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CONVERSION FACTORS

Multiply By To Obtain
meter (m) » 3.28 foot
nanometer (nm) 2.94x10® inch
gram 2.2x10°3 pound
kilogram 22 pound
milligram 2.2x10°® pound
liter 1.06 quart

Temperature is given in degrees Celsius (°C) and can be converted to degrees Fahrenheit (°F)
using the following equation:

°F = 1.8 (°C) + 32



STUDIES OF THE SAN FRANCISCO BAY, CALIFORNIA, ESTUARINE ECOSYSTEM.
REGIONAL MONITORING PROGRAM RESULTS, 1996

By Jelriza |. Baylosis, Jody L. Edmunds, Brian E. Cole and James E. Cloern

ABSTRACT

As part of a regional monitoring program, water sampies were coliected in the San
Francisco Bay estuary during 21 cruises from January through December 1996. Conductivity,
temperature, light attenuation, turbidity, oxygen, and in-vivo chlorophyll fluorescence were
measured longitudinally and vertically in the main channel of the estuary from south of the
Dumbarton Bridge in the southern part of the Bay to Rio Vista on the Sacramento River. Discrete
water samples were analyzed for chlorophyll a, phaeopigments, suspended particulate matter,
and dissolved oxygen. Water density was calculated from salinity, temperature, and pressure

(depth), and is included in the data summaries.



INTRODUCTION

A major goal of the San Francisco Estuary Project's Comprehensive Conservation and
Management Plan (CCMP) is "to improve the scientific basis for managing natural resources
within the estuary through an effective monitoring and research program" (San Francisco
Estuary Project Management Committee, 1994). The CCMP more specifically recommends the
development and implementation of a regional monitoring strategy to integrate and expand upon
existing efforts and to eventually be part of a comprehensive San Francisco Bay Regional
Monitoring Program (RMP). The first version of a regional monitoring strategy has since been
developed and implemented as the Regional Monitoring Program for Trace Substances, a multi-
component sampling program designed to provide information on status and trends of water
quality and trace substances in the San Francisco Bay-Delta Estuary. One of the components is
a sampling program conducted by the U.S. Geological Survey (USGS) to characterize the
seasonal distributions of water quality along the entire Bay-Delta estuary. This report provides
results of that program for 1996.

A regional monitoring program must cover many types of resources, including pelagic
and benthic channel habitats, shoal habitat, wetlands, river channels, sloughs, and small bays
and harbors. The USGS component of the RMP focuses on the pelagic channel habitat. The
objective of this component is to provide a high-resolution description of basic constituents of
water quality, which can be used along with other information to determine the suitability of
habitat for aquatic resources and provide a context for understanding the dynamic changes in
trace substances and their effects. Measurements of physical (salinity, temperature, suspended
particulate matter, and light penetration), chemical (dissolved oxygen), and biological
characteristics (chlorophyll a) are included in this report. The purpose of this document is to
provide a comprehensive listing of the 1996 results. An interpretive analysis, based on these
data, will be published in the 1996 RMP Annual Report. All data in this report can be viewed and

accessed over the Internet, at the following URL: http://sfbay.wr.usgs.gov/access/wqdata.
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Samples were collected throughout San Francisco Bay monthly from January through
December. During February, March, April and May when a phytoplankton bloom was expected
in South Bay (stations 21 through 36), the frequency of cruises in South Bay was increased.
Sampling sites are shown in figure 1, their locations and water depth are identified in table 1, and
the sampling dates are depicted in table 2. A Sea-Bird Electronics conductivity-temperature-
depth (CTD) data acquisition system, Sea Tech in-situ fluorometer, Sea-Bird Electronics oxygen
sensor, D & A Instruments optical backscatter sensor (OBS), and LiCor quantum sensor were
used to measure vertical distributions of conductivity (salinity), temperature, chlorophyll
fluorescence, oxygen concentration, turbidity, and solar irradiance, respectively, at each station.
Discrete chlorophyll a, oxygen, and suspended particulate samples were collected at selected

sites to calibrate the fluorometer, oxygen sensor, and OBS sensor on each sampling date.
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METHODS
Sampling System

In-situ measurements were made from the USGS Research Vessel Polaris with a high
speed data acquisition system. At each station, a Sea-Bird Electronics (SBE) underwater unit
(SBE-9) was lowered through the water column. Attached to the data acquisition unit were the
following sensors: SBE-4 conductivity sensor, SBE-3 temperature probe, Paroscientific
digiquartz pressure transducer, Sea Tech in-vivo fluorometer, SBE-13 oxygen sensor, D&A
Instruments OBS-3 optical backscatter sensor, and LiCor Instruments 192S quantum sensor.
With this instrument package, vertical distributions of conductivity, temperature, depth
(pressure), chlorophyll fluorescence, oxygen concentration, turbidity, and solar radiance (photon
flux density) were measured throughout the water column.

The instrument package was lowered through the water at about 0.5 meters per second
to within 1 meter of the bottom. Signals from the conductivity, temperature, pressure,
fluorescence, oxygen, OBS, and light sensors were digitized in the underwater unit (SBE-9) at 24
scans per second, resulting in a vertical sampling interval of about 2 cm. The data were
transmitted to a deck unit through a single-conductor armored cable, displayed and stored on a
shipboard computer. To conserve space in this report, the data presented in Appendix A are
centered averages of about 50 data points collected over each 1-meter depth interval. For
example, the one-meter values listed in Appendix A are averages of all measurements made
between depths of 0.5 and 1.5 meters.

The conductivity sensor was a 2-terminal, 3 electrode (platinum), flow-through sensor.
This sensor was accurate within 0.0004 Siemens per meter and had a resolution of 5x10°
Siemens per meter (Sea-Bird Electronics). Temperature (TEMP) was measured with a Wien
Bridge type resistance thermistor. This sensor was accurate to +0.002 °C and had a resolution of

0.0005 °C (Sea-Bird Electronics). The conductivity and temperature probes were recalibrated in



December 1995 at the Sea-Bird Electronics Calibration Center, Bellevue, Washington. Values
for salinity (SALIN) were calculated from conductivity and temperature using the algorithm
supplied with the Sea-Bird Electronics software, based on the equations of Millero and others
(1981) and Millero and Poisson (1981). Water density, as sigma-t (SIGT), derived from salinity,
temperature, and pressure, was also calculated with the Sea-Bird software package.
Calculations of sigma-t were based on the equations of Fofonoff and Millard (1983). Sampling
depths (DEPTH), derived from changes in pressure measured by the Paroscientific digiquartz
transducer, were accurate within 0.01 meter.

Chlorophyll a fluorescence was measured with a Sea Tech submersible pulsed-light
fluorometer, which had a flash rate of 5 times per second. Because the sampling rate of the
fluorometer was about one fifth that of the Sea-Bird underwater unit (5 times per second as
compared with 24 times per second), the fluorescence data reported here are 3-m running
averages of the measured values in order to smooth the variability associated with this mismatch
of sampling frequencies. Hence, the vertical resolution of chlorophyll a fluorescence reported
here was about 3 meter.

Dissolved oxygen concentrations (OXYG) were measured with an SBE-13 oxygen
electrode that contains a Beckman polarographic element. The electrode had a mean accuracy
of 0.14 mg O, per liter, compared with the discrete measurements described below. Dissolved
oxygen concentration was calculated with the Sea-Bird software package, based on the equation
of Owens and Millard (1985).

Optical backscatter, or turbidity, was measured using a D & A Instruments OBS-3 sensor
which had an 875-nm infrared source and silicon photodetectors.

Visible light was measured with a LiCor 1928 quantum sensor sensitive to
photosynthetically active radiation (400-700 nm). The light extinction coefficient (EXCOF) was
calculated as the slope of the least-squares regression of the natural logarithm of irradiance

(In(l)) against the depth (Z) where the irradiance was measured.
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Discrete Analyses

Discrete water samples for chlorophyll a, phaeopigments, dissolved oxygen, and
suspended particulate matter (SPM) were collected at selected stations coincident with the
lowering of the submersible instrument package. Water samples were collected from 1 meter
above the bottom with a Niskin water sampling bottle and from 2 meters below the surface
through a centrifugal pump with an intake at the ship's bow. Each discrete sample for chlorophyll
a (DISCR CHL a) and phaeopigments (PHA) was filtered at less than 12 cm Hg vacuum onto a
Gelman A/E glass fiber filter and immediately frozen. The cold air-dried filter was ground in 90
percent acetone. After extraction for 12-24 hours at -5 to -10 °C, samples were centrifuged and
absorbances of the extracts were determined on a Hewlett Packard 8452A diode array
spectrophotometer. The acetone extracts were acidified to measure phaeopigments (Riemann,
1978). Chlorophyll a and phaeopigment concentrations were calculated using Lorenzen's (1967)
equations.

Dissolved oxygen concentrations (DISCR OXYG) were measured in water collected from
the bow pump into 300-mL biological oxygen demand (B'OD) bottles. The bottles were filled
from the bottom and allowed to overflow for approximately 30 seconds. Winkler reagents
(Strickland and Parsons, 1972) were added immediately and bottles were stored with water in
their cap wells and covered by a snap-fit plastic cap. Before beginning the titrations, the
samples were acidified and 100.2 mL of sample was collected by autopipette. The sample was
titrated with 0.01 N sodium thiosulfate dispensed by a Metrohm autotitrator using the
potentiometric titration method of Grarieli and Grarieli (1991). Potassium iodate standardization
of the sodium thiosulfate was conducted under identical procedures to eliminate problems
associated with iodine volatilization (Knapp and others, 1991). The average standard sodium
thiosulfate normality for 1996, 0.00979 N, was used to calculate discrete dissolved oxygen

concentrations for samples collected between February 1 and April 18. Otherwise, standard



normalities were determined separately for each new preparation of sodium thiosulfate.

Suspended particulate matter (DISCR SPM) was measured gravimetrically, as described
by Hager (1994). Between 100-500 mL of water were filtered onto preweighed 0.4-pym pore size
polycarbonate membrane filters and allowed to air dry for 48-72 hrs. Filters were then reweighed
and a correction for salt on the filters was made to calculate the concentration of suspended

particulate matter.

Instrument Calibration

Estimates of chlorophyll a at each depth were derived from linear regressions of
measured chiorophyll a (DISCR CHL a) against fluorescence (FLUOR). The slope (B) and
intercept (A) from the regressions were used to calculate chlorophyll a concentrations (CALC
CHL a) from the fluorescence values (CALC CHL a= A + B x FLUOR). If calculated chlorophyll
a was less than or equal to zero or if the output voltage (fluorescence) was less than 0.2, the
result was not printed. Regression coefficients are presented at the end of each daily data
summary. The coefficient of determination (r°) indicates the strength of the linear relation
between discrete chlorophyll a and fluorescence. Caution needs to be exercised in using
calculated chlorophyll a values when this coefficient is less than 0.70. Also note that some of the
regressions resulted in nonzero intercepts, which indicate that there was fluorescence in the
water not associated with particulate chlorophyll a. Calculated chlorophyll a concentration
divided by discrete chlorophyll a plus phaeopigment concentration ((CALC CHL a}/[DISCR CHL
a+PHA]) gives the proportion of active chlorophyll a to total pigments (CHL a/ a + PHA),
including chlorophyll degradation products.

The oxygen electrode measurements (OXYG) were calibrated using discrete dissolved
oxygen measurements (DISCR OXYG). These estimates of dissolved oxygen concentrations

with depth (CALC OXYG) were derived from a linear regression of discrete dissolved oxygen



measurements (DISCR OXYG) and measurements with the electrode (OXYG). Calculation of
percent oxygen saturation (% OXY SAT) for each calculated oxygen value was based on
equation 4 from Weiss (1970).

Calculated SPM concentrations (CALC SPM) with depth were derived from a linear
regression of the discrete measurements of SPM concentration (DISCR SPM) and the optical
backscatter (OBS) voltage. Significant differences among the calibration regression coefficients
for individual cruise dates necessitated unique instrument calibrations for the fluorometer, optical

backscatter, and oxygen sensor for each day of sampling.
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Figure 1 - Map of San Francisco Bay estuary showing locations of water sampling stations

(See table 1 for identification of stations)
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Table 1 - San Francisco Bay Stations (locations shown on figure 1)

Station General North West Depth, in meters,
Number Location Latitude Longitude  at mean low water
657  Rio Vista 38°8.9 121°41.3° 10.1
653 Mid-Decker Island 6.3 432 10.1
649 Sacramento River 3.7 48.0' 10.1
2 Chain Island 3.8 51.3 113
3 Pittsburg 3.0 52.7 11.3
4 Simmons Point 2.9 56.1' 11.6
5 Middle Ground 3.6 58.8' 9.8
6 Roe Island 3.9 122° 2.1 10.1
7 Avon Pier 29 5.8 116
8 Martinez 1.8 9.1 143
9 Benicia 3.0' 10.4' 344
10 Crockett 3.6 12.5' 17.7
11 Mare Island 3.7 15.8' 15.5
12 Pinole Shoal 3.7 18.7 8.8
13 N. of Pinole Point _ 1.7 222 9.8
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Station General North West Depth, in meters,
Number Location Latitude Longitude at mean low water

14 “Echo” Buoy 0.4 2473 131

15 Point San Pablo 37°58.5° 122° 26.2 229

16 "Charlie” Buoy 54.9' 26.8 12.8

17 Central Bay Deep 50.8' 247 25.0

18 Point Blunt 50.8' 25.3' 43.0

20 Blossom Rock 49.2° 23.6' 18.2

21 Bay Bridge 47.3 21.5 17.4

22 Potrero Point 45.9 21.5 18.0

23 Hunter's Point 43.7 20.2 20.1

24 Candlestick Point 41.9' 20.3 11.0

25 Oyster Point 40.2' 19.5' 8.8

26 San Bruno Shoal 38.1 18.8' 9.8

27 San Francisco Airport 37.1 17.5' 13.0

28 N. of San Mateo Bridge 36.1' 16.2' 16.2

29 S. of San Mateo Bridge 34.8 14.7° 14.6

29.5 Steinberger Slough 4.1 13.1° 14.6
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Station General North West Depth, in meters,
Number Location Latitude Longitude  at mean low water

30 Redwood Creek 333 11.4° 12.8

31 Coyote Hills 3.7 9.5’ 13.7

32 Ravenswood Point 31.17 8.0" 12.8

33 Dumbarton Bridge 37°30.5' 122°7.3 11.6

34 Newark Slough 29.7' 5.6' 79

35 Mowry Slough 28.8' 4.8 8.5

36 ~  Calaveras Point 28.3 3.9 7.9
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Table 2 - Dates of Cruises and Stations Occupied in 1996

South Bay

CTD cast [JNo data
| DATE STATION
ImoNTH | DAY J36[35]34]33 29 28] 27 ] 26| 25 24 [ 23| 22 | 21 Jother stations
Gan > s
[res 1

3
13
21
MAR 1
6
14
26
APR 3
18
23
MAY 1
9
JUN 12
JUuL 17
AUG 13
SEP 11
OCT 16
Inov 13
oEC 17
North Bay
{1 _ DATE STATION
fvonTH | DAY Jes7feas] 2 [ 3T 45T e[ 7] 8 91011121314 [ 15[ 16 [ 17 [ 18 | 20 [Other Stations
|san 11
FEB 6
MAR 6
|arr 3
MAY 1
JUN 12
JUL 17
AUG 13
SEP 11
oCT 16
NoV 13
DEC 17
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APPENDIX A

Data Summaries of Hydrographic Properties

Explanation of Abbreviations and Units

Variable

station

time at which sample was taken

depth at which sample was taken
measured chlorophyll a

fraction of measured pigments and
degradation products attributable to
chlorophyll a

fluorescence

calculated chlorophyll a

measured dissolved oxygen

dissolved oxygen from CTD

calculated dissolved oxygen

calculated percent oxygen saturation
measured suspended particulate matter
optical backscatter

calculated suspended particulate matter
extinction coefficient

salinity

temperature

sigma-theta

Abbreviation
STN

TIME

DEPTH
DISCRCHL a

CHL a/a+PHA

FLUOR
CALCCHL a
DISCR OXYG
OXYG
CALC OXYG
% OXY SAT
DISCR SPM
0OBS
CALC SPM
EXCOF
SALIN
TEMP

SIGT

Units

local time
meters

mg per cubic meter

fraction

volts

mg per cubic meter
mg O, ;)er liter

mg O, per liter

mg O, per liter
percent

mg per liter

volts

mg per liter

per meter

practical salinity units
degrees Celsius

kg per cubic meter
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96037

February 6, 1996

North San Francisco Bay
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February 6, 1

North San Francisco Bay
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96066

MARCH 6, 1996

North San Francisco Bay
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96066

MARCH 6,1996

North San Francisco Bay
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