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Hydrologic, Water-Quality, and Sediment-Quality
Data for the Christmas Bay System, Brazoria
County, Texas, February 1999—March 2000

By Jeffery W. East

Abstract

The Christmas Bay system is a group of
three small secondary bays (Christmas, Bastrop,
and Drum Bays) at the southwestern end of the
Galveston Bay estuarine system in Brazoria
County, Texas. During February 1999—March
2000, hydrologic, water-quality, and sediment-
quality data were collected from each of the three
bays to establish baseline conditions. Gage-height
fluctuations closely matched open-water tidal fluc-
tuations. Rainfall during February 1999—February
2000 was about 20 percent below the annual
average. Specific conductance, pH, water tempera-
ture, and dissolved oxygen monitored at 30-minute
intervals in Christmas Bay for 13 months showed
seasonal variations typical of monitoring stations
on the Texas Gulf Coast. Prevailing winds were
from the southeast. Monthly water-quality
sampling for 13 months showed that in each of the
three bays concentrations of major ions were small,
and most nutrient concentrations were at or less
than minimum reporting levels; indicator bacteria
counts were consistently higher in samples col-
lected from Drum Bay. Several trace elements
(sampled twice) were detected in small concentra-
tions. The only organochlorine pesticides (sampled
once) that were greater than minimum reporting
levels were atrazine, deethylatrazine, metolachlor,
and simazine. During February 29-March 29,
2000, three semipermeable membrane devices
were deployed at the Christmas Bay monitoring
station. Seven of 77 semivolatile organic com-
pounds analyzed in the lipids from the devices were
detected in minute amounts. Analyses of surficial
bed sediment sampled once in each of the three
bays yielded detections of a number of semivolatile

organic compounds; all concentrations were less
than 10 micrograms per liter and much less than the
respective benchmark concentration for those com-
pounds that have had a benchmark concentration
established for the protection of aquatic life.

INTRODUCTION

The Christmas Bay system is a group of three
small secondary bays at the southwestern end of the
Galveston Bay estuarine system in Brazoria County,
Texas. The three-bay system, which comprises
Christmas, Bastrop, and Drum Bays, lies inland of
Follets Island, a barrier island southwest of West Bay
and San Luis Pass (fig. 1). Christmas Bay is recognized
as “a near-pristine, 5,660-acre habitat” with “no known
water-quality problems, nor indications of potential
water-quality problems” (McFarlane, 1991, p. 1). How-
ever, McFarlane (1991, p. 1) also indicates that “the
current monitoring program is inadequate” and suggests
that monthly sampling to “establish baseline condi-
tions” be undertaken. Mitchell and Windsor (1991, p. 8)
state that, although Christmas Bay “remains one of the
most pristine areas in the Galveston Bay system,” the
area “faces some of the same potentially significant
risks to its water and habitat quality that threaten the
entire bay system.”

Numerous species of birds, fish, crustaceans,
and mollusks inhabit the Christmas Bay system. These
biota include seven endangered species of birds and
an endangered species of sea turtle. Numerous flora
also occur in the Christmas Bay system and include
several species of seagrass that serve as prime spawning
grounds for crustaceans and finfish. One seagrass
habitat has decreased about 36 percent since 1956
(McFarlane, 1991, p. 2).

Previous water-resource investigations of the area
have been reconnaissance in nature, including a con-
taminant study of benthic macroinvertebrates, finfishes,

Abstract 1
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and sediment in Christmas Bay (Sager, 1995). The
Texas Natural Resource Conservation Commission
(TNRCC) collects water-quality and sediment-
contaminant data from each of the bays on a quarterly
basis as part of the State’s water-quality monitoring
program (Texas Natural Resource Conservation Com-
mission, 1994).

During February 1999-March 2000, the U.S.
Geological Survey (USGS) collected hydrologic, water-
quality, and sediment-quality data in cooperation with
the Houston-Galveston Area Council to establish base-
line conditions in the Christmas Bay system. This data-
collection effort was part of the TNRCC Clean Rivers
Program.

Purpose and Scope

The purpose of this report is to document hydro-
logic, water-quality, and sediment-quality data collected
from Christmas Bay, Bastrop Bay, and Drum Bay dur-
ing February 1999—March 2000. Graphs and tables
present hydrologic parameters that were monitored in
Christmas Bay continuously (30-minute intervals) for
13 months. Tables list water-quality properties and con-
stituents sampled monthly in all three bays for 1 year,
trace elements sampled twice, and soluble pesticides
sampled once. In addition, tables list the results of anal-
yses for semivolatile organic compounds (SVOCs)
extracted from three semipermeable membrane devices
(SPMDs) deployed at the Christmas Bay monitoring
station for 1 month and the results of analyses of bottom
sediment in each bay sampled once.

Description of Christmas Bay System

Christmas Bay lies between Bastrop Bay and
Drum Bay (fig. 1) at the southwestern end of the
Galveston Bay estuarine system. Christmas Bay and
Bastrop Bay exhibit similar bathymetry, with average
depths of about 2.5 feet. Drum Bay is shallower, with
average depths of about 1.5 feet. The three-bay system
is connected to the Gulf of Mexico through Cold Pass
and San Luis Pass.

The three bays are bounded on the west by the
12,200-acre Brazoria National Wildlife Refuge. Christ-
mas Bay is included in the Christmas Bay Coastal
Preserve, part of the Texas General Land Office/Texas
Parks and Wildlife Department Coastal Preserves Pro-
gram. The Christmas Bay Coastal Preserve is also
within the jurisdiction of the Galveston Bay Estuary
Program of the TNRCC.

Freshwater inflows to Christmas Bay and
adjacent bays come almost exclusively from the
Bastrop Bayou watershed (Texas Natural Resource
Conservation Commission, 1994). The 58.7-square-
mile watershed (McFarlane, 1991, p. 48) is mostly cul-
tivated and is crisscrossed by farms and drainage canals.
Agricultural runoff and septic tanks in the watershed are
a “concern” regarding water quality in Christmas Bay
(Mitchell and Windsor, 1991). Other activities in the
watershed that could potentially affect water quality
include oil and gas drilling and salt-dome injection by
way of wells. The city of Danbury is wholly within the
watershed, and the cities of Angleton and Lake Jackson
are partially in the basin (fig. 2).

Another hydrodynamic input to the Christmas
Bay system is the Gulf Intracoastal Waterway (GIWW).
The GIWW makes a path through the wildlife refuge,
across the southern part of the Bastrop Bayou watershed
and the Christmas Bay system, from southwest to north-
east (fig. 1). The dredged depth of the GIWW is main-
tained at 12 feet, effectively interrupting the overland
flow of freshwater to the three bays. The effect of any
decrease in freshwater inflow on the Christmas Bay
system is unknown.

Additional development on the Christmas Bay
shoreline could pose a threat to the quality of this eco-
system. The Texas Parks and Wildlife Department has
undeveloped land holdings on Follets Island and the
south shore of Christmas Bay (485 acres) for a future
Christmas Bay State Park. The presence of about 100
cabins in the bay system potentially could affect water
quality because many of the cabins do not use septic
systems. Thus, some waste might discharge directly into
the bay waters (McFarlane, 1991, p. 11).

Data Collection

To characterize baseline conditions in the three-
bay system spatially and temporally, hydrologic param-
eters (gage height, rainfall’, and wind speed and direc-
tion) were monitored in Christmas Bay continuously
(30-minute intervals) during February 1999-January
2000. Water-quality properties (specific conductance,
pH, temperature, and dissolved oxygen) and constitu-
ents (nutrients, major ions, phytoplankton, indicator
bacteria, and suspended sediment) were sampled in all

! After the data-collection period, it was discovered that the
Christmas Bay rain gage had not been functioning properly, thus
the rainfall data were not accurate. Data from a National Weather
Service rain gage at Scholes Airfield, Galveston, can be substituted.

INTRODUCTION 3
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Table 1. Summary of data-collection activities in the Christmas Bay system, February 1999-March 2000

Site identi- Location
Station name fication no. Data-collection activity
(fig. 1) Latitude  Longitude

Christmas Bay 1 29°03'08"  95°11'48" Continuous hydrologic-parameter monitoring
Continuous water-quality-property monitoring
Monthly water-quality sampling
Periodic water-quality sampling
30-day semipermeable membrane device

deployment

One-time sediment-quality sampling

Bastrop Bay 2 29°05'56"  95°10'35" Monthly water-quality sampling
Periodic water-quality sampling
One-time sediment-quality sampling

Drum Bay 3 29°00'35"  95°13'38" Monthly water-quality sampling

Periodic water-quality sampling

One-time sediment-quality sampling

three bays monthly during February 1999-January
2000; trace elements were sampled twice and soluble
pesticides once during the same period. SVOCs were
extracted from three SPMDs deployed at the Christmas
Bay monitoring station during February 29-March 29,
2000; and bottom sediment in each bay was sampled
November 30, 1999, for grain size, major and trace
elements, carbons, SVOCs (mostly polycyclic aromatic
hydrocarbons [PAHs]), and organochlorine pesticides.
Data-collection activities are summarized in table 1.

In addition to environmental samples, quality
assurance (QA) samples also were collected. Depend-
ing on the constituent, QA samples consisted of
equipment blanks, field blanks, laboratory blanks, split
samples, replicate samples, and laboratory matrix
spikes.
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HYDROLOGIC DATA

Because of the proximity of the Christmas Bay
system to the Gulf of Mexico, as well as the relatively
shallow average depths (1.5 to 2.5 feet), hydrologic con-
ditions are factors to consider when characterizing the
system. The Christmas Bay hydrologic monitoring
station consisted of a gage house that contained a sub-
mersible pressure transducer to measure tidal gage
height, a tipping-bucket rain gage to collect rainfall,
and an ultrasonic wind anemometer to measure wind
speed and direction. In addition, a multiprobe water-
quality monitor was installed at the station to measure
the four water-quality properties listed previously.
Readings from each sensor were recorded electronically
at 30-minute intervals by a data-collection platform.
Every 4 hours, these data were transmitted by way of
geostationary operational-environmental satellite
(GOES) to the USGS National Water Information
System database. The data were thus monitored on a
near real-time basis.

HYDROLOGIC DATA 5



Table 2 (at end of report) lists the daily maximum,
minimum, and mean gage heights for the 13-month
period. Gage height is defined as the water-surface
elevation above some datum, usually sea level. The
datum in this case was arbitrary because the gage was
not referenced to sea level.

The gage-height data for the Christmas Bay
station were aggregated by month in boxplots to show
monthly range in gage height and variability of gage
height (fig. 3). Similar boxplots were developed for
tidal altitude data from the National Oceanic and Atmo-
spheric Administration tide station (fig. 2) located at the
Galveston Pleasure Pier on the Gulf of Mexico side of
Galveston Island. The boxplots for the two stations
show a close match between open-water tidal fluctua-
tions and bay water-surface fluctuations.

Total rainfall recorded by the National Weather
Service gage at Scholes Airfield, Galveston, (about
20 miles northeast of Christmas Bay) during February
1999-February 2000 (fig. 4) was 34.84 inches (National
Weather Service, 2002). The average annual rainfall
(1971-2000) for that gage is 44.21 inches. Because
rainfall during the 13-month period was well below
average (about 20 percent), it is likely that freshwater
inflow to the three-bay system, from Bastrop Bayou,
also was below normal. However, streamflow data
for Bastrop Bayou were unavailable to verify this
assumption.

Wind has a substantial effect on gage height in
the Christmas Bay system. This is because the “pileup
effect of wind is inversely proportional to the depth of
the water” (Fisher, 1988, p. 33). Because the Christmas
Bay system is relatively shallow, periods of strong wind
cause substantial wave “chop” on the water surface and
might lead to resuspension of bottom sediment. Wind
speed and direction measured at the Christmas Bay
station during the 13-month period were used to
develop a wind-rose diagram (fig. 5). Wind-rose
diagrams group data by wind speed and direction and
summarize data for a selected time period. A second
wind-rose diagram developed from data recorded by the
Texas Coastal Ocean Observation Network (2001) at a
station in Freeport, about 15 miles southwest of the
Christmas Bay station, shows consistency with the
Christmas Bay diagram. The diagrams indicate prevail-
ing winds were from the southeast.

WATER-QUALITY DATA

Continuous Water-Quality Properties

During February 1999—-January 2000, specific
conductance, pH, water temperature, and dissolved
oxygen were measured continuously (30-minute
intervals) at the monitoring station in Christmas Bay.
The depth at the monitor location was about 5 feet at
mean tide. These data were monitored using a multi-
probe water-quality meter that was deployed near
mid-depth, about 2 feet from the bottom of the bay.
Statistical summaries of the four properties are listed in
table 3 (at end of report). Figure 6 shows boxplots of
these data aggregated by month. Seasonal variations in
these properties are typical of those observed at USGS
stations on the Texas Gulf Coast. In particular, water
temperature and dissolved oxygen concentration are
inversely related, with periods of smallest dissolved
oxygen concentrations occurring in the summer months
when water temperatures are highest.

Monthly Water-Quality Properties and
Constituents

Selected water-quality properties and constitu-
ents were determined during monthly visits to each of
the three bays (table 4, at end of report). Specific con-
ductance, pH, water temperature, and dissolved oxygen
were measured in the field. Water-quality constituents
that were determined by laboratory analysis include

1. Major ions (calcium, magnesium, potassium,
sodium, chloride, fluoride, silica, sulfate) and
trace elements (iron, manganese, mercury)

2. Nutrients (ammonia nitrogen, ammonia plus
organic nitrogen, nitrite plus nitrate nitrogen,
nitrite nitrogen, phosphorus, orthophosphorus)

3. Phytoplankton (biomass, chlorophyll-a,
chlorophyll-b)

4. Indicator bacteria (fecal coliform, fecal
streptococcus)

5. Suspended sediment

Each month, physical landmarks and a portable
global positioning system (GPS) unit were used to
ensure that samples were collected at the same location
in each of the three bays. Water depths at the three sites
were relatively shallow (about 2 feet in Drum Bay,

2.5 feet in Bastrop Bay, and 5 feet in Christmas Bay);

6 Hydrologic, Water-Quality, and Sediment-Quality Data for the Christmas Bay System, Brazoria County, Texas, February 1999-
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Figure 5. Wind speed and direction at Christmas Bay and Freeport, February 1999—February 2000.

therefore, water samples were collected about 1 foot
below the water surface at each site. Because the sam-
ples were collected near the surface and the continuous
water-quality monitor in Christmas Bay was about 5
feet below the surface, values of specific conductance,
pH, water temperature, and dissolved oxygen using the
two modes of measurement during site visits might not
be comparable.

Standard USGS procedures for sample composit-
ing, filtering, and preservation (Ward and Harr, 1990)
were followed. Laboratory analyses for major ions,
nutrients, and phytoplankton were done by the USGS
National Water Quality Laboratory (NWQL) in Denver,
Colo. Analyses for indicator bacteria were done in the

USGS Houston Subdistrict laboratory, and analyses for
suspended sediment concentration were done by the
USGS Louisiana District sediment laboratory in Baton
Rouge, La.

Laboratory analyses for selected constituents,
such as iron and manganese, were done using several
methods. As a result, the minimum reporting levels
varied, as reflected by different “less than” (<) values in
table 4.

Results of laboratory analysis show that concen-
trations of major ions were small in each of the three
bays. Most nutrient concentrations were at or less than
minimum reporting levels in each of the three bays
throughout the data-collection period. Indicator bacteria

WATER-QUALITY DATA 9
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EXPLANATION

o Data value greater than 3.0 times
the IQR outside the box

x Data value 1.5 to 3.0 times the IQR
outside the box

Largest data value within 1.5 times
the IQR above the box

75th percentile

Interquartile

Median (50th percentile) range (IQR)

25th percentile

Smallest data value within 1.5 times
the IQR below the box

WATER-QUALITY DATA



counts were consistently higher in samples collected
from Drum Bay.

To ensure the quality of these data, various QA
samples were collected along with environmental sam-
ples. Equipment blanks and field blanks were used to
verify the adequacy of cleaning procedures. Split sam-
ples were used to determine the analytical precision
(reproducibility) for various constituents. Concurrent
samples were used to provide a measure of sampling
precision (reproducibility) and to indicate spatial or
temporal inhomogeneities in the system being sampled.
Results of concurrent samples also can reflect differ-
ences in sampling, processing, and laboratory analysis.
In the Quality Assurance Project Plan, the stated QA
objective for sampling and analytical precision was a
relative percent difference (RPD) of less than 20. The
RPD of all split and concurrent samples were within the
20-percent objective. If equipment blanks or field
blanks were greater than QA limits (two times the min-
imum reporting level or 10 percent of the environmental
value), aremark code of “V” (indicating contamination)
precedes the value in table 4.

Periodic Water-Quality Properties and
Constituents

During the May and December monthly site
visits, water samples were collected from each bay and
submitted to the NWQL for analysis of the following
trace elements: aluminum, antimony, arsenic, barium,
beryllium, cadmium, chromium, cobalt, copper, iron,
lead, manganese, mercury, molybdenum, nickel,
selenium, silver, zinc, and uranium. Results of these
analyses are listed in table 4. Arsenic, barium, chro-
mium, iron, manganese, nickel, and selenium were
detected in small concentrations in all three bays;
aluminum and zinc also were detected in small concen-
trations in Christmas and Drum Bays.

During the April monthly site visits, water sam-
ples were collected from each bay and submitted to the
NWQL for analysis of selected organochlorine pesti-
cides. Results of these analyses are listed in table 4. The
only pesticides that were greater than minimum report-
ing levels were atrazine and its breakdown product
deethylatrazine, metolachlor, and simazine. Concentra-
tions of these four pesticides were tens to hundreds of
times less than benchmark concentrations in water
established for the protection of aquatic life. Atrazine,
metolachlor, and simazine are commonly used herbi-
cides and were three of the four most frequently

detected herbicides in the Trinity River Basin during the
1992-95 USGS National Water-Quality Assessment
(Land and others, 1998, p. 9).

During February 29-March 29, 2000, three
SPMDs were deployed at the Christmas Bay monitoring
station (fig. 1). SPMDs are lipid-filled membranes that
simulate bioaccumulation occurring in living organ-
isms, such as in the gills of fish. By deploying SPMDs
for an extended duration, very small concentrations of
constituents in the water can accumulate to a level that
can be detected through laboratory analysis. Samples
extracted from the SPMDs in Christmas Bay were
composited and analyzed for 77 SVOCs. Results from
these analyses, along with QA data (field blank, labora-
tory blank, and laboratory matrix spike), are listed in
table 5 (at end of report). The SVOCs detected in
uncontaminated samples in concentrations greater than
minimum reporting levels were p-cresol, 4-chloro-3-
methylphenol, 2,6-dimethylnaphthalene, 1,6-dimethyl-
naphthalene, 2,2-biquinoline, Di-n-octylphthalate,
benzo[b]fluoranthene, and benzo[k]fluoranthene. Each
of these constituent concentrations was estimated by lab
technicians because they were present in such minute
amounts. Benchmark concentrations of these seven
SVOCs in tissue have not been established for the pro-
tection of aquatic life.

The concentrations of phenol and bis(2-ethyl-
hexyl)phthalate were greater in field blanks than in
environmental samples. Because the concentrations in
the field blanks and environmental samples were of the
same order of magnitude, it is impossible to determine
whether the source of the SVOC:s is the water or the
atmosphere. Also, phthalates can be present in the
SPMD material (S.L. Marr, U.S. Geological Survey,
written commun., 2001). Therefore, whether phenol or
bis(2-ethylhexyl)phthalate was present in the water is
unknown. Benchmark concentrations of these two
SVOC:s in tissue have not been established for the pro-
tection of aquatic life.

SEDIMENT-QUALITY DATA

Sediment quality is an integral aspect of water
quality because of the transport and fate of chemical
constituents associated with sediment; for example,
hydrophobic contaminants can be highly bioavailable.
To identify the presence of various constituents in bot-
tom sediment, surficial bed-sediment samples were col-
lected from each of the three bays on November 30,
1999, and submitted for laboratory analysis. Samples

12 Hydrologic, Water-Quality, and Sediment-Quality Data for the Christmas Bay System, Brazoria County, Texas, February 1999-
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were analyzed for grain size by the USGS Iowa District
sediment laboratory and for major and trace elements,
carbons, SVOCs (mostly PAHs), and organochlorine
pesticides by the NWQL.

Surficial sediment samples were collected
using a 15- by 15- by 20-centimeter Wildco box corer
(Van Metre and Callender, 1997). The sampler was
gently lowered to the bay bottom using a rope and
allowed to penetrate the lacustrine sediment. The sam-
pler then was raised abruptly, which actuates jaws in
the sampler to close around the sediment, and brought
to the surface. The top 3 centimeters of the sample were
extruded by sliding the plexiglass liner down onto a
piston, which pushes the sample up into an empty liner.
The sample then was sliced horizontally and the top 3
centimeters placed into a baked glass jar. Multiple sam-
ples were collected and composited in the glass jar
before subsampling.

Subsamples for grain-size analysis were taken
directly from the glass jar, placed in plastic containers,
and submitted to the laboratory. Grain-size data for all
three bays, including QA data (split sample), are listed
in table 6 (at end of report). Quantitative data are avail-
able only for silt and clay. However, it was observed
during collection of the samples that the remaining frac-
tion of grain-size materials was composed primarily of
sand and shell fragments.

Subsamples for analysis of carbon and major and
trace elements were taken from the glass jar and wet-
sieved through a 0.062-millimeter mesh using native
water. The subsamples were collected in 125-milliliter
acid-washed Nalgene jars and submitted to the labora-
tory for analysis. Laboratory results for these constitu-
ents are listed in table 7 (at end of report).

Subsamples for SVOC and organochlorine pesti-
cide analysis were taken from the glass jar and wet-
sieved through a 2-millimeter screen using native water.
The subsamples were collected in baked glass jars and
submitted to the laboratory for analysis. Laboratory
results for 64 SVOCs, including QA samples (split sam-
ple, laboratory blank, and laboratory matrix spike), are
listed in table 8 (at end of report). Results for 17 organo-
chlorine pesticides, including QA samples (split sam-
ple) are listed in table 9 (at end of report).

Those SVOCs (mostly PAHs) detected in sedi-
ment samples generally were at minute concentrations,
less than 10 micrograms per kilogram. Concentrations
of the SVOC:s detected, for which benchmark concen-
trations in sediment have been established for the pro-
tection of aquatic life, were tens or hundreds of times

less than the respective benchmark concentrations. All
pesticides analyzed in bay sediment were less than min-
imum reporting levels.

SUMMARY

The Christmas Bay system is a group of three
small secondary bays at the southwestern end of the
Galveston Bay estuarine system in Brazoria County.
Numerous species of birds, fish, crustaceans, and mol-
lusks inhabit the three-bay system. These biota include
seven endangered species of birds and an endangered
species of sea turtle. Numerous flora also occur in the
Christmas Bay system and include several species of
seagrass that serve as prime spawning grounds for
crustaceans and finfish. During February 1999—March
2000, the USGS collected hydrologic, water-quality,
and sediment-quality data to establish baseline condi-
tions in the Christmas Bay system.

Tidal gage height, wind speed, and wind direction
were measured at one station in Christmas Bay. Gage-
height fluctuations closely matched open-water tidal
fluctuations. Total rainfall during February 1999—
February 2000 at a National Weather Service gage 20
miles northeast of Christmas Bay was about 20 percent
below the annual average; thus, freshwater inflow to the
three-bay system, from Bastrop Bayou, probably was
below normal during the data-collection period. Wind-
speed and wind-direction data collected at the Christ-
mas Bay station indicate prevailing winds were from the
southeast.

Specific conductance, pH, water temperature, and
dissolved oxygen were recorded at 30-minute intervals
in Christmas Bay during February 1999-January 2000.
These data showed seasonal variations that are typical
of stations on the Texas Gulf Coast. In particular, water
temperature and dissolved oxygen concentration are
inversely related, with periods of smallest dissolved
oxygen concentrations occurring in the summer months
when water temperatures are highest.

Water samples were collected monthly from each
of the three bays. Results of laboratory analysis show
that concentrations of major ions were small in each of
the three bays, and most nutrient concentrations were at
or less than minimum reporting levels. Indicator bacte-
ria counts were consistently higher in samples collected
from Drum Bay. Water samples collected during the
May and December site visits to each bay were ana-
lyzed for trace elements; nine trace elements were
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detected in small concentrations in Christmas and Drum
Bays and seven in Bastrop Bay.

During the April monthly site visits, water sam-
ples were collected from each bay and submitted for
analysis of selected organochlorine pesticides. The only
pesticides greater than minimum reporting levels were
atrazine and its breakdown product deethylatrazine,
metolachlor, and simazine. Concentrations of these pes-
ticides were much less than the respective benchmark
concentrations in water established for the protection of
aquatic life.

During February 29-March 29, 2000, three
SPMDs were deployed at the Christmas Bay monitoring
station. Seven of 77 SVOCs analyzed in the lipids from
the SPMDs were detected in minute amounts.

Surficial bed-sediment samples collected from
each of the three bays on November 30, 1999, were
analyzed for major and trace elements, carbon, 64
SVOCs (mostly PAHs), and 17 organochlorine pesti-
cides. Concentrations of SVOCs detected were less than
10 micrograms per liter. Concentrations of those
SVOC:s for which a benchmark concentration in sedi-
ment has been established for the protection of aquatic
life were much less than the respective benchmark.
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Table 2. Maximum, minimum, and mean gage heights in Christmas Bay, February 1999—February 2000

DAY

s wN

(SRR I o)}

12
13
14
15

16
17
18
19

21
22
23
24
25

26
27
28
29
30
31

MONTH

DAY

Gk W

(SRR o)}

12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30
31

MONTH

W wWwwwk B wwww wWwhnww wWwwww wWwwww

w W

wWWwwwk B s W wWwwww wWwwww wWwwww

WWwwww

MAX

FEBRUARY 1999

.43
.58
.63
.76
.83

.55
.48
.23
.28
.56

.87
.59
.87
.53
.56

.63
.69
.59
.26
.28

.24
.99
.82
.41
.42

.56
.55
.24

MO NDN

NN WD W

NN

wWwwh N

NN WW

MDD NDN

MIN

52
.78
.12
.19
.42

10
06
.56
.62
.54

.92
.64
.00
.26
.56

.85
.80
.78
.70
92

.21
.99
.15
.37
.62

.54
.72

2.38

JUNE 1999

NN NN

DMDWWNON

NN WW

NN

NN NN

wWwwnho N

MIN

.38
.62
.68
.60
.68

.82
.71
.06
.26
.86

56
.58
.52
.44
.28

.54
.65
18
.51
.54

.85
.10
.98
.99
.62

.43
.38
.22
.09
.04

.04

MEAN

WD W wWwwww

W wWwww

w W

W W ww

WWwwww

.01
.25
.42
.42
.62

31

.91
.02
.03

.38
.94
.47
.81
.13

.30
.25
.24
.03
61

.51
.59
.43
.92
.12

.12
.14
.84

MEAN

WWwwww

wWWwwwk wWwwww

NN W

wWwwwN

wWwwww

.97
.24
.20

.17

.16
.10
.33
.53
.42

21
.21
.10
.02
.02

.20
.32
.75
.86
.84

.37
.58
.39
.59
.28

.04
.97
.76
.64
.71

.27

BB W ww

wWwwww wWwwww NN BB

W W Wk bk Ww

wWwwww wWwwww wWwwww wWwwww

o MDD WW

Wk B W

W Wk Www

.27
.53
.33
.05
.13

.36

.52
.08
.97

.13
.44
.39
.63
.74

.32
.55
.85
.93
.56

.01
.24
.51
.43
.57

.91
.40
.57
.88
.83
.82

.57

.23
.64
.01

.37

.22
.33
.54
.58
.67

.66
.54
.48
.31
.34

.49
.44
.55
.76
.76

.53
.42
.17
.08
.24

.10
.08
.97
.90
.78
.88

.01

MARCH 1999

NN HFERENMDWW [SVI 0N NI S V)

WwWwwwwn

,_n

JULY 1999

DWW N

MDD WNDN

NN NN

N W s NN

NDWwWwwN

NN

wWwwno N

N NN

MIN

.33
.77
.65
.75
.36

88
80
.08
.36
.96

.39
.43
.63
.19
.26

.49
.05
.32
.06
59

.36
.34
.55
.49
.55

.90
.44
.77
.14
.40
.23

.19

MIN

.28
.46
.16
.16
.83

.74
.82
.00
.60
.69

49
.47
.49
.38
.35

.71
.77

.24
.13

.94
.54
.29
.26
.26

.18
.14
.08
.07
.09

.07

GAGE HEIGHT,

MEAN

wWwwh N HFERWWwWw wWwhowN

W wWwwkdww

w

W Wk ww

wWwwwNn

.80
.19
.92
.41
.80

17

.31
.63
.53

.79
.96
.61
.66
.79

.92
.34
.55
.53

.78
.92
.11
.03
.08

.47
.92
.15
.53
.61
.53

.32

MEAN

wWwwwNn

w NN

wWwwwN

wWwwww NN WWWw

NN WW

.85
.17
.65

.11

.94
.08
.31
.24
.33

24

.08
.10
.97
.97

.19
.17

31

.54
.55

.31
.12
.83

75
85

.72
.66
.61
.59
.55
.62

.06

MAX

.75
.93
.39
.37
.32

B W W

.13

.40
.36
.57

WWwwwis

.61
.71
.91
.32
.58

Wb wWww

.19
.19
.89
.52

NN WW

.21
.95
.71
.53
.40

WWwwww

.64
.78
.44
.57
.40

BwWwww

.85
.93
.93
.90
.16

WNNDNN

.39
.40
.48
.08
.77

NDWWww

.82
.81
.54
.43
.23

WNNDNN

.36
.22
.05
.99
.05

WD WWww

.16
.84
.82
.44
.39

WWwwww

.94
.73
.05
.08
.26

W WWWwWwNoN

.84

IN FEET

APRIL 1999

DWW N

NN N

NN N W

1.

AUGUST 1999

NN NN

PR NDNDND

WWwwww

NN N W

RPRRON

[SESESENEN] NN N W NRE RN

H ONNMNNDNDN

MIN

23
.35
.59
.57
.54

17
96
.79
.50
.60

.93
.97
.30
.35
.22

.15
.16
.94
.82
60

.86
.71
.96
.92
.83

.30
.97
.93
.90
.88

60

MIN

.22
.40
.47
.38
.61

.49
.45
.24
.89
.84

78
.07
.96
.88
.16

.01
.55
45
.21
.25

.44
.69
.71
65
41

.17
.06
.22
.53
.61
74

.78

MEAN

WWwwwN NN NN NDWWwww

WWwwww

Wk dww

WWwwww

56
.71
.07
.08
.96

.69

.16
.00
.13

.31
.37
.65
.87
.92

.81
.78
.51
.16
.16

.62
.36
.39
.26
.18

.48
.44
.26
.33
.94

.29

MEAN

WWwwwN NN N W NN NN N WWW

NOWNNNNDN

NN NDNN

.63
.72
.70

.91

.07
.04
.02
.61
.37

.47
.50
.29
.23
.75

.17
.93
.78
.68
.71

.91
.42
.41
.17
.06

.66
.52
.72
.85
.91
.08

.81

WWwd s [[NFSERINFS

N WWW

WWWwwww

'S

WWwwww

Wwwww

(RN

[N

4.

INFHNIFNN

W

AW www

WWwwwik

MAX MIN MEAN
MAY 1999
.85 3.82 4.36
.45 3.57 4.07
.96 3.30 3.67
.40 3.27 3.92
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.17 3.52 3.89
40 2.38 3.50
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Table 2. Maximum, minimum, and mean gage heights in Christmas Bay, February 1999—February 2000—Continued

GAGE HEIGHT, IN FEET

DAY MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
OCTOBER 1999 NOVEMBER 1999 DECEMBER 1999 JANUARY 2000
1 4.44 3.52 4.06 3.15 2.40 2.79 3.68 3.29 3.47 2.91 1.91 2.38
2 4.49 3.71 4.15 2.88 2.26 2.62 4.05 3.42 3.72 3.17 2.27 2.73
3 4.50 3.63 4.14 3.25 2.40 2.97 4.14 3.54 3.93 3.23 2.43 2.93
4 4.45 3.64 4.17 3.38 3.03 3.17 4.14 3.45 3.82 2.98 1.50 1.97
5 4.66 3.77 4.31 3.31 2.79 3.05 3.93 2.55 3.05 2.86 1.53 1.96
6 4.57 3.81 4.32 3.55 2.98 3.26 3.04 1.97 2.43 3.88 2.71 3.12
7 4.51 3.95 4.28 3.34 2.74 3.12 3.81 2.62 3.14 3.96 3.12 3.57
8 4.67 4.04 4.37 3.43 2.72 3.13 4.06 3.09 3.61 3.90 2.77 3.35
9 4.25 3.91 4.10 3.68 2.73 3.21 4.04 2.84 3.43 3.42 2.32 2.86
10 3.96 3.44 3.76 3.79 2.96 3.43 3.27 2.07 2.62 3.10 2.04 2.60
11 3.94 3.36 3.66 3.82 3.03 3.50 4.12 2.98 3.38 2.79 2.15 2.51
12 4.20 3.48 3.84 3.73 2.81 3.27 4.24 3.17 3.65 2.82 2.21 2.55
13 4.21 3.44 3.88 --- --- --- 3.17 1.63 2.23 2.97 2.45 2.73
14 3.99 3.02 3.55 --- --- --- 2.85 2.08 2.32 3.89 2.85 3.48
15 3.96 3.17 3.64 --- --- --- 2.91 1.94 2.32 3.89 3.41 3.57
16 4.07 3.22 3.70 --- --- --- 3.23 2.21 2.57 3.43 2.66 2.98
17 4.05 2.97 3.58 --- --- --- 3.69 2.91 3.23 3.07 2.28 2.74
18 3.65 3.06 3.40 --- --- --- 3.77 2.91 3.28 2.97 2.07 2.58
19 3.72 2.95 3.38 --- --- --- 3.46 2.47 2.98 2.92 1.81 2.45
20 3.50 3.01 3.30 --- --- --- 4.62 3.25 3.84 3.27 2.19 2.74
21 3.60 2.82 3.29 --- --- --- 4.56 3.39 3.83 3.69 2.76 3.24
22 3.21 2.72 3.04 --- --- --- 3.47 2.44 3.05 3.75 2.80 3.38
23 3.30 2.72 2.96 --- --- --- 3.41 2.50 3.03 3.50 2.21 2.83
24 3.64 2.93 3.23 --- --- --- 3.22 1.86 2.48 3.09 2.10 2.58
25 3.39 2.71 3.15 --- --- --- 3.01 2.22 2.62 2.90 2.35 2.58
26 3.33 2.48 2.99 --- --- --- 3.01 1.88 2.42 3.67 2.68 3.06
27 3.41 2.42 2.97 --- --- --- 2.46 1.55 1.98 4.43 3.67 3.98
28 3.62 2.58 3.12 --- --- --- 2.22 1.62 1.88 4.06 2.43 3.09
29 3.88 2.99 3.53 --- --- --- 2.38 1.78 1.99 2.65 1.86 2.27
30 3.96 2.92 3.55 3.62 2.85 3.33 2.54 2.11 2.31 3.03 2.11 2.50
31 3.67 2.37 3.02 --- --- --- 2.54 1.99 2.32 3.76 2.80 3.25
MONTH 4.67 2.37 3.63 --- --- --- 4.62 1.55 2.93 4.43 1.50 2.86
DAY MAX MIN MEAN
FEBRUARY 2000
1 3.88 3.00 3.49
2 3.79 2.94 3.33
3 3.22 2.20 2.65
4 2.60 1.95 2.30
5 2.66 2.01 2.34
6 2.77 2.08 2.50
7 2.85 2.08 2.53
8 2.47 1.93 2.26
9 2.36 1.96 2.20
10 2.82 2.20 2.49
11 2.71 2.36 2.52
12 2.90 2.26 2.61
13 3.19 2.33 2.82
14 3.25 2.50 2.92
15 3.34 2.16 2.75
16 3.38 2.43 3.00
17 3.52 2.49 3.09
18 3.51 2.53 3.10
19 3.42 2.56 3.03
20 3.30 2.69 3.05
21 3.16 2.59 2.95
22 3.29 2.83 3.10
23 3.59 2.86 3.18
24 3.29 2.61 2.90
25 3.76 3.06 3.45
26 3.66 3.09 3.40
27 3.09 2.51 2.82
28 3.60 2.40 2.99
29 3.53 2.77 3.24
30 --- --- ---
31 --- --- ---

MONTH 3.88 1.93 2.86

16 Hydrologic, Water-Quality, and Sediment-Quality Data for the Christmas Bay System, Brazoria County, Texas, February 1999-
March 2000



Table 3. Maximum, minimum, and mean specific conductance, pH, water temperature, and dissolved oxygen in Christmas Bay,

February 1999—-February 2000

DAY

DAY

U W R

(NN N NN

12
13
14
15

16
17
18
19
20

21
22
23
24

26
27
28
29
30
31

MONTH

MAX

MIN

SPECIFIC CONDUCTANCE,

MEAN

FEBRUARY 1999

42500
42100
42800
43200
43400

43500
43900
44500
44900
44900

45000
45600
46300
46300
46700

46700
46600
45600
44700
42800

44400
45500
45900
45800
44400

42800
43000
43500

46700

45900
47100
46600
46900
45600

46700
46900
47000
47200
47200

47300
47000
46900
45900
44800

45200
46800
46900
46600
42200

40400
40200
40000
40000
40200

39800
39900
39600
40200
41800

47300

41600
41800
42100
42700
43200

42800
42800
43900
44200
44100

43700
44800
43700
45100
46000

46100
45400
44700
42300
41200

42000
44000
44600
42700
40000

42100
42400
43000

40000

MIN

JUNE 1999

41300
41900
42600
42900
42800

42100
42900
43600
42800
41700

39500
41800
41900
39300
42500

40700
42000
42800
40800
38500

38200
37000
37800
37800
38800

38900
38100
38300
39000
39600

37000

42100
42000
42400
43000
43300

43100
43400
44200
44600
44600

44300
45200
44700
45600
46300

46500
45700
45300
43200
42300

43400
44900
45400
44700
43200

42500
42700
43200

44000

MEAN

43500
44100
44200
44500
44200

44600
45600
45400
45700
46000

45900
45800
45000
43000
43600

43500
45300
44600
44000
40600

39400
39100
39300
38900
39500

39400
38900
39100
39500
40800

42800

MAX

43600
43700
43700
43800
45900

45500
45900
45900
45700
45200

45000
43800
43900
45900
45900

47400
48500
49600
49100
48900

48500
48300
48500
48300
47700

47600
47600
47300
46900
43800
44400

49600

42100
44100
46700
45800
45200

45500
46100
46700
45800
45400

44800
44600
44700
44800
44800

44800
45800
45900
46200
46900

46800
46500
45900
45900
46100

45800
46200
45900
46200
46900
47900

47900

MIN

MARCH 1999

43100
42900
43300
43200
43300

43900
43900
45200
44600
44800

43500
43300
42300
43100
44700

44500
47000
48400
48500
48000

48000
47900
48200
47300
46400

46300
46700
45000
43500
43500
43400

42300

MIN

JULY 1999

40300
40400
41500
43900
44100

44200
44700
45500
45300
44400

44100
44200
44300
44200
43700

44000
44600
45100
45700
45600

45400
45400
45400
45400
44700

44700
45400
45300
45400
45700
46600

40300

MEAN

43400
43300
43500
43500
44000

44700
44800
45600
45000
45000

44200
43500
42900
45000
45500

45800
47900
49100
48900
48600

48100
48100
48300
47800
47000

46900
47400
46000
44800
43700
43900

45700

MEAN

41300
42500
44400
44700
44700

44800
45400
46200
45500
45000

44400
44300
44600
44600
44200

44500
44900
45600
45900
46500

46000
45800
45700
45700
45700

45600
45700
45500
45800
46200
46900

45100

MAX

44300
44600
44300
44000
43400

43300
43100
43100
42500
42300

41900
41400
41100
41700
42300

42300
42100
42100
42200
42400

45800
50400
47500
46800
49400

47600
48700
47500
47200
49900

50400

49300
49400
49900
50000
50000

50000
50100
50500
51000
51000

52200
52400
53600
53800
53800

53400
53500
53800
54300
54400

55300
56400
56500
56000
56400

56700
57000
56600
55900
55700
55700

57000

MIN

APRIL 1999

43500
43500
43700
41200
41900

40800
42100
42100
41800
41400

40600
40600
40200
40500
39600

40400
40600
40100
41700
39100

42200
44300
45800
44300
45500

45900
46100
46200
45800
46100

39100

MIN

AUGUST 199

47900
48000
48600
48600
49200

49400
49700
49800
50000
50000

50700
51300
51800
51400
53300

52700
52600
53100
53200
53100

53900
54800
55200
55400
54300

55200
55500
54700
54700
54400
53200

47900

MEAN

44000
44200
44000
42500
42900

41800
42700
42400
42200
41800

41200
41000
40700
40900
41500

41800
41600
41800
42000
41800

43500
47500
46400
45400
47100

46800
47700
47200
46900
48400

43700

MEAN

9

48500
48700
49400
49600
49700

49800
49900
50100
50800
50700

51400
51800
52800
53400
53500

53300
53300
53500
53900
54300

54800
55900
55900
55700
55500

55800
56000
55700
55500
55200
55300

52900

IN MICROSIEMENS PER CENTIMETER AT 25 DEGREES CELSIUS

MAX MIN MEAN
MAY 1999

49900 48600 49300
49100 47000 48000
48100 46000 47300
47400 43800 46200
47000 44700 46100
46900 43100 45500
47100 44600 45700
47400 45100 46000
46000 40600 44200
44800 38400 42000
44300 39900 42700
44400 40200 42800
44000 40900 42300
43100 39600 41900
43700 40700 42300
43000 39500 41600
43100 40000 41700
42700 37900 40400
44100 38900 42000
44700 41400 44000
44300 41400 43300
44200 42300 43600
43400 38900 42400
43500 39400 42800
43200 40400 42000
43500 38500 42200
43500 41800 42900
44400 41300 43200
44400 40500 43200
45900 42000 43500
46000 41000 43700
49900 37900 43700

MAX MIN MEAN

SEPTEMBER 1999

55500 54300 55200
55700 54100 55300
55500 54500 55100
55800 54000 55000
55900 54000 55100
55800 54200 55000
56000 54500 55000
56000 54500 55000
55400 53900 55000
55700 54200 54900
55400 54900 55100
55700 55100 55400
55600 55100 55400
55900 54800 55400
55900 55300 55600
56500 55300 55800
56300 55500 55900
56400 55600 56000
56500 55100 56100
56700 55700 56200
56400 54700 56000
56800 55500 56200
56600 55100 56300
56900 55800 56300
57100 53700 56200
56100 55000 55600

Table 3
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Table 3. Maximum, minimum, and mean specific conductance, pH, water temperature, and dissolved oxygen in Christmas Bay,
February 1999—-February 2000—Continued

SPECIFIC CONDUCTANCE, IN MICROSIEMENS PER CENTIMETER AT 25 DEGREES CELSIUS

DAY MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN
OCTOBER 1999 NOVEMBER 1999 DECEMBER 1999 JANUARY 2000
1 --- --- --- 53000 51000 51900 54300 45600 53300 48900 47800 48600
2 --- --- --- 53800 52000 52600 54200 50500 53300 49000 43600 48600
3 --- --- --- 53400 51800 52400 53000 48200 52100 49600 47200 48700
4 --- --- --- 52300 51600 52000 52200 49200 51700 49400 46700 48800
5 --- --- --- 52600 50900 52000 50600 50000 50300 49900 48700 49200
6 --- --- --- 52200 50000 51600 50900 40700 50300 52700 49100 49900
7 --- --- --- 53100 47000 50600 50600 48500 49900 52900 52000 52500
8 --- --- --- 52700 50200 51700 50000 46500 49400 52400 50800 51600
9 --- --- --- 52300 50900 51600 50300 49100 49900 51600 49900 51100
10 --- --- --- 52100 50200 51400 49800 46100 48700 50900 49700 50300
11 --- --- --- 52000 46600 51100 50200 48700 49800 51200 49900 50500
12 --- --- --- 52300 49300 51400 50200 48000 49500 51300 49900 50500
13 --- --- --- --- --- --- 49400 47200 49000 51600 49800 50700
14 50900 50300 50500 --- --- --- 49500 36700 47000 50900 50400 50600
15 50900 50200 50500 --- --- --- 49500 38400 47000 51100 50600 50900
16 51200 50500 50800 --- --- --- 49800 37200 46900 50900 50100 50600
17 51000 50400 50700 --- --- --- 50100 31300 45400 51000 49500 50400
18 51300 50400 50800 --- --- --- 49300 41100 47700 51100 49900 50600
19 51300 50300 50700 --- --- --- 49200 36400 45700 51000 50100 50600
20 51600 50800 51300 --- --- --- 49200 47600 48400 50900 50300 50600
21 51900 50600 51300 --- --- --- 47900 45100 47600 51000 49100 50500
22 52100 50300 51600 --- --- --- 48400 47500 47900 50900 49700 50400
23 52100 51100 51700 --- --- --- 48600 47500 48200 50800 47500 50100
24 51800 50300 51300 --- --- --- 48400 44300 47700 50400 50000 50200
25 52200 51100 51600 --- --- --- 48100 44000 47700 50400 48100 50000
26 52300 50700 51500 --- --- --- 48200 39500 45800 50400 49700 50000
27 52300 49800 51300 --- --- --- 48600 42700 47500 50400 47400 49500
28 51900 49900 51100 --- --- --- 48800 34400 45700 48000 47100 47700
29 51200 50200 50500 --- --- --- 48700 44000 47500 47500 45800 46400
30 51600 47800 50300 54900 52400 54500 49100 42000 48200 47300 46200 46600
31 52700 48100 51100 --- --- --- 49000 47100 48600 47500 46900 47100
MONTH --- --- --- --- --- --- 54300 31300 48600 52900 43600 49800
DAY MAX MIN MEAN

FEBRUARY 2000

1 47800 45800 47000
2 46900 45500 46300
3 46700 45500 45900
4 45800 45100 45400
5 45200 44300 44700
6 45600 44800 45200
7 45700 42900 44800
8 44400 40700 43700
9 44300 42600 43700
10 44100 42600 43800

11 43900 43200 43600
12 43600 39000 43200
13 43400 40400 43100
14 43200 39900 42400
15 43400 37500 42800

16 43200 36500 42500
17 43400 36500 42700
18 43800 39500 42700
19 43200 42000 