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Conversion Factors, Datums, and Water-Quality Units

Inch/Pound to SI

Multiply By To obtain

Length
foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

Area
square mile (mi2) 2.590 square kilometer (km2) 

Volume
acre-foot (acre-ft) 1,233 cubic meter (m3)

SI to Inch/Pound

Multiply By To obtain

Length
centimeter (cm) 0.3937 inch (in.)

meter (m) 3.281 foot (ft) 

Volume
liter (L) 33.82 ounce, fluid (fl. oz)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8×°C)+32

Datums

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 
(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Water-Quality Units

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) 
or micrograms per liter (µg/L).

Bacteria is given in either most probable number per 100 milliliters (MPN/100 mL) or colonies 
per milliliter.

Turbidity is given in Formazine Nephelometric Units (FNU).
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Abstract

Lake Houston, a reservoir impounded in 1954 by the City 
of Houston, Texas, is a primary source of drinking water for 
Houston and surrounding areas. The U.S. Geological Survey, 
in cooperation with the City of Houston, developed a continu-
ous water-quality monitoring network to track daily changes 
in water quality in the southwestern quadrant of Lake Houston 
beginning in 2006. Continuous water-quality data (the physio-
chemical properties water temperature, specific conductance, 
pH, dissolved oxygen concentration, and turbidity) were col-
lected from Lake Houston to characterize the in-lake processes 
that affect water quality. Continuous data were collected 
hourly from mobile, multi-depth monitoring stations devel-
oped and constructed by the U.S. Geological Survey. Multi-
depth monitoring stations were installed at five sites in three 
general locations in the southwestern quadrant of the lake. 
Discrete water-quality data (samples) were collected routinely 
(once or twice each month) at all sites to characterize the 
chemical and biological (phytoplankton and bacteria) response 
to changes in the continuous water-quality properties. Phys-
iochemical properties (the five continuously monitored plus 
transparency) were measured in the field when samples were 
collected. In addition to the routine samples, discrete water-
quality samples were collected synoptically (one or two times 
during the study period) at all sites to determine the presence 
and levels of selected constituents not analyzed in routine 
samples. Routine samples were measured or analyzed for acid 
neutralizing capacity; selected major ions and trace elements 
(calcium, silica, and manganese); nutrients (filtered and total 
ammonia nitrogen, filtered nitrate plus nitrite nitrogen, total 
nitrate nitrogen, filtered and total nitrite nitrogen, filtered 
and total orthophosphate phosphorus, total phosphorus, total 
nitrogen, total organic carbon); fecal indicator bacteria (total 
coliform and Escherichia coli); sediment (suspended-sediment 
concentration and loss-on-ignition); actinomycetes bacteria; 
taste-and-odor-causing compounds (2-methylisoborneol and 
geosmin); cyanobacterial toxins (total microcystins); and  
phytoplankton abundance, biovolume, and community  
composition (taxonomic identification to genus). Synoptic 
samples were analyzed for major ions, trace elements, waste-
water indicators, pesticides, volatile organic compounds, and 
carbon. The analytical data are presented in tables by type 

(continuous, discrete routine, discrete synoptic) and listed by 
station number. Continuously monitored properties (except 
pH) also are displayed graphically.

Introduction
Houston, Tex., is the fourth largest city in the United 

States; the population of the greater Houston area was about 
5.6 million in 2008 (Texas State Data Center, 2008). Lake 
Houston is an important surface-water source for Houston and 
surrounding areas. The dam impounding Lake Houston was 
constructed in 1954 by the City of Houston (COH) to provide 
public water supply and irrigation water; the reservoir has 
a current capacity of about 130,000 acre-feet (Texas Water 
Development Board, 2004). Lake Houston is in northern  
Harris and southeastern Montgomery Counties about 25 miles 
east-northeast of downtown Houston (fig. 1). 

The U.S. Geological Survey (USGS), in cooperation with 
the City of Houston, implemented a water-quality monitoring 
network in 2006 to collect continuous (hourly) data for physio-
chemical properties (water temperature, specific conductance, 
pH, dissolved oxygen concentration, and turbidity) in Lake 
Houston. Mobile, multi-depth continuous monitoring stations 
were installed at five sites in the southwestern quadrant of 
Lake Houston (fig. 1; table 1). Discrete water-quality samples 
were collected routinely (once or twice per month) (fig. 2) at 
the sites where physiochemical properties were continuously 
monitored. Physiochemical properties (the five continuously 
monitored plus transparency) were measured in the field 
when water-quality samples were collected. Routine water-
quality samples were measured or analyzed for acid neutral-
izing capacity (ANC), selected major ions and trace ele-
ments, nutrients, fecal indicator bacteria, suspended-sediment 
concentration and loss-on-ignition, actinomycetes bacteria; 
taste-and-odor-causing compounds, cyanobacterial toxins, and 
phytoplankton abundance, biovolume and community compo-
sition. Discrete water-quality samples were collected synopti-
cally at all sites one or two times during the study period to 
determine the presence and levels of selected constituents 
not analyzed in routine samples—major ions, trace elements, 
wastewater indicators, pesticides, volatile organic compounds 
(VOCs), and carbon.

Continuous and Discrete Water-Quality Data Collected at 
Five Sites on Lake Houston near Houston, Texas, 2006–08

By Amy M. Beussink and Michael R. Burnich 
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Figure 1. Location of monitoring stations on Lake Houston near Houston, Texas. 
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Purpose and Scope

The purpose of this report is to present the continuously 
monitored water-quality data and the water-quality data from 
discrete samples collected by the USGS in Lake Houston from 
April 2006 through September 2008. Methods used to collect 
and analyze the continuous and discrete water-quality data are 
described. This report complements previous USGS reports 
on the conditions and trends of water quality in Lake Houston 
since 1983 (Liscum and others, 1999; Liscum and East, 2000; 
Sneck-Fahrer and others, 2005; Oden and Graham, 2008; U.S. 
Geological Survey, 2009).

Description of Study Area and Data-Collection 
Sites

Lake Houston is at the outlet of the 2,835-square-mile 
San Jacinto River watershed in southeastern Texas (fig. 1). The 
watershed for Lake Houston includes two main tributaries, the 
East Fork San Jacinto River and the West Fork San Jacinto 
River. The East Fork San Jacinto River drains a predominantly 
rural, undeveloped woodland landscape with mainly agricul-
ture and forestry land uses (Sneck-Fahrer and others, 2005). 
Tributaries in the East Fork San Jacinto River watershed 
include Peach Creek, Caney Creek and Luce Bayou. The West 

Site short name 
(fig. 1; table 1) 

A Alcoa 295724095092301 - - - - - - - - - - - - - - - - - - - - - - - -
A S of RR 295826095082200 - - - - - - - - - -
B 295554095093401 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C Deussen 295510095084801 - - - - - - - - - - - - - - - - - - - -
C CWA 295435095082201 - - - - - - - - - - - - - - - -

Continuous monitoring
- Discrete sampling once per month

- - Discrete sampling multiple times per month

2008

A S A M JO N S

2006 2007

FJ M J AM MA O NS

End of pump-and-switch system; begin automatic profiling system

FJ J J AM D J FA M J J D

Station number

EXPLANATION

Figure 2. Timeline of continuous water-quality monitoring station deployments and discrete, routine water-quality sampling for Lake 
Houston near Houston, Texas, 2006–08. 

Table 1. Water-quality monitoring stations on Lake Houston near Houston, Texas, 2006–08.

[USGS, U.S. Geological Survey; CWA, Coastal Water Authority] 

Site short 
name  
(fig. 1)

USGS station 
number

Station name
Date of discrete  

sampling

Period of continuous monitoring  
(monitoring depths below  

water surface, in feet)

A Alcoa 295724095092301 Lake Houston near Alcoa oil field near 
Houston, Texas

April 2006–January 
2008

October 2006–February 2008
(1, 3.5, 6, 16)

A S of RR 295826095082200 Lake Houston south of Union Pacific 
Railroad Bridge near Houston, 
Texas

March 2008–September 
2008

April 2008–September 2008
(1, 6, 12, 16)

B 295554095093401 Lake Houston at mouth of Jack’s Ditch 
near Houston, Texas

April 2006–September 
2008

October 2006–September 2008
(1, 6, 12, 16)

C Deussen 295510095084801 Lake Houston near Deussen Park near 
Houston, Texas

April 2006–September 
2007

January 2007–September 2007
(1, 3, 5, 7)

C CWA 295435095082201 Lake Houston at CWA structure near 
Houston, Texas

September 2007–July 
2008

September 2007–July 2008
(1, 6, 12, 16)

1 Duplicate monitoring depth.
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Fork San Jacinto River drains a primarily urban watershed 
with residential and commercial development, major transpor-
tation corridors, and fluvial gravel and sand mining opera-
tions. Tributaries to the West Fork San Jacinto River include 
Cypress Creek and Spring Creek. Flow in the main stem of the 
West Fork San Jacinto River is discharged from Lake Conroe, 
a reservoir about 32 linear miles (40 stream miles) upstream 
from Lake Houston, near the headwaters of the West Fork San 
Jacinto River. Downstream from the outlet of Lake Houston, 
the San Jacinto River drains into a coastal bayou system.

The mean depth of Lake Houston is about 12 feet and 
the maximum depth is about 50 feet (Liscum and East, 2000). 
Data were collected from five sites in three general locations 
(location incorporated in site short name as A, B, and C) in 
the southwestern quadrant of the lake (fig. 1; table 1): site A 
Alcoa (Lake Houston near Alcoa oil field near Houston, Tex., 
station 295724095092301); site A S of RR (Lake Houston 
south of Union Pacific Railroad Bridge near Houston, Tex., 
station 295826095082200); site B (Lake Houston at mouth of 
Jack’s Ditch near Houston, Tex., station 295554095093401); 
site C Deussen (Lake Houston near Deussen Park near Hous-
ton, Tex., station 295510095084801); and site C CWA (Lake 
Houston at Coastal Water Authority (CWA) structure near 
Houston, Tex., station 295435095082201). The original site 
A station (A Alcoa) and the original site C station (C Deus-
sen) were in shallower water than the site B station; those two 
stations were relocated to deeper parts of the lake partway 
through the study period so that the maximum water depth at 
all sites was similar (thus the reason for two “A” sites and two 
“C” sites). Site A Alcoa, originally near Alcoa oil field, was 
discontinued at the end of February 2008 and replaced in April 
2008 by Site A S of RR, south of the Union Pacific Railroad 
bridge (fig. 2; table 1). Site C Deussen, near Deussen Park, 
was discontinued and replaced in September 2007 by site C 
CWA, closer to the CWA structure. Site C CWA was discon-
tinued in July 2008. 

Methods
Physiochemical properties were monitored hourly at 

four depths in the water column at five sites in Lake Houston. 
Discrete water-quality samples were collected routinely (once 
or twice most months from April 2006 through September 
2008) at the sites where physiochemical properties were 
continuously monitored. Routine water-quality samples were 
analyzed for selected properties and constituents. Discrete 
water-quality samples were collected synoptically (one or two 
times during the study period) at the five sites and analyzed 
for constituents not measured in the routine water-quality 
samples. All data collection and analysis followed documented 
methods and quality-control (QC) procedures. Continuous and 
discrete-sample water-quality data were collected using USGS 
methods documented in the “National Field Manual for the 
Collection of Water-Quality Data” (U.S. Geological Survey, 
variously dated). 

Collection and Processing of Continuous Data

Continuous water-quality data were collected from Lake 
Houston to characterize the in-lake processes that affect water 
quality. Continuous data were collected hourly from mobile, 
multi-depth monitoring stations developed and constructed by 
the USGS (fig. 3). Each monitoring station included a data-
collection system (an anchored pontoon boat) with a gage 
house, a portable multi-probe sonde, solar panels, 12-volt  
batteries, a data recorder and transmitter, and an omni- 
directional antenna. The multi-probe sondes were calibrated  
to standards certified by the USGS National Water Quality 
Laboratory (NWQL) in Denver, Colo. The first version of 
the data-collection system consisted of a “pump-and-switch” 
system (fig. 2) whereby lake water was pumped from dif-
ferent lake depths through tubing of various lengths into a 
flow-through chamber in the gage house. In the flow-through 
chamber, physiochemical water-quality properties were mea-
sured by the portable multi-probe sonde as lake water pumped 
up from the specified depth flowed through the chamber. 
Frequent algal biofouling of the pump-and-switch tubing led 
to development of a new version of multi-depth monitoring. 
Between September 2007 and June 2008, a new version of the 
data-collection system using an automatic profiling system 
was installed at each site to replace the original “pump-and-
switch” system (fig. 2). In the automatic profiling system, 
the portable multi-probe sonde was lowered by an automated 
reel system to specified depths in the water column. For 
both versions of the data-collection system, physiochemical 
water-quality properties were measured every 15 minutes and 
transmitted hourly for four depths, cycling from the shallow-
est to the deepest depth, for the deeper sites (table 1). For 
example, at site B, measurements of physiochemical water-
quality properties from 1 foot below the water surface were 
made at 15 minutes past the hour, measurements from 6 feet 
below the water surface were made at 30 minutes past the 
hour, measurements from 12 feet below the water surface were 
made at 45 minutes past the hour, and measurements from 16 
feet below the water surface were made at the top of the hour. 
Measurements for all depths from a given hour were stored in 
the system and then transmitted hourly through the National 
Oceanic and Atmospheric Administration (NOAA) Geosta-
tionary Operational Environmental Satellite (GOES) network. 
The data then were transferred into the USGS National Water 
Information System (NWIS) database and displayed on the 
Web (U.S. Geological Survey, 2009). 

The continuous water-quality data were processed fol-
lowing USGS methods and guidelines from Wagner and others 
(2006). The record-computation process included an initial 
data evaluation, application of corrections and shifts, a final 
data evaluation, record checking, and record review. The appli-
cation of cross-section corrections was not done as described 
in Wagner and others (2006) because the samples were col-
lected from a lake, not a stream. QC limits for correcting data, 
referred to as “maximum allowable limits,” were established 
for each physiochemical property. If the recorded values 
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differed from the corrected values by more than the maxi-
mum allowable limits, the corrected data were not reported 
or stored in the database. Corrected data that exceeded the 
maximum allowable limits for each physiochemical property 
as defined by Wagner and others (2006) were removed from 
the record, except for turbidity. For turbidity data, Wagner 
and others (2006) recommends a maximum allowable limit of 
±3.0 Nephelometric Turbidity Units (NTU) or ±30 percent, 
whichever is greater. Continuously recorded turbidity data 
that differ from field-measured turbidity data by more than 30 
percent generally are not published or stored in the database. 
In 12 instances, the maximum allowable limit for turbidity 
data variability was modified to ±50 percent. The highly turbid 
nature of water in Lake Houston inhibits algal growth by 
limiting light penetration into the water column (Lee and Rast, 
1997). As water was pumped through the tubing of the pump-
and-switch system, increased ambient temperature as water 
from depth was brought closer to the surface resulted in algal 

growth and biofouling on the inside surfaces of the tubing 
and flow-through chamber. Increased biofouling in the tub-
ing and flow-through chamber resulted in higher-than-actual 
turbidity values, occasionally exceeding the ±30 percent limit. 
However, field measurements during site visits demonstrated 
that shifts could be applied to the continuous data beyond the 
maximum allowable limit to retain valid turbidity values under 
these conditions. The 12 instances for which the maximum 
allowable limits for variability were modified to ±50 percent 
are as follows: at site A Alcoa on November 16, 2006, July 
3, 2007, September 19, 2007, December 31, 2007, January 
30, 2008, and February 7, 2008; at site A S of RR on May 13, 
2008; at site B on October 11, 2007, and April 3, 2008; and at  
site C Deussen on February 22, 2007, April 25, 2007, and 
August 2, 2007. The data for turbidity at site C CWA was 
always within the ±30 percent limit. All instances involved 
turbidity values less than 60 NTU, and most involved val-
ues less than 30 NTU. When the turbidity data variability 

Figure 3. U.S. Geological Survey continuous water-quality monitoring system at site B on Lake Houston, station 295554095093401, Lake 
Houston at mouth of Jack’s Ditch near Houston, Texas (photograph by T.D. Oden, August 14, 2006).
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exceeded ±30 percent but was less than the ±50-percent limit, 
the antecedent and subsequent data patterns were carefully 
reviewed. If the data were considered reasonable they were 
kept as part of the record. This modification of the maximum 
allowable limit for turbidity data for certain periods made 
it possible to retain certain turbidity values as indicators of 
possible changes in the condition of the lake related to runoff 
events or related to stratification. In these cases, because the 
turbidity data beyond the ±30-percent limit followed anteced-
ent and subsequent data patterns, the data were considered 
reasonable and kept as part of the record. As noted by Wagner 
and others (2006), professional judgment by the hydrographer 
is needed in record processing. 

Collection and Analysis of Discrete Data
Discrete water-quality data (samples) were collected 

routinely at all sites to characterize the chemical and biologi-
cal (phytoplankton and bacteria) response to changes in the 

continuous water-quality properties. Routine samples were 
collected monthly in April, May, June, and July 2006, prior 
to installation of the continuous water-quality monitoring sta-
tions. Beginning in August 2006, water-quality samples from 
each monitoring site were collected monthly, with a bi-weekly 
sampling schedule in the summer (fig. 2). The physiochemical 
properties water temperature, specific conductance, pH, dis-
solved oxygen concentration, turbidity, and transparency were 
measured in the field when samples were collected. 

Routine water-quality samples were collected over a 
range of stream discharges into Lake Houston. Sample col-
lection dates and composite daily discharge to Lake Houston 
are shown (fig. 4). Composite daily discharge was computed 
from measured discharge at USGS streamflow-gaging stations 
on tributaries to Lake Houston: 08069000 Cypress Creek near 
Westfield, Tex., 08068500 Spring Creek near Spring, Tex., 
08068090 West Fork San Jacinto River above Lake Houston 
near Porter, Tex., 08070500 Caney Creek near Splendora, 
Tex., 08071000 Peach Creek near Splendora, Tex., 08070200 

Figure 4. Hydrograph showing composite daily mean stream discharge to Lake Houston near Houston, Texas, and dates of discrete 
water-quality sampling for Lake Houston, 2006–08. 
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East Fork San Jacinto River near New Caney, Tex., and 
08071280 Luce Bayou above Lake Houston near Huffman, 
Tex.

At each site, routine samples were collected at about 
1 foot below the water surface, at the midpoint depth of the 
water column, and at about 1 foot above the bottom of the 
lake. Water was pumped from these specified depths in the 
water column through Teflon-lined tubing using a peristaltic 
pump. One end of the tubing was attached alongside a portable 
multi-probe sonde and lowered into the water column. Water 
was collected in sample bottles from the other end of the 
tubing and measurements of physiochemical properties were 
recorded for each sample depth. In between the collection of 
samples at a site, water in the tubing was purged from the line 
using water from the next depth. A clean set of tubing was 
used at each site. 

Routine samples collected on September 16, 2008, three 
days after Hurricane Ike made landfall in the Houston area, 
were collected differently than other discrete samples. Instead 
of a peristaltic pump and Teflon-lined tubing, a Kemmerer 
sampler was used to collect depth-integrated samples at site A 
S of RR and site B. At each site, 1 liter of water was collected 
at the top, middle, and bottom depths and composited into a 
3-liter Teflon bottle. Samples were later processed from the 
integrated sample.

In addition to the routine samples, synoptic samples were 
collected at all sites one or two times during the study period 
to determine the presence and levels of selected constituents 
not analyzed in routine samples. Synoptic samples were col-
lected in the same manner as the routine samples. Routinely 
collected samples (table 2) were measured or analyzed for 
ANC; selected major ions and trace elements (calcium, silica, 
and manganese); nutrients (filtered and total ammonia nitro-
gen, filtered nitrate plus nitrite nitrogen, total nitrate nitrogen, 
filtered and total nitrite nitrogen, filtered and total ortho-
phosphate phosphorus, total phosphorus, total nitrogen, total 
organic carbon); fecal indicator bacteria (total coliform and 
Escherichia coli [E. coli]); suspended-sediment concentration 
and loss-on-ignition; actinomycetes bacteria; taste-and-odor-
causing compounds (2-methylisoborneol [MIB] and geosmin); 
cyanobacterial toxins (total microcystins); and phytoplankton 
abundance, biovolume, and community composition (taxo-
nomic identification to genus).

Routine samples were sent to numerous laboratories 
(table 2) for analysis using various methods. Calcium was  
analyzed by the NWQL following methods described in 
Garbarino and Struzeski (1998). ANC was analyzed by USGS 
personnel at the Texas Water Science Center (WSC) laboratory 
in The Woodlands by inflection-point titration (U.S. Geologi-
cal Survey, variously dated) and at the NWQL following  

Table 2. Routinely sampled discrete water-quality properties and constituents and corresponding analyzing entities for samples 
collected from Lake Houston near Houston, Texas, 2006–08.

[GCPO, U.S. Geological Survey (USGS) Texas Water Science Center (WSC) Gulf Coast Program Office, The Woodlands, Texas; NWQL, USGS National 
Water Quality Laboratory, Denver, Colorado; COH, City of Houston Department of Public Works Water Quality Laboratory, Houston, Texas; LASD, USGS 
Louisiana WSC Sediment Laboratory, Baton Rouge, Louisiana; KYSD, USGS Kentucky WSC Sediment Laboratory, Louisville, Kentucky; OML, USGS 
Ohio WSC Microbiology Laboratory, Columbus, Ohio; OGRL, USGS Kansas WSC Organic Geochemistry Research Laboratory, Lawrence, Kansas;  
PhycoTech, PhycoTech Inc., St. Joseph, Michigan] 

Constituent GCPO NWQL COH LASD KYSD OML OGRL PhycoTech

Physiochemical properties (sampling depth, transparency, 
barometric pressure, dissolved oxygen concentration, pH, 
specific conductance, air temperature, water temperature)

X

Acid neutralizing capacity (ANC) X X

Selected major ions and trace elements (silica, calcium, 
manganese)

X X

Nutrients (ammonia plus organic nitrogen, ammonia, nitrate 
plus nitrite, nitrate, nitrite, total nitrogen, orthophosphate, 
phosphorus)

X X

Fecal indicator bacteria (total coliform, Escherichia coli) X

Suspended sediment X X

Sediment loss-on-ignition X

Actinomycetes bacteria X

Taste-and-odor-causing compounds (2-methylisoborneol, 
geosmin)

X X

Cyanobacterial toxins (total microcystins) X

Phytoplankton (abundance, biovolume, and community 
composition to genus)

X
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methods in Fishman and Friedman (1989). Nutrients were 
analyzed by the COH laboratory according to U.S. Environ-
mental Protection Agency method 365.1 (U.S. Environmental 
Protection Agency, 1993). Nutrients also were analyzed by 
the NWQL using methods described in Fishman and Fried-
man (1989), Fishman (1993), and Patton and Truitt (1992; 
2000). Silica and manganese were analyzed by the NWQL 
(Garbarino and Struzeski, 1998) and by the COH Department 
of Public Works Water Quality Laboratory (U.S. Environ-
mental Protection Agency, 1994a, b). Fecal indicator bacteria 
were analyzed at the Texas WSC laboratory. Fecal indicator 
bacteria, total coliform and E. coli, were analyzed using the 
defined substrate method (American Public Health Associa-
tion, American Water Works Association, and Water Envi-
ronment Federation, 2005, p. 9–72—9–74) and reported as 
most probable number (MPN) per 100 milliliters. Suspended-
sediment concentration was analyzed at the USGS Louisiana 
WSC Sediment Laboratory in Baton Rouge, La., and Ken-
tucky WSC Sediment Laboratory in Louisville, Ky., using 
procedures described in Guy (1969). Loss-on-ignition from 
non-filterable residue also was measured by the USGS Ken-
tucky WSC Sediment Laboratory as described in Fishman and 
Friedman (1989).

Actinomycetes bacteria were analyzed by the USGS Ohio 
WSC Microbiology Laboratory in Columbus, Ohio, using 
standard plate counts (American Public Health Association, 
American Water Works Association, and Water Environment 
Federation, 2005, p. 9–109—p. 9–111) and reported in colo-
nies per milliliter. 

The taste-and-odor-causing compounds, MIB and 
geosmin, were analyzed by the COH laboratory and by the 
USGS Kansas WSC Organic Geochemistry Research Labora-
tory (OGRL) in Lawrence, Kans., using methods described in 
Zimmerman and others (2002). 

The cyanobacterial toxin, microcystin, was measured at 
the OGRL using freeze/thaw extraction (Gjølme and Utkilen, 
1994) and 3-amino-9-methoxy-2,6,8-trimethyl-10-phenyldeca-
4,6-dienoic acid (ADDA) specific enzyme-linked immunosor-
bent assays (ELISA) (Abraxis, 2007). 

Phytoplankton identification (to genus), abundance, and 
biovolume were done by PhycoTech, Inc., using methods simi-
lar to Blomqvist and Herlitz (1998), Olrik and others (1998), 
and Graham and others (2008). Phytoplankton data summaries 
include abundance (cell counts) by division, biovolume by 
division, and a list of observed taxa. 

Synoptic samples were analyzed for major ions, trace 
elements, wastewater indicators, pesticides, VOCs, and carbon 
(table 3). A suite of major ions and trace elements (November 
29, 2007, sample) were analyzed by the NWQL according to 
methods described in Fishman and Friedman (1989), Fishman 
(1993), Hoffman and others (1996), Garbarino and Struzeski 
(1998), and Garbarino and others (2006). Wastewater indica-
tors (November 29, 2007, and September 16, 2008, samples) 
were analyzed by the NWQL using methods described by 
Zaugg and others (2006). Pesticides (triazine and phenylurea 
parents and degradation products) (June 12, 2007, sample) 

were analyzed by the OGRL using methods described by Lee 
and others (2002). VOCs (December 12, 2006, sample) were 
analyzed by the NWQL using methods described by Connor 
and others (1998). Carbon analyses were done by the NWQL 
for the July 17, 2007, sample using methods described in 
Wershaw and others (1987) and for the November 29, 2007, 
sample using methods described in Brenton and Arnett (1993), 
American Public Health Association (1995), and U.S. Envi-
ronmental Protection Agency (1997). Total organic carbon 
(May 24, 2006, sample) also was analyzed by COH accord-
ing to American Public Health Association, American Water 
Works Association, and Water Environment Federation (2005, 
p. 9–53—9–55). 

Quality Control

QC samples were collected as described in the “National 
Field Manual for the Collection of Water-Quality Data” (U.S. 
Geological Survey, variously dated). QC samples consisted of 
one equipment blank, zero to two field blanks (varied among 
constituents), and zero to 74 replicate samples (varied among 
constituents). QC samples were collected to evaluate possible 
sources of contamination that might have been introduced dur-
ing sample collection, processing, transportation, and labora-
tory analysis, and to quantify the bias and variability of the 
analytical data. Equipment blanks, field blanks, and associated 
environmental samples were analyzed using the same meth-
ods at the same laboratories. Replicate samples were sent to 
different laboratories for analysis as a quality-assurance check 
of the main analytical laboratory as well as an assessment of 
the variability of the concentration. QC data and results are 
summarized in table 4. Individual analyzing laboratories con-
duct their own quality-assurance and QC measures, which are 
reflected in the resulting data received from each laboratory; 
those measures are not discussed here.

An equipment blank was collected November 28, 2007, 
in a controlled environment to determine if the equipment 
for sample collection and sample processing contributed any 

Table 3. Synoptic water-quality properties and constituents 
and corresponding analyzing entities for samples collected 
from Lake Houston near Houston, Texas, 2006–08. 

[NWQL, U.S. Geological Survey (USGS) National Water Quality Labora-
tory, Denver, Colorado; OGRL , USGS Kansas Water Science Center 
Organic Geochemistry Research Laboratory, Lawrence, Kansas; COH, 
City of Houston Department of Public Works Water Quality Laboratory, 
Houston, Texas] 

Constituents NWQL OGRL COH
Major ions and trace elements X

Wastewater indicators X

Pesticides X

Volatile organic compounds X

Carbon X X
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contamination to the environmental samples (table 5, at end of 
report). Results of the equipment blank indicate the cleaning 
procedures and equipment were suitable for sample collection. 

Prior to the collection of an environmental sample, 
field blanks were collected on July 27, 2006, and April 23, 
2008. Field blanks were collected and processed at a sample-
collection site to evaluate if the collection, processing, or 
transporting procedures in the field contaminated the envi-
ronmental sample. Results of field blanks indicate little to no 
contamination of environmental samples from equipment or 
processing. For silica, manganese, phosphorus, and suspended 
sediment, concentrations detected in blanks were substantially 
lower than in the associated environmental samples and did 
not create a false positive (constituent incorrectly reported 
as present in the sample when it is not). Detection of these 
constituents at low concentrations is common and is attributed 
to their widespread presence in the environment. Silica was 
detected in the blank and estimated to be 0.04 milligram per 
liter (mg/L), which is the minimum reporting level (MRL) of 
the COH Laboratory and the laboratory reporting level (LRL) 
of the USGS NWQL. The MRL is the lowest measured con-
centration of a constituent that may be reliably reported using 
a given analytical method (Childress and others, 1999) and 

is the most commonly used analytical reporting level of the 
COH laboratory. The LRL generally equals twice the annually 
determined long-term method detection level (LT-MDL) (W.T. 
Foreman, U.S. Geological Survey, written commun., 2003) 
and is the most commonly used analytical reporting level of 
the USGS NWQL. The NWQL approach for determining 
LT-MDLs and establishing LRLs is described in Childress and 
others (1999). 

Replicate samples were collected during the study to 
assess data variability associated with different field and 
analytical methods. The relative percent difference (RPD) 
between environmental sample results and associated replicate 
sample results was computed for each environmental sample-
replicate pair. RPD is computed as

RPD = |c
1 
– c

2
|/([c

1 
+ c

2
]/2)*100,

where
 c

1
 = concentration of environmental sample; and

 c
2
 = concentration of replicate sample.

RPD in sample-replicate pairs analyzed for silica concen-
tration ranged from 0.2 to 68.4 percent. The range in RPD for 

Table 4. Summary of quality-control data and results for water-quality sampling, Lake Houston near Houston, Texas, 2006–08. 

[E. coli, Escherichia coli; MIB, 2-methylisoborneol; --, not applicable or not computed; RPD, relative percent difference; E, estimated; mg/L, milligrams per 
liter; µg/L, micrograms per liter; <, less than; cols./100 mL, colonies per 100 milliliters] 

Constituent Silica
Manga-

nese
Phos- 
phorus

Total  
coliform

E. coli
Suspended 
sediment

Actino-
mycetes

MIB
Geos-

min
Micro-
cystin

Number of environmental 
samples

172 185 176 78 78 189 161 229 229 96

Number of replicate samples 31 41 74 11 12 5 0 22 22 10

Number of replicate detec- 
tions when sample was 
nondetection

0 0 0 0 0 0 -- 0 1 1

Number of replicate nondetec- 
tions when sample was 
detection

0 0 0 0 0 0 -- 8 14 1

Minimum RPD1 .2 .4 0 0 5.0 6.9 -- -- -- --

Maximum RPD1 68.4 34.3 91.3 100 100 40.0 -- -- -- --

Number of field blanks 1 1 2 0 0 1 1 0 0 1

Number of detections in field 
blanks (blank concentration/
environmental concentration)

1 (E.04/ 
6.1 mg/L)

1 (E.3/  
110 
µg/L)

1 (.009/  
.19 
mg/L)

-- -- 1 (3/ 
15 mg/L)

0 -- -- 0

Number of nondetections in  
field blanks (reporting level/
blank concentration)

0 0 1 (<.008/  
<.008 
mg/L)

-- -- 0 1 (<1/ 
<1 cols./ 
mL)

-- -- 1 (<.1/ 
<.1 
µg/L)

Total samples (environmental + 
replicates + field blanks)

204 227 252 89 90 195 162 251 251 107

1 For environmental-replicate pairs in which one or both values of the pair was a censored value (<), the pair was not included in the RPD computation.
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silica replicates is attributed to the difference in methods used 
by the analyzing laboratories; the COH laboratory analyzed 
environmental samples using inductively coupled plasma-mass 
spectrometry (U.S. Environmental Protection Agency, 1994a, 
b), whereas the NWQL analyzed replicates using inductively 
coupled plasma-atomic emission spectrometry (Garbarino and 
Struzeski, 1998). All sample and replicate data for silica were 
retained because differences in results due to other factors 
could not be distinguished from differences due to different 
analyzing methods.

RPDs for manganese sample-replicate pairs ranged 
from 0.4 to 34.3 percent. To evaluate the seven RPDs greater 
than 20 percent out of 42 sample-replicate pairs, manganese 
concentrations from all samples collected on the same day 
were compared. Because of the normally high variability of 
manganese concentrations, especially in lake bottom water, 
and because different laboratories were used as the primary 
analyzing laboratory (COH) and the laboratory analyzing the 
replicates (NWQL) (even though the different laboratories 
used the same method), a higher RPD is considered accept-
able.  Therefore concentrations from sample-replicate pairs 
with greater than 20-percent RPD are considered to be accept-
able in these instances. 

RPDs for sample-replicate pairs of total (unfiltered) 
phosphorus ranged from 0 to 91.3 percent. RPDs for low con-
centrations are expected to be high because small differences 
at low concentrations result in large RPDs, thus RPDs for 
low-concentration sample-replicate pairs for total phosphorus 
are acceptable. The highest detected phosphorus concentration 
was 0.56 mg/L, whereas most detections ranged from 0.1 to 
0.3 mg/L.

RPDs for suspended-sediment sample-replicate pairs 
ranged from 6.9 to 40.0 percent. Similar to phosphorus, RPDs 
greater than 20 percent for suspended sediment are associated 
with low suspended-sediment concentration. The highest RPD 
for suspended sediment was 40 percent, for which the envi-
ronmental sample concentration was 2 mg/L and the replicate 
sample concentration was 3 mg/L. 

For total coliform and E. coli, MPN is a statistical esti-
mate of the actual concentration of fecal indicator bacteria 
in a water sample within an associated confidence interval. 
In some cases, RPD for the sample-replicate pair might be 
high, as much as 100 percent for total coliform in one case. 
However, for every sample-replicate pair, there was overlap of 
the confidence intervals for the MPNs for the environmental 
sample and replicate sample pairs. Overlap of the replicate 
sample confidence intervals with the environmental sample 
confidence intervals confirms that the results of the environ-
mental samples and sample pairs are acceptable.

Blank samples were not collected for MIB and geosmin 
because of the highly unlikely occurrence of environmental 
contamination of these substances. For the one field blank col-
lected for microcystin, the blank concentration was less than 
0.10 microgram per liter (µg/L), the same as the LRL, com-
pared to the environmental sample concentration of less than 
0.10 µg/L indicating no environmental contamination. 

Replicate samples were collected for MIB, geosmin, 
and microcystin to confirm potential detections. Overall low 
concentrations of MIB, geosmin, and microcystin resulted 
in many nondetections (results less than the method detec-
tion level). For all sample-replicate pairs for MIB, geosmin, 
and microcystin, at least one value of each pair was a non-
detection; therefore, RPD could not be computed for these 
sample-replicate pairs. However, results of sample-replicate 
pair values were compared. The LRL for geosmin and MIB 
was 0.005 µg/L at the OGRL. The MRL for geosmin and MIB 
at the COH laboratory was usually 0.002 µg/L, although on 
one occasion it was 0.001 µg/L. In many pairs, low detected 
concentrations of one sample are less than the method detec-
tion level (a nondetection) of the other sample in the pair. For 
example, when 0.003 µg/L was reported by one laboratory and 
less than 0.005 µg/L was reported by the other laboratory, the 
environmental sample value is close but below the reporting 
level of the other laboratory; for such cases the sample pair is 
considered acceptable. In all cases the reported values were 
at, or near, the MRL or LRL for both laboratories and at such 
low concentrations the differences between the reported values 
are not of concern. For microcystin, environmental samples 
and replicate samples were both analyzed by the OGRL. The 
LRL for microcystin was 0.10 µg/L. In most sample-replicate 
pairs, microcystin was not detected in either the environmental 
sample or the replicate sample, and the reported concentration 
was less than 0.10 µg/L for both. For two pairs, microcystin 
was not detected in one sample and was detected near the LRL 
in the other sample. As with geosmin and MIB, the reported 
concentrations in all pairs were at, or near, the LRL for both 
laboratories, and at such low concentrations the differences 
between the reported values are not of concern. All environ-
mental-replicate sample pairs for Geosmin, MIB, and micro-
systin are considered to be acceptable.

Continuous and Discrete Water-Quality 
Data

Continuous and discrete water-quality data collected as 
part of this study are presented in appendixes 1–1 through 
1–10, 2–1 through 2–6, and 3–1 through 3–5. Appendixes 1–1 
through 1–10 contain routinely collected discrete data and cor-
responding quality-assurance data. Appendixes 2–1 through 
2–6 contain discrete data for synoptic samples and corre-
sponding quality-assurance data. Appendixes 3–1 through 
3–5 contain summaries of the continuous water-quality data, 
consisting of minimum, maximum, and daily mean values for 
each physiochemical property (except pH) at each site and 
depth. In addition to tables containing the minimum, maxi-
mum, and daily mean values, appendixes 3–1 through 3–5 also 
include daily mean values for each physiochemical property 
(except pH) displayed graphically. For pH, only minimum and 
maximum daily values are included because a statistical mean 
is not valid for logarithmic values such as pH. Three months 
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(June 2008 through September 2008) of continuous data at site 
A S of RR were removed from the record because of an equip-
ment malfunction.

Summary
Lake Houston, a reservoir impounded by the City of 

Houston, Tex., in 1954, is a primary source of drinking water 
for Houston and surrounding areas. The U.S. Geological Sur-
vey (USGS), in cooperation with the City of Houston, devel-
oped a continuous water-quality monitoring network to track 
daily changes in water quality in the southwestern quadrant of 
Lake Houston beginning in 2006. Continuous water-quality 
data (the physiochemical properties water temperature, spe-
cific conductance, pH, dissolved oxygen concentration, and 
turbidity) were collected from Lake Houston to characterize 
the in-lake processes that affect water quality. Continuous data 
were collected hourly (measured every hour at four differ-
ent depths in 15-minute intervals) from mobile, multi-depth 
monitoring stations developed and constructed by the USGS. 
Multi-depth monitoring stations were installed at five sites in 
three general locations in the southwestern quadrant of the 
lake. Two of three original sites were in shallower water than 
the third original site; those two stations were relocated to 
deeper parts of the lake partway through the study period so 
that the maximum water depth at all sites was similar.

Discrete water-quality data (samples) were collected 
routinely at all sites to characterize the chemical and biologi-
cal (phytoplankton and bacteria) response to changes in the 
continuous water-quality properties. Routine samples were 
collected monthly in April, May, June, and July 2006, prior 
to installation of the continuous water-quality monitoring 
stations. Beginning in August 2006, water-quality samples 
from each monitoring site were collected monthly, with a 
bi-weekly sampling schedule in the summer. At each site, 
routine samples were collected at about 1 foot below the water 
surface, at the midpoint depth of the water column, and at 
about 1 foot above the bottom of the lake. The physiochemical 
properties water temperature, specific conductance, pH, dis-
solved oxygen concentration, turbidity, and transparency were 
measured in the field when samples were collected. In addition 
to the routine samples, synoptic samples were collected at all 
sites one or two times during the study period to determine the 
presence and levels of selected constituents not analyzed in 
routine samples. Synoptic samples were collected in the same 
manner as the routine samples.

Routine samples were measured or analyzed for acid 
neutralizing capacity; selected major ions and trace elements 
(calcium, silica, and manganese); nutrients (filtered and total 
ammonia nitrogen, filtered nitrate plus nitrite nitrogen, total 
nitrate nitrogen, filtered and total nitrite nitrogen, filtered 
and total orthophosphate phosphorus, total phosphorus, total 
nitrogen, total organic carbon); fecal indicator bacteria (total 
coliform and Escherichia coli); sediment (suspended-sediment 
concentration and loss-on-ignition); actinomycetes bacteria; 

taste-and-odor-causing compounds (2-methylisoborneol and 
geosmin); cyanobacterial toxins (total microcystins); and phy-
toplankton abundance, biovolume, and community composi-
tion (taxonomic identification to genus). Synoptic samples 
were analyzed for major ions, trace elements, wastewater 
indicators, pesticides, volatile organic compounds, and carbon. 
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