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VARIATION IN CONCENTRATION OF SELECTED WATER-QUALITY CONSTITUENTS 

IN THE SACRAMENTO RIVER AT BEND BRIDGE, CALIFORNIA 

By Linda J. Britton and Robert C. Averett 

ABSTRACT 

During an intensive water-quality study of the Sacramento River at 
Bend Bridge, Calif., from September 4 to 7, 1973, differences in selected 
water-quality constituent concentrations were evaluated at three locations 
at a single site in the river for two 24-hour periods. Water temperature, 
dissolved oxygen, pH, specific conductance, selected major ions and plant 
nutrients, and phytoplankton were measured and analyzed to determine 
thoroughness of mixing in the transection. 

Slight fluctuations in constituent concentrations occurred with time 
although the vertical and horizontal differences among sampling locations 
were not statistically significant at the 0.05 probability level. 
Consequently, one location probably would have been sufficient to obtain 
representative concentrations of most water-quality constituents at this 
site. The measured concentration differences, especially in the plant 
nutrients, may be of some biological importance where slight fluctuations 
in low concentrations may cause limiting conditions for plant growth. 
Phytoplankton concentrations were so erratic with time that if only one 
sample were collected, any collection time during a diel period would be 
as valid as any other. 
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INTRODUCTION 

Water-quality data-collection programs and studies often are made 
assuming homogeneous distribution of dissolved and suspended materials in the 
system. Where this assumption is true, water samples collected at a single 
location are representative of concentrations for the entire site. The 
assumption of a well-mixed system often is true in small streams; however, 
complex flow patterns and significant natural and man-caused inputs in larger 
rivers often result in incomplete mixing of transported materials. Mohlman 
and others (1931), Velz (1950), and Haney and Schmidt (1958) concluded that 
variability testing in larger streams will require sampling at a number of 
points across the section, and that concentrated sampling during a short 
period of time probably will produce more useful results than extended 
periodic sampling. Specifically, incomplete mixing can occur when waste 
materials introduced into a river remain concentrated near one bank for 
considerable distances downstream. 

In 1972 and 1973, the U.S. Geological Survey made an intensive water-
quality study at several sites on the Sacramento River (Britton and Averett, 
1974). A part of the study was to evaluate horizontal and vertical 
differences in the concentrations of selected water-quality constituents. 
The information was needed for design of future studies on the Sacramento 
River. This paper describes the variation in concentration of selected 
dissolved chemical constituents, temperature, and phytoplankton over two diel 
(24-hour) periods at a site on the upper Sacramento River. 

STUDY SITE 

The site for water-quality data collection was on the Sacramento River, 
immediately upstream from Bend Bridge (fig. 1). This was the upstream 
sampling site for the 1972-73 study, and is approximately 14 river miles 
(22 km) upstream from the city of Red Bluff and approximately 256 mi (412 km) 
from the mouth of the river at San Francisco Bay. 

The site was chosen because the river changes direction near the bridge, 
resulting in a variable flow pattern and an irregular bottom configuration 
(fig. 2). The flow pattern and variable depth were expected to influence the 
concentration of dissolved materials and distribution of phytoplankton. 
Early September was chosen as the study period because the discharge is 
nearly constant and at a minimum for the year (fig. 2). Furthermore, the 
water is warm in September, resulting in increased biological production. 
Consequently, the study was made during a seasonal period when the variability 
of most commonly measured water-quality constituents was expected to be at a 
maximum because of biological action. 

At the time of sampling, the river at Bend Bridge was approximately 
360 ft (110 m) wide, and had a maximum depth of approximately 12 ft (4 m) 
(fig. 2). The river bottom material ranged from large cobbles 6 in (150 mm) 
in diameter, to sand. During the study period, the discharge ranged from 
9,390 to 9,550 ft3/s (266 to 270 m3/s); the difference, 160 ft3/s (4.5 m3/s) 
represented only 1.7 percent of the mean discharge (fig. 2). 
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DATA COLLECTED AND STUDY METHODS 

The study was made from September 4 to 7, 1973. The first period of 
field data and sample collection began at 1900 hours on September 4 and 
continued until 1900 hours on September 5. The second period began at 
1900 hours on September 6 and continued until 1900 hours on September 7. 
Established sampling stations were approximately 54 ft (16 m) from the left 
bank; near the river center, or approximately 171 ft (52 m) from the left 
bank; and near the right bank, or approximately 306 ft (93 m) from the left 
bank (fig. 2). Sample collection always began at the left-bank sampling 
location and proceeded to the center and right-bank sampling locations. All 
sample collections were made from a boat. 

Water temperature, specific conductance, pH, and dissolved oxygen were 
measured in-place at each sampling location every two hours with a multi-
parameter unit. The instrument was calibrated at least once during each 
24-hour sampling period. Measurements were made near the surface and near 
the bottom at the left-bank and river-center sampling locations. Because of 
the shallow depth, only surface measurements were made at the right-bank 
sampling location. 

Water samples for selected major ions and plant nutrients were collected 
every 6 hours at the left-bank and river-center sampling locations described 
above, with a D-49 depth-integrating sampler (Guy and Norman, 1970, p. 6). 
The water samples were filtered through a 0.45-micrometre membrane filter, 
treated in the field, and analyzed at the Geological Survey Central Laboratory 
in Salt Lake City, Utah, using the methods described in Brown and others 
(1970). 

Water samples for phytoplankton analysis were collected every two hours 
at the left-bank and river-center sampling locations with a D-49 depth-
integrating sampler. The phytoplankton samples were preserved with Lugol's 
solution and analyzed at a private laboratory for counts and species identifi-
cation, using the inverted microscope method described in Slack and others 
(1973). The types, numbers, and locations of collected water-quality 
constituents are in table 1. 
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Table 1.--Types and number of water-quality constituent measurements and 
sample collections 

Number of measurements 

Left bank Center Right bank
On-site 

measurements Surface Bottom Surface Bottom Surface Bottom 

Temperature .25 25 25 25 25 0 

Dissolved oxygen 25 25 25 25 25 0 

pH 24 24 24 24 24 0 

Specific conductance 23 23 25 25 25 0 

Number of samples collected 
(all samples depth integrated) 

Laboratory analysis Left bank Center 

Dissolved chemical constituents 

Calcium 10 10 
Magnesium 10 10 
Sodium 10 10 
Bicarbonate 10 10 
Sulfate 10 10 
Chloride 10 10 
Nitrate 10 10 
Ammonia + organic nitrogen 10 10 
Phosphorus 10 10 
Organic carbon 9 10 

Biological constituents 

Phytoplankton 26 26 

RESULTS 

The results of the on-site water-quality measurements are shown in 
figure 3. Data points on the graphs represent the mean values of the surface 
and bottom measurements. Water temperatures ranged from 12° to 15°C (Celsius) 
during the two 24-hour sampling periods at the three sampling locations. The 
lowest water temperature (12°C) occurred at 0900 and 1000 hours during the 
first sampling period, and at 0800 hours during the second sampling period. 
After gradual temperature increases on the afternoon of the second sampling 
period, a maximum water temperature of 15°C occurred at 1900 hours. Measured 
differences in water temperature did not exceed 1°C between sampling locations 
or between surface and bottom at each location at any given sampling interval. 
At most times, the vertical and horizontal temperatures, taken at the same 
time period, were equivalent. 
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The dissolved-oxygen concentration ranged from 9.0 to 11.6 mg/Q. 
(milligrams per litre) among the three sampling locations over the two 24-hour 
sampling periods. However, the maximum variation in dissolved-oxygen 
concentration vertically and horizontally at the sampling locations, for the 
same sampling intervals, was only 0.5 mg/Z. Percent saturation of dissolved 
oxygen (not in figure 3) ranged from 86 to 109. Undersaturation (less than 
100 percent) occurred from 0100 to 1300 hours during the first 24-hour 
sampling period and from 1900 to 1300 hours during the second 24-hour sampling 
period. Supersaturation (greater than 100 percent) occurred from 1900 to 
0100 hours and from 1300 to 1900 hours during the first 24-hour sampling 
period, and from 1300 until 1900 hours during the second 24-hour sampling 
period (fig. 3). 

The pH of the water varied little during the first 24-hour sampling 
period, maintaining a nearly constant value of 7.5. During the second 24-hour 
sampling period, the pH decreased from 7.6 at 2100 hours to 6.1 at 0300 hours 
and then rose steadily to 7.6 at 0800 hours. The decrease in pH to 6.1 at 
0300 hours coincided with a slight drop in the dissolved-oxygen concentration. 
Because of equipment malfunction, pH measurements were not made during one 
sampling interval (shown as blank areas in fig. 3). 

The specific conductance ranged from 97 to 121 pmhos (micromhos) per 
centimetre at 25°C. The greatest variation between surface and bottom at any 
location was 9 pmhos, and between sampling locations at the same sampling 
interval was 5 pmhos. Because of equipment malfunction, specific conductance 
measurements were not made during two sampling intervals (shown as blank areas 
in fig. 3). 

A Student's t-test of paired comparisons revealed no significant 
differences at p less than 0.05 (0.05 probability level) among measurements of 
water temperature, dissolved oxygen, pH, or specific conductance, among the 
three sampling locations or between the surface and bottom at each location. 

The concentrations of selected major ions and plant nutrients are shown 
in figure 4. Calcium ranged from 8.6 to 13 mg/Z, and magnesium ranged from 
4.8 to 5.3 mg•/Q. The maximum sodium concentration was 6.1 mg/k, but otherwise 
was nearly constant at 5.5 mg/Z during the sampling period. The bicarbonate 
concentration varied little, ranging from 60 to 66 mg/k. The sulfate and 
chloride concentrations varied only 1.6 and 1.3 mg/Z, respectively, during the 
two 24-hour sampling periods. 

The concentrations of the selected plant nutrients varied more with time 
and between sampling locations than the major ions. Nitrate had a maximum 
concentration of 0.05 mg/Z at 0100 hours on September 5, but was undetected at 
both sampling locations during three sampling intervals on September 6 and 7. 
Ammonia plus organic nitrogen was below 0.2 mg/k in most of the samples, but 
reached a maximum of 1.2 mg/Z at 0100 hours on September 5. The concentration 
patterns of nitrate and ammonia plus organic nitrogen were quite dissimilar 
between the two 24-hour sampling periods. Dissolved phosphorus showed a 
similar concentration pattern for both 24-hour sampling periods, but the 
concentrations were slightly higher during the second period of collection. 
The concentrations of dissolved organic carbon varied erratically, and ranged 
from 1 to 6.5 mg/Z. 
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A Student's t-test for paired comparisons showed no significant 
differences (p less than 0.05) among the concentrations of selected major 
ions and plant nutrients between the two sampling locations during the same 
sampling intervals. 

Total phytoplankton concentrations ranged from 220 to 570 organisms per 
millilitre during the study period (fig. 5). During the first sampling period 
(September 4-5), a slight decrease in blue-green algal concentrations (class, 
Myxophyceae) occurred. There was no consistent pattern in phytoplankton 
concentrations for the two sampling periods or between sampling locations 
because maximum concentrations at one sampling location often coincided with 
minimum concentrations at the other location. Of the three algal groups 
(fig. 5), the blue-green algae (class, Myxophyceae) had the highest concentra-
tions, followed by the diatoms (class, Bacillariophyceae) and the green algae 
(class, Chlorophyceae). 

Although there was usually a difference in the concentrations of phyto-
plankton in the samples collected at the left-bank and river-center sampling 
locations, the mean concentration was not significantly different at the 
0.05 probability level. 

The frequency of occurrence of phytoplankton taxa collected at the left-
bank and river-center sampling locations was similar (table 2). The diatoms 
(class, Bacillariophyceae) comprise the greatest number of individual taxa, 
with Achnanthes Zanceolata the most dominant (occurring in every sample). The 
alga comprising the largest percentage of the total number of phytoplankton 
and occurring in every sample was Synechocystis sp., a small blue-green algae 
(class, Myxophyceae). Unidentified flagellates (class, Chlorophyceae) were 
numerous and occurred in nearly every sample collected during the study period. 

DISCUSSION 

The concentration patterns of the measured water-quality constituents 
within each sampling location were erratic with time. The concentration 
differences vertically and horizontally among sampling locations during a 
particular sampling interval were not statistically significant at the 
0.05 probability level. Consequently, sampling at one location probably would 
have been sufficient to obtain representative concentrations of most water-
quality constituents. 

Results of other studies have shown variations in some water-quality 
constituents at different locations within one sampling site. Hasle (1954) 
found that surface temperatures varied only 0.4°C among four cross-sectional 
sites in a Norwegian fjord, and Platner (1946) found variation in cross-
sectional temperatures measured in the Mississippi River every 6 hours for a 
24-hour period. The largest difference within one site over 24 hours was 
1.8°C and between sites for the same period was 1.8°C. Mohlman and others 
(1931) found a range of 0.8 to 7.0 mg/k of dissolved oxygen among cross-
sectional samples at a site in the Illinois River, a much wider concentration 
range than was found in the Sacramento River. Odum (1957) found carbon 
dioxide samples to be extremely variable between sites across Silver Springs 
River. 
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Table 2.--Types, occurrence, and ranges of phytopZankton concentrations 

[A total of 26 samples were collected at each sampling location during the 
two 24-hour sampling periods.] 

Concentration, in 
Occurrence in organisms per millilitre 

Algal types 
samples 

Left Center 
Left bank Center 

bank Mean High Low Mean High Low 

CHLOROPHYTA 
Chlorophyceae (green algae) 
Cladophora sp. 1 0 1 1 1 0 0 0 
Eudorina elegans 1 1 2 2 2 1 1 1 
FZagellates (misc.) 26 24 29 60 12 31 74 10 
Micractinium pusillum 1 0 1 1 1 0 0 0 
Pandorina morum 4 1 2 2 1 1 1 1 
Pediastrum tetras 1 0 1 1 1 0 0 0 
Scenedesmus bijuga 24 22 11 18 3 10 17 5 
Scenedesmus dimorphus 1 1 1 1 1 2 2 2 

CHRYSOPHYTA 
Bacillariophyceae (diatoms) 
Achnanthes lanceolata 26 26 41 70 25 46 100 20 
Cymbella ventricosa 20 20 10 28 5 11 23 5 
Diatoma vulgare 1 0 1 1 1 0 0 0 
Fragilaria crotonensis 1 2 32 32 32 10 14 7 
Fragilaria sp. 0 3 0 0 0 26 30 20 
MeZosira varians 10 10 13 32 5 9 12 2 
Nitzschia acicularis 3 3 3 5 1 6 8 4 
Nitzschia Zinearis 4 1 4 5 3 5 5 5 
Nitzschia romana 22 19 16 31 7 20 39 7 
Nitzschia sp. 3 2 13 18 4 11 14 8 
Surirella angustata 1 1 1 1 1 1 1 1 
Surirella ovata 10 3 9 16 5 9 12 6 

Tabellaria fenestrata 3 1 10 20 1 12 12 12 

CYANOPHYTA 
Myxophyceae (blue-green algae) 
Merismopedia sp. 0 2 0 0 0 3 5 1 

Oscillatoria sp. 20 15 12 18 1 13 26 5 
Synechocystis sp. 26 26 250 400 140 240 360 140 
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An important factor to consider in any sampling program is the 
statistical significance versus biological significance of constituent 
concentrations. The measured concentrations of the major ions were not 
limiting to plant growth and slight changes in concentrations between sampling 
locations probably were of no biological significance. However, when plant-
nutrient concentrations are low, as were the nitrogen and phosphorus concentra-
tions in the Sacramento River, slight fluctuations in concentrations of one or 
more constituents may limit plant growth. 

If, after sufficient investigation in any river, a single sample 
collected at one location is deemed to be representative of the entire site, 
the question still remains as to whether the concentration at the particular 
time of day selected for sampling is the minimum or maximum concentration for 
the study period. The minimum and maximum concentrations (not the means) of 
chemical constituents are the critical values that control growth and 
reproduction and thus influence biological water quality. The results of the 
Sacramento River study revealed a cyclic diel pattern for temperature and 
dissolved oxygen. Because they are controlling factors for aquatic life, 
dissolved-oxygen-concentration ranges are important. Diel variations of the 
concentrations of some water-quality constituents have been observed in a 
number of studies (Mohlman and others, 1931; Velz, 1950; Kelso and Maccrimmon, 
1969), indicating the necessity to sample throughout a 24-hour period to 
determine the variability at a sampling site. 

The concentration patterns of phytoplankton in the Sacramento River were 
so erratic with time and location that one sample collected at one location 
during any sampling interval may not even approximate the population mean. 
Although one sample may provide a general idea of types and abundance, studies 
by Hasle, 1954; Morgan, 1961; and Michalski, 1969, have implied that phyto-
plankton are not uniformly distributed in the environment. Michalski (1969) 
found that comparing samples of phytoplankton collected once a week with those 
collected daily, was inadequate to accurately define extreme changes in phyto-
plankton levels. Studies on the Ohio River using chlorophyll a concentrations 
as indicators of algal populations, showed that a single grab sample could 
differ significantly from the mean of samples obtained from a cross section 
(Morgan, 1961). Hasle (1954) found that an uneven distribution of phyto-
plankton caused a variation in total numbers of phytoplankton in cross-
sectional samples collected in a Norwegian fjord. The variations within cross 
sections were often equal to or larger than the variations between cross 
sections. 

The results of the Sacramento River study, as well as previous research, 
have shown that concentrations of chemical constituents vary with time and 
place of sampling. In the Sacramento River at Bend Bridge, a grab sample for 
analysis of chemical constituents was found to be representative of the entire 
site. However, this finding cannot necessarily be extrapolated to other sites 
in the river or other times of the year. As pointed out by similar studies, 
the diel fluctuations of temperature and dissolved oxygen dictate a need to 
collect samples more than once daily in order to describe total variability. 
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