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Mercury Contamination from Historical Gold Mining in California

by Charles N. Alpers, Michael P Hunerlach, Jason T. May,
and Roger L. Hothem

Mercury contamination from historical
gold mines represents a potential risk to
human health and the environment. This
fact sheet provides background informa-
tion on the use of mercury in historical
gold mining and processing operations in
California, with emphasis on historical
hydraulic mining areas. It also describes
results of recent USGS projects that
address the potential risks associated with
mercury contamination.

Miners used mercury (quicksilver)
to recover gold throughout the western
United States. Gold deposits were either
hardrock (lode, gold-quartz veins) or
placer (alluvial, unconsolidated gravels).
Underground methods (adits and shafts)
were used to mine hardrock gold depos-
its. Hydraulic, drift, or dredging methods
were used to mine the placer gold depos-
its. Mercury was used to enhance gold
recovery in all the various types of mining
operations; historical records indicate that
more mercury was used and lost at hydrau-
lic mines than at other types of mines. On
the basis of USGS studies and other recent
work, a better understanding is emerging

of mercury distribution, ongoing transport,
transformation processes, and the extent
of biological uptake in areas affected by
historical gold mining. This information
has been used extensively by federal,
state, and local agencies responsible for
resource management and public health in
California.

Gold Mining History

Vast gravel deposits from ancestral
rivers within the Sierra Nevada contained
large quantities of placer gold, derived
from the weathering of gold-quartz veins.
Gold mining evolved from hydraulic
mining of unconsolidated placer deposits
in the early days of the Gold Rush, to
underground mining of hardrock depos-
its, and finally to large-scale dredging of
low-grade gravel deposits, which in many
areas included the tailings from upstream
hydraulic mines.

By the mid-1850s, in areas with suf-
ficient surface water, hydraulic mining
was the most cost-effective method to
recover large amounts of gold. Monitors
(or water cannons, fig. 1) were used to
break down placer ores, and the resulting
slurry was directed through sluices (fig. 2).

Figure 1. Monitors (water cannons) were used to break down the gold-bearing gravel deposits
with tremendous volumes of water under high pressure. Some mines operated several monitors in

the same pit. Malakoff Diggings, circa 1860.
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Figure 2. Gravel deposits were washed into
sluices (from center to lower part of figure) where
gold was recovered.

As mining progressed into deeper grav-
els, tunnels were constructed to facilitate
drainage and to remove debris from the
bottom of hydraulic mine pits. The tunnels
also provided a protected environment for
sluices and a way to discharge processed
sediments (placer tailings) to adjacent
waterways. Gold particles were recovered
by mechanical settling in troughs (riftles)
within the sluices and by chemical reaction
with liquid mercury to form gold-mercury
amalgam. Loss of mercury during gold
processing was estimated to be 10 to 30
percent per season (Bowie, 1905), result-
ing in highly contaminated sediments at
mine sites, especially in sluices and drain-
age tunnels (fig. 3). From the 1850s to the
1880s, more than 1.5 billion cubic yards of
gold-bearing placer gravels were pro-
cessed by hydraulic mining in California’s
northern Sierra Nevada region. The result-
ing debris caused property damage and

Figure 3. Gold pan with more than 30 grams of
mercury from 1 kilogram of mercury-contaminated
sediments collected in a drainage tunnel.
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flooding downstream. In 1884, the Sawyer Decision prohibited
discharge of hydraulic mining debris to rivers and streams in the
Sierra Nevada region, but not in the Klamath-Trinity Mountains
(fig. 4), where such mining continued until the 1950s.

Underground mining of placer deposits (drift mining) and of
hardrock gold-quartz vein deposits produced most of California’s
gold from the mid-1880s to the 1930s. Another important source
of gold from the late 1890s to the 1960s was gold-bearing sedi-
ment, which was mined using dredging methods. More than 3.6
billion cubic yards of gravel was mined in the foothills of the
Sierra Nevada, where the dredging continued until 2003.

Mercury Mining

Most of the mercury used in gold recovery in California
was obtained from mercury deposits in the Coast Range on the
west side of California’s Central Valley (fig. 4). Total mercury
production in California between 1850 and 1981 was more than
220,000,000 Ib (pounds) (Churchill, 2000); production peaked
in the late 1870s (Bradley, 1918). Although most of this mercury
was exported around the Pacific Rim or transported to Nevada
and other western states, about 12 percent (26,000,000 Ib) was
used for gold recovery in California, mostly in the Sierra Nevada
and Klamath-Trinity Mountains.

Use and Loss of Mercury in Gold Mining

To enhance gold recovery from hydraulic mining, hundreds
of pounds of liquid mercury (several 76-1b flasks) were added to
riffles and troughs in a typical sluice. The high density of mercury
allowed gold and gold-mercury amalgam to sink while sand and
gravel passed over the mercury and through the sluice. Large
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Figure 4. Locations of past-producing gold and mercury mines in California.
Source: MAS/MILS (Minerals Availability System/Mineral Information Loca-
tion System) database compiled by the former U.S. Bureau of Mines, now
archived by the USGS.
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Figure 5. Undercurrentin use, circa 1860, Siskyou County, California.

volumes of turbulent water flowing through the sluice caused
many of the finer gold and mercury particles to wash through and
out of the sluice before they could settle in the mercury-laden
riffles. A modification known as an undercurrent (fig. 5) reduced
this loss. The finer grained particles were diverted to the under-
current, where gold was amalgamated on mercury-lined copper
plates. Most of the mercury remained on the copper plates; how-
ever, some was lost to the flowing slurry and was transported to
downstream environments.

Gravel and cobbles that entered the sluice at high velocity
caused the mercury to flour, or break into tiny particles. Flouring
was aggravated by agitation, exposure of mercury to air, and other
chemical reactions. Eventually, the entire bottom of the sluice
became coated with mercury. Some mercury was lost from the
sluice, either by leaking into underlying soils and bedrock or
being transported downstream with the placer tailings. Minute
particles of quicksilver could be found floating on surface water
as far as 20 miles downstream of mining operations (Bowie,
1905). Some remobilized placer sediments, especially the coarser
material, remain close to their source in ravines that drained the
hydraulic mines.

Mercury use in sluices varied from 0.1 to 0.36 1b per square
foot. A typical sluice had an area of several thousand square feet;
several hundred 1b of mercury were added during initial start-up,
after which several additional 76-1b flasks were added weekly
to monthly throughout the operating season (generally 6 to 8
months, depending on water availability). During the late 1800s,
under the best operating conditions, sluices lost about 10 percent
of the added mercury per year (Averill, 1946), but under average
conditions, the annual loss was about 25 percent (Bowie, 1905).
Assuming a 10- to 30-percent annual loss rate, a typical sluice
likely lost several hundred pounds of mercury during the operat-
ing season (Hunerlach and others, 1999). From the 1860s through
the early 1900s, hundreds of hydraulic placer-gold mines were
operated in California, especially in the northern Sierra Nevada
(fig. 6). The total amount of mercury lost to the environment from
placer mining operations throughout California has been esti-
mated at 10,000,000 Ib, of which probably 80 to 90 percent was
in the Sierra Nevada (Churchill, 2000).

Historical records indicate that about 3,000,000 1b of mercury
were lost at hardrock mines, where gold ore was crushed
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Figure 6. Watersheds (also known as drainage basins) in the northwestern
Sierra Nevada of California showing past-producing gold mines (as in figure
4) and major placer and hardrock gold mines. Source: USGS Significant
Deposits Database (Long and others, 1998).

using stamp mills (Churchill, 2000). Mercury was also used
extensively at drift mines and in dredging operations. Mercury
was used widely until the early 1960s in the dredging of aurifer-
ous sediment from alluvial flood-plain deposits. Today, mercury
is recovered as a by-product from small-scale gold-dredging
operations; also, mercury and gold are recovered as byproducts
from some gravel-mining operations, especially in areas affected
by historical gold mining. Understanding the present distribution
and fate of the mercury used in historical gold mining operations
is the subject of ongoing multi-disciplinary studies.

The Bear-Yuba Project

In cooperation with federal land-management agencies (the
Bureau of Land Management and the U.S. Forest Service) and
various state and local agencies, USGS scientists have inves-
tigated mercury contamination at abandoned mine sites and
downstream environments in the Bear River and Yuba River

watersheds (fig. 6) since 1999. Fish from reservoirs and streams
in the Bear—Yuba watersheds (fig. 7) have bioaccumulated suf-
ficient mercury (May and others, 2000) to pose a risk to human
health (Klasing and Brodberg, 2003). A conceptual diagram

(fig. 8) summarizes known mercury sources, transport mecha-
nisms, and bioaccumulation pathways. Based primarily on data
from other USGS studies (for example, Saiki and others, 2004),
additional fish consumption advisories regarding mercury in other
areas of northern California affected by historical gold mining
(fig. 9) have been issued.

The USGS and cooperating agencies have identified several
“hot spots” of mercury contamination and bioaccumulation by
reconnaissance sampling of water, sediment, and biota at numer-
ous hydraulic mine sites in the Bear—Yuba watersheds (Alpers
and others, 2005). Subsequently, some mercury-contaminated
mine sites have been remediated by other federal agencies, and
remediation plans are being developed for other sites. Mercury
contamination has also been investigated in dredge fields at lower
Clear Creek (Ashley and others, 2002), the Trinity River, and the
lower Yuba River (Hunerlach and others, 2004). These investiga-
tions show that total mercury concentrations in dredge tailings
tend to be most elevated in the finest grained sediments. The State
of California has listed several water bodies in the Bear-Yuba
watersheds as impaired with regard to beneficial uses, starting
aregulatory process that may include eventual mercury-load
reduction through Total Maximum Daily Loads (TMDLs). The
USGS is providing data and information to stakeholders through
ongoing studies of mercury and methylmercury loads in the Bear
River, mercury fluxes from reservoir sediments (Kuwabara and
others, 2003), mercury methylation and demethylation processes
in sediment, and mercury bioaccumulation in the food web of
Camp Far West Reservoir.
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Figure 7. Mercury (Hg) concentration in relation to total length for all
bass (Micropterus spp.) samples collected in 1999 from reservoirs in the
Bear—Yuba watersheds, California (May and others, 2000). Dashed horizontal
line at Hg concentration of 0.3 ppm represents criterion for methylmercury in
fish tissue for the protection of human health (U.S. Environmental Protec-
tion Agency [USEPA], 2001). Solid horizontal line at Hg concentration of
0.93 ppmindicates value above which the state of California recommends
no consumption of fish for women of child-bearing age and children under 17
(Klasing and Brodberg, 2003). OEHHA, Office of Environmental Health Hazard
Assessment.
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Figure 8. Schematic diagram showing transport and fate of mercury and potentially contaminated sediments from the mountain headwaters (hydraulic,
drift, and hardrock mine environments) through rivers, reservoirs, and the flood plain, and into an estuary. A simplified mercury cycle is shown, including
overall methylation reactions and bioaccumulation; the actual cycling is much more complex. Hg(0), elemental mercury; Hg(ll), ionic mercury (mercuric
ion); HgS, cinnabar; CH,Hg*, methylmercury; Au, gold; AuHg, gold-mercury amalgam; H,S, hydrogen sulfide; SO,*, sulfate ion; DOC, dissolved organic
carbon. Mark Stephenson (California Department of Fish and Game) contributed to the development of this diagram.



MERCURY AND ABANDONED
MINES: KEY ISSUES

Risks to Human Health
e Consumption of contaminated fish
e Improper handling of contaminated sediments
e Inhalation of mercury vapors
e Municipal drinking water supplies generally safe

e Some mine waters unsafe for consumption

Challenges for Land Management
e Public access to contaminated areas
e Physically hazardous sites

e Environmental consequences of resource develop-
ment

e Remediation of affected sites

Environmental Fate of Mercury
e “Hot spots” at mine sites
e Contaminated sediments
e Transformation to methylmercury
e Transport to downstream areas

¢ Bioaccumulation and biomagnification in food

Mercury Methylation and Biomagnification

Mercury occurs in several different geochemical forms,
including elemental mercury [Hg(0)], ionic (or oxidized) mer-
cury [Hg(Il)], and a suite of organic forms, the most important
of which is methylmercury (CH,Hg*). Methylmercury is the
form most readily incorporated into biological tissues and most
toxic to humans. The transformation from elemental mercury
to methylmercury is a complex biogeochemical process that
requires at least two steps, as shown in figure 8: (1) oxidation
of Hg(0) to Hg(Il), followed by (2) transformation from Hg(II)
to CH,Hg"; step 2 is referred to as methylation. Mercury
methylation is controlled by sulfate-reducing bacteria and other
microbes that tend to thrive in conditions of low dissolved oxy-
gen, such as near the sediment-water interface or in algal mats.
Numerous environmental factors influence the rates of mercury
methylation and the reverse reaction known as demethylation.
These factors include temperature, dissolved organic carbon,
salinity, acidity (pH), oxidation-reduction conditions, and the
form and concentration of sulfur in water and sediments.

The concentration of CH,Hg" generally increases by a factor
of ten or less with each step up the food chain, a process known
as biomagnification. Therefore, even though the concentra-
tions of Hg(0), Hg(1l), and CH,Hg" in water may be very low
and deemed safe for human consumption in drinking water,

CH Hg* concentration levels in fish, especially predatory
species such as bass and catfish, may reach levels that are con-
sidered potentially harmful to humans and fish-eating wildlife,
such as bald eagles.

Fish Consumption Advisories for Mercury

Methylmercury (CH,Hg") is a potent neurotoxin that impairs
the nervous system. Fetuses and young children are more sensi-
tive to methylmercury exposure than adults. Methylmercury
can cause many types of problems in children, including
damage to the brain and nervous system, mental impairment,
seizures, abnormal muscle tone, and problems in coordination.
Therefore, the consumption guidelines in areas where CH,Hg*
is known to occur in fish at potentially harmful levels tend to
be more restrictive for children as well as for pregnant women,
nursing mothers, and other women of childbearing age.

In the United States, as of 2003, there were a total of 2,800
fish and wildlife consumption advisories for all substances, of
which 2,140 (more than 76 percent) were for mercury. Forty-
five states have issued advisories for mercury, and 19 states
have statewide advisories for mercury in all freshwater lakes
and (or) rivers.

As of October 2005, the state of California had issued fish
consumption advisories for mercury in about 20 waterbod-
ies, including the San Francisco Bay—Delta region and several
areas in the Coast Range affected by mercury mining (fig. 9;
compare with fig. 4). Water bodies with advisories based on
USGS fish-tissue data include the Bear River and Yuba River
watersheds of the Sierra Nevada (Klasing and Brodberg, 2003),
the lower American River including Lake Natoma (Klasing and
Brodberg, 2004), and the Trinity Lake area.
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Figure 9. Locations of health advisories for mercury in sport fish consumed in
California. Source: California Office of Environmental Health Hazard Assess-
ment, accessed October 12, 2005 (hrtp://www.oehha.ca.gov/fish.html).
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For more information:
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