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Major and Trace Elements in 35 Lake
and Reservoir Sediment Cores From
Across the United States, 1994—-2001

By Peter C. Van Metre, Barbara J. Mahler, Jennifer T. Wilson, and Edward Callender

Abstract

This report presents data on major and trace element con-
centrations in sediment cores collected from 35 lakes and reser-
voirs during 1994—-2001. The lakes and reservoirs are located in
or near 18 major urban areas across the United States and pro-
vide a geographically diverse coverage of urban land use for the
country as well as some reference settings. Vertical intervals of
the cores were analyzed for eight major elements and eight trace
elements.

Introduction

One approach to reconstructing historical trends in trace
elements in aquatic systems is to analyze sediment cores col-
lected from lakes, reservoirs, estuaries, or the oceans. Analysis
of sediment cores has been used to determine the historical con-
tribution of localized sources to aquatic-sediment contamina-
tion (Covelli and others, 2001; Hornberger and others, 1999;
Sonke and others, 2002; Spliethoff and Hemond, 1996). In other
cases, sediment cores have been used to reconstruct histories of
long-range atmospheric deposition in remote areas where no
local sources are present (for example, the Swiss Alps (Birch
and others, 1996) or the Indiana Dunes (Perkins and others,
2000)).

The purpose of this report is to present data for eight trace
elements (arsenic, cadmium, chromium, copper, lead, mercury,
nickel, and zinc) of environmental concern in lake and reservoir
sediment cores at a national scale. The trace element data, as
well as the major element and organic carbon data presented in
this report, were collected as part of the U.S. Geological Survey
(USGS) National Water-Quality Assessment (NAWQA) pro-
gram, of which one goal is assessment of trends in water quality
across the United States. During 1994-2001, sediment cores
were collected from 35 lakes and reservoirs in or near 18 major
urban areas (fig. 1; table 1). Land use in the watersheds ranges

from undeveloped (reference) to entirely urbanized (dense
urban).

Detailed information on collection, analysis, and age-
dating of the sediment cores for which data are presented in this
report is available in Van Metre and others (2004). That report
includes a discussion of study design, sampling-site selection,
core collection and subsampling, and interpretation of radionu-
clide profiles to assign date of deposition to intervals within
each core. A qualitative rating assigned to each core indicates
the reliability of age assignments.

Study Design

Sediment cores were collected from 35 lakes and reser-
voirs in the United States during 1994-2001 (12 natural lakes
and 23 reservoirs, hereinafter referred to as lakes except where
the distinction is relevant). The 35 lakes are a subset of 58 lakes
sampled by the USGS during 1992-2001, 56 of which are dis-
cussed in Van Metre and others (2004). The NAWQA design
provided a national framework for identifying potential study
areas (Gilliom and others, 1995). The selection of urban areas
for this study was based on the combination of NAWQA study
units, metropolitan statistical areas (MSAs) (U.S. Census
Bureau, 1997), and ecoregions (Omernik, 1987). Urban areas
were selected to broadly represent the diversity of ecoregions
where a majority of U.S. cities and urban populations are
located. Lakes were sampled in one or more cities in the five
most populous (summing urban population only) level II ecore-
gions and eight of the 11 most populous ecoregions. The design
provides a geographically diverse coverage of major urban
areas of the country. In urban settings, residential and commer-
cial land-use areas were favored, and large point-source and
heavily contaminated industrial areas were avoided. Lakes with
small drainage-area-to-surface-area ratios and undeveloped
watersheds were chosen as reference lakes to assess trends in
atmospheric fallout.

The 35 lakes presented here (table 1) were selected
from the 58 lakes sampled because (1) they are representative
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¢ Reservoir and identifier (table 1) 1

° Natural lake and identifier (table 1)
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1. Lake Ballinger, Wash. 13. Lake Como, Tex. 25. Panola Lake, Ga.

2. Tolt Reservoir, Wash. 14. Echo Lake, Tex. 26. Lake Killarney, Fla.

3. Lake Washington, Wash. 15. Fosdic Lake, Tex. 27. Lake Anne, Va.

4, West Street Basin, Calif. 16. White Rock Lake, Tex. 28. QOrange Reservoir, N.J.

5. R.R. Canyon Lake, Calif. 17. Town Lake, Tex. 29. Newbridge Pond, N.Y.

6. Sweetwater Reservoir, Calif. 18. Lake Houston, Tex. 30. Big Round Top Pond, R.I.

7. Lake Mead, Las Vegas Bay, Nev./Ariz. 19. Palmer Lake, West Lobe, Minn. 31. Harris Pond, Middle, Mass.
8. Great Salt Lake, Farmington Bay, Utah 20. Lake Harriet, Minn. 32. Upper Mystic Lake, Mass.

9. Red Butte Reservaoir, Utah 21. Lake in the Hills, lIl. 33. South Reservoir, Mass.

10. Lake Elbert, Colo. 22. Beck Lake, Il 34. Charles River, Lower, Mass.
11. Mills Lake, Colo. 23. Shoe Factory Road Pond, IIl. 35. Crocker Pond, Maine

12. Sloans Lake, Colo. 24. Berkeley Lake, Ga.

Figure 1. Locations of lake sediment coring sites, 1994-2001.

of target land-use settings (urban and reference), (2) their
sediment-core profiles do not appear to be unduly affected by
diagenesis and post-depositional sediment mixing, and (3) the
age-control for the cores was judged to be reliable for trend
testing at least back to 1970. The date of 1970 was chosen as
the starting point for trend testing because it coincides with a
shift in national policy toward stronger environmental protec-
tion in the United States and thus is of interest for trend testing
(Van Metre and Mabhler, 2005; Mahler and others, 2006). Land
use in the watersheds was categorized as dense urban (52- to 95-
percent urban land use; 13 lakes), light urban (6- to 43-percent
urban; 13 lakes), or reference (less than 1.5-percent urban; nine
lakes), as determined from the U.S. Geological Survey (1992)
National Land Cover Data 1992 (NLCD92). Three of the nine

reference lakes are water-supply reservoirs in protected water-
sheds, and five of the lakes and their watersheds are in county,
state, or national parks; the remaining reference lake (Big
Round Top Pond) has 1.5-percent developed land, consisting of
one road and a few houses, and no evident agriculture or grazing
land.

Core Collection

Cores were collected, in most cases, from the deepest
part of the lake or in the downstream part of the reservoir
where post-depositional disturbance was assumed to be mini-
mal (Van Metre and others, 2004). Collection devices included



Table 1.

Watershed characteristics of lakes and reservoirs sampled during 1994-2001.

[--, not recorded]
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Watershed
Mgp ID Lake name Nearest major Date Lakoer (L z\tl?;toerrindgeg(t: area? ufbearr?le:r:d Land-use
(fig. 1) and state urban area sampled reservoir (R)! (meters) .(square use type
kilometers)
1 Lake Ballinger, Wash. Seattle 06/08/1998 L 9.9 13.7 73.1 dense urban
2 Tolt Reservoir, Wash. Seattle 06/11/1998 R 18.3 473 0 reference
3 Lake Washington, Wash. Seattle 06/09/1998 L 62.5 1,470 37.6 light urban
4 West Street Basin, Calif. Los Angeles 11/12/1998 R 1.2 3.30 79.8 dense urban
5 R.R. Canyon Lake, Calif. Los Angeles 11/10/1998 R 11.3 1,860 8.3 light urban
6 Sweetwater Reservoir, Calif. San Diego 09/24/1998 R 16.2 470 9.9 light urban
7 Lake Mead, Las Vegas Bay, Las Vegas 05/11/1998 R 105.2 5,240 7.9 light urban
Nev./Ariz.
8 Great Salt Lake, Farmington Salt Lake City 04/07/1998 L 1.2 10,300 11.0 light urban
Bay, Utah
9 Red Butte Reservoir, Utah Salt Lake City 04/09/1998 R 7.6 19.7 0 reference
10 Lake Elbert, Colo. Denver 09/16/1999 L 55 1.06 0 reference
11 Mills Lake, Colo. Denver 09/14/1999 L 6.7 12.1 0 reference
12 Sloans Lake, Colo. Denver 08/19/1997 L 1.1 8.24 80.1 dense urban
13 Lake Como, Tex. Fort Worth 03/08/2001 R 7.8 2.70 93.9 dense urban
14 Echo Lake, Tex. Fort Worth 03/06/2001 R 4.6 2.60 95.5 dense urban
15 Fosdic Lake, Tex. Fort Worth 03/07/2001 R 24 1.20 83.7 dense urban
16 White Rock Lake, Tex. Dallas 07/06/1994 R 4.6 264 66.5 dense urban
17 Town Lake, Tex. Austin 08/26/1998 R 8.7 405 25.0 light urban
18 Lake Houston, Tex. Houston 07/10/1997 R 134 2,830 6.7 light urban
19 Palmer Lake, West Lobe, Minneapolis 07/30/1997 L .6 64.2 51.9 dense urban
Minn.
20 Lake Harriet, Minn. Minneapolis 07/29/1997 L 21.3 6.07 60.6 dense urban
21 Lake in the Hills, I11. Chicago 07/19/2001 R 8.5 24.0 14.9 light urban
22 Beck Lake, I11. Chicago 07/17/2001 R 4.0 3.26 21.3 light urban
23 Shoe Factory Road Pond, Ill. Chicago 07/18/2001 L 5 .02 0 reference
24 Berkeley Lake, Ga. Atlanta 05/19/1999 R 15.2 3.01 28.1 light urban
25 Panola Lake, Ga. Atlanta 05/18/1999 R 52 54 1.1 reference
26 Lake Killarney, Fla. Orlando 03/16/1999 L 7.5 6.34 63.9 dense urban
27 Lake Anne, Va. Washington D.C. 06/24/1996 R 8.2 2.28 34.4 light urban
28 Orange Reservoir, N.J. Newark 09/18/1997 R -- 11.7 425 light urban
29 Newbridge Pond, N.Y. New York 09/22/1997 R 1.8 7.91 96.0 dense urban
30 Big Round Top Pond, R.I. Boston 07/25/2000 R 1.2 23.3 1.5 reference
31 Harris Pond, Middle, Mass.  Boston 07/26/2000 R -- 82.8 10.6 light urban
32 Upper Mystic Lake, Mass. Boston 08/31/2000 L 1.4 66.2 67.3 dense urban
33 South Reservoir, Mass. Boston 09/01/2000 R 139 1.90 2 reference
34 Charles River, Lower, Mass. Boston 07/28/2000 R 9.8 787 71.8 dense urban
35 Crocker Pond, Maine none 08/30/2000 L 2.7 .81 0 reference

! Lake refers to naturally formed water body; reservoir refers to impounded stream or any other man-made lake.

2 Excludes drainage above upstream reservoirs.
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box corers, piston corers, gravity corers, and push corers. In
all cases the sample was collected inside a clean polycarbonate
liner. Cores were vertically extruded on-site and sectioned
into intervals ranging in thickness from 0.5 to 5 centimeters
or more, depending on the assumed or known sedimentation
rate at the site, sample mass requirements for chemical
analyses, and site-specific objectives. The sediment was not
sieved.

Analytical Methods

Core sediment samples for major and trace element analy-
ses were freeze-dried and ground to a fine powder. Elemental
concentrations were determined on concentrated-acid digests
either by inductively coupled plasma-atomic emission spec-
trometry (ICP/AES) (Lichte and others, 1987) or by inductively
coupled plasma/mass spectrometry (ICP/MS) (Briggs and
Meier, 2003). For samples using ICP/AES, cadmium was ana-
lyzed by graphite furnace atomic adsorption spectrometry
(Aruscavage and Crock, 1987). Mercury concentrations were
determined by cold vapor atomic adsorption spectroscopy
(Brown and others, 2003). Quality assurance was provided by
analyzing several standard reference materials (SRMs), an
environmental duplicate, and a blank sample with each batch of
as many as 20 samples. The two methods used for trace ele-
ments performed well on the basis of analyses of the same four
SRMs. Median relative percent difference for all elements for
all SRMs was 2.0 percent for ICP/AES and 4.4 percent for
ICP/MS. Cadmium was not analyzed for one lake, and mercury
was not analyzed for three lakes.

Major and Trace Elements in Lake Sediment
Cores

Sediment cores ranged in length from 11 centimeters
(South Reservoir and Crocker Pond) to 188 centimeters (Sweet-
water Reservoir) (table 2, at end of report). The dates of depo-
sition assigned to sampled intervals of the sediment core for
each lake (Van Metre and others, 2004) also are listed in table 2.
The lake with the shortest time recorded in the sediment core
was Tolt Reservoir, which had bottom-of-core sediment esti-
mated to have been deposited in 1965. The water bodies with
the longest time recorded in sediment cores were Lake Elbert
and Lake Harriet (natural lakes), both of which had bottom-of-
core sediment estimated to have been deposited during the
1770s. Cores from seven lakes had bottom-of-core sediment
estimated to pre-date 1900.

Analysis of historical trends in trace elements in sediment
cores from these 35 U.S. lakes is presented in Mahler and others
(2006). Data for eight major elements, eight trace elements, and
organic carbon analyzed in the sediment core from each of the
35 lakes in this report are presented in table 2.

Summary

Sediment cores from lakes and reservoirs can be used
to reconstruct historical trends in trace elements in aquatic
systems. Major and trace element and organic carbon data
are presented here for sediment cores collected during 1994—
2001 from 35 lakes and reservoirs located in or near 18 major
urban areas across the United States. Land use in the watersheds
was categorized as dense urban, light urban, or reference. The
sediment cores were vertically sectioned into intervals, each
interval was analyzed for a suite of major and trace elements,
and date of deposition for each interval was assigned. The age
of bottom-of-core sediment ranged from the 1770s to 1960s.
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8 Major and Trace Elements in 35 Lake and Reservoir Sediment Cores From Across the United States, 1994-2001
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