed as p, the significance
level) indicate only weak association between trends in DOD and BOD load changes. The value of p
is the probability of incorrectly rejecting the null hypothesis that trends in DOD occur independently

of changes in BOD or level of BOD]

Test criteria Results
BOD or DOD criteria Distance upstream
from stations

(no.) (kilometers) {(p)
1 Point-source load/ nonpoint-

source load ratio 160 10,047
2 Industrial/municipal 160 0.15
3 Municipal load changes (1978-81) 160 0.42
4 Do. 80 0.37
5 Do. 50 0.24
6 Do. 25 0.59
7 Low flows only 160 0.62
8 Adjust for decay, reaeration? 160 0.88
9 High deficit stations only 50 0.08
10 High point-source load/nonpoint- 50 0.12

source load ratio

1Significant at the p<0.1 level.
2streeter-Phelps equation,

1974, 1977, 1982) of agricultural land use (fertilized
acreage, p=0.103; cattle-population density,
p=0.002).

Dissolved-Oxygen Deficit

Dissolved-oxygen deficit (DOD) is calculated
as the saturation concentration at the prevailing
temperature minus the actual dissolved-oxygen con-
centration. Trends in dissolved oxygen are poten-
tially caused either by changes in chemical (COD) or
biochemical oxygen demand (BOD) or by tempera-
ture change through its effect on the solubility of
oxygen. Thus, temperature effects can be largely
corrected for by converting the oxygen-concentra-
tion data to time series of dissolved-oxygen deficit
prior to trend testing. Decreases in DOD (.e,,
increases in dissolved-oxygen concentrations) out-
numbered increases 58 to 41 out of a total 353
stations. There is no pronounced geographic pattern
to the DOD trends, although decreases were most
frequent in the New England, Mid-Atlantic, Ohio,
and Upper and Lower Mississippi basins while

14 Water-Quality Trends in Major U.S. Rivers, 1974-81

increases were frequent in basins in the Southeast
and the Far Northwest.

An important hypothesis to consider is that the
greater frequency of DOD decreases over increases
reflects the success of major efforts to reduce BOD in
municipal and industrial effluents (U.S. Environ-
mental Protection Agency, 1982a, 1984). In the
decade following passage of the Clean Water Act in
1972, total municipal BOD loads decreased an esti-
mated 46 percent (ASIWPCA, 1984) and industrial
BOD loads decreased at least 71 percent (U.S. Envi-
ronmental Protection Agency, 1982a), despite
increases in population and real gross national prod-
uct of 11 percent and 25 percent, respectively. Indus-
trial sources currently contribute about one-third of
the total point-source BOD load nationwide (Gian-
essi and Peskin, 1984), and there is reason to believe
that the decline in industrial loads took place
slightly earlier (mid to late 1970’s) than the decline
in municipal loads (U.S. Environmental Protection
Agency, 1977). Funding for the upgrading of munic-
ipal facilities under the EPA’s Construction Grants
Program reached its highest levels in 1979 and 1980
(Congressional Budget Office, 1984). The Construc-



tion Grants Program has been the primary source of
funds for the construction of publicly owned waste-
treatment facilities in the United States (Congres-
sional Budget Office, 1984).

Many case studies (U.S. Environmental Pro-
tection Agency, 1980; Leo and others, 1984) have
attributed increases in stream dissolved-oxygen con-
centrations to improvements in waste-treatment
facilities. The most comprehensive and best docu-
mented of these is the study by Leo and others
(1984) in which data sets for 52 municipal facilities
were screened to yield 13 case examples with suffi-
cient data to properly test a hypothesis linking
improved waste treatment to change in the water
quality of rivers receiving waste materials. Of these
13 sites, 10 showed clear evidence of lowered DOD in
the vicinity of maximum oxygen deficit immediately
downstream from the treatment plant.

A major question left unanswered by case
studies of increased waste treatment, however, con-
cerns the nationwide extent of improved dissolved-
oxygen conditions. Recent nationwide assessments
(U.S. Environmental Protection Agency, 1982a;
ASIWPCA, 1984) suggest that widespread, visible
improvements in water quality have occurred and
are attributable largely to point-source BOD reduc-
tions in the decade following enactment of the Clean
Water Act. However, these assessments are based
on surveys of State and local pollution-control per-
sonnel and are expressed in terms of broadly defined
water-quality conditions rather than DOD per se.
Modeling studies (Gianessi and Peskin, 1981) indi-
cate that point-source BOD reductions slightly
larger than those achieved by 1982 would result in
detectable DOD changes in about 7 percent of river
reaches nationwide.

Comparisons of observed trends in DOD with
static measures of BOD loads (table 3) indicate a
moderate association between DOD trends and the
ratio of point-source to nonpoint-source BOD load
(Gianessi and Peskin, 1984) upstream from the
stations (p =0.047). Decreases occur more frequently
than expected where point sources are dominant,
and increases, where nonpoint sources are domi-
nant. Less statistically significant (p=0.15), but of
some interest, nevertheless, is the tendency for DOD
decreases to occur more frequently where the indus-
trial contribution (Gianessi and Peskin, 1984) to
total point-source BOD load is large. This finding is
consistent with evidence (U.S. Environmental Pro-
tection Agency, 1977) that major increases in indus-
trial treatment preceded the surge in construction
and upgrading of municipal facilities under the
Construction Grants Program. Data are available
(U.S. Environmental Protection Agency, 1979,

1982b) to develop site-specific estimates of change in
load only for municipal facilities for the period
1977-81. Changes in municipal loads during
1977-81, however, are believed (Congressional Bud-
get Office, 1984) to constitute the large majority of
changes occurring during the study period. No sig-
nificant relationship was found between trend in
DOD and change in BOD loads from municipal
treatment plants within 160 kilometers upstream
from the stations. Reducing the distance over which
BOD loads were summed in computing load changes
gave progressively higher numerical significance
levels, but even at the apparent optimum of 50
kilometers, chi square results showed little sign of
association (p=0.24) between load changes and
DOD trends. Additional steps to specifically con-
sider trends under low-flow conditions (lower 25
percent of flow-frequency distribution) and dilution
and reaeration effects on BOD loads gave even lower
significance levels. A Streeter-Phelps model was
constructed for river reaches within 160 kilometers
of combined network stations in order to account for
the effects of dilution and reaeration on dissolved-
oxygen demand. Stream velocities were estimated
as a function of streamflow (Leopold and Maddock,
1953). Expressions for deoxygenation (k1) and
reaeration (k2) were obtained from W.B. Langbein
and W.H. Durum (1967) and were varied as a
function of temperature (k1) and temperature and
streamflow (k2). Stratifying the stations to consider
only those with mean DOD higher than 0.50 milli-
grams per liter or point-source/nonpoint-source load
ratios (Gianessi and Peskin, 1984) higher than 0.2
gave the most significant results (p=0.08 and
p=0.12, respectively).

Overall, these results provide, at best, weak
evidence that the distribution of trends in DOD
reflects the effects of point-source BOD reductions.
The general inability to demonstrate a relationship
between observed DOD trends and recorded changes
in municipal BOD loads seems somewhat surprising
in view of the magnitude of change in loads that has
occurred and the number of case studies (U.S. Envi-
ronmental Protection Agency, 1980; Leo and others,
1984) demonstrating local improvements from
increased treatment. The poor correlation with
municipal load changes might be explained, in part,
by a greater effect of industrial load changes (see
table 3), but a more likely explanation is that most
combined network stations are simply too distant
from municipal point sources to detect the effects of
waste-load changes. Dissolved-oxygen variability at
combined network stations is such that net DOD
changes (1974-81) smaller than about 0.75 milli-
gram per liter are generally not detectable in trend
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Figure 8. Comparison of the distribution of point-source
biochemical oxygen demand loads for river reaches in
cataloging units containing combined network stations
with the similar distribution for all cataloging units. Cata-
loging units are typically 2,000-3,000 square kilometers in
size and have a principal channel length of about 150
kilometers. Stream reaches in the vicinity of combined
network stations carry somewhat higher biochemical oxy-
gen demand loads than do stream reaches in general.

tests. This possibility is strengthened by the fact
that chi square results improve systematically with
decreasing distance between the stations and
municipal sources, and with stratification of the
network to focus on stations more heavily influenced
by point sources.

As a sample of nationwide water-quality con-
ditions, however, combined network stations are
moderately biased toward higher point-source loads
(fig. 8), suggesting that the effects of increased
treatment should be somewhat more observable at
these stations than in the Nation’s rivers in general.
Therefore, the inability to clearly demonstrate the
effects of increased municipal treatment on DOD
trends at combined network stations, while not
inconsistent with case studies of specific point
sources (U.S. Environmental Protection Agency,
1980; Leo and others, 1984), does appear to be at
odds with other recent assessments (U.S. Environ-
mental Protection Agency, 1982a; ASIWPCA, 1984)
citing more far reaching effects. Statistically, load
reductions appear to explain observed improve-
ments in dissolved oxygen at fewer than 5 percent of
stations showing an improving trend or 2 percent of
all stations. In addition, load reductions may be
associated with maintenance of dissolved-oxygen
concentrations (i.e., no trend) at as many as 5
percent of all stations. These estimates are based on
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the 95-percent confidence limits of individual con-
tingency table elements assumed to be Poisson-
distributed (Fienberg, 1980). Given the bias in the
location of combined network stations toward higher
point-source loads (fig. 8), the effect of BOD-load
reductions on DOD levels among all stream reaches
is probably somewhat smaller.

Fecal Coliform and
Fecal Streptococcus Bacteria

The geographic distributions of trends in fecal
coliform (FC) and fecal streptococcus (FS) bacteria
are quite similar, although FS decreases were
noticeably more frequent than FC decreases nation-
ally (see table 1). Decreases in FS bacteria were
especially common in areas along the Gulf Coast, in
the central part of the Mississippi River basin, and
in the Columbia River basin (fig. 9). Decreases in
both forms of bacteria occurred frequently in the
Arkansas-Red basin and along the Atlantic Coast.
There are no clear regional patterns to the relatively
few increases in either form of bacteria.

There is a significant statistical association in
the occurrence and direction of trends in FC and FS
bacteria, suggesting common causes for the trends
in both in many cases. It is not evident, however,
from the geographic distribution of trends whether
point sources (human) or nonpoint sources (agricul-
tural) are a more important explanation of trends.
As with DOD, decreases in aquatic bacteria counts
have been linked in case studies (e.g., Susquehanna
and Chattahoochee Rivers) to improvements in sew-
age treatment during the study period (U.S. Envi-
ronmental Protection Agency, 1980). A major
emphasis of the Construction Grants Program has
been the achievement of secondary treatment as a
minimum standard, which has led to the establish-
ment of centralized collectionand treatment of
municipal wastes for the first time in many commu-
nities (U.S. Environmental Protection Agency,
1984). Also, increased regulation of animal wastes
in agricultural runoff (Federal Register, 1976)
occurred during the late 1970’s, with the objective of
reducing levels of bacteria in streams. Thus, an
important question is whether point-source or
nonpoint-source controls are more strongly associ-
ated with observed decreases in FC and FS bacteria.

One frequently used indicator of the source of
bacterial contamination in natural waters is the
FC/FS ratio (Thomann, 1972). Although this ratio is
reliable only as a relative index, higher values of the
ratio (>4) are generally associated with human
sources and lower values of the ratio (<1) with
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