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Introduction:
Wolf Creek watershed is located in one of the most heavily gold-mined areas of
California. Historical mining has left a toxic legacy in the soils and water of Nevada
County. Wolf Creek Community Alliance received a grant from the Rose Foundation in
June 2008 to start a preliminary mining-toxin survey in our watershed.
Soil Samples:
WCCA collected soil samples in April 2009 from targeted locations where there are
visual or other indicators (e.g. yellow-boy) of possible acid-mine drainage and potential
mining contamination. Figures 1 through 4 show some of the sites we tested. Figure 5 is
a map that locates the sampling sites in the Wolf Creek watershed. A team collected soil
samples from 21 sites in the watershed, mostly in or near Grass Valley. We sent the
screened soil samples to ALS-Chemex labs in Reno, Nevada, where they were tested for
levels of 33 elements in their ME-ICP 61 panel, as well as for Mercury (Hg) in their HgCV41 test.
Toxicity Thresholds:
Human health and environmental thresholds were researched, and both EPA and State of
California values are included in this report.
o The “Friends of Deer Creek” (FoDC) thresholds are primarily taken from the
California Human Health Screening Levels (CHHSL), with the exception of cobalt
and arsenic.
o The cobalt decision rule is from EPA’s Preliminary Remediation Goal (PRG) for
Residential Soil.
o Arsenic toxicity is related to bioavailability, similar to mercury. California’s
Department of Toxic Substances Control (DTSC) is due to publish a report on the
bioavailability of arsenic in various foothill soils. It will be more appropriate to
determine thresholds for arsenic after the publication of the DTSC report. According
to FoDC, background levels in our area are 20 to 30 ppm, higher than the screening
levels, and the human health threshold for this study is 22 ppm.
o Thresholds listed in this report under “EPA review” include thresholds for health of
plants, soil invertebrates, birds (avian herbivores, insectivores and carnivores) and
mammalian herbivores, insectivores and carnivores. These values are taken from the
federal EPA Ecological Soil Screening Levels (SSL) website
(www.epa.gov/exotox/ecossl). This site summarizes values from volumes of research
project results.
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o A few screening levels are also reported from Lubomir Simeonov’s “Soil Chemical
Pollution”, which are all reported at pH 6.
Results:
Appendix 1 delineates soil levels for 14 of the 34 elements for which we tested. Results
for two elements (Aluminum (Al) and Iron (Fe)) are not included because soil levels are
not correlated with toxicity. WCCA has no toxicity screening level information for a
further 18 of the elements for which we have results. Results were included in the ALSChemex panel, but are not studied in this report. The elements that are not included are
bismuth (Bi), calcium (Ca), gallium (Ga), potassium (K), lanthanum (La), magnesium
(Mg), molybdenum (Mo), sodium (Na), phosphorous (P), sulphur (S), antimony (Sb),
scandium (Sc), strontium (Sr) titanium (Ti), thorium (Th), thallium (Tl), uranium (U) and
tungsten(W).
Soil levels for the 14 elements for which WCCA has toxicity information are reported
with various thresholds. The human health threshold is perhaps the most widely
accepted, although many of the ecological endpoints are much lower (plant and animal
health information). Avian insectivores often appear to be the most sensitive, although
the studies are somewhat controversial.
Toxicity by element:
WCCA studied the soil toxicity of 14 elements, from soil samples at targeted sites in and
around Grass Valley, California. From a human health perspective, i.e. using the FoDC
screening thresholds, our data points to three elements of primary concern; arsenic,
chromium and lead. Tests for ten of the remaining 11 element resulted in levels of
concern according to various criteria, as described below. Charts 1 through 14 delineate
the results.

Chart 1: Arsenic
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Arsenic levels in the soil exceed the human health threshold (22 ppm) at 16 of the 21
sites (76%). At two (2) sites the levels were over 100 times the threshold (2,360 and
3,670 ppm). “Environmental exposure to well water containing inorganic arsenic can
result in skin hyperpigmentation or an eczematous dermatitis. Arsenic is listed as a
presumed carcinogenic substance based on the increased prevalence of lung and skin
cancer observed in human populations with multiple exposures (primarily through
industrial inhalation). “ (http://emedicine.medscape.com).

Chart 2: Chromium
Chromium levels exceeded the human health threshold (210 ppm) at eight (8) of the sites
(38%). Four of these sites had levels over 1,000 ppm. Levels at an additional 9 (nine)
exceeded the lowest (avian) threshold (26 ppm. The Cr(III) threshold ranges from 26 to
780 ppm (avian), and from 34 to 380 ppm (mammals). The Cr(VI) mammalian
threshold ranges from 130 to 1,400 ppm. Cr(VI) degrades to Cr(III). Typical
background levels in the Western US are 50 ppm. Our tests did not distinguish between
Cr(III) and Cr(VI). Cr(III) is an essential dietary nutrient. Its deficiency in the body has
been associated with diabetes, infertility, and cardiovascular disease. Cr(VI) is
carcinogenic. Cr(VI) degrades to Cr(III).
Lead levels in the soil exceed the human health threshold (150 ppm) at one (1) of the 21
sites. An additional 16 exceeded the lowest (avian insectivore) level (11 ppm), or 17 of
21 (81%) exceeding the most sensitive threshold. “Lead content in soil may come from
lead paint, gasoline or pesticides, landfills, or from industries such as foundries or
smelters. Lead in soils raises concerns about the safety of urban agriculture. Poisoning by
organic lead compounds has symptoms predominantly in the central nervous system,
such as insomnia, delirium, cognitive deficits, tremors, hallucinations, and convulsions.”
(Wikipedia).
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Chart 3: Lead

Chart 4: Barium
Barium levels were all well below the 5,200 ppm human health threshold. The most
sensitive threshold of 330 ppm for soil invertebrates was exceeded in 13 of 21 samples
(62%). It is of interest to note that the only other threshold found for this report is 9,100
ppm for mammalian carnivores.
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Chart 5: Beryllium
The beryllium human health threshold is 150 ppm. This was not exceeded. The
mammalian herbivore threshold of 21 ppm is the lowest in this study. It was also not
exceeded. This was the only element for which levels did not exceed a known threshold.

Chart 6: Cadmium
The only Cadmium threshold (2.1 ppm) came from Lubomir Simeonov. This was
exceeded in four samples (19%).
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Chart 7: Cobalt
Cobalt levels in the soil did not exceed the human health threshold of 902 ppm. Levels at
1 site exceeded the most sensitive (avian insectivore) threshold of 120 ppm. Typical
background levels in the Western US are 10 ppm.

Chart 8: Copper
Copper levels in the soil did not exceed the human health threshold of 3,000 ppm. Levels
at 18 sites (86%) exceeded the lowest (avian insectivore) threshold of 28 ppm.
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Chart 9: Mercury
Mercury levels in the soil did not exceed the human health threshold of18 ppm. Levels at
6 sites (29%) exceeded the Lubomir Simeonov threshold of 1 ppm. The toxicity of
mercury depends on the bioavailability.

Chart 10: Manganese
This report does not contain a human health threshold for Manganese. The threshold for
mammalian carnivores is 6,200 ppm. Soil levels exceeded the background level of 600
7

ppm at 15 sites (71%), substantially in four cases. The levels at the remaining six sites
were very close to the listed background concentration. “Manganese is a very common
compound that can be found everywhere on earth. It is necessary for humans to survive,
but also toxic when too high concentrations are present in a human body.”
(http://www.lenntech.com/periodic/elements/mn.htm#ixzz0dl3YzU05). “Manganese
toxicity may result in neurologic problems for people who inhale manganese dust. The
symptoms generally appear slowly. Toxicity can result in a permanent neurological
disorder with symptoms including tremors, difficulty walking, and facial muscle spasms.
This is sometimes preceded by symptoms such as irritability, aggressiveness, and
hallucinations.“ Linus Pauling Institute.

Chart 11: Nickel
Nickel levels in the soil did not exceed, nor even approach the human health threshold of
1,600 ppm. Levels at 10 sites (48%) exceeded the plant threshold of 38 ppm.
This report does not contain a human health threshold for silver. Silver levels in the soil
did not exceed, nor even approach themammalian threshold of 990 ppm. Levels at 1 site
(5%) exceeded the avian insectivore threshold of 4.2 ppm.
“Ingestion, inhalation, or dermal absorption of silver may cause argyria, the most
common indicator of long-term exposure to silver or silver compounds in humans.
Argyria is a permanent discoloration of the skin that is not toxic but is considered
cosmetically disfiguring.” http://cira.ornl.gov/documents/SILVER.pdf
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Chart 12: Silver

Chart 13: Vanadium
Vanadium levels in the soil did not exceed the human health threshold of 5,300 ppm.
The most sensitive levels were for avian herbivores (13 ppm) and avian insectivores (7.8
ppm). These thresholds were below typical Western US levels of 80 ppm, and were
therefore not scrutinized. The next most sensitive threshold is for avian carnivores, at
140 ppm. This level was exceeded at ten sites (48%).
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Chart 14: Zinc
Zinc levels in the soil did not exceed the human health threshold of 23,000 ppm. The
most sensitive level is for avian insectivore (43 ppm) which is below typical Western US
levels of 70 ppm, and was therefore not studied. Levels at 17 sites (81%) exceeded the
next lowest (mammalian insectivore) threshold of 70 ppm.
Toxicity by site:
o Of the twenty-one soil test sites, eighteen sites had toxic levels of either arsenic
and/or chromium above the human health threshold.
o One site had toxic levels of lead, exceeding the using the human health threshold.
o Just three sites tested below the human health thresholds for these three elements
(Ar, Cr, Pb).
o All sites tested above the most sensitive toxic thresholds for between three and
eight elements (in addition to arsenic, chromium and lead).
The least toxic samples are from the Cal-Trans site sampled next to the yellow-boy
(#2), the Scotia Mine rock pile (#12) and the mine tailings opposite Wolf Creek cohousing (#21). The sites of most concern include the Cal-Trans site sampled at the
toe of the rock pile (#4), two Magenta Drain sites (9 and 10), the Sulphuret Works at
Empire Mine State Historic Park (#11), Omaha Mine (14), two sites upstream of the
Allison Ranch slide addit (17 and 18) and the downstream Allison Ranch Road
crossing site (20). The remaining nine sites are of concern, but not top priority at this
time.
Cal-Trans property behind Safeway Grocery Store in Grass Valley (samples 1 through 4):
There is a small tributary with yellow substrate flowing into Wolf Creek from the CalTrans easement located across Wolf Creek from the Safeway store in downtown Grass
Valley. We took four samples at this site, #1 upland as a background sample, #2 next to
the yellow tributary, #3 in the yellow substrate of the tributary, and #4 upland in the toe
of the large Cal-Trans rock pile. The yellow substrate material (#3) tested slightly high
for arsenic (42 ppm) and slightly above thresholds for four other elements (Ba, Cr, Cu,
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Pb). The area just adjacent (#2) tested slightly high for just two elements (Cr, Cu), and is
the site with the least toxic test results of all our 21 samples. The upland soil was very
high in Chromium (1,380 ppm vs. 210 ppm human health threshold), as well as having
slightly elevated levels of five elements (Cu, Hg, Ni, V, Zn). Site #4, at the toe of the
Caltrans rock pile tested to be the most toxic of the Caltrans sites, and one of the most
toxic of all the sites we sampled. There were elevated arsenic and chromium levels, as
well as slightly toxic levels of seven other elements (Ba, Cu, Hg, Mn, Ni, Pb, Zn).
Chromium and manganese levels were of particular concern. The only consistencies in
this area were non-toxic levels of beryllium, cadmium and cobalt, and all four sites had
toxic levels of chromium and copper.
North Star Mining Museum Grass Valley (sample 5):
Sample #5 tested high for arsenic (197 ppm) and manganese (27,300 ppm). It was also
above toxic thresholds for three other elements (Ba, Co, Zn). This is one of the least
toxic sites, although the arsenic and manganese levels are of particular concern.
Condon Park Pond (sample 6):
The Condon Park pond is one of the five sites that does not have toxic levels of arsenic
that exceed the human health threshold of 22 ppm. It does have slightly toxic levels of
Chromium (270 ppm), and levels above the most sensitive thresholds for five other
elements (Ba, Cu, Ni, Pb, Zn).
Scotia Mine rock pile (sample 7):
Sample 7 is one of only three sites that does not have toxin levels that exceed the human
health thresholds It does have levels above the most sensitive thresholds for three
elements (Ba, Cu, Pb). This is one of the least toxic sites we sampled.
Slide Ravine at Doris Drive (sample 8):
Sample 8 has arsenic and chromium levels that exceed the human health thresholds, the
chromium level substantially. It also has levels that exceed the most sensitive
thresholds for an additional seven elements (Ba, Cu, Mn, Ni, Pb, V, Zn). This is one of
the most toxic sites we sampled.
Magenta Drain at the source (sample 9):
The Magenta Drain upstream site has the highest level of arsenic we found at 3,670 ppm.
This greatly exceeds the human health threshold of 22 ppm. It also has elevated levels of
Manganese at 27,300 ppm. While there is not a human health threshold listed for
Manganese, the typical background level in the Western US is 600 ppm, and the
threshold for mammalian carnivores is 6,200 ppm. This site has soil toxin levels above
the most sensitive thresholds for two other elements (Ba, Zn). This is a site of special
concern due to the very high arsenic and manganese levels.
Magenta Drain downstream from the source (sample 10):
The Magenta Drain downstream site has the second highest level of arsenic we found at
2,360 ppm. This greatly exceeds the human health threshold of 22 ppm. It also has
elevated levels of manganese at 30,600 ppm. While there is not a human health threshold
listed for manganese, the typical background level in the Western US is 600
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ppm, and the threshold for mammalian carnivores is 6,200 ppm. This site has soil toxin
levels above the most sensitive thresholds for five other elements (Ba, Cr, Cu, Pb, Zn).
This is a site of special concern due to the high arsenic and manganese levels.
Empire Mine SHP Sulphuret Works (sample 11):
Site 11 has high levels of lead (1,030 ppm). This greatly exceeds the human health
threshold of 150 ppm. The Sulphuret Works has high arsenic levels (675 ppm) that
exceed the human health threshold of 22 ppm. It is the only site that was tested that has
elevated Silver levels, and it has the highest cadmium levels of all the sites we tested.
While there is not a human health threshold listed for cadmium, no other site had soil
levels above 2 ppm, and the Lubomir Simeonov threshold is 1.5 ppm. This site has soil
toxin levels above the most sensitive thresholds for five other elements (Cr, Cu, Mn, Ni,
Zn). This is one of the most toxic sites we sampled.
Headwaters (Baker Property) (sample 12):
This headwaters site had arsenic levels of 42 ppm, which exceed the human health
threshold of 22 ppm. This site has soil toxin levels above the most sensitive thresholds
for seven other elements (Ba, Cr, Cu, Ni, Pb, V, Zn). The levels are not extremely high,
although there is concern about cumulative effects of so many different toxins.
Headwaters – red dirt (sample 13):
This headwaters site is very similar to sample 12 and had arsenic levels of 22 ppm, which
matches the human health threshold. This site has soil toxin levels above the most
sensitive thresholds for seven other elements (Ba, Cr, Cu, Ni, Pb,, V, Zn). The levels are
not extremely high, although there is concern about cumulative effects of so many
different toxins.
Omaha Mine (sample 14):
Sample 14 has arsenic and chromium levels that exceed the human health thresholds, the
Chromium level substantially. It also has levels that exceed the most sensitive thresholds
for an additional eight elements (Ba, Cd, Cu, Hg, Mn, Ni, Pb, V, Zn). This is one of the
most toxic sites we sampled, based on the high levels of arsenic and chromium, and
concern about cumulative effects of so many different toxins.
Allison Ranch Addit (samples 15 and 16):
Just upstream of the Omaha mine is a small tributary that trickles into Wolf Creek out of
an addit. This is at the landslide site on Allison Ranch Road. Two samples were taken,
sample 15 in the “yellow-boy” and sample 16 below the yellow-boy in the hard substrate.
Sample 15 tested high for arsenic (161 ppm) and the highest of all samples for
manganese (52,100 ppm). It was also above the most sensitive toxic thresholds for six
other elements (Ba, Cr, Cu, Pb, V, Zn). This site is of concern due to the cumulative
effects of such a high number of different toxins, as well as the toxic arsenic and
manganese levels. Sample 16 is one of the few sites that did not exceed the human health
threshold for arsenic. Manganese levels are elevated (4,290 ppm), and levels are also
above the most sensitive toxic thresholds for four other elements (Cr, Cu, V, Zn).
Allison Ranch Road Upstream of Addit (sample 17):
Two samples were taken upstream of the Allison Ranch Addit site in different types of
soil. Sample 17 has arsenic and chromium levels that exceed the human health
thresholds. It also has levels that exceed the most sensitive thresholds for an additional
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eight elements (Cd, Cu, Hg, Mn, Ni, Pb, V, Zn). This is one of the most toxic sites we
sampled, based on the high levels of arsenic and chromium, and concern about
cumulative effects of so many different toxins.
Allison Ranch Road Upstream of Addit - Sandy Soil (sample 18):
The second sample taken upstream of the addit site was taken in sandy soil. Sample 18
had arsenic levels of 68 ppm that exceed the human health threshold. It also had levels
that exceed the most sensitive thresholds for an additional seven elements (Cr, Cu, Hg,
Mn, Pb, V, Zn).
Allison Ranch Road Crossing Upstream (sample 19):
Sample 19 has arsenic and chromium levels that exceed the human health thresholds. It
also has levels that exceed the most sensitive thresholds for an additional six elements
(Cu, Mn, Ni, Pb, V, Zn). This is one of the most toxic sites we sampled, based on the
high levels of arsenic and chromium, and concern about cumulative effects of so many
different toxins.
Allison Ranch Road Crossing Downstream (sample 20):
Sample 20 has arsenic and chromium levels that exceed the human health thresholds. It
also has levels that exceed the most sensitive thresholds for an additional seven elements
(Ba,Cu, Hg, Mn, Ni, Pb, Zn). This is one of the most toxic sites we sampled, based on
the high levels of Arsenic and Chromium, and concern about cumulative effects of so
many different toxins.
Mine Tailings opposite Wolf Creek Co-housing (sample 21):
Sample #21 tested high for arsenic (23 ppm). This is very slightly above the human
health threshold of 22 ppm. It was above toxicity thresholds for four other elements (Cd,
Mn, Pb, Zn). This is one of the least toxic sites we sampled.
Conclusions:
WCCA is most concerned with soil toxicity from arsenic, chromium and lead. Soil levels
of these three elements were found to exceed human health thresholds. All but three of
the sampling sites had toxin levels for at least one element that exceeded human health
thresholds. Ten of the twenty-one sites are designated of most concern, as detailed
above, due to high levels of toxins, and/or concern about cumulative affects of many
different toxins.
Next Steps:
Since preliminary testing reveals toxic conditions in the watershed, further testing is
indicated. Comparison with background conditions in nearby locations would provide
important information. Outreach to landowners regarding clean-up technologies and
possible funding sources will be critical in repairing this damage to our watershed.

Thank you to the Rose Foundation for their generous funding of this
work.

13

 Figure 1:
“Yellow-Boy” at
the Allison Ranch
Road slide area.

Figure 2: 
Magenta Drain

 Figure 3: North Star Mining
Museum Tributary

Figure 4: 
Omaha Mine area
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Figure 5: Map of Soil Test Sties

15

