
Water-quality trends were assessed in Lake Houston using age-dated sediment cores. Sedi-
ments deposited in the lake contain a partial chemical signature of human activities in the water-
shed. Over time, a water-quality history is recorded in the bottom sediments. Although the 
sediments in Lake Houston are clean compared to sediment-quality guidelines, increasing concen-
trations of mercury, zinc, and polycyclic aromatic hydrocarbons (PAHs) during the past several 
decades are evidence of the increasing human effect on water quality. The positive effects of 
regulation are indicated by decreases in concentrations of lead and DDT.

As cities grow and urban sprawl 
replaces rangeland, agricultural fields, and forests, water quality 
declines (Van Metre and others, 2000). Large numbers of people, 
cars and trucks, the presence of industries, and large amounts of 
impervious surface all contribute to the decline. Conversely, new 
regulations and other changes in human activities, for example, 
banning a pesticide or switching to unleaded gasoline, can result 
in improvements in water quality (Callender and Van Metre, 1997; 
Van Metre and others, 1997). 

Many of the contaminants of concern in the environment are 
hydrophobic (literally “water fearing”) and are, therefore, mostly 
attached to soils and sediments. Just because they are not dis-
solved in water, however, doesn’t mean they are not of concern. In 
2001 the Agency for Toxic Substances and Disease Registry and 
the U.S. Environmental Protection Agency (USEPA) published a 
priority list of hazardous substances (Agency for Toxic Sub-
stances and Disease Registry, 2001). Fifteen of the top 20 contam-
inants on the list are hydrophobic, including 4 trace elements and 
11 organic contaminants. 

One method for determining trends in hydrophobic contami-
nants is the chemical analysis of sediment cores. As sediments 
accumulate in lakes and bays, they create a partial historical 
record of water quality. The purpose of this study was to deter-
mine historical trends in the concentrations of selected hydropho-
bic contaminants in the Lake Houston watershed using sediment 

cores from the lake. The study was a cooperative effort between 
the U.S. Geological Survey (USGS) and the City of Houston. 
This report describes the methods of collecting and age-dating 
sediment cores and the resulting historical trends in hydrophobic 
contaminants. The report also briefly describes the results of tribu-
tary streambed sampling to help explain differences in sources of 
contaminants to the lake on the basis of land use. The report con-
cludes with implications of the findings for the water quality of 
Lake Houston. 

Lake Houston is a shallow reservoir on the San 
Jacinto River located about 25 miles northeast of Houston, Tex. It 
was constructed by the City of Houston in 1954 with a maximum 
capacity of 146,700 acre-feet and surface area of 19.1 square 
miles. The drainage area for Lake Houston (fig. 1) is 2,835 square 
miles. The upper end of the lake splits into two arms. Tributaries 
to the western arm include the West Fork San Jacinto River, 
Spring Creek, and Cypress Creek, together draining about 61 per-
cent of the watershed. The eastern tributaries include the East Fork 
San Jacinto River, Peach Creek, Caney Creek, and Luce Bayou, 
draining about 33 percent of the watershed.

The area that drains to the eastern arm of the lake (fig. 1, 
area 1) is predominately forest land. The area that drains to the 
western arm of the lake through the West Fork San Jacinto River 
(fig. 1, area 2) also is largely forest land, although there is some 
agricultural land. The other tributaries to the western arm of the 
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lake, including Cypress and Spring Creeks, drain an area (fig. 1, 
area 3) that contains most of the agricultural and urban land in the 
watershed. Thus, there are differences in land use between the 
areas that drain to the eastern and western arms that could lead to 
differences in contaminant levels in the sediment.

Sediment cores were collected from three locations 
in Lake Houston in 1997: one site on each of the two major arms 
in the upper lake (HOW and HOE for the western and eastern 
arms, respectively) and one site in the lower part of the lake near 
the dam (HOS) (south site) (fig. 1). The HOW and HOE sites were 
selected to evaluate the effects on sediment quality of runoff from 
areas of different land use, and the HOS site was selected to evalu-
ate the integrated effect of all land uses in the watershed.

Several gravity and box cores were collected at each of the 
three sampling sites. One gravity core from each site was split 
lengthwise and described visually on site. Other cores were 
extruded vertically, and slices were removed for chemical analy-
sis. Analyses included cesium-137 (137Cs) (HOE only), poly-
chlorinated biphenyls (PCBs), PAHs, organochlorine pesticides, 
and major and trace elements. 

The samples were analyzed by USGS laboratories using vari-
ous methods. 137Cs for age dating was measured by radioactive 
counting (similar to the method used by Callender and Robbins, 
1993). Organic compounds were measured by gas chromatogra-
phy/mass spectrometry (GC/MS) (Foreman and others, 1995; 
Furlong and others, 1996). Major and trace elements were meas-

ured by inductively coupled plasma/atomic emission spectroscopy 
(ICP/AES) and graphite-furnace atomic adsorption (GFAA) 
(Fishman and Friedman, 1989).

Age-dating of sediment cores was done using the pre-
reservoir boundary (dated as 1954) and the sampling date in July 
1997 as date markers. In reservoir sediment cores, sediment 
deposited after the lake formed is easy to distinguish from pre-
reservoir soil. The gravity cores all penetrated to pre-reservoir 

Figure 1.  Lake Houston watershed showing land use (about 1992) and locations of lake sediment cores and streambed sediment 
samples. 
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soils that, below Lake Houston, were relatively dry and contained 
sand and root hairs. Lake sediments were very soft, wet clays. 
Samples between the pre-reservoir surface and the top of the cores 
were assigned age dates assuming the sedimentation rate was 
constant. Dates assigned in this manner to the HOE core were 
corroborated by the 137Cs profile (fig. 2).  137Cs is a radionuclide 
released to the atmosphere by nuclear weapons testing. 137Cs 
reached a peak concentration in the atmosphere during 1963–64. 
The 137Cs profile measured in the HOE core has a peak in the 
lower part of the core. The date of 1964 assigned to this interval 
confirms that the sediment record extends back to when the reser-
voir was built in 1954 and indicates that sedimentation has been 
relatively constant over time. 

Streambed sediment samples were col-
lected from seven sites on the six largest tributaries (fig. 1) using 
the method of Shelton and Capel (1994). Streambed sediments 
were analyzed for PCBs, PAHs, and organochlorine pesticides 
using the methods described for core samples. These samples 
were collected to help explain differences in sources of these 
organic contaminants to the lake as a function of land use in the 
watershed.

Trends
PCBs were widely used in urban and industrial applications 

in the United States from the 1950s to the 1970s. They are highly 
resistant to chemical breakdown and were banned by the USEPA 
in the 1970s. PCBs were detected in small concentrations in the 
HOW and HOS cores (maximums of 6.5 and 8.8 micrograms per 

kilogram [�g/kg], respectively). The detections were all in sedi-
ment deposited before about 1975. No PCBs were detected in the 
HOE core, reflecting the more rural, forested, eastern drainages. 

PAHs are produced by combustion of hydrocarbons, result-
ing in many urban sources including industrial and power plant 
emissions; car and truck exhaust; leaking motor oil; and wear of 
tires, asphalt roads, and roofs. PAHs are an environmental concern 
because they are toxic to aquatic life and because several are 
known or suspected carcinogens.

Total “combustion” PAH concentrations (the sum of nine rep-
resentative PAH compounds [Barrick and Prahl, 1987]) increased 
from about 100 to about 300 �g/kg in the HOW and HOS cores 
during the past 40 years (fig. 3). These increases are statistically 
significant (Spearman’s rank correlation test at a greater-than-
95-percent confidence level). The largest concentration was 

Figure 3.  PAH trends in Lake Houston cores. 
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486 �g/kg in a sample from the early 1990s in the HOW core. 
Both sites are influenced by urbanization that has occurred along 
the western tributaries to Lake Houston. In contrast, PAH concen-
trations in the HOE core range from about 100 to 220 �g/kg and 
do not show a statistical trend, probably reflecting the more rural 
setting of the eastern tributaries. 

Van Metre and others (2000) reported 
increasing PAH concentrations in response to 
urbanization in many urban lakes and found a 
relation to changes in traffic volume (vehicle 
miles driven) in some of them. For compari-
son, traffic data for greater Houston since the 
early 1980s are shown in figure 3 (Schrank 
and Lomax, 1999). Although the PAH concen-
trations in the Lake Houston cores are still rel-
atively small compared to most urban lakes 
(Van Metre and others, 2000), the increases 
in the HOW and HOS cores suggest urban 
growth is affecting sediment quality in the 
lake. 

DDT use in the United States peaked in 
about 1960 (fig. 4) and was banned by the 
USEPA in the United States in 1972. DDT 
breaks down into DDE and DDD, which also 
are toxic and very resistant to further chemical 
breakdown. In Lake Houston, only one sample 
had detectable DDT, 0.5 �g/kg in a sample 
from the HOW core dated about 1963. DDD 
also was rarely detected, with reportable levels 
in only four samples. DDE, however, was 
detected in 9 of 10 samples from HOS and 11 
of 15 samples from HOW, but only 1 of 11 
from HOE. These differences reflect land-use 
differences between areas draining to the west-
ern and eastern tributaries and indicate histori-
cal urban and agricultural uses of DDT in 
areas draining to the western tributaries. DDE 
concentrations are very low compared with 
those of most urban lakes (Van Metre and oth-
ers, 1997). Decreases since the 1960s in DDE 
in the HOW and HOS cores are statistically 
significant. DDE was not detected in the most 
recent sample from any of the three cores. 

Trace element concentrations 
in core samples from Lake Houston are rela-
tively stable over time, with the exception of 
modest variations in arsenic and lead and 
small increasing trends in mercury and zinc 
(fig. 5). The large “bulge” in lead concentra-
tions in the HOS core in the 1970s matches 
the timing of elevated lead concentrations in 
cores from numerous urban lakes across the 
country caused by the use of leaded gasoline 
(Callender and Van Metre, 1997). Decreases in 
lead since 1975 are statistically significant in 
all three cores. Increasing trends in zinc since 

the late 1950s also are significant in all three cores, and increasing 
trends in mercury are indicated at HOS and HOE. Mercury was 
not measured in the HOW core.

Concentrations of all six trace elements shown in figure 5 are 
much lower in some samples from the bottoms of the cores, which 

Figure 5.  Trends in six trace elements in Lake Houston cores. 
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reflect concentrations in pre-reservoir soils, erosion of bank 
material soon after lake formation, or possibly some mixing of 
lake sediment and soils. These low-concentration samples were 
not included in the statistical trend testing.

Relations among cores relative to concentrations of these six 
elements fall into one of three patterns: (1) One side of the water-
shed (HOE core) has higher concentrations than the other (HOW 
core), and the main-lake core (HOS) has intermediate concentra-
tions (arsenic and chromium); (2) both sides of the watershed 
(HOW and HOE cores) are similar, and the HOS core has higher 
concentrations (lead and nickel); and, (3) all the cores are similar 
(mercury and zinc). 

Arsenic and chromium concentrations (pattern 1) in the 
HOE core are elevated relative to the HOW core. Concentrations 
in the HOS core are intermediate to the HOW and HOE cores, 
suggesting a mixing of inputs from the two arms. Both arsenic 
and chromium are used to preserve 
wood, and arsenic also is an ingredi-
ent in pesticides; however, we don’t 
know if differences in the cores are 
caused by anthropogenic or natural 
sources.

Lead and nickel (fig. 5) show 
another type of relation among 
cores (pattern 2). Concentrations of 
these constituents are similar for the 
HOW and HOE cores and relatively 
greater in the HOS core. Greater 
concentrations in the HOS core could 
be the result of the relatively smaller 
grain size in the sediments there 
and (or) greater manganese and iron 
concentrations. Many metals bind to 
sediments proportionally to the 
available surface area of the sedi-
ments (a function of grain size) and 
bind to iron and manganese oxide 
coatings on sediments.

Mercury and zinc concentrations (pattern 3) are similar and 
gradually increasing in all cores (fig. 5). Mercury concentrations 
approximately doubled from the 1950s to the 1990s, and zinc 
concentrations increased by about 15 percent. Anthropogenic 
mercury in lake sediments generally is assumed to come from 
atmospheric fallout, primarily from coal-fired plants and waste 
incineration. Elevated zinc concentrations in aquatic sediments 
occur in other urban streams and lakes in the United States 
(Callender and Rice, 2000) and could be caused partly by tire 
wear; car and truck tires contain zinc. Thus environmental zinc, 
like PAHs, is a general indicator of the effects of urbanization and 
traffic.

Contaminants in Streambed 
Sediment

The only organochlorine pesticide detected in the streambed 
sediment samples from the six tributaries is chlordane, and those 
detections are at low levels (maximum concentration 3.9 �g/kg). 
No PCBs were detected. PAHs also were at relatively low levels, 
but did show a spatial pattern suggesting urban sources (fig. 6). 
Streams in figure 6 are sorted from west to east, which is approxi-
mately most to least urban. Total combustion PAH in the Cypress 
Creek sample was 324 �g/kg, similar to concentrations in the 
HOW and HOS cores. In contrast, PAHs in the more rural eastern 
tributary sites are less than 50 �g/kg. 

Implications for Water Quality
One way to evaluate sediment quality is to compare concentra-

tions to sediment-quality guidelines developed for the protection 
of aquatic life. The guidelines used here are the consensus-based 
sediment-quality guidelines for freshwater ecosystems developed 
and evaluated by MacDonald and others (2000). They were shown 

Figure 6.  Total combustion PAH in streambed sediments from 
seven sites on the six largest tributaries to Lake Houston. 
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Table 1.  Comparison of maximum constituent concentrations in cores with sediment-
quality guidelines1 

[TEC, threshold effect concentration; PEC, probable effect concentration; �g/kg, micrograms 
per kilogram; �g/g, micrograms per gram; --, not analyzed] 

1 MacDonald and others (2000).
2 Sum of 18 parent PAHs plus their alkyl-PAH homologues.

Constituent
Site Guideline1

HOW HOE HOS TEC PEC

Total PAH2 (�g/kg) 800 600 840 1,610 22,800

DDE (�g/kg) 2.4 .4 2.5 3.16 31.3

Arsenic (�g/g) 7.9 13 11 9.79 33

Chromium (�g/g) 86 96 80 43.4 111

Lead (�g/g) 39 37 54 35.8 128

Mercury (�g/g) -- .096 .12 .18 1.06

Nickel (�g/g) 30 25 30 22.7 48.6

Zinc (�g/g) 106 100 104 121 459
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to be reliable predictors of toxicity or lack of toxicity in sediments 
from a variety of settings in North America.

None of the constituents measured in the Lake Houston cores 
exceeds the probable effect concentration (PEC), the level above 
which toxic effects are predicted (table 1). In several cases, trace 
elements exceed the threshold effect concentration (TEC), the 
level below which no toxic effect is predicted. Concentrations of 
these naturally occurring elements often are above the TEC, even 
in natural settings (P.C. Van Metre, U.S. Geological Survey, 
unpub. data, 2001). PAHs and DDE are at low levels, below the 
TEC. Thus, the Lake Houston sediments are relatively clean com-
pared to the guidelines.

Low levels of contaminants compared to toxicity guidelines are 
not, however, the whole story at Lake Houston. Contaminant 
trends and spatial patterns in the cores and streambed sediments in 
relation to land use, historical uses of some contaminants, and 
environmental regulations indicate that 

•  Environmental regulations can be successful in eliminating or 
reducing the entry of contaminants into aquatic systems, as 
indicated by decreasing trends in PCBs, DDE, and lead.

•  Urbanization is affecting water and sediment quality in the lake, 
as indicated by higher concentrations of PCBs, PAHs, and 
DDE in the HOW core than in the HOE core and by 
increasing trends in PAHs, mercury, and zinc.
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