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Volatile Organic Compounds in Lake Tahoe,
Nevada and California, July-September 1997

L ake Tahoe, renowned for its high alpine setting and deep, clear
waters, is designated an Outstanding Natural Resource Weater. It liesin
the Lake Tahoe Basin, approximately 240 kilometers (km) from Calif-
ornia's San Francisco Bay metropolitan area. Because of its beautiful
setting in the mountains of the Sierra Nevada to the west and Carson
Range to the east and its proximity to large population centers, the
|ake has become a mecca for outdoor sports.

U.S. Environmental Protection Agency estimates that nationwide
use of personal watercraft (PWC) constituted approximately 4 percent
of al watercraft use in 1993 and will rise to over 20 percent by 2007
(U.S. Environmental Protection Agency, 1996). Two-cycle PWC's are
estimated to discharge from 20 to 30 percent of the incoming fuel out
of the exhaust (National Marine Manufacturers Association, written
commun., 1997).
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Figure 1. Lake sampling sites in Lake Tahoe Basin, Nevada and California.

In February 1997, the Tahoe Regional Planning Agency (TRPA)
governing board held hearings to gather information on the potential effects
of watercraft powered by carbureted 2-stroke engines on L ake Tahoe water
quality and whether their use in the lake should be banned. During the
hearings, information about the potential effect of hydrocarbon emissions on
|lake-water quality was presented. However, no data specific to Lake Tahoe
were available to characterize the occurrence of gasoline products from
PWC or any other sources or the effects of such products on water quality in
Lake Tahoe.

During the summer of 1997, the U.S. Geological Survey (USGS), in
cooperation with TRPA and with assistance from Tahoe Research Group
(TRG), sampled lake waters within the Lake Tahoe Basin for volatile
organic compounds (VOC's) including methyl tert-butyl ether (MTBE),
ethyl tert-butyl ether (ETBE), tert-amyl methyl ether (TAME), benzene,
toluene, ethylbenzene, and xylene (isomers ortho-, meta-, and para-).

Sampling Sites and Procedures

Water samples were collected July 29 through August 2 and September
2 through September 5, 1997 (table 1). Site locations are shown in figure 1.
During the first sampling period, sites were chosen to be consistent with
those where long-term traditional limnological data have been collected by
the TRG of the University of Cdifornia, Davis: nearshore to Tahoe City
(site 3) and offshore southeast of Tahoe City (site 4). Site locations during
the second sampling period were chosen to provide spatially distributed data
where watercraft activity is common. Sampling sites on Lake Tahoe were
near InclineVillage, Nev. (site 1); Kings Beach, Calif. (site 2); Glenbrook,
Nev. (site 6); Homewood, Calif. (site 7); Zephyr Cove, Nev. (site 8); Tahoe
Keys, Cdlif. (site 9); and the deepest part of the lake (site 5). Other lakes
sampled during the second sampling period included Marlette Lake, Nev.
(site 10); Cascade Lake, Cdlif. (site 11); and upper Angora Lake, Calif. (site
12). These three lakes were sampled as background reference sites because
neither Marlette Lake nor upper Angora Lake has any motorized watercraft
traffic. Cascade L ake has limited motorized watercraft traffic consisting of a
few boats with small 2-stroke motors that are used by residents of seasona
homes around the lake.

Water temperature, pH, specific conductance, and dissolved-oxygen
measurements were made at 1- or 2-meter (m) increments to the deepest
sampling point. At the mid-lake L ake Tahoe sites (sites 4 and 5), and at the
Marlette Lake, Cascade Lake, and upper Angora Lake sites (sites 10-12), a
thermocline was detected and the deepest sampling point was below the
thermocline. These onsite measurements were made by using a multi-
parameter sensor, which was calibrated on location.

Sampling protocols outlined by Shelton (1997) were used for sampling
the VOC's. The sampler used was a modified stream sampler lowered to the
desired depth on a stainless-steel cable attached to a calibrated reel. The
?ampI;ng equipment was cleaned before each sample as detailed by Shelton

1997).

Immediately upon retrieval, the sampler was placed in a preservation
chamber (Shelton, 1994) to prevent contamination of the samples by atmos-
pheric sources. Quality-control samples consisted of VOC-free water
(blanks) exposed to the same sampling equipment and environment as the
lake samples (table 1). Samples were preserved with 1:1 hydrochloric acid
and sent overnight to the USGS National Water-Quality Laboratory in
Arvada, Colo. Presence and concentrations of compounds were determined
by gas chromatograph-mass spectrometer (Conner and others, 1998).

Results

Concentrations of the VOC's are shown in table 1. MTBE was detected
in al Lake Tahoe samples. MTBE concentrations at nearshore sites, at a
depth of 3 m, ranged from 0.30 microgram per liter (ug/L) near Glenbrook
(site 6), to 4.2 pug/L near Tahoe City (site 3). The MTBE concentrations at
3-m depth at offshore sites 4 and 5 were 0.59 pg/L and 0.42 pg/L, respec-
tively. These resultsindicate a variability in the spatial distribution of
MTBE at shallow depths, with larger concentrations nearer sites with sub-
stantial watercraft activity. MTBE concentration near Tahoe City (site 3) on
July 29 was 1.5 pg/L; on August 2, during aweekend with considerable
watercraft activity, the concentration was 4.2 pg/L. At the Lake Tahoe
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Table 1. Volatile organic compounds in water samples collected at Lake Tahoe and other nearby alpine lakes,

July 29-September 5, 1997

[Concentrations in micrograms per liter unless otherwise denoted; °C, degrees Celsius; <, less than; --, not determined]

Methyl Ethyl  Tert-amyl Water
Site Depth tert?:)u);yl tertt-bﬁtyl ﬁwéglyly 1 1 Ethyl-  Ortho- Meta- and Xylenel ter:;:[)ir-
; (meters below Date Benzene™ Toluene 1 1 para-
(fig. 1) lake surface) ether ether ether benzene" xylene xylenel (total) atoure
(MTBE) (ETBE) (TAME) (°c)
L ake Tahoe Samples
1 3 Sept. 3 0.45 <0.054 EO005 EO05 013 EO0.02 E003 EO009 EO0.1
2 3 Sept. 3 17 <.054 14 A3 .68 A2 .20 .52 72 -
B 3 July 29 15 <.054 E.09 .15 .58 E.09 .16 42 .58 18.6
3 3 Aug. 2 4.2 <.054 .20 .33 1.9 .39 .60 1.6 22 185
4 3 Aug. 2 .59 <.054 E .04 <.06 <.06 <.030 <.064 E.03 E.03 178
4 10 Aug. 2 .61 <.054 <11 <.06 <.07 <.030 <.064 E.O4 E.04 176
4 30 July 29 19 <.054 E.02 <.032 <.04 <.030 <.064 <.064 <.064 88
4 30 Aug. 2 .26 <.054 <11 <.032 <.04 <.030 <.064 <.064 <.064 89
5) 8 Sept. 3 42 <.054 E.05 E .04 E .09 <.030 <.064 E.O5 E.05 178
5 30 Sept. 3 .18 <.054 <.11 E .02 E .04 <.030 <.064 <.064 <.064 115
6 3 Sept. 2 .30 <.054 E.04 E.04 E.l E .01 <.064 E.06 E.06 180
7 3 Sept. 2 45 <.054 E .05 E .05 .15 E .02 E .04 E.1 E.1l 175
8 3 Sept. 2 10 <.054 14 A5 .70 A2 .23 .52 .75 180
9 3 Sept. 2 .68 <.054 E.O7 E.O7 .26 E.04 E .06 E.2 E.3 17.8
Other Nearby L ake Samples (background sites)
10 3 Sept. 5 <11 <.054 <11 <.032 <.04 <.030 <.064 <.064 <.064 17.0
10 9.1 Sept. 5 <11 <.054 <11 <.032 E .01 <.030 <.064 <.064 <.064 150
11 3 Sept. 4 <1 <.054 <11 <.032 E .04 <.030 <.064 E.02 E.02 183
11 15 Sept. 4 <.11 <.054 <.11 <.032 E .02 <.030 <.064 <.064 <.064 6.9
12 3 Sept. 4 <11 <.054 <11 <.032 E .02 <.030 <.064 <.064 <.064 16.8
12 10 Sept. 4 <11 <.054 <11 <.032 <.04 <.030 <.064 <.064 <.064 7.8
Quality-Control Samples
Sampler blank  July 28 <11 <.054 <11 <.032 <.04 <.030 <.064 <.064 <.064
Ambient blank  July 29 E.O7 <.054 <.11 <.032 <.04 <.030 <.064 <.064 <.064
Source solution blank  Aug. 26 <.11 <.054 <.11 <.032 <.04 <.030 <.064 <.064 <.064
Sampler blank  Aug. 26 <11 <.054 <11 <.032 E .04 <.030 <.064 <.064 <.064
Canister blank  Aug. 26 <11 <.054 <11 <.032 E.04 <.030 <.064 E.O2 E .02
Ambient blank  Sept. 2 <11 <.054 <11 <.032 E.O1 <.030 <.064 <.064 <.064

IWhenan“E" is reported, the compound has passed al criteria used to identify its presence, and only the concentration is estimated (Conner and
others, 1998). When a“<” is reported, compound was not detected in that sample.

offshore site (site 4) at a depth of 30 m, the MTBE concentration was 0.19
po/L on Jduly 29; four days later, on August 2, the MTBE concentration
was 0.26 pg/L.

ETBE was not found at any site. TAME was detected in samples from
all nearshore sites, with concentrations up to 0.20 pg/L near Tahoe City
(site 3) on September 2. TAME concentration at the offshore site (site 4)
at 30-m depth on July 29 was estimated to be 0.02 pg/L and at the
offshore site (site 5) at 3-m depth on September 3 was estimated to be
0.05 pg/L (seefootnote, table 1).

Benzene was detected in all nearshore samples from adepth of 3min
concentrations ranging from an estimated 0.04 pg/L near Glenbrook (site
6) on September 2, to an estimated 0.5 pg/L near Incline Village (site 1)
on September 3. Benzene concentrations from near Tahoe City (site 3),
increased from 0.15 pg/L on July 29 to 0.33 pg/L on August 2 (weekend
with heavy watercraft activity). Benzene also was detected at the offshore
site (site 5) at estimated concentrations of 0.04 pg/L at 3 m depth and of
0.02 pg/L at 30 m on September 3.

Toluene was detected at all nearshore sites at 3 m in concentrations
ranging from an estimated 0.1 pg/L near Glenbrook (site 6) on September
2,10 0.70 pg/L near Zephyr Cove (site 8) on that same date. On July 29,
near Tahoe City (site 3), the toluene concentration was 0.58 pg/L and had
increased to 1.9 pg/L on August 2. On September 3, at the offshore site
(site 5), the estimated toluene concentration at 3 m was 0.09 pg/L and at
30 mwas 0.04 pg/L.

Ethylbenzene was detected in all samples from shallow (3 m)
nearshore sites. The highest concentration of ethylbenzene, 0.39 pg/L,
was detected at the Tahoe City shallow site (site 3) on August 2. Ethyl-
benzene was not detected in any offshore samples. Total xylene was
detected at all nearshore sites in concentrations ranging from an estimated
0.06 ug/L near Glenbrook (site 6) on September 2, to 2.2 ug/L near Tahoe
City (site 3) on August 2. On September 3, an estimated meta- and para-
xylene concentration of 0.05 pg/L was detected at an offshore site (site 5)
at 3 m. The concentration of xylene for al other offshore samples (sites 4
and 5) was less than the detection limit of 0.064 pg/L.

With exceptions discussed below, no benzene, toluene, ethylbenzene,
xylene, MTBE, ETBE, or TAME were detected in Marlette Lake (site 10),
Cascade Lake (site 11), or upper Angora Lake (site 12). Toluene was
detected in estimated concentrations ranging from 0.01 to 0.04 pg/L;
however, three of six quality-control samples also had estimated concen-
trations ranging from 0.01 to 0.04 pg/L. Tota xylene in Cascade Lake
(site 11) at a depth of 3 m on September 4 was measured at an

estimated 0.02 pg/L, but a quality-control sample also had an estimated
concentration of 0.02 pug/L. Because of these quality-control results, the
toluene and xylene detections in the other a pine lakes may be from
inadvertent sample contamination and may not be representative of con-
ditions at those sites.

Summary and Conclusions

MTBE was detected in all samples from Lake Tahoe in concentrations
ranging from 0.18 to 4.2 pg/L and to depths of 30 m. ETBE was not
detected in any samples. Concentrations of TAME, benzene, toluene,
ethylbenzene, and xylene ranged from non-detection to 2.2 pug/L (xylene;
site 3). Concentrations of all compounds varied spatially and temporally
during the sampling period. No exceedances of known drinking water
standards or health advisories were detected.

—Carol J. Boughton and Michael S. Lico
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