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SUMMARY

The State Water Resources Control Board {State Board) and the Central Valley
Regional Water Quality Control Board (Regional Board) have initiated efforts to
formulate water quality objectives and implement a program to regulate discharges
of agricultural subsurface drainage water that contains various levels of trace
elements. Part of this regulatory program involves a sound knowledge of water
quality and establishment of water quality objectives to protect beneficial uses.
The method recommended by the State Board for establishing water quality criteria
requires a knowledge of natural background concentrations of selected trace
elements (SWRCB, 1987). For the discharge or disposal of subsurface tile
drainage water, the most important trace elements are arsenic, boron, cadmium,
chromium, copper, lead, molybdenum, nickel, selenium, silver, uranium and zinc.
In order to develop the data needed for criteria development, the Regional Board
carried out a one-time sampling survey to examine the range of natural
concentrations of these 12 trace elements found in selected streams throughout
Northern and Central California. This survey provided a preliminary data base
that could be used to define background levels for these trace elements in
California streams. The one-time reconnaissance sampling of 226 streams showed
that very low concentrations occur naturally in the streams tested. The median
electrical conductivity for the samples is 360 pmhos/cm. Of those tested, the
most abundant trace element in California streams is boron with a median total
recoverable concentration of 80 ug/L but approximately 25 percent of the streams
tested showed a concentration in excess of 650 pg/L. Zinc and nickel were also
naturally abundant in California streams with a median total recoverable
concentration for the streams tested of 6 and 2 ug/L, respectively. The
remaining elements tested showed a median concentration for total recoverable
concentrations of arsenic (1 pg/L), cadmium {<0.1 ng/L), chromium (1.0 ng/L),

copper (<1 ng/L), lead (<1 ug/L), molybdenum (1.2 pg/L), selenium (0.4 ng/L),
silver (<1 ug/L), and uranium (<1 ug/L). A discussion of the variability found

with each element is included along with a discussion of the variability in
relation to the available water quality criteria for that element.



INTRODUCTION

The State Water Resources Control Board (State Board) hearings on the problems
at Kesterson Reservoir found the disposal of agricultural subsurface drainage
water at the site to be hazardous to the environment and ordered the site cleaned
up. The principal concern was the trace element selenium which was linked to
waterfowl deaths and deformities at the site; however, data presented in the
hearings also showed elevated levels of chromium, copper, nickel, zinc and other
trace elements. Concern was also expressed at the hearings that drainage water
presently being discharged through the Grassland area and into the San Joaquin
River may be causing similar problems to waterfowl and other aquatic life in the
river. Programs on the Federal, State and local levels have been initiated to
investigate the impacts this agricultural drainage may be having on the
beneficial uses in the San Joaquin River and its tributaries.

The State Board and the Central Valley Regional Water Quality Control Board
(Regional Board) have initiated efforts to formulate water quality objectives and
implement regulatory programs. As part of the development of the regulatory
program, the Regional Board intensified monitoring of agricultural discharges
including gathering of data that could assist in establishing water quality
criteria that can be used to establish water quality objectives through the Basin
Planning process. The method recommended by the State Board (SWRCB, 1987) for
development of criteria involves a sound knowledge of stream background
concentrations especially for trace elements that present the most immediate
concern. In this case background concentrations are meant to represent non-
anthropogenic conditions. Because of the present water development and
discharges into the San Joaquin River, obtaining reliable background
concentrations is difficult. The alternative available was to utilize data from
national studies which may or may not be applicable to conditions in California.
Little or no site-specific background data is available for a wide range of
California streams.

One of the first reconnaissance surveys was conducted by Silvey (1967) on 65
rivers and major streams in California. The actual sites are unknown and all the
data are shown as below the high analytical detection limits used, therefore the
data 1is not wusable to determine background concentrations. Another
reconnaissance survey was conducted on 170 high altitude lakes in Sequoia, Kings
Canyon and Yosemite National Parks, and showed median trace element
concentrations frequently at submicrogram per Tliter levels (Bradford et al.,
1968). These concentrations represent High Sierra lakes and should not be
considered representative of concentrations found in flowing waters elsewhere in
the State, especially those that might be impacted by geologic units other than
those found in the Sierras. Durum and others, (1971) sampled 32 California
streams for selected trace elements during a nationwide reconnaissance survey of
720 streams. This reconnaissance study concentrated on streams that were water
supplies for large urban areas or on water courses downstream of major municipal
and industrial complexes. The majority of sites tested in California were
influenced by urban and agricultural development and, therefore, would yield
tittie data on natural background concentrations. A similar reconnaissance
survey was conducted on 165 California streams (Bradford, 1971). The site
locations were not reported; therefore, it is not possible to evaluate whether
the concentrations noted represent background or those influenced by man’s
activities. The median and ranges found in the Bradford (1971) study can be
useful for comparison purposes (Table 1). A more recent study (Smith et al.,
1987) presented trace element concentrations from seven years of data collected

-2-



at over 300 river locations nationwide (Table 1). These recent data can act as
baseline values for the nation's waters; however, many sites sampied are affected
by discharges, both point and non-point sources, and may not show similar
characteristics to California rivers and streams.

Table 1. Trace Element Concentrations Found in Baseline Studies Conducted on Various Streams
(Adapted from Bradford, 1971 and Smith, et al., 1987).

Bradford (1971) Data Smith et al. (1987) Data

No. of 25th 75th No. of 25th 75th
Trace Element Stations Percentile Median Percentile| Stations Percentile Median Percentile
Arsenic (As) 293 <1 1 3
Boron (B) 134 110
Cadmium (Cd) 165 <5 <5 <5 285 <2 <2 <2
Chromium (Cr) 165 <05 <05 <05 161 9 10 10
Copper {Cu) 165 3
Lead (Pb) 110 1 292 3 4 6
Molybdenum (Mo) 149 3
Nickel (Ni) 123 1
Selenium (Se) 211 <1 <1 1
Silver (Ag) 165§ <01 <0.1 <0.1
Zinc (Zn) 164 10 288 12 15 21

This study was initiated to gain information about the range of natural
background concentrations of selected trace elements in streams in Northern and
Central California, including the San Joaquin River Basin. Trace element
concentrations are often a reflection of the climate, geology, and hydrology of
the area. California streams are strongly influenced by the Sierra Nevada and
Coast Range geology and may be different from those found in other locations in
the United States.

The study was not conducted to determine the range of concentrations found in a
particular stream, rather the study objective was to examine, on a one-time
reconnaissance basis, the range of natural concentrations that aquatic life are
exposed to in California during a specific time of the year. A more complete
picture of the range of concentrations that aquatic life in a particular stream
are exposed to would require a long-term monitoring program. The goais of this
study were to: a) develop a one-time sampling data base that could be used in
establishing criteria for selected trace elements of concern in the San Joaquin
River and its tributaries, and b) determine whether data from year-round national
studies are comparable to a one-time sampling.

STUDY METHODS

A one-time sampling of 226 streams was conducted in 43 counties statewide during
the winter of 1987. Each site was chosen to represent as closely as possible
natural background concentrations from various watersheds in the State or in
nearby border areas. Sampling sites were selected to avoid agricultural, urban
and industrial activities and discharges to minimize their influence on stream
quality; however,. non-point source abandoned mine drainage may have impacted a
few sites. These are noted.

A1l sampling was conducted during the cool, wet weather flow period (winter).
The sampling time was chosen, however, to avoid major wet weather influences such
as rainfall or snow-melt periods. In order to sample natural background quality,
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no sampie was taken within ten days following the Tast major rainstorm or within
six days of lighter rainfall. A1l samples were taken before or after major snow-
melt runoff. The cool weather period was chosen for sampling to avoid changes
in concentration due to evaporation or uptake in the food chain occurring during
periods of high bioproductivity. This sampling period permits a conservative
(low) estimate of the trace element concentrations that aquatic life are exposed
to. Cool weather sampling permitted evaluation of the concentrations that would
give a conservative estimate of the higher concentrations likely found in lower
flow periods (summer or fall) or during drought conditions.

A water quality sample was taken from each selected stream. A1l samples were
taken in nitric acid washed and nitric acid rinsed polyethylene plastic bottles.
A1l sample bottles were rinsed three times with the stream water prior to
sampling. All trace element samples were preserved to a pH of less than 2.0
using ultra-pure nitric acid. No filtration of trace element samplies was done,
prior to or after fixation with acid. This procedure gave the best approximation
of the Environmental Protection Agency (EPA) recommended procedure of acid
soluble analysis. Total recoverable values also provide a worst-case estimate
of actual exposure. Where the total recoverable concentration does not exceed
water quality criteria based on dissolved or acid-soluble concentrations, the
criteria likely have not been exceeded. In addition to collecting samples for
laboratory analyses, field measurements included electrical conductance (EC) and
temperature measurements at each site and pH measurements at selected sites.

A quality control and quality assurance program was conducted. For water
analysis, spiked and duplicate samples were utilized in the laboratory. In
addition, ten percent blind duplicate samples were submitted to the laboratory
with 50 percent of these being spiked with known concentrations. Additional
blank samples containing 2 ml Ultrex (ultra-pure) nitric acid in 500 m1 distilled
water were also submitted at random to check possible contamination problems.
A1l quality assurance samples analyzed by the laboratories fell within acceptable
ranges of accuracy. A full analysis of the quality assurance resuits is in the
Regional Board files.

RESULTS

For the sites sampled, trace element analyses were conducted for total
recoverable arsenic, boron, cadmium, chromium, copper, lead, molybdenum, nickel,
selenium, silver, uranium and zinc. In addition, total hardness was calculated
for each site based on the Ca and Mg concentrations. The analytical results from
each site are shown in Tables A-1, A-2, and A-3 in Appendix A. A summary of the
trace element concentrations in Appendix A is presented in Tabie 2. In addition
to the median value for each element, Table 2 presents the 25th, 75th and 90th
percentiles values determined for each element data set. The measured
concentrations were compared to existing water quality criteria including those
identified under the U.S. Environmental Protection Agency 304(a) program to
establish National Ambient Water Quality Criteria for Protection of Freshwater
Aquatic Life. In those instances where the criteria varied with water hardness
a calculated criteria was produced and is presented in Appendix A in Table A-4.
The ratio of the criteria to the actual measured values is presented in Appendix
A, Tables A-5 and A-6. A summary of these ratio comparisons is presented in
Table 3 for those elements whose criteria varied with water hardness. The
discussion that follows will review each trace element separately.



Table 2. Summary of Total Recoverable Trace Element Concentrations (ug/L) for Selected Streams in California.*

No. of Stream| 25th 75th 90th
Trace Element Sample Sites| Minimum Percentile Median Percentile Percentile Maximum
Arsenic (As) 196 <1 <1 1 2 ] 36
Boron (B} 177 <50 < 50 80 540 3000 12500
Cadmium (Cd) 196 < 0.1 < 0.1 < 0.1 0.2 0.4 1.1
Chromium (Cr) 197 <05 <05 09 2.5 5.4 51
Copper {Cu) 209 <1 <1 <1 3 6 29
Lead (Pb) 210 <1 <1 3 <1 2 5
Molybdenum (Mo) 212 < 0.1 0.4 1.2 4.2 15 126
Nicke! (Ni) 210 <t <1 2 5 10 51
Salenium (Se) 226 <0.2 0.2 C.4 0.9 2.7 73
Silver (Ag) 210 <1 <1 <1 <1 <1 1
Uranium (U) 210 <1 <1 <1 4 15 220
Zinc (Zn) 209 3 5 6 10 20 97
Selected Mineral Attributes
Electrical Conductivity (umhos/cn 211 <50 160 360 1100 2200 > 10000
Hardness (as CaCQ3) (mg/L) 211 12 60 130 330 650 4150
Calcium (Ca) 211 2.2 12 28 68 130 510
Magnesium {Mg) 211 1.4 6.1 14 35 96 730
* A limited number of streams from neighboring states were included where conditions were similar.
Only samples representative of natural background conditions were inciuded.
Table 3. Summary of the Ratio of the Trace Element Concentrations for Selected Streams
in California to the EPA Hardness Adjusted Ambient Water Quality Criteria for
Protection of Freshwater Aquatic Life.
No. of Stream| g0th 75th 25th

Trace Element Sample Sites]Percentile Percentile Median Percentile

Cadmium (Cd) 196 0.25 0.07 < 0.01 < 0.01

Chromium (Cr) 197 0.03 0.01 < 0.01 < 0.01

Copper (Cu) 209 0.77 0.19 < 0.01 < 0.01

Lead (Pb) 210 0.31 < 0.01 < 0.01 < 0.01

Nicke! (Ni) 210 0.06 0.02 < 0.01 < 0.01

Silver (Ag) 210 < 0.01 < 0.01 < 0.01 < 0.01

Zinc (Zn) 209 0.25 0.13 0.05 0.01

Ratios were caiculated by:

Trace Concentration

EPA Hardness Adjusted Abmient
Water Quality Criterion
For Protection of Freshwater Aquatic Life
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Electrical Conductivity

The field recorded electrical
conductivity, a measure of the
relative sait concentration, varied 60 -
widely between sites. Figure 1
shows the distribution of salinity
concentrations found during this
sampiing program. The median
salinity value of 360 umhos/cm is
reflected in the finding that
55 percent of the sites sampled
showed salinity concentrations of
less than 500 umhos/cm.

Approximately 34 percent of the
samples collected showed salinity
concentrations in excess of the EPA
secondary drinking water criteria
of 780 umhos/cm (500 mg/L) 6%

(Marshack, 1989). 0f this group, 0 4% |
20 of the sites (10 percent) showed <0 - X T @x0- >5000
salinity concentrations in excess

of 2,000 pmhas/cm. Of these, eight ELECTRICAL CONDUCTIVITY (umhos/cm)

showed concentrations in excess of
5,000 mhos/cm. The greatest
majority of the sites showing
salinity in excess of 2,000
umhos/cm  were associated with
ephemeral streams within the interior Coastal Range running down the Western San
Joagquin Valley and Eastern Salinas River Valley. The streams showing the lowest
salinity concentrations were associated with the Sierra Nevada Mountains and
North Coastal areas.

E-S
(=]
1

N =211

30%

25%

rn
(=4
1

21%

SAMPLES (% OF TOTAL)

4%

FIG. 1. Percentage of stream samples showing
selected electrical conductivity values.

Arsenic

Arsenic concentrations in most California streams were very low. The median
total recoverable value for all streams sampled was 1 pg/L. Figure 2 shows the
distribution of total recoverable arsenic found during this sampling program.
Almost 88 percent of the stream sample sites showed arsenic concentrations less
than 5 ng/L with greater than half of this group showing total recoverable

arsenic of <1 ug/L.

In an early study, Ferguson and Gavis (1972) 1listed 1 ng/L as the average
arsenic concentration for pollution free rivers but noted that higher or lower
concentrations could occur in certain geologic formations. For example, in a
study of ten major rivers in the Southeastern United States, dissolved arsenic
concentrations ranged from 0.15 - 0.45 ug/L {Waslenchuk, 1979) while in the
Columbia River Basin in the Northwestern United States, dissolved arsenic
averaged 1.6 pg/L (Wedepohl, 1980). Forstner and Wittmann (1979) cite 2 ug/L
as the freshwater average.

The median and 75th percentile values found for California streams in this study
are in close approximation to these two previously cited averages and to the
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average arsenic concentration in
freshwater of 1.7 ug/L cited by 60—
Chilvers and Peterson (1987). A
recent analysis by Smith and others
(1987) showed the average of seven
years of arsenic concentrations
collected at approximately 300 river
locations nationwide (Tabie 1) to be
in close agreement to the median
values found in California streams
during this study. The 75th
percentile value of 2 ug/L found in

this study is also in close
approximation to the 75th percentile
value of Smith and others (1987) and
to the average arsenic value of 2-3 7% -—-——]
ug/L found in seawater (Forstner and 0 e
Wittmann, 1979 and Hem, 1985) and the <1 -4 5-10 >0
median value of 2 ug/L found in tile

drainage water in the San Joaquin ARSENIC (ng/L)
River Basin (Chilcott et ai., 1988).

47%

40 7 41%

N =196

20

SAMPLES (% OF TOTAL)

FIG. 2. Percentage of stream samples

The small percentage (ten percent) of showing selected arsenic values.
samples collected in this study

showing elevated arsenic

concentrations (> 4 ug/L) may be affected by local geoiogy since many locations
in California and neighboring states are known arsenic enriched areas (Welch et
al., 1988, Tamaki and Frankerberger, 1989). Only five percent of the sites
showed arsenic at a concentration greater than 10 ng/L. These sites were widely

scattered but were principally associated with foothill streams from the Sierras
in the San Joaquin Valley or streams flowing on the eastern side of the Sierras.
The five percent of the sites in California showing arsenic greater than 10 ug/L
and the recent data of Smith and others (1987), shows a lower percentage of sites
exceeding 10 pg/L than the 21 percent found during a 1968 USGS survey of 727
streams and rivers nationwide (cited by Welch et al., 1988). A survey of 1600
lakes in the United States at approximately the same time period (1968) showed
that 94 percent had arsenic concentrations greater than 10 ug/L (Welch et al.,

1988). Both of these older studies, however, may be of limited value because of
the analytical method and detection levels achieved.

No streams showed total recoverable arsenic in excess of 50 wpg/L, the State

Primary Drinking Water Standard (Marshack, 1989). Thus, no streams exceeded the
concentrations for protection of agricultural use which is presently set at 100
ug/L (Westcot and Ayers, 1984) nor the 4-day average concentration of 190 ug/L
identified for protection of aquatic life through the EPA program to establish
National Ambient Water Quality Criteria to Protect Freshwater Aquatic Life (EPA,
1980a, EPA, 1985a). Almost 40 percent of the streams sampled did exceed the
recommended Proposition 65 “No Significant Risk Level® of 1 ug/L as calcuilated
by the State Water Resources Control Board (SWRCB, 1988).



Boron

Boron occurs widely throughout streams in California. The median total
recoverable value for all streams sampled in this survey was 80 ug/L. This
compares closely with the ambient background level of 100 ug/L used by the San

Joaguin River Technical Committee during the development of water quality
criteria for boron (SWRCB, 1987) and the median value of 110 ug/L found by
Bradford (1971) during a survey of 134 streams in California (Table 1). Although
elevated levels of boron are known

to occur throughout the State, the

consistency of these values found 60~
in the two previous studies and the
present study places doubt on
usability of the median value of
500 wg/L given for 95 streams in
California (Wedephol, 1980).
Figure 3 shows the distribution of
total recoverable boron found
during this study.

53%

40

Greater than 75 percent of the 20
samples collected in this stream
survey showed total recoverable
boron concentrations less than 700 8%
#g/L, the present guideline below 7% 7% 5% |
which the water is considered safe 0
for all agricultural crop irriga- R o 1o 2000- >5000
tion uses (Westcot and Ayers,

1984). Of these samples the great- BORON (ug/L)

est majority showed boron concen- 3 f m sam howi
trations below 100 ug/L. OF the o> Fercentage of stream sampies showing
stream samples collected that

showed boron greater than the 700

#g/L guideline, over half of these showed boron concentrations in excess of

2,000 ng/L, a level where restrictions on agricultural irrigation use become

moderately severe. Seventeen (17) of the 23 sites with levels in excess of 2,000
ug/L showed concentrations greater than 3,000 ng/L, a level over which agricul-

tural irrigation usage is severely restricted. The majority of the streams
showing concentrations in excess of 700 ng/L are ‘ephemeral and are associated

with the interior Coastal Range running down the western San Joaquin Valley and
eastern Salinas River Valley. The 75th percentile value of 640 ug/L total recov-

erable boron is in contrast to the average for seawater of 4,500 ug/L (Forstner
and Wittman, 1979 and Hem, 1985) and to the median value of 5,600 ug/L found in
tile drainage water in the San Joaquin River Basin (Chilcott et al., 1988).

20%

SAMPLES (% OF TOTAL)

Cadmium

Total recoverable cadmium was detected at only a few locations sampled in this
study. The median value for all streams sampled in this survey was <0.1 ng/L.
Figure 4 shows the distribution of total recoverable cadmium found during this
sampling program. Almost 60 percent of the sample sites showed total recoverable
cadmium of less than 0.1 ng/L which was the Tevel of detection in this study.
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Obtaining a lower detection level is
extremely difficult and requires a 60
research level analysis which was not 59%
available in this study. The detec-
tion Tlevel used in this study was
greater than the ambient background
concentration of 0.01 ug/L which was
used by the San Joaquin River
Technical Committee during the devel-
opment of water quality criteria for
cadmium (SWRCB, 1987).

404

36% N =196

201

SAMPLES (% OF TOTAL)

Quantification of cadmium concentra-
tions has been Timited by the need for
very low analytical detection levels. 1ot
In an early study of 65 California Y
streams, Silvey (1967) found cadmium 4%
concentrations to be <0.7 ug/L at all <01  01-  05- >10
sites. Results from the present study 04 10
support the Silvey findings; however, CADMIUM (pg/L)
even using a 0.1 pg/L detection 1imit
in this study did not allow for
comp lete quantification. Below detec-
tion levei results were also reported
by Bradford (1971) and Smith and
others (1987) during their surveys of California and nationwide streams, respec-
tively (Table 1). Because of this lack of quantifiable data, Page and Bringham
(1973{ in their review of cadmium stated cadmium 1ikely ranged between 0 - 0.7
#g/L in unpolluted water. The findings in this study show that concentrations
in California streams likely range from 0 - 0.4 ug/L, as greater than 95 percent
of the streams sampled showed concentrations in this range. The findings in this
study of a median cadmium concentration of <0.1 ug/L is supported by Kennedy and
Maicolm (1977) who, using high precision analysis showed cadmium concentrations
in five northern California streams to range from 0.01 - 0.03 ng/L. Brewers and
others (1987) using data from several researchers suggest that average dissolved
cadmium concentrations in unpolluted rivers range from 0.005 - 0.020 ug/L
although slightly higher ranges have been noted in Canadian, United States and
Australian rivers. For example, recent data for Australian rivers shows cadmium
ranging from 0.29 - 0.55 ng/L with a mean concentration of 0.42 ng/L (Moore and
Ramamoorthy, 1984).

FIG. 4. Percentage of stream samples
showing selected cadmium values.

The EPA criterion for cadmium, the 4-day average concentration identified through
the EPA 304(a) program to establish National Ambient Water Quality Criteria for
Protection of Freshwater Aquatic Life, varies with hardness as described by the
equation: '

. 0.7852H - 3.490
cadmium (pg/L) = e

where H = In (hardness) in mg/L (EPA, 1980b and EPA, 1985b). When the EPA
(1985b) cadmium criterion was adjusted for hardness at the sampling sites only
three of the sites tested exceeded the criteria. All three sites were found to
be strongly influenced by non-point source abandoned mine drainage and are not
representative of background concentrations. In most instances, the measured
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concentrations were less than 25 percent of the EPA hardness adjusted cadmium
criteria. Table 3 shows the median and percentile values for the ratic of the
measured concentration to the hardness adjusted EPA cadmium criteria.

Although none of the cadmium concentrations measured in this study exceed the EPA
criteria as adjusted for hardness, approximately 25 percent of the stream sites
tested showed total recoverable cadmium concentrations equal to or exceeding the
0.2 ug/L level projected in the Technical Committee evaluation to be the adverse
effect level in fresh water streams (SWRCB, 1987). Because of the very low
concentrations detected in most of the streams (<0.1-0.4 ng/L), further testing
would be needed to determine whether these levels remain consistent over a long
period of time. None of the sites monitored exceeded 10 wg/L which is
reconended as the maximum safe level for irrigation use (Westcot and Ayers,
1984).

The sites that showed detectable concentrations of total recoverable cadmium
greater than 0.5 ug/L (10 sites) appeared to be concentrated in the upper
Sacramento River Valiey including tributaries to the River in Shasta and Tehama
Counties. These sites may have been affected by past mining operations and
should not be given heavy weight in determining background concentrations.

Chromium

Chromium occurs widely in the streams samplied in this study. The median total
recoverable value for all streams sampled in this survey was 1.0 pg/L. This
median concentration is below the estimated ambient background concentration of
5 ug/L used by the San Joaquin River Technical Committee during the development
of water quality criteria for chromium (SWRCB, 1987). Only 12 percent of the
samples collected in this study exceeded the 5 ug/L ambient background level
suggested in the SWRCB study. The ambient background level used was for
trivalent chromium (Cr+3), the most predominate form in well aerated water. The
total recoverable concentrations reported here are likely to represent the total
recoverable trivalent chromium (Cr+3) concentrations but no determination was
made of the chromium form present because of the very low median value. Figure 5
shows the distribution of total recoverable chromium found in this study.

Previous studies have shown widely varying background concentrations. Two early
studies cited by Wedepohl (1980) show chromium concentrations higher than found
in this present survey of California streams. The first is a 1963 study of large
rivers in North America that showed a median chromium concentration of 5.8 ug/L.
This was similar to the 5.2 ug/L mean found in a 1961 study of 4,132 surface
waters in Siberia also cited by Wedepohl (1980). In the same time period, Silvey
(1967) showed that dissolved chromium concentrations in 65 California streams
were all less than 0.7 pg/L, a concentration similar to those found in this
study. During the same time period Kharkar and others (1968) showed the mean
dissolved chromium concentrations varied from 0.7 - 3.1 pg/L for four Tlarge
rivers along the north coast of California. Bradford (1971) in his survey of 165
California streams found only 20 had dissolved chromium concentrations that
exceeded 0.5 ng/L and the median of the 20 streams was <l ug/L. Kennedy and
Malcolm (1977) showed a similar range for dissolved chromium (0.7 - 1.5 ug/L)
for five northern California streams.
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Total recoverable chromium was >1.0

ug/L in 50 percent of the samples 807
collected with almost 30 percent of
the samples collected showing total
recoverable chromium concentrations
from 1-3 ug/L. The slightly higher
median chromium concentration found in
this study (1.0 ng/L) may be due to
this being a total recoverable value
rather than a dissolved value which
was determined in the earlier studies.
The dissolved value wmay not be 20%
representative of the present EPA 15%
acid-soluble criteria value.

N =197
40

31%
28%

201

SAMPLES (% OF TOTAL)

6%

Recently Forstner and Wittmann (1979) 0
presented 0.5 ug/L dissolved chromium <05 05- 10- 30- >10

09 29 10
as the average for fresh surface
waters but this was based on a very CHROMIUM (ug/l.)
limited data base. Moore and FIG. 5. Percentage of stream samples showing
Ramamoorthy (1984) cite a freshwater selected chromium values.

range of 1 - 2 ug/L for dissolved

chromium. In a recent study, Smith

and others (1987) show a median chromium concentration of 10 ug/L during their
survey of 161 nationwide streams. In the present study, however, only six
percent of the samplies collected showed total recoverable chromium greater than
10 pg/L. The six percent of the samples collected showing total recoverable
chromium greater than 10 ng/L, may equal or exceed the 4-day average
concentration for hexavalent chromium (Cr+6) of 11 ug/L identified through the
EPA 304(a) program to establish National Ambient Water Quality Criteria for
Protection of Freshwater Aquatic Life (EPA, 1985c). However, the likelihood that
hexavalent chromium exists in such waters 1is very low and the remaining
discussion will assume that the total recoverable concentrations represent the
level of trivalent chromium present in the water. The EPA criterion for
trivalent chromium varies with hardness as described by the equation:

CY'+3 (ug/L) - e(3.8190H+1.561

where H = In (hardness) in mg/L (EPA, 1980c and EPA, 1985c). When the EPA
(1985c) trivalent chromium criterion was adjusted for hardness at the sampling
sites, none of the water samples collected in this study exceeded the criterion.
In all instances, the measured concentrations were less than 25 percent of the
EPA hardness adjusted trivalent chromium criteria. Table 3 shows the median and
percentile values for the ratio of the measured concentration to the hardness
adjusted EPA trivalent chromium criteria.

A high percentage of the samples showing greater than 5 pg/L occur in samples
taken from North Coastal streams. This area has old chromium mines, as well the
soils are known to have high natural chromium levels. Only six stream samples
statewide exceeded the 24 ng/L criterion proposed for trivaient chromium for the

San Joaquin River by the Technical Committee (SWRCB, 1987). None of the samples
collected in this study exceeded the 100 ng/L guideline below which unrestricted

irrigation use can be made of the water. For those streams showing
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concentrations in excess of the 90th percentile value (Table 2), resampling and
sample filtration should be conducted to determine whether the concentrations are
available (dissolved) since trivalent chromium is often driven off of suspended
sediment when total recoverable or acid-soluble techniques are used.

Copper

Copper occurs in low concentra-

tions in most streams sampied in 607
this study. The median total
recoverable value for all streams
sampled in this survey was 51%
<l ug/L. Figure 6 shows the
distribution of total recoverable
copper found during this sampling
program.  Sixty percent of the
samples tested showed a total
recoverable copper concentration
of 1 ug/L or less. The 1 ug/L
concentration was the ambient
background concentration used by
the San Joaquin River Technical 8%
Committee during their %]
development of water quality 0
crit§ria for copper SWR?B,

1987). The 75th percentile value

of 3 pg/L 1is approximately the COPPER () .
same as the median concentration FIG. 6. Percentage of stream samples showing
found in seawater (Hem, 1985). selected copper values.
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Previous studies have shown widely varying background concentrations. Two early
studies concentrated on California streams. Silvey (1967) found that 20 of 65
California streams showed dissolved copper concentrations greater than the
2.8 ug/L detection 1limit. The mean of these 20 streams was 18 ug/L. In
contrast Bradford (1971) showed all 165 sites tested had dissolved copper
concentrations greater than 0.9 ug/L with median value of 3 ug/L which is higher
than the concentrations found in this study. Kennedy and Malcolm (1977) showed
the range for dissolved copper as 0.8 - 1.3 ng/L for five northern California
streams. A similar concentration was found by Spear and Pierce (1979) for
several Canadian Rivers which averaged 1.5 ug/L. Moore and Ramamoorthy (1984)
stated that the median dissolved copper concentrations for fresh surface water
ranges from 0.5-1.0 ug/L, a range similar to the median value found in this
study.

The EPA criterion for copper, the 4-day average concentration identified through
the EPA 304(a) program to establish National Ambient Water Quality Criteria for
Protection of Freshwater Aquatic Life, varies with water hardness as described
by the equation:

copper (ug/L) = 0-8545H - 1.465

where H = Tn (hardness) in mg/L (EPA, 1980d, EPA, 1985d). When the EPA (1985d)
copper criterion was adjusted for hardness at the sampling sites, five percent
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of the sites sampled {12) exceeded the criteria. Several of these sites may be
strongly influenced by non-point source abandoned mine drainage and such sites
would not be representative of background concentrations. In more than 75
percent of the instances, the measured concentrations were less than 25 percent
of the EPA hardness adjusted copper criteria. Table 3 shows the median and
percentile values for the ratio of the measured concentration to the hardness
adjusted EPA copper criteria.

The stream samples showing concentrations greater than the 90th percentile value
of 6 ug/L (Table 2) were widely scattered and no defined pattern was noticeable
although several of the elevated samples were taken in the Sacramento River
Basin. The two highest concentration samples taken near Redding were disregarded
due to 1likely 1impacts from acid-mine drainage. When these sampies are
disregarded, none of the stream samples tested showed copper concentrations
exceeding the 200 ung/L irrigation use guideline or the 1300 ug/L State Drinking

Water Standard.

Lead

Total recoverablie lead 80
concentrations are below the
level of detection in most all
streams sampled in this study.
The 75th percentile value for 607
all streams sampled in this
survey was <1 ug/L. Figure 7
shows the distribution of total
recoverable lead found ‘during
this sampling. Greater than 80
percent of the sample sites
showed total recoverable lead of
less than 1 pg/L which was the

level of detection 1in this
study.

81%

N =210
40 T

20 o

SAMPLES (% OF TOTAL)

Several in-depth studies of lead
concentrations in surface water
have been conducted. Silvey 7% | 7% { go l
(1967) reported an average lead 0
concentration of 5.7 ug/L in

California sireams in which the LEAD (ng/L)
element couid be detected.
However, lead concentrations
were below the detection 1imit
(0.6 pg/L) in 78 percent of the
stream samples analyzed. The median value in Silvey study of Caiifornia streams
was <0.6 upg/L. Bradford and others (1968) reported lead concentrations for 170
High Sierra Lakes ranging from less than 0.3 to 4.0 ng/L, with a median
concentration of 0.5 ug/L. Bradford (1971) in a later study reported the median
lead concentration was 1 pg/L for 110 of the 165 California streams tested. The
remaining 55 streams all showed dissoived lead concentrations <0.5 ug/L.

Lovering (1976), in a review of lead, stated the median concentration in river

<1 1 2 >2

FIG. 7. Percentage of stream samples showing
selected lead values.
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water of the United States is 2 ug/L. The median concentration found in this
study of <1 ng/L was consistent with results of Kennedy and Malcoim (1977) which
showed a range of <0.1 - 0.1 ng/L dissolved lead for five northern California
streams. More recent data of Smith and others (1987) for 292 sites nationwide,
shows a median dissolved lead concentration of 4 ug/L (Table 1) which is
considerably higher than concentrations found in the present study. Only four

sites, or two percent of those sampled, showed lead concentrations at or above
the 4 ,g/L median concentration found by Smith and others (1987).

The EPA criterion for lead, the 4-day average concentration identified through
the EPA 304(a) program to establish National Ambient Water Quality Criteria for
Protection of Freshwater Aquatic Life, varies with water hardness as described
by the equation:

tead (ug/L) = o 1273 - 4.703

where H = 1n (hardness) in mg/1 (EPA, 1980e and EPA, 1985e). When the EPA
(1985e) lead criterion was adjusted for hardness of the sample, 13 of the sites
tested exceeded the calculated criteria. There was no pattern or similarities
to the sites. Due to the low levels detected at many of these sites, retesting
would be recommended to see if these levels remain consistent. In most
instances, the measured concentrations were less than 30 percent of the EPA
hardness adjusted lead criteria. Table 3 shows the median and percentile values
for the ratio of the measured concentration to the hardness adjusted EPA lead
criteria.

The stream samples showing concentrations greater than the 90th percentile (2
ug/L) were widely scattered and no defined pattern was noticeable. The two
highest concentrations found, one from Spring Creek near Redding and the other
from Cache Creek immediately below Clear Lake were 1ikely impacted from acid-mine
drainage and they should be disregarded when looking at natural background
concentrations. When these two samples are disregarded, none of the stream
samples tested showed total recoverable lead concentrations exceeding the 5,000
ug/L irrigation use guideline (Westcot and Ayers, 1984) or the 5 ng/L State
Drinking Water Standard (Marshack, 1989). No determination was made of how many
of the streams samples exceeded the recommended Proposition 65 "No Significant
Risk Level" of 0.25 pg/L as calculated by the State Water Resources Control
Board (SWRCB, 1988) as the detection level throughout this study was 1.0 ug/L.

Molybdenum

Total recoverable molybdenum results show widely scattered levels. The median
value for all streams sampled in this study was 1.2 pug/L. The median

concentration is higher than the 0.7 ng/L ambient background level used by the

San Joaquin River Technical Committee during the development of water quality
criteria for molybdenum (SWRCB, 1987).

There are few recent studies on the distribution of molybdenum in surface
streams. Wedepohl (1980) reviewed molybdenum occurrence and estimated the median
concentration at 0.5 ug/L for unpolluted rivers. This was based largely on a
1963 study of North American rivers. A similar concentration was found by
Kharkar and others (1968) who estimated the median molybdenum concentration to
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be 1 ng/L. Data, however, from
rivers asscciated with streams in
the Western United States show
higher, but widely varying,
concentrations. This may be due to
the presence of high molybdenum in
the arid zone soils and geology.
For example, although the review by
Wedepohl (1968) showed a median of
0.5 wg/L for all rivers, his data
showed the median for the Columbia
River at 2.1 ug/L and the Colorado
River at Yuma varying from 5 - 7
wg/L with higher concentrations
noted upstream. These high 9% 9%"——:—1
concentrations were confirmed by 0 °%
Voegeli and King (1969) who studied <1 1-49 5-99 10-20 >20
16 river basins 1in Colorado and

concluded that surface water MOLYBDENUM (ug/L)

containing greater than 5 ug/L FiG. 8. Percentage of stream samples showing
mo lybdenum in the high mountainous selected molybdenum values.

areas of Colorado shouid be

considered anomaious but higher

concentrations can be expected downstream. Silvey (1967) 1in studying 65
California streams found a mean molybdenum concentration of 4 ug/L for 30 of
these streams. The remaining 35 streams all showed dissolved molybdenum at <1
ug/L. The widely varying molybdenum concentration in California streams was
confirmed by Bradford (1971) who found a median concentration of 3 ug/L for 149
of the 165 streams tested. The remaining 16 streams all showed dissolved
molybdenum concentrations of <0.5 ug/L. The range of values found by Bradford
were <0.5 - 130 pg/L, very similar to the range found in the present study.
Earlier Bradford and others (1968) reported a median dissolved molybdenum
concentration of 0.4 ug/L for 80 out of 170 High Sierra lakes, with the
remaining lakes all showing concentrations <0.3 ng/L. This data shows the
strong variabiiity between different areas of the State. The differences in
concentrations are likely due to the geology in the individual watersheds.
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Figure 8 shows the distribution of total recoverable molybdenum found in this
study. Although the median value is 1.2 ng/L and almost 45 percent of the sites

sampled showed total recoverable molybdenum to be less than 1 ug/L, almost
25 percent of the sites sampled showed levels exceeding 5 ug/L including 12
sites where molybdenum exceeded 19 ng/L, a concentration beyond which adverse
effects to aquatic life are possible (SWRCB, 1987). Fifteen (15) percent of the
sample sites showed molybdenum exceeding the present guideline of 10 ug/L, the
maximum concentration considered safe for agricuitural irrigation use on pasture
and forage (Westcot and Ayers, 1984). Only two sites sampled showed concen-
trations in excess of 50 wpg/L, a new guideline suggested as being safe for
irrigation use on pasture lands in the Western United States (Albasel and Pratt,
1989). These same two sites would also exceed the recent recommended level of
50 wxg/L that is considered as acceptabie as a drinking water supply for grazing

cattle and sheep (Ward, 1989).
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It was generally felt that moiybdenum in surface and ground water is low and only
rarely will values greater than 5 ug/L be found (EPA, 1987a). The data
presented here, however, shows that elevated molybdenum concentrations are
present in California surface water. The highest moiybdenum values appear to be
associated with areas in the Southern San Joaquin Valley and portions of the
Central Coastal area. High molybdenum concentrations were aiso found in
evaporation basins used for disposal of agricultural drainage water in the
Southern San Joaquin Valley (Westcot et al., 1988a) and in the drainage water
from portions of the San Joaquin River Basin {Chilcott et al., 1988). It is
likely that elevated molybdenum concentrations are present in extensive ground
water areas of California and Western Nevada (Welch, personal comm.). Recent
data also shows that molybdenum has accumulated in several closed lake systems
(Westcot et. al., 1990).

Nickel

Total recoverable nickel shows

widely scattered levels. The

median value for all streams 601
sampied in this study was 2 ng/L.
Figure 9 shows the distribution of
total recoverable nickel found
during this sampling program.
This median concentration is
higher than the 1 ug/L ambient
background level used by the San
Joaquin River Technical Committee
during their development of water
uality criteria for nickel
?SWRCB, 1987). Previous studies
have shown different
concentrations. Boyle and 12%
Robinson (1988) after compiling 5%‘1
available data on uncontaminated 0
streams and rivers worldwide gave <t 12 36 713 >3

a range of nickel as 0.5 - 20

#g/L but were generally less than NICKEL (ug/L)

10 ug/L. Snodgrass  (1980) FIG. 9. Percentage of stream samples showing
concluded that dissolved nickel selected nickel values.

levels 1in unpolluted freshwater

usually range from 1 - 3 ug/L.

One of the earliest surveys of
California streams (Silvey, 1967) showed that 49 out of 65 California streams had
dissolved nickel concentrations ranging from 1 to 5 ug/L with a median of 3.5

ug/L. The remaining 16 streams all had 1 pg/L. Bradford (1971) in a survey of
165 California streams found 123 had a median of 1 ug/L while the remaining 42
all showed dissolved nickel concentrations less than 0.5 wug/L.

404

N=210

33%

201 25% | 25%

SAMPLES (% OF TOTAL)

The resuits found by Silvey (1967), that nickel is one of the most abundant trace
elements in California streams, was confirmed in the present study. Sixty-seven
percent of the sampie sites showed a total recoverable nickel concentration of
1 pg/L or more while 5 percent showed a concentration of greater than 13 ug/L.

The EPA PubTlic Health Effect criterion is 13.4 ug/L (Marshack, 1989). The 75th
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percentile value of 5 ug/L is in the same range as the average seawater concen-
tration of 7 ug/L (Hem, 1985). The highest value recorded during this survey
is 51 wg/L which is far below the 2,000 pg/L criterion for irrigation use.

The EPA criterion for nickel, which is the 4-day average concentration identified
through the EPA 304(a) program to establish National Ambient Water %uality
Criteria for Protection of Freshwater Aquatic Life, varies with water ~.rdness
as described by the equation:

nickel (ug/L) _ e0.84601-1 + 1.1645

where H = in (hardness) in mg/L (EPA, 1980f and EPA, 1986). When the EPA (1986)
nickel criterion was adjusted for hardness of the water sample, none of the
samples in this study exceeded the criteria. In all instances, the measured
concentrations were less than six percent of the EPA hardness adjusted nickel
criteria. Table 3 shows the median and percentile values for the ratio of the
measured concentration to the hardness adjusted EPA nickel criteria.

The stream samples showing concentrations greater than the 90th percentile value
{Table 2) were scattered but a majority were associated with smaller north
coastal streams or streams that were carrying a noticeable suspended sediment
load at the time of sampling. For those streams showing concentrations in excess
of the 90th percentile value (Table 2), resampling and sample filtration should
be conducted to determine whether the concentrations are in the dissolved or
available form. Nickel is often strongly attached to suspended sediment and is
released when total recoverable or acid-soluble techniques are used.

Selenium

Selenium concentration varies in the streams sampled in this study. The median
total recoverable concentration for all the streams sampled in this survey was
0.4 ug/L. This median concentration is twice the ambient background level of
0.2 ug/L used by the San Joaquin River Technical Committee during the
development of water guality criteria for selenium (SWRCB, 1987). Figure 10
shows the distribution of total recoverable selenium found. Very Tittle data is
available on selenium concentrations in freshwater streams and few on California
streams. Kharkar and others (1968) found a mean dissolved selenium concentration
in nine large rivers of 0.2 pg/L. Four of the rivers studied by Kharkar were
in northern California. These four streams had a range of selenium concentration
from 0.12 -0.35 ng/L. Wedepohl (1980) showed that selenium in four large United
States rivers varied from 0.11 - 0.32 ug/L. Smith and others (1987) in a survey

of 211 river sites throughout the United States showed a median selenium
concentration of <1 ug/L.

The selenium concentration in California streams is very low. Almost 75 percent
of the streams sampled showed selenium at less than 1 ng/L which indicates that
the overall background concentration is low. However, 15 percent of the samples
collected showed concentrations greater than 2 ung/L, the maximum value the U.S.
Fish and Wildlife Service feels is needed for protection of wetlands (SWRCB,
1987). Those streams showing concentrations in excess of 2 pg/L are principally
ephemeral and associated with the interior Coastal Range that makes up the
western portion of the San Joaquin Valiley and the eastern portion of the Salinas
River Basin. These streams show concentrations similar to those found in the
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more perennial Green, Colorado and
Gunnison Rivers of Colorado and 60+
Utah which were sampied as part of
this  program for  comparison
purposes. The streams showing the
lowest selenium concen-trations
were those from the Sierra Nevada
Mountains and North Coastal areas.
Most all of these streams were
consistently below 0.7 ug/L.

51%

404

Thirteen of the streams sampled 20 22%
exceed 5 ug/L which is the four-day
average concentration identified %
through the EPA 304(a) program to 9%
establish National Ambient Water 6%
Quality Criteria for Protection of 0
Freshwater Aquatic Life (EPA, 1980g

and EPA 1987b). The 5 ng/L concen-

tration was adopted as a water SELENIUM (ng/L)

quality objective by the Central FIG. 10. Percentage of stream samples showing
Valley Regional Water Quality selected selenium values.

Control Board for the San Joaquin

River (CRWQCB, 1988).
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Seven of the stream sites sampled in this program showed concentrations in excess
of 10 ug/L which is the State Primary Drinking Water Standard (Marshack, 1989).
These, however, are small ephemeral streams and do not represent likely drinking
water supplies. Only two of the samples showed concentrations that exceeded the
recommended guideline of 20 .g/L for protection of irrigation use of the water
(Westcot and Ayers, 1984). One of the sites did show a concentration which
exceeds the recommended safe 1imit for animal drinking water of 50 ug/L (Palmer
and Olson, 1989). Animal drinking water supply is a major use of many of the

streams in California. None of the streams exceed the recently recommended
guideline of 100 ng/L for continuous irrigation use (Albasel et al., 1989).

Silver

Total recoverable silver is very low in the streams sampled in this study.
Figure 11 shows that 99 percent of all the samples tested showed total
recoverable silver less than 1 ug/L which was the level of detection in this
study. Only three sites showed detectable silver concentrations and all these
showed a 1 ug/L concentration. Each of these three sites are ephemeral streams
in the interior Coastal Range and flow into the Central Valley. The streams are
Silver Creek in Fresno County and Black Gulch and Bennett Valley Creek in
Stanislaus County. A1l three creeks have elevated selenium concentrations.

A1l of the previous studies confirm the findings in this study that very low
levels of natural silver exist in streams in California. Quantification of
silver concentrations, however, has been iimited by the need for very Tlow
analytical detection leveis. An early survey by Kharkar and others {1968) showed
a mean dissolved silver concentration of 0.30 ng/L for 12 large rivers, ten of
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which were Tlocated in the United
States. Four of the rivers sampled in 100 -
the Kharkar study were from Northern
California and showed mean 99%
concentration ranges from 0.10 - 0.55
ugfL. Bradford and others (1968) in
a survey of 170 High Sierra lakes
found a median concentration of 0.1
rg/L with concentrations ranging from
0.03 - 6 pg/L. This lake survey was
followed by a survey of 165 California
streams that showed detectable levels
of silver in 37 streams ranging from
0.1 -3 ug/L. The 37 streams showed a
median concentration of 0.1 ug/L with

the remaining 128 streams showing
concentrations of <0.1 xg/L (Bradford, 0 ——
1971). Further evidence of very low <1 !
leveis was found by Kennedy and

Malcoim (1977) in a survey of five SILVER (ug/L)
Northern California streams that
showed a concentration range of <0.05
- 0.05 wng/L.

N=210
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FIG. 11. Percentage of stream sampies
showing seiected silver values.

The instantaneous maximum identified

through the EPA 304(a) pregram to

establish National Ambient Water Quality Criteria for Protection of Freshwater
Aquatic Life varies with water hardness as described by the equation:

silver (ug/L) = g 7HH - 652

where H = In (hardness) in mg/L (EPA, 1980h). When the EPA (1980h) silver
criterion was adjusted for hardness of the water sample, none of the three sites
showing detectable concentrations exceed the criteria. Because of the detection
Timit used in this study, 15 percent (31 sites) of the sites showing a <1 ng/L
concentration also showed a water quality criterion less than 1 ng/L when the
sample was adjusted for hardness of the water. Because of this difference it is
not possible to determine whether the samples exceeded the criterion, but due to
the very low levels detected in other studies, it is doubtful that the hardness
adjusted criterion was exceeded in any sample. The samples tested were also far
below the 50 ng/L State Drinking Water Standard and EPA Ambient Health Effects

criterion (Marshack, 1989).
Uranium

The median value for total recoverable uranium in the streams sampled in this
study is <1 wg/L. The 75th percentile value found in this study shows that the

majority of streams carry very low concentrations and the 75th percentile value
of 4 ug/L compares closely with the 3 ug/L level commonly found in ocean water

(Hem, 1985). There are few water quality criteria upon which to compare the
uranijum concentrations found.
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Little background data has been deveioped on uranium concentraticens in freshwater
with aimost none for California streams. A study by Mallory et al. (1969) of 36
rivers representing 55 percent of the drainage area of the United States showed
uranium concentrations ranging from <0.4 ug/L to 8.0 ung/L with the highest
concentra-tions found in the San Joaquin River at Vernaiis. Other western
rivers, the Columbia, Colorado, Rio Grande and Red, also showed elevated
concentrations. Tributaries to the Colorado River showed concentrations in
excess of 20 ng/L but concentrations in the Colorado River at Yuma ranged from
6.6 to 7.6 pg/L. The Sacramento and Klamath Rivers were the only other rivers
in California sampled and show levels consistently below 0.4 ng/L. The mean
concentration found for all of the 36 rivers sampied was reported at 1.0 ug/L
(Mallory et ai., 1969). A second survey in the same time period showed a mean
uranium concentration for 17 nationwide streams of 0.27 ug/L (Bertine and

others, 1970). The range of concentrations found for the four rivers in
California sampled in the Bertine study was 0.03 - 1.22 ug/L.

Figure 12 shows the distribution of
total recoverable uranium found in
this study. Although the median
vaiue is <1 ug/L, almost 20 percent
of the sites sampled showed total
recoverable uranium levels
exceeding 5 ug/L including 15 sites
where uranium exceeded 10 ug/L.

Six of the sites sampled showed
readings higher than the
Environmental Protection Agency
proposed drinking water standard
for uranium of 30 ung/L (Murphy,
1990). A1l six sites are ephemeral
streams whose use for drinking 9%
water is unlikely; however, small 5% | %
domestic wells in these watersheds -
may show simiiar eievated levels.
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The highest uranium values appear URANIUM (pg/l)

to be associated with streams in . :
the Southern San Joaquin Valley and FIG. 12: Pgﬁeegtfl.gﬁrzfnﬁﬁavr;j:;nples showing
portions of the Central Coastal ’
area. Scattered streams sampled in
the Southern California area also
show detectable uranium concentrations. The Kern River Canyon in the Southern
San Joaguin Valley has several former uranium mines and prospects especially in
an area about 30 miles northeast of Bakersfield (Elevatorski, 1978). The
elevated uranium concentrations found in streams in the Southern San Joaquin
Valley were in areas where high levels were found in evaporation basins used for
disposal of agricultural subsurface drainage water (Westcot et al., 1988b).
Although similar high concentrations of molybdenum have been found in the
evaporation basins and in streams in the Southern San Joaquin Valley and Central
Coastal area, no correlation was found between uranium and molybdenum in the
streams samplied in this study.
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Zinc

Zinc concentrations in the streams sampled in this study were widely scattered
ranging from 3 to 150 uxg/L. The median vaiue for total recoverable zinc in all

streams sampied in this survey was 6 pg/L. Figure 13 shows the distribution of

total recoverable zinc found. No streams sampled showed a total recoverable zinc
concentration less than 3 ug/L even though the level of detection was 1 ug/L.

The San Joaquin River Technical Committee (SWRCB, 1987) during their deveiopment
of water quality criteria for zinc used 2 ug/L as the ambient background
concentration. This is less than the median value found during this sampling.
The 25th, 75th and 90th percentile values were also determined for the data set
(Table 2) and are 5, 10 and 20 ng/L, respectiveiy. The 75th percentile vailue

found in this study is approximately equal to the average zinc concentration
found in seawater (Hem, 1985).

As found in this study, zinc concentrations found in previous studies have varied
widely. A very early study of California streams (Silvey, 1967) found oniy 5 of
65 sites exceeded the detection Timit of 14 pg/L, thus zinc concentrations could
not be quantified. Durum and others (1971) in a survey of nationwide waters,
found a median dissolved zinc concentration near 25 ug/L but no distinction was
made between natural and polluted
waters. Greater than 75 percent of
the 714 streams surveyed showed 60
dissolved  zinc concentrations
between <10 - 50 ung/L. Bradford

(1971) found a median dissolved
zinc concentration of 10 ug/L for
165 California streams surveyed.
Concentrations in that study ranged
from 0.5 ug/L to 40 ug/L.
Bradford and others (1968) in a
related study of 170 High Sierra
lakes in California showed a median
dissolved zinc concentration of 1.5
ug/L. Kennedy and Malcolm (1977) 15%
showed a dissolved zinc concentra- 10%
tion ranging from 0.2 - 0.6 ng/L 0%
for five northern California o
streams. In two recent reviews of

freshwater =zinc concentrations,
Wedepohl (1980) conciuded that 10 ZINC (ngit)

ug/L was an average for freshwater FIG. 13. Percentage of stream samples showing
while Moore and Ramamoorthy (1984) selacted zinc values.

did not conclude an average but

estimated most freshwaters ranged

from 0.5 - 15 uxg/L. This range

would include greater than 80 percent of the sampies collected in this study;
however, the mean or median value found in this study is much less than found in
other studies. This result is surprising since samples collected in this study
were for total recoverable zinc rather than the dissolved concentrations found
in previous studies. The higher median values found in previous studies were
confirmed in a recent survey of 288 rivers nationwide (Smith et al., 1987) which

£
o
1

41%

34% N =209

SAMPLES (% OF TOTAL)
P
1

0-2 3-5 6-10 11-20 >20
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showed a median value of 15 ng/L with 25th and 75th percentile values of 12 and
21 wg/L, respectively. Although zinc is widespread in the environment, the
slightly higher median value found in other studies may be attributed to those
studies not differentiating between natural waters and those affected by man's
activities. The emphasis of the present study has been on natural conditions in
California streams.

The EPA criterion for zinc, identified as the four-day average concentration in
the EPA 304(a) program to establish National Ambient Water Quality Criteria for
Protection of Freshwater Aquatic Life, varies with water hardness as described
by the equation:

. 0.8473H + 0.7614
zinc (ug/L) = e

where H = 1In (hardness) in mg/L (EPA, 19801 and EPA, 1987c). When the EPA
(1987c) zinc criterion was adjusted for hardness of the sample, only two of the
sites tested exceeded the calculated criteria. Both of these sites were not
considered in the analysis as both were determined to be influenced by non-point
source abandoned mine drainage and are not 1likely to represent background
concentrations. In more than 90 percent of the samples collected, the measured
concentrations were less than 25 percent of the EPA hardness adjusted zinc
criteria. The median percentile is five percent of the EPA hardness adjusted
zinc criteria. Table 3 shows the median and percentile values for the ratio of
the measured concentrations to the hardness adjusted EPA zinc criteria.

None of the sites sampled showed concentrations in excess of the State Drinking

Water Standard of 5,000 ng/L (Marshack, 1989) or the irrigation guideline of
2,000 ug/L (Westcot and Ayers, 1984).
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