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Abstract 
 
The purpose of the Deer Creek mercury survey was to identify the quantity, location, and 
timing of mercury transported in the Deer Creek Watershed and to and to link these 
parameters to mercury levels in macroinvertebrates and fish. Sediment and storm-water 
data were collected over the course of one water year beginning in October 2005 and 
ending in September 2006. Samples of unfiltered total mercury (THg) in sediment, and 
unfiltered THg in the water column, as well as total suspended solids (TSS) were taken 
during a range of storm-events. Discharge was measured to calculate mercury loads.  
Macroinvertebrate samples to determine methylmercury (MeHg) contamination were 
collected in the summer of 2006 and fish samples for THg tissue determination were 
collected in 2007.  The study objectives were to: 
 

 Identify mercury source locations and loading in the Deer Creek Watershed for the 
purposes of remediation and informing the TMDL process. 

 Determine the extent and magnitude of mercury contamination in the Deer Creek 
Watershed. 

 Collect preliminary data on mercury accumulation in macroinvertebrates and fish. 
 
Storm-water sampling sites spanned the length of Deer Creek from below Scotts Flat 
Reservoir (DCL1) to the confluence with the Yuba River (DCL8). Storm samples were 
collected at eight sites during ten sampling events representing a range of flow 
conditions, including two low-flow irrigation season events, four high-flow storms, and 
four intermediate flow winter and spring events. For each storm sampling site THg, total 
suspended solids and discharge were measured. A total of 88 sediment samples were 
collected in June 2006, in an attempt to locate more precisely sources of mercury in the 
watershed. 
 
There was a consistent trend of unfiltered total mercury  (THg)  concentrations increasing 
in the downstream direction during storm-events, with elevated THg concentrations on 
tributaries at DCL3 (Little Deer Creek) and DCL4 (Gold Run Creek), and reduced THg 
levels below the Scotts Flat Reservoir (above DCL1), and Lake Wildwood Reservoir, 
(below DCL6). Large storm-events and early season storms generally had greater THg 
concentrations (i.e. storm-events on 12.31.05 and 12.28.05). Total mercury and TSS on 
the main-stem of Deer Creek are highly correlated (R2=0.9) indicating that large storm-
events that mobilized sediments also entrained THg.  
 
Of the storm-water samples collected, 58% exceeded the USEPA Criterion (CA Toxics 
Rule) (1999) of 50 ng/L. Total mercury concentration in the water measured during 
storm-events from all water bodies ranged from 0.34 ng/L to 1033 ng/L. The average 
observed THg concentrations for Deer Creek main-stem sites across storm-events was 
60.02 ng/L (average of DCL 1, 2, 5, 6 and 8). The average THg concentration for Little 
Deer Creek (DCL3) was 206.97 ng/L and 275.95ng/L for Gold Run (DCL4).  
 

 3



Of the sediment samples collected, 94% were above the background of 0.08 mg/kg.  The 
geometric mean of the sediment samples was 1.92 mg/kg Hg wet weight. The Deer Creek 
Watershed sediment samples exceeded the San Francisco Bay TMDL (0.2 mg/kg) and 
the USEPA Preliminary Remediation Goal (PRG) (2.3 mg/kg), suggesting that the Deer 
Creek Watershed is highly impacted by mercury. 
 
The data suggest that there are significant mercury sources on Little Deer Creek (DCL3), 
Gold Run (DCL4) and between DCL2 (Willow Valley Rd) and DCL5 (Champion Mine).  
These site locations are in the area where most of the major Nevada City district mines 
were located. However, the largest jump in THg concentrations was between DCL5 
(Champion Mine site) and DCL6 (Lake Wildwood inlet) on the main-stem of Deer 
Creek.  This suggests that THg sources west of Nevada City may be non-point sources 
originating from historic hydraulic mine tailings. 
 
Elevated MeHg tissue concentrations in macroinvertebrates were found at nine sites 
along Deer Creek and selected tributaries.  The highest MeHg concentration was a 
Hydropsychidae sample collected at DCL6 just above the Lake Wildwood reservoir (0.23 
ppm MeHg).  The lowest concentration was a Corydalidae sample collected at the 
uppermost watershed site at the St. Louis Mine (0.017 ppm MeHg).    
 
Elevated THg concentrations in fish muscle tissue were found at 6 sites along Deer Creek 
and its tributaries.  The highest THg concentrations were found in the Lake Wildwood 
reservoir (LWW) in two-year-ld Largemouth Bass (Micropterus salmoides) (1.167 ppm 
Hg wet weight).  The highest THg concentration found in the lotic environments of Deer 
Creek was above the Lake Wildwood reservoir (DCL6) recorded at 0.368 ppm THg wet 
weight from a Sacramento Pikeminnow (Ptychocheilus grandis) between 4 and 8 inches 
long.  Of the samples that were collected, 47% were recorded above the OEHHA 
screening level of 0.3 ppm THg wet weight (Office of Environmental Health Hazard 
Assessment 1999) and one sample exceeded the FDA action level concentration of 1.0 
ppm THg wet weight (Foulke 1994).   
 
The ultimate goal of this study is to locate and quantify mercury sources in the Deer 
Creek Watershed in order to isolate concentrated hotspots that could be mitigated to 
improve water quality. The data indicate widespread elevated mercury levels in the Deer 
Creek Watershed, and specific locations with elevated mercury concentrations.  
 
Introduction 
 
The Deer Creek, Yuba River, and Bear River watersheds in California’s Sierra Nevada 
foothills were the location of some of the most extensive gold mining in the Sierra 
Nevada from 1848-1942.  Hundreds of hydraulic and hard-rock gold mines were located 
in the Deer Creek Watershed, and Hg used to extract gold and is still present in the 
watershed today.    
 
Hydraulic mining in the Deer Creek Watershed moved over 20 million cubic yards of 
gravel and soil, washing away entire hillsides, changing the river’s geomorphology, and 
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transporting mercury downstream.  Miners can be seen in Figure 1 working with the 
sluices for placer mining.  The impacts of hydraulic mining can be seen in Figure 2 
whereby the Deer Creek channel is filled with mercury contaminated hydraulic mine 
tailings.  Mercury was used to amalgamate gold in both hydraulic and hard rock mining. 
It has been estimated that 30 million pounds of mercury, imported from mines in the 
Central California coastal range, was utilized in the process of extracting gold in the 
Sierra Nevada.  Annual mercury losses at mine sites ranged from 10 to 30 percent of the 
amount used to recover gold, with an estimated total loss in the Sierra Nevada of 11-12 
million pounds of mercury into the environment (Churchill, 2000, Alpers et al. 2005b).   
 

 
Figure 1.  Miners sluicing for gold in Deer Creek, circa 1850.   
 
Historical mining occurred throughout the Deer Creek Watershed along fault lines rich 
with gold. Deer Creek was used as a water and power source for mining and ore 
processing, and for discharge of mine wastes. The extent and magnitude of historical 
mining activity across the Deer Creek Watershed warrants a comprehensive assessment 
of mercury contamination in the Deer Creek Watershed. The long lasting nature of 
mercury means that mercury used over one hundred years ago is still present in the 
sediment today. Biomagnification of mercury up the food web is a concern not only for 
impacts on wildlife but also for humans that regularly consume fish caught in the 
watershed. 
 
A study conducted by the U.S. Geological Survey found that Little Deer Creek, a 
tributary to Deer Creek, and Scotts Flat Reservoir on Deer Creek, had fish with mercury 
levels above the CA Office of Environmental Health Hazard Assessment screening levels 
(OEHHA) (May et al 2000). Little Deer Creek and Scotts Flat Reservoir are listed on 
California’s 303 (d) list under the Clean Water Act as having impaired beneficial uses 
due to mercury contamination. This study is an effort to locate sources of mercury 
contamination in the Deer Creek Watershed and to prioritize sites for future remediation 
and restoration efforts. This study was conducted by Friends of Deer Creek (FODC), a 
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science based watershed group located in Nevada City, California, in collaboration with 
the Regional Water Quality Control Board and assistance from the USGS and BLM. 
 
 
 
 
 
 
 
 

 
Figure 2.  Deer Creek circa 1908, looking west from immediately downstream of 
Champion Mine.  Note how the channel is completely filled with gravel from mining 
activities.  
 
Methods 
 
Site Description: 
The Deer Creek Watershed is located in Nevada County on the western side of the Sierra 
Nevada Mountains in northern California.  It consists of eighty-five square miles of land 
with an elevation range of 700 to 5000 feet over a distance of 34 miles.  The Deer Creek 
Watershed includes the rural communities of Nevada City, Grass Valley, Penn Valley, 
and Lake Wildwood, who rely on Deer Creek for drinking water and recreation. Deer 
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Creek is a major tributary of the Yuba River, which drains to the Sacramento River 
watershed and ultimately to the San Francisco Bay.  
 
By the time Deer Creek reaches the Yuba River in the dry season, the water released 
from Scotts Flat Reservoir has been diverted by the Nevada Irrigation District (NID) 
canal system, leaving only tributary inputs and the Lake Wildwood Reservoir to supply 
the flow that reaches the Yuba River. The canal system used by NID was developed to 
divert water from the headwaters of the South Yuba to service hydraulic mines in the 
Deer Creek and Bear River watersheds. Today, NID uses some of this original canal 
system in conjunction with an extensive system of dams and diversions to supply water to 
western Nevada County and Placer County. The use of Deer Creek as a managed water 
conveyance system modified natural flow regime (Skrtic, 2005).  Water from the South 
Yuba is diverted into the south fork of Deer Creek, stored in Scotts Flat Reservoir and 
Deer Creek Reservoir (Lower Scotts Flat), and diverted into five major water supply 
canals before reaching Lake Wildwood Reservoir.  Lake Wildwood Reservoir is a private 
reservoir and residential development three miles above the confluence of Deer Creek 
and the lower Yuba River.  During winter, the reservoirs in the upper portions of Deer 
Creek drastically reduce peak flows.  Water diversions during the summer minimize in-
stream flows below Lake Wildwood Reservoir. 
 
Site Selection Methods: 
Total mercury (THg) in sediment was measured to locate sources of mercury that can be 
mobilized during storm-events.  Site selection was based on areas of likely 
contamination: drainages from known mine sites and in stream sediments where high 
THg concentrations were found in storm-water samples (Figure 3a).   
 
Storm sampling sites were selected to include sites above and below known mine sites, 
along major tributaries, an upper watershed site above mining impacts, a lower watershed 
site, and sites near the confluence of Deer Creek with the Yuba River. The upper 
watershed site was at the outflow of Scotts Flat Reservoir. Scotts Flat was the site of a 
large hydraulic mine, and the reservoir has been 303(d) listed for mercury. Our first 
several storms showed the discharge from below the Scott's Flat Reservoir had some of 
the lowest THg concentrations in the watershed, suggesting that the reservoir was 
effectively preventing most of the mercury from being transported down the watershed.  
Moving downstream the sampling sites are as follows: Deer Creek main-stem sites Scotts 
Flat Reservoir (DCL1), Willow Valley Road (DCL2), the tributary Little Deer Creek 
(DCL3), the tributary Gold Run (DCL4), the main-stem Deer Creek site at Champion 
Mine (DCL5), the main-stem site at Lake Wildwood site (DCL6), below Lake Wildwood 
tributary Squirrel Creek (DCL7) and the most downstream site at Mooney Flat (DCL8) 
just upstream from the confluence of Deer Creek with the Yuba River.  
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 Table 1: Deer Creek Mercury Storm Sampling Sites 2005-2006.  Total mercury (THg) in 
water and total suspended solids samples were collected at the following sites: 

 

DCL1. Scotts Flat: Deer Creek between Upper and Lower Scotts Flat Reservoirs via Scotts Flat 
Dam  Road.  First trail on right above NID gate. 
 
DCL2. Willow Valley: Deer Creek 20 m below Boulder Street on Willow Valley Road. 
 
DCL3. Little Deer Creek: Culvert entrance above Stonehouse parking lot. 
 
DCL4. Gold Run Creek: Gold Run Creek above confluence via trail on freeway easement. 
 
DCL5. Champion Mine: Deer Creek 1 mile below Champion Mine on Rothert property. 
 
DCL6. Lake Wildwood: Deer Creek inlet at Lake Wildwood Drive bridge. 
 
DCL7. Squirrel Creek: Pleasant Valley Road bridge over Squirrel Creek. 
 
DCL8. Mooney Flat: Mooney Flat Road bridge over Deer Creek near Smartville. 
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Figure 3a.  Deer Creek Watershed with the location of load sampling sites and historic 
mines. 
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Figure 3b.  Sampling locations for macroinvertebrates in the Deer Creek Watershed. 
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Figure 3c.  Sampling locations for fish in the Deer Creek Watershed. 
 
 
Additional sites were sampled in between the eight loading sites (DCL1-8) to try and 
locate source areas for mercury. Each additional site was labeled in chronological order 
from when it was sampled. These additional sites were only sampled during one storm-
event, except DCL11, which was sampled twice. 
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Table 2: Deer Creek Mercury Additional Storm Sampling Sites 2005-2006.  Total 
mercury (THg) in water and total suspended solids samples w ere collected at the 
following sites: 

 

DCL9.  Woods Ravine: Woods Ravine 200m above confluence (off Champion Road). 
 
DCL10. Slack’s Ravine: Slack’s Ravine 200m above confluence, from Mooney Flat Road. 
 
DCL11.  Nevada Street:  Nevada Street bridge crossing Deer Creek in Nevada City. 
 
DCL12. Little Deer Lane: Little Deer Creek Lane bridge over Deer Creek (off Slate Creek Road). 
 
DCL13. Bitney: Bitney Springs Road crossing Deer Creek. 
 
DCL14. Banner Mountain Trail: Little Deer Creek, upstream side of Banner Mountain Trail 
crossing. 
 
DCL15.  Northern Queen: Gold Run Creek at Northern Queen Inn, just before it goes under 
freeway. 
 
DCL16. Gold Run Railroad Avenue fork:  Gold Run river right tributary off Railroad Avenue. 
 
DCL17. Gold Run Mohawk fork:  Gold Run river left fork below marsh off Railroad Avenue. 
 
DCL18. Eagle Ravine: Eagle Ravine crossing Willow Valley Road, just east of HEW. 
 
DCL19. Manzanita drain: Drainage from Manzanita Diggings discharging below Deer Creek Inn. 

Sediment Sampling Methods: 
Sediment samples for Total mercury (THg) collected prior to the storm season were taken 
from in-stream fines and bank/floodplain sediments. In-stream and bank samples from 
the same site were treated as separate samples as the material was often a different 
composition with different THg concentrations.  The creek banks at some of our sites 
appeared to be depositions of historic tailings that are now re-eroded into the creek, while 
in-stream fines at the same site were a combination of sediments eroded from upstream 
sites.  Sample sources were noted in our sample descriptions.   
 
Sediment sampling was carried out with a polycarbonate scoop rinsed with ambient water 
and used to collect a composite of 5-10 sub-samples of the top 2 cm of fines.  The 
sediments were sieved through a coarse 2 mm screen into a plastic sample bag, and then 
re-sieved with a clean piece of 62 micron mesh.  The sediment was allowed to dry until 
lightly moist and was then placed in labeled glass sample jars before being sealed and 
shipped.  Samples were analyzed by California Laboratory Services using EPA 
6000/7000 Series Methods.  A copy of the full sampling protocol is included in Appendix 
B.  Several panned samples were also taken for a methodology comparison.  See 
Appendix A for detailed sediment sampling locations. 
 
Storm Sampling Methods: 
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During storm-events, our goal was to sample as close as possible to peak flows at all 
sites. The discharge at the USGS Smartville gauge (USGS gauge 11418500) was used as 
a proxy for discharge in the upper reaches. The timing of peak flows along main-stem 
Deer Creek and tributaries were different. Sampling teams would sample from tributaries 
first because they reached peak flow faster than the main-stem. Samples were collected 
using ultra-clean sample handling methods, in triple rinsed 250 mL glass bottles that had 
been double bagged and filled with acidified ultra-clean water by Moss Landing Marine 
Laboratory (MLML) (Modified EPA 1631e). A copy of the full sampling protocol is 
included in Appendix B.  
 
Low-flow samples were collected directly by wading into the stream or filling the bottle 
on the end of a sampling pole in the fastest moving water.  In most cases, high flow 
samples were taken from the downstream side of bridges with a specialized sampling 
bucket.  If this was not possible samples were collected from shore on the end of a pole 
from fast-moving, well-mixed water.  Storm-water samples at bridge sites were initially 
collected in a triple rinsed, weighted, acid-washed one gallon glass bottle which was then 
decanted into the 250 mL bottles.  However, high velocities of Deer Creek made 
collection with the larger bottle difficult, and after losing one of the large bottles at high 
flow, a smaller sampling bucket was designed to fit the 250 mL bottle which allowed 
bridge samples to be collected directly into the 250mL bottles. Samples were stored on 
ice and shipped within 4 days to Moss Landing Marine Laboratory for analysis by 
modified EPA Method 1631e. 
 
Total suspended solids (TSS) samples were taken as described above from the same 
locations and at the same time as the THg samples, but without ultra-clean handling, and 
processed in the FODC lab, using Standard Method 2540 D for TSS. 
 
ISCO pump samplers were used to collect samples to describe the TSS hysteresis during 
storm-events.  Composite, 1000mL samples were collected every two hours.  Every hour 
500mL was collected for a total of two 500mL collections per bottle.  Samples taken 
were storm-event driven. 
 
Stream Discharge Methods: 
One flow gauging station is located at Scotts Flat Reservoir at the powerhouse and 
spillway.  This gauge provided the discharge at DCL1 and is maintained by Nevada 
Irrigation District (NID).  The USGS gauging station # 11418500 on Deer Creek near 
Smartville provided flow for DCL8  (http://waterdata.usgs.gov/ca/nwis/uv?11418500 ).   
  
Initially DCL1 and DCL8 and one staff gauge at DCL5 were the only sources of flow 
data for Deer Creek.  After selecting the sites for repeated water sampling, additional 
staff gauges at DCL3, 4, and 7, and later 1 mile above DCL6 and 0.3 miles below DCL2 
were installed.  Staff gauge readings were collected during sampling events and as 
regularly as possible during the winter and spring. The velocity area method was used to 
generate stage discharge relationship to determine discharge from stage height. Flow 
profiles were generated at DCL2, 3, 4, 6, and 7 under a range of flow conditions to 
develop rating curves for each site.  The rating curves provide estimates of discharge 
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based on staff gauge height within the range of the measured values. The rating curve for 
DCL2 is shown in Figure 4. 
 

Figure 4. Rating curve for DCL2. 
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For high flows that were outside the range of measured discharge values, discharge was 
estimated using the water balance method. Summer flows were calculated using a water 
balance by subtracting water diversions based on data from the Nevada Irrigation 
District.  Using flow data at DCL1 and DCL8 flows at other sites were estimated based 
on a combination of flow profiles, rating curve calculations, and water balance.   
 
Load Calculations: 
Load calculations were carried out on selected storm sampling sites where discharge was 
known or could be estimated. A THg load is a measure of the total quantity of THg 
transported past a given site over a set time period.  In order to calculate loads, THg 
concentrations (ng/L) were multiplied by flow (cfs) and a unit conversion factor to 
determine an estimate of grams of THg /day transported: 
 

Load (g/day) = (Hg concentration ng/L)(0.002445)(Flow cfs) 
 
For our load considerations we were only able to take one grab sample per storm-event.  
By taking this concentration and multiplying it by the flow we obtain an instantaneous 
load (grams/second) for that grab sample.  Although we are reporting loads in grams per 
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day we are still reporting instantaneous loads or flow adjusted concentrations for each 
storm for each site and not the actual mass of THg transported during a given day.  This 
analysis allows us to weight the concentrations based on flow to obtain the relative total 
mass contributed by each site.  Load calculations were often based on flow estimates and 
therefore reflect a potentially large margin of error because of the inability to measure 
discharges at high flow for all sites. 
 
Macroinvertebrate Sampling Methods: 
Aquatic macroinvertebrates were collected at nine stream sites with kick nets and stored 
in labeled plastic bags on ice.  Twelve Macroinvertebrate samples were collected at three 
sites by Friends of Deer Creek. The remaining 25 macroinvertebrates samples were 
collected by the USGS at six sites in the Deer Creek Watershed during June of 2006.  
Samples were sorted by family in the lab.  Each sample required at least one gram for 
methylmercury (MeHg) analysis. After 4-24 hours of depurating, samples were rinsed, 
sorted and weighed in the laboratory, frozen in certified cleaned glass jars and shipped on 
dry ice to the Trace Element Research Laboratory at Texas A&M University.  
Macroinvertebrates samples were analyzed for MeHg, EPA Method 1630 Modified.  Lab 
QC included blanks, duplicates, THg spikes, and reference samples (a copy of the full 
sampling protocol is included in Appendix B).  Main-stem aquatic Macroinvertebrate 
sampling sites include SLM (Deer Creek at St Louis Mine), DCL4, DCL5, SLT (Deer 
Creek at the Slate Creek Confluence), DCL6, and DCL8. Tributary aquatic 
macroinvertebrate sampling sites included DCL2, DCL3, GRM (Gold Run Creek Marsh) 
(Figure 3b).  For three samples MeHg concentrations were not available due to an error in 
lab procedure.  These samples were estimated based on a the THg concentrations 
provided for those samples and the regression between THg and MeHg the other 22 
samples analyzed (R2 = 0.94, n = 22) . 
 
Fish Sampling Methods: 
Fish samples were collected at 10 sampling sites in the Deer Creek Watershed.  Sampling 
sites included DCL2, DCL3, DCL5, DCL6, Lake Wildwood Reservoir and DCL8 (Figure 
3c).  A total of 38 fish were collected including Rainbow Trout (Oncorhynchus mykiss), 
Brown Trout (Salmo trutta), Sacramento Pikeminnow (Ptychocheilus grandus), and 
Largemouth Bass (Micropterus salmoides) species over the course of a two week period.  
Fish collection was carried out with the assistance of the local Gold Country Fly Fishers 
as well as members of the Lake Wildwood Fishing and Hunting club.  Fish were handled 
with rubber gloves and stored in ice chests in the field until they could be frozen.  Fish 
were frozen within 1 hr of capture.  Frozen samples were held for no longer than two 
weeks before they were shipped for analysis.  Whole fish were sent on ice to the Trace 
Element Research Laboratory at Texas A&M University.  A muscle tissue filet was taken 
freeze dried and analyzed for THg.  All samples were analyzed for THg by cold vapor 
atomic absorption spectroscopy (CVAAS) and MeHg using EPA Method 1630 Modified.  
Lab QC included blanks, duplicates, THg spikes, and reference samples. 
 
Quality Assurance: 
At least 10 percent of the water and sediment samples were dedicated to quality 
assurance.  The field component consisted of collection of duplicate samples and blanks 

 15



processed through field protocols.  Field quality control samples were randomly 
distributed among sampling sites and events.  Out of 100 water samples, seven field 
duplicates and four field blank samples were collected, with corresponding TSS samples 
for all but the blanks.  Field blank water samples, MilliQ water was transported into the 
field and handled with ultra-clean techniques, uncapped, lowered over the creek or 
allowed to sit on shore for 1 minute, used to rinse the 250 mL bottle three times and then 
decanted into the bottle, which was shipped with the regular samples.  Of the 93 sediment 
samples, 11 field duplicates were collected, and 6 samples of certified reference material 
processed.   
 
The laboratory quality assurance component for Moss Landing consisted of the following 
analyses for each batch of water samples (each sampling event): three method blanks, one 
pair of analytical duplicates, one matrix spike/matrix spike duplicate pair, and one 
standard reference material (SRM NIST-1641d).  The sediment laboratory quality control 
included analysis (per batch, 6 batches total) of one blank, one LCS/LCS duplicate pair, 
and one Matrix Spike/Matrix Spike Duplicate pair. The results of the quality assurance 
measures are shown in Appendix C. 
 
All detection limits were achieved, all blanks were below the detection limit, the replicate 
regression point displacement (RPD) was within the data quality objectives (DQO) of 
25%, the matrix spike recoveries were within the DQO of 75-125%, and the standard 
reference material recoveries were within the DQO of 75-125%.  The QC sediment 
samples were all within the % REC limits (<0.1 mg/kg for blanks, 75-125% for LCS and 
Matrix Spikes), except for 3 of the Matrix Spikes and 2 of the Matrix Spike Duplicates. 
 
Results 
 
Total Mercury in Sediment: 
Twenty-four initial sediment samples were collected throughout the watershed in August 
and September of 2005 (Figure 5 a-c). Sixty four post-storm season sediment samples 
were collected in June 2006 to determine the locations of potential source regions 
identified by the storm sampling.  Total mercury in sediment samples collected in the 
Deer Creek Watershed varied from non-detect (method detection limit of 0.1 mg/kg) to 
51 mg/kg.  All samples are displayed as wet weight. The mean sediment THg 
concentration from our samples was 1.92 mg/kg.  The median sediment THg 
concentration was 0.89 mg/kg. The EPA preliminary remediation goal for THg in soil is 
less than 2.3 mg/kg. (mg/kg is interchangeable with ppm).   
 
Table 3.  Sediment sample comparisons for various remediation goals. 

 

Deer Creek Total Mercury in Sediment (wet wt.)     
          

Mean Median Percent samples >0.08ppm 
Percent samples 
>0.2ppm 

Percent samples 
>2.3ppm 

ppm ppm (Global Background) 
(SF Bay remediation 
goal) (EPA PRG for Soil) 

1.92 0.89 94% 91% 10% 
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Sediment samples that were collected in the Deer Creek Watershed are shown in Figures 
5a and 5b.  Exact concentrations and site locations can be found in appendix D.  One site 
on Gold Run Creek (sample 37Q) had bank sediments with a THg concentration of 51 
mg/kg, more than 2.5 times the Resource Conservation and Recovery Act (RCRA) 
hazardous waste limit.  This sediment was from an eroding bank very close to the site of 
a historic ore processing facility, and more sampling should be conducted there to define 
the area of significant contamination.  The second highest sample was 12mg/kg (sample 
38) was located a short distance downstream from sample 37Q.  Another potential 
hotspot (5.9 mg/kg) was located on one of the tributary streams to Little Deer Creek 
(sample 27).   
 

 
 
  
Figure 5a.  Total mercury sediment sampling sites in the Deer Creek Watershed.  
Sampling locations were chosen at historic mine sites and from creeks into which mine 
sites drain into. 
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Figure 5b.  Sediment samples taken in the upper Deer Creek Watershed.  Samples are 
shaded based on incremental ranges of total mercury concentration (wet wt). 
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Figure 5c.  Sediment samples taken in the middle Deer Creek Watershed.  Samples are 
shaded based on incremental ranges of total mercury concentration (wet wt). 
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Figure 5d.  Sediment samples taken in the lower Deer Creek Watershed.  Samples are 
shaded based on incremental ranges of total mercury concentration (wet wt). 
 
 
Total Mercury in Water: 
Storm samples were collected during 10 sampling events during the 2006 water year at a 
range of flow conditions, including two low-flow irrigation season events (< 10 cfs), four 
intermediate-flow events (100 to 1000 cfs), and four high-flow storm-events (> 1000 cfs) 
(Figure 6). At each storm sampling site THg, total suspended solids, and discharge were 
measured.  
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Figure 6.  A graph of flow for the 2005-2006 sampling season with the dates and times of 
our sampling events are shown below.  The flow data is from USGS gauge # 11418500, 
Deer Creek near Smartville (located at Site DCL8, near the Yuba confluence).  
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Total mercury concentration in the water measured during storm-events from all water 
bodies ranged from 0.34 ng/L to 1033 ng/L across all sites and under a range of 
discharges.  The average THg concentrations for the Deer Creek main-stem sites 
combined was 60.02 ng/L (DCL 1, 2, 5, 6 and 8).  The average THg concentration for 
Little Deer Creek (DCL3) was 206.97 ng/L and the average THg concentration for Gold 
Run (DCL4) was 275.95 ng/L, across all storm-events (Table 4).   
 
Table 4.   Total mercury concentrations, averages, and standard deviations at 8 sampling 
sites in the Deer Creek Watershed. Sites denoted by parenthesize are tributaries. 

Site 9/15/05 12/1/05 12/28/05 12/31/05 2/2/06 2/27/06 3/25/06 4/3/06 5/11/06 6/29/06 Average Stdev
DCL1 0.34 - 2.92 5.97 1.53 1.75 1.36 2.37 1.20 1.37 2.09 1.63
DCL2 0.76 57.83 11.73 27.18 5.89 9.64 15.20 25.33 1.74 1.72 15.70 17.52

DCL3 (LDC) 1.06 238.38 286.72 1032.95 16.58 86.96 196.30 201.08 5.29 4.43 206.97 309.93
DCL4 (GR) 31.27 812.90 306.92 771.61 63.73 182.67 260.02 177.45 37.04 115.93 275.95 286.98

DCL5 2.41 241.98 70.78 303.13 11.48 58.07 63.03 113.69 5.11 9.81 87.95 104.69
DCL6 1.69 126.23 223.16 715.57 27.80 65.86 311.19 213.34 5.35 3.79 169.40 220.69

DCL7 (SC) - 71.62 34.32 54.24 18.26 31.86 38.84 46.44 3.65 4.36 33.73 22.51
DCL8 1.10 - 24.26 108.83 11.26 16.86 22.97 29.95 5.55 3.90 24.97 32.99

Total Mercury in Water (ng/L)
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Additional water samples were collected between the primary 8 sampling locations 
(DCL1-8) in an attempt to determine which section of Deer Creek had the greatest 
increases in THg concentrations and should be the focus of more intensive sampling to 
locate input sources (Table 5).  
 
Table 5.  Total mercury concentrations at subsidiary sampling locations for two storm-
events. 

DCL9 DCL10 DCL12 DCL13 DCL14 DCL15 DCL16 DCL17 DCL18 DCL19
12/28/05 12/31/05 2/27/06 4/3/06 3/25/06 2/25/06 4/3/06 4/3/06 4/3/06 4/3/06 4/3/06 4/3/06

87.97 19.79 22.56 53.31 91.36 128 358 151 94.82 276 86.84 137

DCL11
Total Mercury in Water: Additional Sampling Sites (ng/L)

 
 
 
Of the 100 water samples collected, 77 were collected during 10 different flood events at 
eight core sites, 12 were collected at additional sites, and 11 were collected as quality 
assurance samples (seven were field duplicate samples, and 4 were field blank samples, 
see Appendix C).   
 

Figure 7.  Total mercury concentrations at Deer Creek sites moving down the watershed 
for all sampling events. 
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Figure 8.  Total mercury concentrations during the 12.31.05 flood at all of the primary 
sampling sites moving down the watershed.  The furthest upstream site is DCL1. 
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Large increases in THg concentration were observed during the 12.31.05 flood event 
between DCL5 (Champion Mine) and DCL6 (Lake Wildwood) (Figures 7 and 8). 
Additional samples were taken between these two sites at Little Deer Creek Lane 
(DCL12) and at Bitney Springs Road crossing (DCL13) to try and locate the source area 
of THg (Figure 8) during the 3.25-07 flood event.  
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Figure 9.  Total mercury concentrations during the 3-25-2006 storm at 10 sampling sites.  
The black line delineates the main-stem sites on Deer Creek. 
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Results from the 12.31.05 and 3.25.06 flood events indicate that the THg concentrations 
entering Lake Wildwood (DCL6) are generally much higher for a given flow than those 
at the Yuba confluence (DCL8) downstream of the Lake Wildwood dam. This indicates 
that Lake Wildwood is trapping a large portion of the THg and sediment moving down 
Deer Creek. 
 
Total Suspended Solids (TSS) samples were taken concurrently with each storm-water 
sample for THg to help determine the relationship of THg concentrations in water to 
sediment mobilization (Table 6).  The amount of total suspended solids during storm-
events ranged from below detection limits to 204.5mg/L in Deer Creek main-stem. The 
Little Deer Creek tributary had the highest TSS concentration of 703.2mg/L. TSS 
concentration follows the same trend as THg increasing with distance downstream.  
 
Table 6. TSS concentrations at each site for storm sampling events. 
 

Site 9/15/05 12/1/05 12/28/05 12/31/05 2/2/06 2/27/06 3/25/06 4/3/06 5/11/06 6/29/06 Average Stdev
DCL1 0.3 2.5 3.6 35.9 3.1 2.9 - 9.1 2.1 13.0 8.06 11.17
DCL2 0.5 47.5 8.6 65.9 3.7 19.8 16.8 34.0 1.7 13.5 21.20 21.62

DCL3 (LDC) 0.7 220.0 198.0 703.2 6.0 71.7 128.0 130.0 1.9 12.2 147.17 211.90
DCL4 (GR) 2.9 175.0 167.3 199.5 14.8 124.8 109.0 105.0 8.8 5.8 91.29 77.38

DCL5 0.7 100.0 46.9 178.0 4.0 40.0 54.8 84.5 2.1 10.3 52.13 56.35
DCL6 0.0 115.0 177.5 310.5 16.3 42.3 204.5 80.0 2.6 10.7 95.94 105.14

DCL7 (SC) 0.3 100.0 74.0 128.0 15.5 29.3 143.5 129.0 0.8 10.6 63.10 58.20
DCL8 0.7 75.0 42.1 117.0 9.9 18.8 61.0 168.0 3.0 8.4 50.40 55.95

Total Suspended Solids (TSS, mg/L)
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A regression of TSS and THg concentrations for the main-stem Deer Creek sites down to 
Lake Wildwood (DCL1, 2, 5,and 6) had an R2 value of 0.9 (Figure 10a) (Similar 
regressions were made for each one of the tributaries. Little Deer Creek (DCL3) had an 
R2 value of 0.99 (Figure 10b) and Gold Run (DCL4) had an R2 value of 0.7 (Figure 10c).  

Figure 10a. Total suspended solids concentrations versus THg concentrations for main-
stem sites. 
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Little Deer Creek (DCL3)
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Figure 10b. Total suspended solids concentrations versus THg concentrations for Little 
Deer Creek (DCL3). 
 

 25



Gold Run Creek (DCL4)
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Figure 10c. Total suspended solids concentrations versus THg concentrations for Gold 
Run (DCL4). 
  
High resolution storm samples were collected for a 2007 storm (Figure 11) for tributaries 
of Deer Creek: Gold Run (DCL4) and Woods Ravine (DCL9).  Peak TSS concentrations 
varied based on the sub watershed as did the slope of the descending limb of the 
hydrograph.  Woods Ravine was characterized by a sharp increase and decrease in TSS 
whereas the TSS signature on Gold Run took longer to peak and longer to decline. 
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Figure 11.  Total suspended solids results collected with an autosampler on Feb 7th and 
8th of 2007.  Samples were collected simultaneously for direct comparison.  
 
Summary of Water Sampling: 
Fifty-eight percent of the storm-water samples collected exceeded the USEPA criterion 
(CA Toxics Rule) of 50 ng/L. The following trends were observed from the results: 
 

 Total mercury concentrations generally increased in the downstream direction during 
storm-events.  

 There were elevated THg concentrations in the tributaries of Little Deer Creek 
(DCL3) and Gold Run Creek (DCL4). 

 Total mercury concentrations were low below the reservoirs: Scotts Flat Reservoir 
(above DCL1) and Lake Wildwood Reservoir (below DCL8). 

 Large storm-events generally had higher THg and TSS concentrations (i.e. high flow 
events on 12.28.05 and 12.31.05) than lower flow samples. 

 Main-stem THg concentrations in water were very highly correlated with TSS 
concentrations (R2 value of 0.9). 

 
Methylmercury in Macroinvertebrates: 
Seven families were captured using kick-nets.  Dragonflies, Odonata: Aeshnidae, 
Cordulegastridae, and Gomphidae; Dobsonflies, Megaloptera: Corydalidae,   Water 
striders, Hemiptera: Gerridae: Net spinning Caddisflies Trichoptera: Hydropsychidae; 
and stoneflies Plecoptera: Perlidae.  Macroinvertebrate methylmercury (MeHg) 
concentrations are recorded along with family and trophic level in Table 7.  Trophic 
levels are general statements based on family feeding patterns.  Feeding patterns vary 
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within family to some degree therefore the trophic levels in Table 7 are approximations.  
Trophic designations do not necessarily reflect the feeding habits of particular species 
collected but are general trophic designations of the family the species belongs to.  The 
highest MeHg concentration detected was at DCL6 from the drift feeding 
Hydropsychidae (Caddisfly) family (0.23 ppm MeHg).  The lowest concentration was 
recorded at the uppermost watershed site at the St Louis Mine from the large predator 
Corydalidae (hellgrammite) family (0.018 ppm MeHg). 
 
On average, fewer numbers of macroinvertebrate individuals were collected per sample 
for large predators (mean = 6.4, stdev = 4.5, n = 21) than for small predators and drift 
feeders (mean = 29.9, stdev = 15.8, n = 16) (Figures 12 a and 12 b). The tributaries of 
Deer Creek (DCL3 and DCL4) exhibited comparable MeHg if not elevated 
concentrations to those observed on the main-stem for small predators and drift feeders 
and for large predators.  Within family patterns between sites revealed that MeHg 
concentrations generally increase moving downstream for small predator and drift feeder 
taxa.  For example, MeHg concentrations in Perlidae samples increase from the 
uppermost main-stem site DCL2 (0.052 ppm) to the downstream SLT site (0.106) and 
then increase again further downstream at DCL6 (0.186).  Hydropsychidae and Gerridae 
MeHg concentrations reveal higher levels above the Lake Wildwood Reservoir (DCL6) 
than below the reservoir (DCL8) (Figure 12a).   
 
The lowest concentrations for large predators were found in the Corydalidae samples 
collected at the uppermost site (SLM) (Figure 12b).  Below this site there was a general 
increase in MeHg concentrations in all families for large predators however, specific 
patterns were difficult to discern.  Among the Corydalidae samples, MeHg concentrations 
increased from the uppermost site (SLM) to the downstream site of DCL5.  Alternatively, 
concentrations in the Gomphidae family revealed no clear trends in MeHg concentration 
between upstream and downstream sites yet consistently exhibited some of the highest 
MeHg concentrations among the large predators. Methylmercury concentrations of the 
family Cordulegastridae on the tributary sites (DCL3 and GRM) were elevated in 
comparison to concentrations on the main-stem below these tributaries (DCL5) (Figure 
12b). 
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Figure 12a.  Methylmercury concentrations in macroinvertebrate tissue for small 
predators and drift feeders.  Numbers above the bars represent the number of individuals 
in each sample.  Sites on the x-axis move from upstream to downstream (left to right).  
The sampling site SLT was Deer Creek below Slate Creek. 
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Figure 12b.  Methylmercury concentrations in macroinvertebrate tissue for large 
predators.  Numbers above the bars represent the number of individuals in each sample.  
Sites on the x-axis move from upstream to downstream (left to right).  The sampling site 
SLM is Deer Creek at the St. Louis Mine, SLT is Deer Creek below Slate Creek, and 
GRM is Gold Run Marsh on Gold Run Creek. 
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Table 7.  Methylmercury data in macroinvertebrate tissue at all sites with the average 
mass of methylmercury per insect.  Sites are in bold and main-stem sites move down the 
watershed from the top of the Table to the bottom.  Samples marked with an * are 
tributaries of Deer Creek and are at the bottom of the Table.  Samples shaded in orange 
were collected by the USGS.  MeHg concentrations marked in red are estimates based on 
the THg to MeHg correlation. 

Family Trophic Level Individuals Sample  
 

Moisture Average weight Me- Hg  Average mass   

   Mass (g) % per insect (g) wet wt. (ppm) 
MeHg per insect 

(ng) 
St Louis Mine (SLM) - Collected 6/7/2006              
Corydalidae Large Predator 4 4.46 77.10 1.115 0.017 0.0190 
Corydalidae Large Predator 8 1.74 79.40 0.22 0.019 0.0042 
Corydalidae Large Predator 3 1.75 76.30 0.58 0.018 0.0107 
Average       0.018  
SD      0.001  
        
Willow Valley Road (DCL2) - Collected 6/7/2006         
Aeshnidae Large Predator 6 2.66 79.90 0.44 0.089 0.0393 
Aeshnidae Large Predator 6 5.05 77.30 0.84 0.077 0.0650 
Perlidae Small Predator 10 2.56 69.90 0.26 0.045 0.0115 
Perlidae Small Predator 15 2.09 73.10 0.14 0.059 0.0082 
Average       0.067  
SD      0.019  
        
Champion Mine (DCL5) - Collected 6/6/2007           
Cordulegastridae Large Predator 2 2.20 74.30 1.10 0.083 0.0916 
Cordulegastridae Large Predator 2 2.10 74.50 1.05 0.075 0.0785 
Corydalidae Large Predator 1 0.72 70.78 0.72 0.139 0.1001 
Corydalidae Large Predator 1 1.56 71.60 1.56 0.072 0.1130 
Gerridae Small Predator 25 1.86 67.30 0.07 0.060 0.0045 
Gomphidae Large Predator 15 2.38 69.10 0.16 0.115 0.0182 
Gomphidae Large Predator 13 1.82 73.00 0.14 0.088 0.0123 
Hydropsychidae Drift Feeder 50 2.56 70.30 0.05 0.055 0.0028 
Hydropsychidae Drift Feeder 50 2.14 71.90 0.04 0.055 0.0023 
Average       0.082  
SD      0.028  
        
Deer Creek Below Slate Creek Confluence (SLT) - Collected 6/8/2006       
Gerridae Small Predator 25 1.61 59.30 0.06 0.123 0.0079 
Perlidae Small Predator 9 0.93 67.90 0.10 0.106 0.0110 
Gomphidae Large Predator 8 1.23 68.20 0.15 0.140 0.0215 
Hydropsychidae Drift Feeder 26 1.48 66.20 0.06 0.096 0.0054 
Average       0.116  
SD      0.019  
        
Deer Creek at Herlingers (DCL6) - Collected 6/9/2006         
Gomphidae Large Predator 11 1.88 72.70 0.17 0.128 0.0218 
Gerridae Small Predator 38 1.68 66.10 0.04 0.201 0.0089 
Hydropsychidae Drift Feeder 54 2.79 68.80 0.05 0.231 0.0119 
Perlidae Small Predator 6 1.15 69.90 0.19 0.186 0.0357 
Average       0.187  
SD      0.043  
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Family Trophic Level Individuals 
Sample 
Mass  Moisture Average weight  Me- Hg wet  Average mass MeHg   

   (g) % per insect (g) wt. (ppm) per insect (ng) 
        
Deer Creek Below Lake Wildwood Reservoir (DCL8) - Collected 6/8/2006     
Gomphidae Large Predator 5 0.94 81.80 0.19 0.130 0.0244 
Aeshnidae Large Predator 1 1.03 72.20 1.03 0.150 0.1541 
Gerridae Small Predator 44 2.84 65.30 0.06 0.125 0.0081 
Hydropsychidae Drift Feeder 48 1.27 75.70 0.03 0.087 0.0023 
Average       0.123  
SD      0.026  
        
*Gold Run Marsh (GRM) - Collected 6/7/2006           
Cordulegastridae Large Predator 6 2.11 78.90 0.35 0.124 0.0436 
Gomphidae Large Predator 10 1.53 69.80 0.15 0.124 0.0189 
Gomphidae Large Predator 10 1.30 74.90 0.13 0.129 0.0167 
Average       0.125  
SD      0.003  
        
*Gold Run Creek (DCL4) - Collected 6/6/2006           
Gerridae Small Predator 25 1.23 63.70 0.05 0.074 0.0036 
Hydropsychidae Drift Feeder 28 0.94 80.11 0.03 0.090 0.0030 
Average       0.082  
SD      0.012  
        
*Little Deer Creek (DCL3) - Collected 6/6/2006           
Cordulegastridae Large Predator 3 3.70 75.50 1.23 0.098 0.1203 
Cordulegastridae Large Predator 5 1.60 81.20 0.32 0.090 0.0289 
Gerridae Small Predator 25 1.29 62.20 0.05 0.116 0.0060 
Gomphidae Large Predator 15 1.87 69.30 0.12 0.133 0.0166 
Average       0.109  
SD      0.019  

 
Median and mean MeHg concentrations are displayed in the box plot in Figure 13.  The 
site with the lowest mean MeHg concentrations were recorded at the uppermost site at the 
St Louis Mine (SLM- 0.018 ppm MeHg) and the site with the highest mean MeHg 
concentrations were recorded at DCL 6 above the Lake Wildwood reservoir (0.187 ppm 
MeHg).  Mean MeHg concentrations decreased from 0.187 at DCL6 above the Lake 
Wildwood reservoir to 0.123 ppm MeHg at DCL8 below the Lake Wildwood reservoir.  
A t-test indicates that the uppermost sampling point in the watershed (SLM) and the site 
just above the Lake Wildwood Reservoir had means significantly different from all sites 
(P < 0.01).  
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Figure 13.   Box plots displaying median (black) and mean (red) methylmercury 
concentrations in macroinvertebrate tissue by site.  The bottom boundary represents the 
25th percentile and the upper boundary is the 75th percentile.  Sites are sequential from the 
upper watershed (SLM) moving toward the lower watershed (DCL8).  Introduced sites 
are as follows:  SLM is Deer Creek at St Louis Mine, GRM Gold Run Creek Marsh, and 
SLT Deer Creek at the Slate Creek Confluence.  
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Total mercury in Fish: 
Results from our fish tissue analysis for THg is presented in Table 8.  At the uppermost 
site in Deer Creek (DCL2) we recorded a minimum concentration of 0.077 ppm Hg wet 
weight in a Brown Trout tissue sample. In the Lake Wildwood reservoir we recorded our 
highest concentration of THg of 1.167 ppm Hg wet weight from a Largemouth Bass 
tissue sample  exceeding the EPA action level for MeHg in fish of 1.0 ppm Hg wet 
weight (THg is usually a close proxy for MeHg in fish tissue, see explanation in the 
discussion).  Of the fish sampled, 47% were recorded above the OEHHA screening level 
of 0.3 ppm Hg wet weight.   
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Table 8. Total mercury concentrations in fish tissue.  Samples move down the watershed 
from the top of the Table to the bottom.   

Species Approximate Size (inches) 
Total Hg wet wt.  

(ppm) 
Total Hg dry wt. 

(ppm) 
    
Willow Valley Road (DCL2) - Collected 7/2008     
Rainbow 4 to 8  0.097 0.43 
Rainbow 4 to 8  0.152 0.733 
Brown 4 to 8  0.087 0.444 
Brown 4 to 8  0.120 0.518 
Brown 4 to 8  0.077 0.41 
Brown 4 to 8  0.088 0.396 
    
Champion Mine (DCL5) - Collected 7/2008     
Rainbow 4 to 8  0.118 0.544 
Rainbow 4 to 8  0.095 0.453 
Rainbow 4 to 8  0.099 0.441 
Rainbow 4 to 8  0.112 0.554 
Brown 4 to 8  0.129 0.589 
    
Deer Creek at Herlingers (DCL6) - Collected 7/2008   
Sacramento Pikeminnow 4 to 8  0.512 2.89 
Sacramento Pikeminnow 4 to 8  0.458 2.56 
Sacramento Pikeminnow 4 to 8  0.294 1.49 
Sacramento Pikeminnow 4 to 8  0.327 1.72 
Sacramento Pikeminnow 4 to 8  0.436 2.2 
    
 Lake Wildwood Reservoir - Collected 7/2008     
Largemouth Bass 12 to 14 0.918 4.48 
Largemouth Bass 12 to 14  1.167 6.24 
Largemouth Bass 12 to 14 0.711 3.5 
Largemouth Bass 12 to 14 0.574 2.76 
Largemouth Bass 12 to 14 0.762 3.61 
Largemouth Bass 12 to 14 0.538 2.55 
Largemouth Bass 12 to 14 0.583 2.87 
Largemouth Bass 12 to 14 0.801 3.89 
Largemouth Bass 12 to 14 0.864 4.32 
Largemouth Bass 12 to 14 0.674 3.27 
Largemouth Bass 12 to 14 0.705 3.49 
    
Deer Creek Below Lake Wildwood Reservoir (DCL8) - Collected 7/2008   
Sacramento Pikeminnow 4 to 8  0.137 0.658 
Sacramento Pikeminnow 4 to 8  0.129 0.74 
Sacramento Pikeminnow 4 to 8  0.118 0.661 
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Sacramento Pikeminnow 4 to 8  0.123 0.611 
Sacramento Pikeminnow 4 to 8  0.188 0.901 
Largemouth Bass 4 to 8  0.110 0.509 
    
Little Deer Creek (DCL3) - Collected 7/2008     
Brown 4 to 6  0.330 1.62 
Brown 4 to 6  0.361 1.91 
Brown 4 to 6  0.368 2.07 
Brown 4 to 6  0.293 1.34 
Brown 4 to 6  0.213 1.07 
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Figure 15.  Total mercury concentrations in fish tissue.  Sites on the x-axis move from 
upstream to downstream (left to right).  The sampling site LWW is the Lake Wildwood 
reservoir. 
 
A graphical representation of all of the fish samples collected with their THg 
concentrations can be found in Figure 15.  Upstream sites (DCL2, DCL3, and DCL5) 
supported cold water fishes consisting of Rainbow and Brown Trout while downstream 
sites (DCL6, LWW, and DCL 9) supported warm water fishes consisting of Sacramento 
Pikeminnow and Largemouth Bass.  Several fish barriers exist on the main-stem of Deer 
Creek which may play a role, along with temperature, in the species variation along the 
creek.  Barriers include Deer Creek falls between DCL5 and DCL6, the Lake Wildwood 
impoundment above DCL8 and falls just above the confluence of Deer Creek and the 
lower Yuba River.  The minimum THg concentration from the Lake Wildwood reservoir 
(0.538 ppm Hg wet weight) was greater than the maximum concentration recorded at all 
other sites (0.512 ppm Hg wet weight).  THg concentrations in fish show a strong 
decrease below the Lake Wildwood reservoir although the fish species sampled at LWW 
were Largemouth Bass and DCL8 were Sacramento Pikeminnow.  THg concentrations 
recorded on the tributary, Little Deer Creek (DCL3), were elevated compared to the two 
uppermost main-stem sites (DCL2 and DCL5).  The confluence of Little Deer Creek and 
the main-stem of Deer Creek fall between DCL2 and DCL5. 
 
Total Mercury Loads: 
Flow during storms was measured at mid and high flows for 7 of the 10 sampling events. 
The following graphs display the relationship of THg concentrations to flow at two sites, 
above (DCL6) and below the Lake Wildwood Reservoir (DCL8) (Figure 16). Flow was 
analyzed with respect to THg concentration at DCL8 because the USGS gauge at 
Smartville provides continuous discharge measurements. These data show an increase in 
THg concentration with increased discharge. Flow was also analyzed with respect to THg 
concentration at DCL6 at the inlet to Lake Wildwood. These data show a similar 
increasing trend with discharge and also indicate that the concentration of THg is above 
the USEPA criteria of 50ng/L. 
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Figure 16.  Impact of varying discharges on total mercury concentrations above (DCL6) 
and below (DCL8) the Lake Wildwood Reservoir.  High discharges are estimates at 
DCL6.  DCL8 is the location of the Smartville USGS gage.  Points outlined in red denote 
the 100 year flood. 
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Figure 17.  Impact of varying discharges on total mercury transport at DCL 6. 
 
Table 9 describes the THg load estimates for storm-events.  High flow estimates were 
less reliable because discharge was estimated and not measured. The location of the 
highest load for each sampling event is shown in bold.  The locations of these non-
additive jumps in THg loads are highlighted in yellow below, indicating unknown THg 
sources upstream from those sites.  
 
Table 9.  Total mercury load estimates for the eight principal water sampling sites for each 
storm-event.    
 

Site 9/15/05 12/1/05 12/28/05 12/31/05 2/2/06 2/27/06 3/25/06 4/3/06 5/11/06 6/29/06 Average Stdev
DCL1 0.07 0.00 0.64 11.97 0.97 0.43 3.33 11.60 0.28 0.26 2.95 4.75
DCL2 0.04 7.07 11.48 69.11 5.04 7.03 44.61 136.23 0.36 0.08 28.10 44.32

DCL3 (LDC) 0.01 21.27 69.61 505.11 0.89 8.86 82.50 98.33 0.06 0.03 78.67 154.60
DCL4 (GR) 0.26 69.56 75.04 282.99 3.12 17.87 95.36 86.77 0.45 0.85 63.23 86.62

DCL5 0.14 76.74 155.74 1037.62 11.23 56.79 231.18 667.15 1.09 0.48 223.81 350.83
DCL6 0.01 57.10 818.44 3674.10 33.99 100.65 1445.61 1408.37 0.98 0.04 753.93 1181.93

DCL7 (SC) 20.43 75.53 159.14 11.61 23.13 89.63 181.67 0.32 0.11 62.40 69.03
DCL8 0.01 145.92 883.41 21.03 38.06 158.95 315.62 1.51 0.04 173.84 286.47

Deer Creek Total mercury Load Estimates (g/day)

Bold = highest load for sampling event
Highlighted = site where the load increases with an unaccounted source
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Figure 18.  Total mercury loads by site and by storm-event.  
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During low-flow events, such as 9.15.05 and 6.29.06 (irrigation season), canal diversions 
between DCL1 and DCL2, DCL2 and DCL5, and DCL5 and DCL6 dominate the load 
trend, with many downstream sites showing lower loads because of diversion of water 
and the THg it carries.  High flow storm-events clearly mobilize much greater loads of 
THg than low-flow storm-events (Figure 18).   
 
The load estimates for the primary sites during the 12.31.05 flood (Figure 19) indicate an 
increasing THg loading trend moving down the watershed to Lake Wildwood Reservoir 
(DCL6).  THg loading below the Lake Wildwood Reservoir decreases dramatically 
indicating appreciable sediment retention of THg in Lake Wildwood.  The relative 
significance of tributary loads for sites DCL3 (Little Deer Creek), DCL4 (Gold Run), and 
DCL7 (Squirrel Creek) during the largest storm of the year (12.31.05) is displayed in 
Figure 19. 
 
Our data indicate consistently high loads of THg entering Lake Wildwood (DCL6) during 
storm-events with much lower loads at the output of the reservoir (Figure 19).  This 
indicates that Lake Wildwood is effectively trapping THg loads coming down Deer 
Creek. Because of uncertainties in our current estimates of flow entering Lake Wildwood, 
there has been no attempt here to estimate an annual THg load to Lake Wildwood.   

 39



 

Figure 19.  Estimated THg loading rates for the 12-31-05 storm-event at the primary 
sampling sites. 
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Figure 20. Estimated total THg loading rates to Lake Wildwood for all storm sampling 
events.  
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Figure 21.  Estimated THg loading rate that inputs into the Yuba River from Deer Creek.  
Samples were taken at DCL 8. 
 
Deer Creek’s THg loads to the Yuba River were calculated based on flows from the 
USGS gauging station # 11418500 and THg concentrations measured at DCL8 (Mooney 
Flat bridge), less than 1 mile upstream of Deer Creek’s confluence with the lower Yuba 
River. 
Total mercury concentrations delivered to the Yuba River (approximated from DCL8) 
only once exceeded the 50 ng/L criterion during the study period (Figure 21) occurring 
during the 12-31-05 storm-event sample.  Deer Creek’s THg loads to the Yuba River 
provide an indication of how much mercury from Deer Creek is impacting downstream 
areas.   
 
Discussion 
 
Mercury Sources in the Deer Creek Watershed: 
The primary objective of this study was to identify major mercury sources in the Deer 
Creek Watershed.  Our data clearly show that mercury is bound to sediment and is 
transported during high flows when sediment is mobilized (Mason and Sullivan 1998, 
Whyte and Kirchner 2000). The sources of mercury in the Deer Creek Watershed are 
likely 1) historic tailings near mine or mill sites or 2) stream bank and floodplain 
sediments high in mercury from hydraulic mining and mill tailing sites.  
 
Total mercury concentration data during storm-events were used to identify source areas 
and THg load analyses were used to determine which source areas were the greatest 
contributors to elevated THg on the main-stem. Our data suggest that sediment terraces 
are re-eroding into the creek and are mobilized during high flows. The results of this 
study indicate that THg concentrations in Deer Creek increase in the downstream 
direction until reaching the Lake Wildwood Reservoir where mercury and sediment 
deposition occurs. 
  
It is estimated that Little Deer Creek and Gold Run Creek collectively contributed 15-
20% of the total load of THg entering Lake Wildwood. Tributary inputs made up a small 
portion of the total load because of the small size of these sub-watersheds that experience 
relatively low-flows. Squirrel Creek (DCL7), the largest tributary, had much lower 
concentrations of THg than the smaller tributaries of Little Deer Creek (DCL3) and Gold 
Run Creek (DCL4).  This approach allowed for the prioritization of additional sampling 
and identification of hotspots that might be appropriate to target for remediation.  
Additional fine-scale sampling in these sub-watersheds is needed to identify point 
sources for cleanup.  
 
The application of a mass balance analysis of the storm load data suggest that there are 
numerous unaccounted for sources of mercury entering the mainstream of Deer Creek 
between DCL5 and DCL6.  Total mercury loads more than triple between DCL5 and 
DCL6 during storms. Repeated storm sampling at DCL5, 6, 12, and 13 allowed us to 
determine THg load inputs on the main-stem however we lacked spatial resolution below 
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DCL13. The greatest sources of THg were between the Bitney Springs road crossing 
(DCL13) and the Lake Wildwood inlet (DCL6). Additional sampling is warranted below 
DCL13. 
 
The fact that the THg load tripled between DCL5 and 6 at high flows is surprising 
because there are not very many known mine sites between DCL5 and DCL6 section, 
according to historic maps and records or GIS data sources MRDS (Mineral Resources 
Data System) and PAMP (Principal Areas of Mine Pollution).  Sediment samples were 
taken in this area but no hotspots of mercury contamination were found. Further sampling 
should be conducted in this region to locate potential point sources. One possible 
explanation for this observation is that mercury sources in this DCL5 to DCL6 reach are 
not coming from specific mines, but are historically deposited floodplain and bank 
sediments re-mobilized during high flows.  The gradient of Deer Creek becomes gentler 
for much of this section, and historic maps and photographs show large areas below 
DCL5 filled with hydraulic mine tailings.  Terraces of hydraulic tailings can be seen in 
areas below DCL5.  
 
Sediment samples between water quality sites and along tributary sub-watersheds were 
used to locate hotspot source areas of mercury.  Our detailed sediment sampling was 
focused upstream of DCL4 along Gold Run because it was the area with the highest 
storm-water THg concentration. One of the challenges of locating hotspots in the Deer 
Creek Watershed is the private ownership of most of the watershed.  Although some 
landowners have graciously given permission for sampling on their properties and some 
public lands and roads provide access for sampling, it is often difficult to track upstream 
sources because even the small creeks cross many different private parcels.  
 
 
 
 
 
Important findings with respect to the mercury sources in the Deer Creek Watershed 
are: 
 

1) Total mercury in the Deer Creek main-stem and tributaries are highly correlated 
with sediment and as such is transported with high flows that mobilize sediment. 

 
2) The tributaries of Little Deer Creek (DCL3) and Gold Run (DCL4) have elevated 

THg concentrations from unknown sources in their sub-watersheds.  
 

3) The data suggest that there are unknown sources of THg between Willow Valley 
Rd (DCL2) and Champion Mine (DCL5).  This stretch of the creek is where most 
of the major Nevada City district mines, including numerous hydraulic mines, 
were located. 

 
4) The data suggests that there are unknown sources of mercury between the 

Champion Mine site (DCL5) and Lake Wildwood inlet (DCL6) on the main-stem 
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Total Mercury in Sediment: 
Global background concentrations for the mercury in sediment in the Deer Creek 
Watershed are estimated to be 0.05-0.08 ppm, (Foe, pers. communication). Almost all of 
the sediment samples in Deer Creek (94%) were above background levels (mean 1.92 
mg/kg (ppm)). The remediation goal for sediments currently proposed by the San 
Francisco (Region 2) mercury total maximum daily load (TMDL) is 0.2 ppm (CA 
Regional Water Quality Control Board).  The U.S. EPA Preliminary Remediation Goal 
(PRG) for mercury in soil is 2.3 ppm.   
 
For comparison, the mean THg concentration found at Englebright Reservoir in shallow 
sediment samples collected by the USGS (South Yuba River) was 0.288 ppm (dry) 
(Alpers et al, 2006), and the sediments measured directly in Greenhorn Creek (a tributary 
to the Bear River) ranged from 0.0044 to 12 ppm of THg (Alpers et al, 2005a).   
 
While upland soils are different than in-stream sediments in terms of their contribution to 
water contamination, each of these measurements provides a reference for comparing 
THg concentrations in sediment from the Deer Creek Watershed. The Deer Creek 
Watershed samples exceeded the San Francisco Bay TMDL (0.2ppm), the USEPA PRG 
(2.3ppm) and the Englebright Reservoir average (0.288ppm), suggesting that Deer Creek 
is a highly impacted watershed (Alpers et al, 2006). 
 
Total Mercury in the Water: 
In examining whether Deer Creek’s mercury levels pose a serious concern for human and 
aquatic health, the USEPA criterion for THg in water (CA Toxics Rule) of 50 ng/L 
provides some standard for toxicity.  However, 50 ng/L may also be too high to 
adequately protect aquatic life, as its derivation does not address methylmercury 
bioaccumulation in wildlife (Foe, 1998).  As discussed above, 44% of the total water 
samples and 58% of the storm samples exceeded the 50 ng/L criterion.  Evaluation of 
mercury levels in Deer Creek’s biota and comparison to other heavily mined watersheds 
provides a more direct indication of the degree of contamination in the Deer Creek 
Watershed. 
 
USGS conducted an in-depth study on Greenhorn Creek, a tributary of the Bear River 
with similarities in elevation and size to Deer Creek and the site of some of the most 
intensive hydraulic mining in California. USGS measured THg concentrations in water 
ranging from 0.8 to 153,000 ng/L, with a median value of 9.6 ng/L (Alpers et al, 2005a), 
compared to the Deer Creek range of 0.34 ng/L to 1033 ng/L. The highest concentrations 
from the Greenhorn Creek study were from known mine discharge sites, so they would 
be expected to be higher than the Deer Creek water samples, which were collected mostly 
on the main-stem and tributaries rather than at specific mine sites.  However, the median 
THg water concentration in Deer Creek, 31.56 ng/L, was higher than the Greenhorn 
Creek median (9.6ng/L).  
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Methylmercury in Macroinvertebrates: 
Measuring methylmercury (MeHg) concentrations in biota provides a more direct 
measure of how mercury in the watershed is affecting ecosystem health and potentially 
human health. Macroinvertebrates are an important food source for fish in Deer Creek.  
Macroinvertebrates have been used in other mercury studies as indicators of mercury 
bioaccumulation in aquatic food chains (Slotton et al, 1997).   
 
The seven taxa that were sampled (Gomphidae (Dragonfly), Corydalidae (Dobsonfly), 
Cordulegastridae (Dragonfly), Aeshnidae (Dragonfly), Gerridae (Water Strider), 
Hydropsychidae (Caddisfly), and Perlidae (Stonefly)) indicated that MeHg is elevated in 
the food-chain. Results did not indicate a clear correlation between MeHg concentration 
based on trophic level or on family as found in other studies (Mason et al 2000, Tremblay 
et al. 1996). Surprisingly, the three highest MeHg concentrations recorded were found in 
small predators or drift feeders and not in large predators as one would expect.  However, 
MeHg concentrations in the large predators were consistently high whereas the MeHg 
concentrations in small predators and drift feeders were much more variable.  MeHg 
concentrations between families at individual sites were consistent suggesting that 
contamination within sites were affecting families (of different trophic designations) 
similarly.  The relative percent difference (RPD) of MeHg concentration at each 
individual site regardless of family (trophic level) ranged from 2 to 34% with a mean of 
18 ±10% among all of the sites. These results were consistent with a much larger 
assessment conducted on Greenhorn Creek just south of Deer Creek by Alpers et al. 
(2005a).  They also found wide variations of MeHg concentrations between 
macroinvertebrate families among all sites but small variation between families at the 
same site (n=118).   
 
Computing means across differing taxa is considered by some to be an inappropriate 
analysis of MeHg concentrations in biota.  Because there was such a small sample size 
and such a wide variation of taxa collected within and across sites we took means across 
families to determine preliminary trends to guide future sampling.  The uppermost 
watershed site, SLM, and DCL6 were the only sites that had significantly different means 
of MeHg concentrations in macroinvertebrates compared to the other sampling sites (P < 
0.01).  However, there is a trend of increasing MeHg in the downstream direction, from 
the upper watershed (SLM) to the Lake Wildwood Reservoir (DCL6) (Figure 12).  A 
study by Tremblay et al. (1996a) in boreal lakes in Canada suggested that MeHg in 
benthic organisms can correlate well to THg in sediment and to the water column.  Desy 
et al. (2000) explains how the correlation between macroinvertebrates and sediment THg 
concentrations may be explained by the close association between benthic 
macroinvertebrates and the sediment substrate as well as the lack of mobility of 
macroinvertebrates.  For this reason MeHg in macroinvertebrates can potentially reflect 
localized concentrations of THg in the sediment with the possible exception of Gerridae 
species that spend their adult life on the surface of the water.  Preliminary results suggest 
that MeHg in macroinvertebrates is increasing in the downstream direction until the Lake 
Wildwood impoundment.   This trend suggests that THg concentrations in soil and water 
could be a potential source of MeHg in the reservoir.   
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Methylmercury concentrations in macroinvertebrates in the Deer Creek Watershed were 
generally less than concentrations found in Cache Creek, a river in the inner coastal 
mountain range heavily impacted by mercury mines where peak concentrations were as 
high as 0.937 ppm MeHg wet weight.  Results obtained by Alpers et al. (2005a) on 
Greenhorn Creek just south of Deer Creek found MeHg concentrations in 
macroinvertebrates that ranged between 0.011 to 1.6 ppm MeHg.  Although 
concentrations were well below those found in Cache Creek and Greenhorn Creek further 
sampling should be conducted to more clearly define the extent and magnitude of 
mercury contamination in macroinvertebrates in the Deer Creek Watershed. Further 
studies should be conducted on Deer Creek to obtain a better understanding of the spatial 
and seasonal patterns of mercury contamination in macroinvertebrates. Also, correlating 
MeHg concentrations in macroinvertebrates to stream characteristics such as residence 
time, water chemistry, and sediment size and type would allow us to understand more 
clearly how mercury is bioaccumulating in the watershed.   
 
Total Mercury in Fish: 
Analysis for total mercury (THg) in fish is a proxy for methylmercury (MeHg) in fish.  A 
study on California Roach (Hesperoleucus symmetricus)  in Cache Creek by the US Fish 
and Wildlife Service (USFWS) showed a strong correlation between THg and MeHg (R2 
= 0.94) and found that on average 90% of the THg concentration was present in fish 
tissue as MeHg (Schwarzbach 2001).  Analyzing for THg in fish in the Deer Creek 
Watershed rather than MeHg greatly decreased sampling costs and thus increased the 
number of samples we were able to collect during this study. 
 
Humans are most likely to be exposed to mercury through fish consumption. A USGS 
study by May et al. (2000) indicated that Little Deer Creek had elevated levels of MeHg 
in trout compared to samples from the Yuba and Bear River watersheds.  The majority of 
the trout collected on Little Deer Creek and the Largemouth Bass from Scotts Flat 
Reservoir were above the California Office of Environmental Health Hazard Assessment 
(OEHHA) screening value of 0.3 ppm Hg wet weight, leading to a 303(d) listing of Little 
Deer Creek and Scotts Flat Reservoir. Samples collected in the Lake Wildwood reservoir 
by the State Water Resources Control Board (SWRCB), Toxic Substances Monitoring 
Program 1978-2000 indicate that the levels of mercury in fish tissue from the reservoir 
are greater than the OEHHA screening level (0.3 ppm Hg wet weight).   
 
Our study corroborates these previous studies conducted on Deer Creek and provides 
additional information on the watershed wide bioaccumulation of mercury in fish.  Three 
out of the five fish tissue samples collected from Little Deer Creek (DCL3) revealed THg 
concentrations above the 0.3 ppm wet wt OEHHA screening level and all of the fish 
collected from the Lake Wildwood reservoir were above the screening level.  The results 
suggest that there is an increasing trend in THg concentration in fish moving down the 
watershed in a way similar to the storm-water chemistry and macroinvertebrate results.  
This trend continues down to the Lake Wildwood Reservoir and then THg concentrations 
decrease markedly. It is highly likely that the Lake Wildwood reservoir is a strong 
mercury methylation site based on the elevated THg levels in Largemouth Bass.   This is 
most likely due to the large amount of mercury rich sediment trapped behind the dam.  

 46



Anoxic conditions occurring during the warm summer months in the sediment at the 
bottom of the reservoir can result in the elevated production of MeHg (Jones et al 1996).  
The mechanism or pathway for mercury bioaccumulation in fish in the Lake Wildwood 
Reservoir remains a key question that warrants further investigation.  
 
Conditions in the Lake Wildwood Reservoir were found to be conducive to mercury 
bioaccumulation in Largemouth Bass.  Bass are considered to be one of the top predatory 
fish in California waterways. Their diet consists of small fish, amphibians, and 
macroinvertebrates. May et al. (2000) sampled 5 reservoirs for bass in the Bear River, 
Yuba River, and Deer Creek Watersheds.  The study found means of 0.33 ppm in Rollins 
Reservoir (Bear River), 0.36 ppm in Scott's Flat Reservoir (Deer Creek), 0.63 ppm in 
Engelbright Reservoir (Yuba River), 0.9 ppm in the Lake Combie (Bear River), and 0.92 
ppm in the Camp Far West Reservoir (Bear River).  Lake Wildwood bass samples had a 
mean of 0.74 ppm, suggesting that these mercury levels are elevated in comparison to 
some other Nevada County Reservoirs but are not the highest reported.  
 
Comparing the THg levels in fish at our different sites is made difficult by the variation 
of fish species at the different sites. The diet and size of the different fish species are 
important drivers for mercury concentrations in fish tissue and act as confounding factors 
in the analysis of mercury concentrations in fish.  Only at sites DCL6 and DCL8 do we 
have enough samples (n = 5) of the same fish species (Pike Minnow) to make a 
significant comparison.  The mean THg concentration of Pike Minnow is nearly three 
times higher at DCL6 than DCL8; this is a significant difference (one-way ANOVA, 
P<0.01).  This result suggests that mercury bioaccumulation is greater above the Lake 
Wildwood Reservoir than below.  Based on the storm-water chemistry data it appears that 
the greater pool of elemental mercury just above the Lake Wildwood reservoir is 
facilitating a greater level of mercury bioaccumulation in fish compared to below the 
reservoir.  
 
Of particular interest is the elevated THg concentrations in Brown Trout tissue in Little 
Deer Creek (DCL3) compared to the THg concentrations in Brown Trout tissue at the 
main-stem sites above (DCL2) and below (DCL5) the confluence of the Little Deer 
Creek tributary.  If THg concentrations are indeed greater at DCL3 than the main-stem 
sites (DCL2 and DCL5) then it most likely suggests that 1) the fish in Little Deer Creek 
(DCL3) are separate (different populations or population ages) than fish in the main-stem 
and 2) MeHg bioaccumulation in fish is higher at DCL3 than in the main-stem.   
 
Even though there are no physical barriers preventing fish from moving from the main-
stem (DCL2 and DCL5) up into the tributary (DCL3) and vice versa the THg signature in 
fish tissue is distinctly different.  The fish collected at DCL3 were smaller than the fish 
collected at DCL2 and DCL5.  The smaller fish at DCL3 suggest that younger fish 
remain in the tributaries while the older fish reside in the main-stem supporting the 
concept that the fish in the tributaries are separate from those in the main-stem. Previous 
studies suggest that MeHg concentrations in fish tissue increase with fish size (Gilmore 
and Riedel 1999, Weis 2004,). Even though the fish collected at DCL3 were smaller than 
the fish at DCL2 or DCL5 the THg concentrations were greater.  The higher mercury 
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concentrations in small fish at DCL3 strongly support the concept that methylmercury 
bioaccumulation is occurring at a greater rate in Little Deer Creek than in the main-stem.  
This is likely due to strong mercury methylating conditions in Little Deer Creek.  
 
Stream Methylating Conditions: 
Perhaps the major factor driving mercury concentrations in fish and macroinvertebrate 
tissue are the methylating conditions of a system (Fortin et al 1995, Guimaraes et al. 
2000, Jones et al. 1996).  The conditions that favor methylation in the tributaries are more 
difficult to explain even though elevated MeHg concentrations were found in fish and 
macroinvertebrates on the tributaries in comparison to the main-stem.  Hunerlach et al. 
(2004) provides strong evidence indicating that THg is correlated to fine sediments where 
adsorption to sediment particles is maximized by the high surface area.  Little Deer Creek 
(DCL3) and some of the other tributaries of Deer Creek have excessive buildup of fine 
sediments rich with iron oxides.  A study by Rytuba (2000) on mercury mine drainage in 
the inner coastal mountain range explains how mercury binds to iron oxyhydroxide 
during low summer flows and low pH conditions.  This mechanism effectively traps 
mercury in the sediment of the stream bed.  Iron rich sediments from gold mining 
operations often originate from pyrite (FeS2) suggesting that stream conditions with high 
sulfur content could potentially be supporting elevated sulfur reducing bacteria 
concentrations in the sediment.  The mean pH for Little Deer Creek is 6.3 (Friends of 
Deer Creek Monitoring data, 2000-2008).  It is possible that in Little Deer Creek sulfur 
reducing bacteria may be producing MeHg from the trapped pool of elemental mercury in 
the bed-load.  Combining the concentrating affects of fine sediments rich in iron 
oxyhydroxides with large populations of sulfur reducing bacteria, as may be the case for 
Little Deer Creek, could be creating optimal stream conditions for MeHg production. 
 
The build-up of fine sediment within the bed load during low-flow of Little Deer Creek 
and other tributaries of Deer Creek are probably a function of a variety of sediment 
sources in their respective sub-watersheds (hydraulic mines, mine tailings, road 
cuts…etc) in combination with low stream power.  In contrast, main-stem summer 
irrigation releases of 20 to 30 cfs from Scott's Flat Reservoir probably generates a stream 
power great enough to entrain and remove fine sediments and thus limits the main-stem's 
capacity to produce MeHg from sulfur-reducing bacteria.  Ongoing studies are needed to 
better explain the methylating capacity of the tributaries and the main-stem of Deer Creek 
as well as how the methylating conditions differ between them. 
 
Summary 
 
Important findings relevant to the extent and magnitude of mercury in the Deer Creek 
Watershed are: 
 

1) 58% of the storm-water samples exceeded the EPA 50 ng/L criterion. 
 
2) 94% of the sediment samples in Deer Creek were above the global background 

levels 0.08 ppm (mean 1.92 mg/kg (ppm)). 
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3) The Deer Creek Watershed sediment samples exceeded the San Francisco Bay 
TMDL (0.2ppm), the USEPA PRG (2.3ppm) and the Englebright Reservoir 
average (0.288ppm), suggesting that Deer Creek is a highly impacted watershed. 

 
4) The median THg concentration in Deer Creek water samples was 31.56 ng/L, 

which exceeded the Greenhorn Creek median value (9.6ng/L). 
 
5) Methylmercury bioaccumulation was present in macroinvertebrates throughout 

the Deer Creek Watershed confirming that THg in the sediment is impacting the 
food chain.  Concentrations of MeHg in macroinvertebrates appeared to increase 
moving downstream up until Lake Wildwood Reservoir.  Below the reservoir 
MeHg concentrations were depressed.   

 
6) The highest THg concentrations in fish were found in Lake Wildwood reservoir 

and decreased markedly in Deer Creek below the dam. 
 

7) THg concentrations found in Little Deer Creek suggest that bioaccumulation of 
mercury may be of particular concern in the tributaries of Deer Creek. 

 
Suggested Actions 
This study indicates sub-basins within the Deer Creek Water Watershed acting as sources 
of mercury.  Specifically, Little Deer Creek and Gold Run as well as Woods Ravine are 
contributing significant sources of total mercury.  Determining whether these are point 
sources of total mercury into Deer Creek should be a top priority 
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Appendix A: Sampling Locations 
 
Table 1) Deer Creek Mercury Load Sampling Sites 2005-2006 
THg in water and total suspended solids samples were collected at the following sites: 
 
DCL1. Scotts Flat: Deer Creek between Upper and Lower Scotts Flat Reservoirs via Scotts Flat 
Dam Rd.  First trail on right above NID gate. 
 
DCL2. Willow Valley: Deer Creek 20 m below Boulder St. ford on Willow Valley Rd. 
 
DCL3. Little Deer Creek: Culvert entrance above Stonehouse parking lot. 
 
DCL4. Gold Run Creek: Gold Run Creek above confluence via trail on fwy easement. 
 
DCL5. Champion Mine: Deer Creek 1 mile below Champion mine on Rothert property. 
 
DCL6. Lake Wildwood: Deer Creek inlet at Lake Wildwood Dr. bridge. 
 
DCL7. Squirrel Creek: Pleasant Valley Rd bridge over Squirrel Creek. 
 
DCL8. Mooney Flat: Mooney Flat Rd. bridge over Deer Creek near Smartville. 
 
DCL9.  Woods Ravine: Woods Ravine 200 m above confluence (off Champion Rd). 
 
DCL10. Slack’s Ravine: Slack’s Ravine 200 m above confluence, from Mooney Flat Rd. 
 
DCL11.  Nevada St:  Nevada St. bridge crossing Deer Creek. 
 
DCL12. Little Deer Ln: Little Deer Creek Ln bridge over Deer Creek (off Slate Creek Rd) 
 
DCL13. Bitney: Bitney Springs Rd crossing Deer Creek. 
 
DCL14. Banner Mtn Trail: Little Deer Creek, upstream side of Banner Mtn Trail crossing. 
 
DCL15.  Northern Queen: Gold Run Creek at Northern Queen Inn, just before it goes under fwy. 
 
DCL16. GR Railroad Ave fork:  Gold Run river right tributary off Railroad Ave. 
 
DCL17. GR Mowhawk fork:  Gold Run river left fork below marsh off Railroad Ave. 
 
DCL18. Eagle Ravine: Eagle Ravine crossing Willow Valley Rd, just past HEW. 
 
DCL19. Manzanita drain: Drainage from Manzanita Diggings discharging below Deer Creek Inn. 
 
2)  Deer Creek Sediment Sampling Sites, 2005-2006 
 
1. (no sample) 
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2. S. Fork Deer Creek- below Deer Creek Powerhouse, pool at Cascade Canal diversion 
3. FODC Site 1- Confluence of S. and N. Fork Deer Creek  
4. Casci creek- at confluence with Scotts Flat Lake 
4Q. Casci creek- at confluence with Scotts Flat Lake, duplicate 
5. Cascade Shores- Scotts Flat upper reservoir, below hydraulic cliffs  
6. Lower Scotts Flat- above reservoir/DCL1 
7. Burjer- Tailings eroding into Deer Creek, BLM off Burjer Rd. 
8. (not sampled) 
9. Murchie- Mill foundations from Murchie mine on Creek 
10. Mosquito- Mosquito creek above confluence w/ Deer Creek 
11. Manzanita- outlet below Deer Creek Inn 
12. Banner Mtn Trail- Little Deer Creek at Banner Mtn. trail crossing 
13. Little Deer Creek: DCL3, above Stonehouse parking lot 
14. GR-Gracie Canal- Gold Run off Gracie below canal crossing 
15. Gold Run confluence- DCL4, above confluence with Deer Creek 
15A. Flume’s End- Gold Run at lower tailings dam, Flume’s End inn 
16. Providence- Tailings eroding into creek and in-stream fines 
17. Woods Ravine- 100m upstream of confluence 
18. Champion/DCL5- Deer Creek below Champion Mine 
18Q. Champion/DCL5- Deer Creek below Champion Mine duplicate 
19. Bitney- Deer Creek 100m upstream of Bitney Springs bridge 
20. LWW- DCL6, Lake Wildwood Dr. bridge crossing Deer Creek inlet 
21. Squirrel Creek- Squirrel Creek confluence with Deer Creek 
22. Squirrel/DCL7- Pleasant Valley bridge crossing Squirrel Creek 
23. Mooney Flat- Mooney Flat pit lake 
24. Big Blue- Little Deer Creek, Big Blue Rd tailings below NID flume 
25. No. Banner- Little Deer Creek, Banner Mtn. trail crossing, North Banner fork 
26. Canada Hill- Little Deer Creek, Banner Mtn. trail crossing Canada Hill fork 
26Q. Canada Hill- Little Deer Creek, above Banner Mtn. trail, Canada Hill duplicate 
26A. Canada Hill right- Little Deer Creek, small trib river left Banner Trail Crossing 
27. Stillwater- Little Deer Creek, fork near Stillwater Creek Rd on Banner Trail. 
28. Rocker- Little Deer Creek main (S.) fork at Rocker Rd. Crossing 
29. Eagle Ravine- Eagle Ravine crossing Willow Valley Rd  
30. Shooting Range- Drainage of shooting range to Little Deer Creek off Rocker Rd. 
31. Caledonia- Little Deer Creek at end of Caledonia Wy. 
32. Pioneer- Little Deer Creek at Pioneer Park, above picnic area 
32Q. Pioneer- Little Deer Creek at Pioneer Park, near picnic parking lot 
33. GR Gracie- Gold Run crossing Gracie Rd near Banner Mtn. trail turnoff 
34. GR Sneath- Gold Run upper Sneath fork off Sneath Clay Rd, in-stream fines 
34Q. GR Sneath- Gold Run upper Sneath fork off Sneath Clay Rd, bank 
35. GR Palisade- Gold Run, Palisade Rd fork below BLM parcel 
36. GR Pittsburgh- Gold Run, Pittsburgh fork below Gold Flat Rd 
37. GR Sulphuret- Gold Run, Sulphuret works fork, in-stream fines 
37Q. GR Sulphuret- Gold Run, Sulphuret works fork, bank 
38. GR Mowhawk- Gold Run at New Mowhawk crossing, in-stream fines 
38Q. GR Mowhawk- Gold Run at New Mowhawk crossing, bank 
39. GR N. Queen- Gold Run forks confluence off Railroad Ave, in-stream fines pool 
39Q. GR N. Queen- Gold Run forks confluence off Railroad Ave, bank below confl. 
39Q1. GR N. Queen- Gold Run forks confluence off RR Ave, bank at turn/old tailings 
39A. GR N. Queen- Gold Run forks confluence off RR Ave, Railroad Ave fork in-stream 
39B. GR N. Queen- Gold Run forks confluence off RR Ave, Mowhawk fork in-stream 
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40. GR school- Gold Run school fork off Clark St. 
41. GR Clark- Gold Run off Clark St./fwy right of way, pool below concrete channel 
42. GR Flume’s- Gold Run at Flume’s End dam 
42A. GR DCL4- Gold Run at DC confluence/DCL4, in-stream 
42AQ. GR DCL4- Gold Run at DC confluence/DCL4, dry fines on bank 
43. Woods Ravine- Woods Ravine upstream side of Champion Rd crossing  
44. Stocking Flat- Deer Creek at Stocking Flat on BLM, beach of corner pool at large hydraulic 
terrace 
45. Una’s- off Slate Cr Rd, eroding bank 
45Q. Una’s- off Slate Cr Rd, graded tailings river left 
45Q1. Una’s- off Slate Cr Rd, in-stream 
45Q2. Una’s- off Slate Cr Rd, eroding bank river right 
46. Little Deer Ln- Little Deer Creek Ln crossing, bank deposit in tree roots 
46Q. Little Deer Ln- Little Deer Creek Ln crossing, in-stream fines 
46Q1. Little Deer Ln- Little Deer Creek Ln crossing, bank fines from Rick’s 2nd hole 
46Q2. Little Deer Ln- Little Deer Creek Ln crossing, Rick’s panned sands from 46Q1 
47. Slate Creek- Slate creek confluence below Kubich mill via Lowhills Dr. 
48. Bitney- Bitney Springs crossing, in-stream fines below new bridge 
48Q. Bitney- Bitney Springs crossing, bank fines below new bridge 
49. Empress Cr- Empress Creek off Newtown rd above Bitney crossing 
50. (no sample) 
51. DC Falls- Deer Creek falls,  side channel top fines (high flow) 
51Q. DC Falls- Deer Creek falls, fines from crack 
51Q1. DC Falls- Deer Creek falls, Rick’s panned sample from crack 
52. Below DC Falls- Below Deer Creek falls, depositional area, in-stream 
52Q. Below DC Falls- Below Deer Creek falls, depositional area, fines in tree roots 
53. Prospector- Tributary creek crossing Prospector Rd  
54. Herrlingers’- Deer Creek at Herrlingers’, in-stream beach  
54Q. Herrlingers’- Deer Creek at Herrlingers’, channel bar/bank 
55. Lower Paddy- Lower Paddy flat, in-stream backwater eddy  
55Q. Lower Paddy- Lower Paddy flat, bank 
55A. Middle Paddy- Middle Paddy flat, main bar near Pioneer Rd, Paddy Flat “T” 
56. LWW inlet- Lake Wildwood Dr./ Deer Creek inlet (DCL6), in-stream under bridge 
56Q. LWW inlet- Lake Wildwood Dr./ Deer Creek inlet (DCL6), sandbar under bridge  
57. Above Squirrel- Deer Creek above Squirrel Creek confluence/FODC Site 8 
58. Below Squirrel- Deer Creek below Squirrel Creek confluence 
58Q. Below Squirrel- Deer Creek below Squirrel Creek confluence, duplicate 
59. Laurel’s- Deer Creek above Mooney Flat bridge, FODC Site 10 
59Q. Laurel’s- Deer Creek above Mooney Flat bridge, FODC Site 10 duplicate 
60. Manzanita- Manzanita Diggings drainage between Nevada St. bridge and Deer Creek Inn 
 
Appendix B: Sampling Protocols 
 
Included for reference are FODC’s mercury sampling protocols, adapted from CALFED 
Mercury Studies Program Standard Operating Procedures and trainings with USGS and 
Regional Water Quality Control Board scientists:  
 
1) THg in Water, TSS 
2) THg in Sediment 
3) Methylmercury in Macroinvertebrates 
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4) Flow Profile Sampling for Rating Curves 
 

 
1) Field Sampling Protocols for THg Water Samples and TSS 
Friends of Deer Creek, 1/12/06 
 
Pre-sampling preparations:  
 

1.) Visit the sampling site to determine any special equipment that will be needed. Have the pre-
cleaned 250 ml glass sample jars used in clean sampling procedures double bagged in plastic and 
placed in appropriate containers for transport to the field site. Fill out as much information on the 
data sheet as possible to save time in the field, especially during wet conditions: Date, Samplers, 
Site ID, Sample IDs. 

2.) Print labels for all water and TSS sample bottles with site identifier, unique sample number, date 
and type of sample. Write in sample ID and date if using pre-printed labels, and place on sample 
outer bag, and on TSS bottles.  Example: 

 
Site: DCL1  Analysis: THg Water 
Sample ID# DCHgW25  Friends of Deer Creek 
Date: 10/20/05 Time: Initials:

 
 

 
 
3.) Check and assemble equipment, as needed: 
o Field data sheets and/or write-in-rain notebooks 
o Vinyl or polyethylene powderless gloves  
o De-ionized water  
o Sampling pole (all flows) and/or sampler bucket to lower from bridge (high flows only, bucket 

rope needs to be washed between samples) 
o 250 ml glass sample jars (# of sample sites + 10% QA + 1extra per team in case of breakage or 

contamination) 
o Pre-rinsed, labeled plastic TSS bottles 
o Sample labels and chain of custody forms  
o Coolers with ice 
o Waste containers  
o Turbidity meter  
o Conductivity meter or thermometer 
o QA known concentration/blank samples 
o Flashlight, first aid and safety equipment 
o Boots or waders 

 
General ultra-clean sampling procedures 
 
Friends of Deer Creek’s samples will be unfiltered, and can be collected by dipping the bottle into 
the stream or river by hand or on a sampling pole or bucket using Frontier Geoscience's “Clean-
Hands Dirty-Hands” technique:  Two people are required for sample collection; determine which 
person is designated as clean-hands and which person is designated as dirty-hands for the duration 
of the sample collection. Only the clean-hands person touches the sampling bottles, while the dirty-
hands person assists with other tasks to help keep the clean-hands person’s gloves clean. 
 
Mercury in Water and TSS sampling:  

1. Gloves: Personnel involved in sample processing don vinyl gloves. Gloves can be discarded and 
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replaced during sampling if anything happens which may compromise the cleanliness of the 
gloves. 
 

2. Clean-hands handling: Mercury samples are taken before TSS.  The sample bags are labeled with 
the time. The dirty-hands person opens the first bag and squeezes the inner bag up like toothpaste 
without touching the inner bag.  The clean-hands person opens the inner bag, removes the bottle 
from the inner bag, and stuffs the inner bag back inside of the outer bag.   The dirty-hands person 
places the outer bag on top of sampling pack or in a place where nothing could touch or 
contaminate the inner bag.  The clean-hands person empties the 250 ml bottle of acid.   
 

3. Low-flow:  In shallow streams/low-flow conditions, the 250 ml bottles may be directly filled on 
the end of a sampling pole or by wading into the middle of the current, facing upward, and filling 
the sample bottle after all turbidity caused by walking has dispersed, taking care not to hit the 
bottom. 
 

4. High-flow:  Water samples should be collected from the fastest moving, well-mixed water.  High-
flow samples are taken from shore on the end of a pole or from the downstream side of a bridge, 
where possible, in a specialized bucket.   
• Rinse pole/bucket: The dirty-hands person extends the sampling pole or ties the end of the 

bucket rope onto the bridge and lowers the bucket to rinse it with ambient water.  The dirty-
hands person holds the bucket or pole while the clean-hands person places the 250 ml bottle in 
it.  The dirty-hands person tightens the pole strap around the sample bottle, or the clean-hands 
person secures the tethers on the bottle in the bucket.   

• Triple rinse sample bottle and cap:  The dirty-hands person extends the pole or lowers the 
sample bucket into the water and rinses the bottle 3 times with ambient water, pouring the rinse 
water through the cap as well to remove any residual acid.  

• Collect sample:  Dirty-hands re-lowers or extends bucket/pole and collects sample.  Sample 
bottle should be filled to the brim if possible, which may require several dips. 

 
5. Clean-hands handling: The clean hands person caps the filled 250 ml bottle and reseals it in the 

inner bag while the dirty-hands person holds the outer bag.  The dirty-hand person reseals the outer 
bag.  Samples are transported on ice, taking care that ice packs do not directly touch bottles and 
cause freezing.   
 

6. Duplicates: Duplicate mercury in water samples for QA are also collected at suspected high 
mercury sites to assess variability.  Collect duplicate mercury samples by repeating steps 1-5. 
 

7. Blanks: MilliQ water is transported into the field and removed from bags using clean-hands dirty-
hands, uncapped, lowered over creek or allowed to sit for 1 minute, used to rinse the 250 ml bottles 
3 times and then decanted into 250ml sample bottles, labeled and shipped on ice).   
 

8. Collect TSS samples: Clean-hands precautions are not required for collecting TSS.  Mark the time 
on the pre-rinsed, labeled TSS bottles.  If using 1L bottles, the red ring is removed.  Low-flow 
samples are either collected directly by wading, facing upstream and collecting a subsurface grab in 
the fastest flowing water after turbidity caused by walking has dispersed, or by dipping the plastic 
bottles on the end of the sampling pole in the fastest-moving water (being careful not to touch the 
bottom).  At high flow the sample may be collected on the end of a pole or a bucket lowered from a 
bridge.  TSS duplicates should be collected for QA. 
 

9. Field Forms/Ancillary measurements: Field forms are filled out, including notes on location or 
conditions that might affect results.  In heavy rain, write-in-rain notebooks are used, and data 
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transposed to field data sheets in the car. Ancillary measurements (and GPS first time at site) are 
collected: 

o Flow or staff gauge height 
o Specific conductance and Temperature 
o Turbidity 

 
Labeling Bottles  
 
Each 250 ml sample bottle must have a label on the outer Ziploc with site identifier, date of 
collection, time of collection, unique sample number and sample type.  Waterproof labels can be 
placed directly on the plastic TSS bottles before sampling. 
 
Sample tracking  
 
Sample tracking: Field samples are checked for proper labeling before shipping, including site, 
sample ID, analysis type, date, and time. Field forms are filled out with information on sample 
collectors and processing and other relevant information. A chain of custody form is prepared for 
each batch of samples shipped to another lab.  
 
Preservation and Analysis 
 
Samples are stored and shipped on ice to California Department of Fish and Game’s Moss Landing 
Marine Laboratory (MLML) via Fed Ex overnight for preservation within 48 hours of collection. 
Samples are packed in their original cardboard box in a hard plastic cooler with bubble wrap 
preventing jostling and keeping them from directly touching the blue ice packs or they may freeze 
and break.  The cooler is labeled and duct-taped closed.  Raw THg is analyzed at MLML using 
EPA method 1631 (revision B).  Moss Landing is notified when samples are shipped. 
 
Total Suspended Solids (TSS) analysis is performed at the Friends of Deer Creek Laboratory using 
Standard Methods 2540D:   
American Public Health Association, American Water Works Association, and Water Pollution 
Control Federation. 1992. Standard Methods for the Examination of Water and Wastewater, 18th 
edition, American Public Health Association, Washington, DC, p 2-56. 
. 
Quality Assurance/Quality Control Program 
 
Friends of Deer Creek’s mercury survey is a collaboration with the Regional Water Quality Control 
Board/Central Valley Region and their CALFED mercury QA program.  The program has both a 
field and a laboratory component.  The field component is composed of the collection of blanks 
and field duplicates. At least ten percent of FODC’s samples will be designated as QA samples and 
distributed over the sampling sites and dates.  Blank samples are most important at headwaters and 
low mercury sites, and duplicates most important at most contaminated sites. The field blank 
procedure consists of randomly selecting one site and carrying MilliQ water of known low mercury 
concentration into the field and processing it thereafter in a manner identical to the field sample. 
The results are compared with laboratory detection limits for total and methylmercury to ascertain 
whether field contamination occurred. Duplicate field samples will be taken simultaneously at 
selected sites. The difference in TSS and mercury concentration between the paired samples will be 
used to assess field variability. The laboratory component (except for TSS) will be carried out by 
Moss Landing Marine Lab. 
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2) Field Sampling Protocols for Sediment THg Samples 
Friends of Deer Creek, 10/10/05 
 
Friends of Deer Creek’s mercury survey is a collaboration with the Regional Water Quality Control 
Board/Central Valley Region and their CALFED mercury studies program.  The pilot study will 
consist of sampling for THg in water, total suspended solids (TSS), and THg in sediment. 
   
Pre-sampling preparations:  
 

1.) Visit the sampling site to determine the type of equipment that will be needed. Have the pre-cleaned 
sample scoop and stainless knives used in clean sampling procedures double bagged in plastic and 
placed in appropriate containers for transport to the field site.  

2.) Print labels for all environmental sample bottles with site identifier, unique sample number, date and 
type of sample. Example: 

 
Site: DC1M  Analysis: THg Sediment 
Sample ID# FODCS26  Friends of Deer Creek 
Date: 10/20/05 Time: Initials:

 
 

 
 
 
3.) Check and assemble equipment: 

o Field data sheets 
o Polyethylene or polycarbonate sampling scoop (Cole Parmer P66600-00 or P66600-30) 
o Scoop-cleaning brush 
o Sieve with both coarse mesh and 62 micron nylon mesh 
o De-ionized water  
o Heavy-duty Ziplocs 
o Sample labels and chain of custody forms  
o Cooler with ice 
o Waste containers  
o Thermometers  
o QA known concentration samples 
o First aid and safety equipment 
o Boots or waders 
 
General ultra-clean sampling procedures 
 
THg sediment samples will not require ultra-clean sampling procedures, but water and any 
methylmercury samples will be collected using Frontier Geoscience's “Clean-Hands Dirty-Hands” 
technique:  Two people are required if performing ultra-clean sample collection: Only the clean-
hands person touches the sample jars and scoop, while the dirty-hands person assists with other tasks 
to help keep the clean-hands person’s gloves clean. 
 
Sediment sample collection: 
 

1. Sediment sampling is conducted using a polycarbonate scoop and isolating only the top 2 cm of 
fines.  If sampling area is mostly large pebbles and cobble, some of these may be moved aside to 
sample fines underneath, or deeper scoops can be taken. 

2. Label a medium Ziploc bag with a sharpie: Sample ID, Site ID, date, time, initials, sample type. 
3. The sampler scoops the sediment from areas with fine material on the bottom or from exposed 
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erosive material below the high water line (sandbars and banks).  Note whether sample material is in-
stream fines or bank/floodplain sediments.  5-10 sub-samples are collected from a 10 m2 area and 
sieved through a coarse 2 mm screen into a Ziploc sample bag.  The Ziploc should be at least 1/3 full 
to ensure that sufficient fines are included.  If wet sediment is used, do not decant off dirty water, as 
this is will include suspended fines. 

4. Take duplicate samples if possible, since sediment samples are highly variable (3 samples per site if 
possible).  Blank samples should also be processed using Standard Reference Material PAC of 4ppm 
THg.  

5. GPS, photos and ancillary measurements are collected at the site.  Field data sheets are filled out. 
6. Processing through the fine mesh may be done either in the field or the lab.  First, label the large 

Ziploc. 
7. The coarse sieve is replaced with the 62 micron mesh and the sample is re-sieved into a larger 

Ziploc, stirring to ensure fines get through and adding small amounts of ambient or DI water as 
necessary. 

8. The fine mesh and coarse material are placed in the first Ziploc bag and saved in order to be checked 
at the lab for mercury residues under the microscope. 

9. Sediment samples for THg do not need to be chilled.  However, water and methylmercury samples 
must be chilled immediately on blue ice and stored at 5°C or less until analysis. 

10. In between samples, the scoop and coarse screen are cleaned by rinsing off with ambient water and 
wiping with a paper towel. The fine mesh should not be reused.  Sometimes it is also necessary to 
brush the sediment off of the scoop while rinsing with the ambient water. The brush is always kept in 
a Ziploc bag and is rinsed with ambient water to keep it clean. If the sample scoop appears to be 
difficult to clean or looks like an oily film is on the plastic, it is scrubbed with Micro cleaning 
detergent and rinsed with ambient water to insure cleanliness. 

11. At the lab, sediment bags are allowed to settle for 24 hours and the top water siphoned off.  The 
sediment is placed in labeled glass sample jars, allowed to evaporate until it is lightly moist, then 
sealed and shipped to the Regional Board with chain of custody forms. 
 
Labeling Bottles  
 
Each sample jar must be labeled with the site identifier, date of collection, time of collection, unique 
sample number and analysis type. 
 
Preservation and Analysis 
 
Sediment samples for THg are shipped to the Regional Board to be analyzed at California 
Laboratory Services in Rancho Cordova. Raw THg is analyzed at the lab using EPA method 7471. 
 
Sample tracking  
 
Sample tracking: Field samples are checked for proper labeling including site, sample ID, type, date, 
and time. Field forms are filled out with information on sample collectors and processing and other 
relevant information. Chain of custody forms are prepared for each shipment of samples transferred 
to another lab.  
 
Quality Assurance/Quality Control Program 
 
Friends of Deer Creek’s mercury survey is a collaboration with the Regional Water Quality 
Control Board/Central Valley Region and their CALFED mercury QA program.  The program 
has both a field and a laboratory component.  The field component is composed primarily of the 
collection of field duplicates. At least ten percent of FoDC’s samples will be designated as QA 

 60



samples and distributed over the sampling sites and dates. Duplicate field samples will be 
simultaneously taken at randomly selected sites. The difference in mercury concentration between 
the paired samples will be used to assess field variability.  The field blank procedure consists of 
randomly selecting a site and carrying laboratory reference material of known mercury 
concentration into the field and processing it thereafter in a manner identical to the field sample.  
The site #s associated with blank samples will be DC100. The results are compared with the 
known mercury concentration to ascertain whether field contamination occurred. The laboratory 
component (except for TSS) will be carried out by California Laboratory Services. 
 
 
3) Field Sampling Protocol for Methylmercury in Macroinvertebrates 
Friends of Deer Creek, June 2006  
 
Field Sample Collection: 
 
Materials:  

Kick nets 
 Cooler 
 Wet ice (in cooler), dry ice if storing samples in cooler more than 1 day 
 Ziploc bags (qt and gal sizes) 
 Sharpie pens 
 Boots/waders 
 Plastic containers for sorting, Forceps 
 Camera 
 Loppers for brush 
 
Procedure: 
1.)    Stream collection methods:  kick or rub on rocks while holding net so that the kicked 
material flows into the net.  Pick needed bugs from net and place directly in specified Ziploc bags 
(one taxa per bag).  All bags should be filled to about 1/3 with ambient water, except for water 
striders, which go in a dry bag (slightly moist is good).  Be consistent in the stage/size collected 
for a sample.  See Table below for number of each kind of bug needed.  For dragonflies 
(Gomphidae, Aeshnidae, etc), seek out calmer/near shore sandy or muddy pools.  Aggressively 
scrape the bottom/vegetation areas with net and pour sample into plastic container to sort.  For 
water striders, also seek calmer areas, and scoop with net from above or below.  In riffles, turn 
over rocks individually to look for Hydropsychidae and other bugs, then pick off with fingers or 
forceps.   
2.)    Use sharpie to label each Ziploc with:  Site Name, Date, Time of collection, Taxa name. 
3.)    Place Ziploc bags with bugs on wet ice in cooler for transport.  Store on dry ice if not 
processing/freezing same day.  
 
Count Requirements:  Need 1 gram of each sample type. 
Macro Type Approx. # of individuals in 1 gram 
Gomphidae (dragonflies) 10-20 
Hydropsychidae (caddisflies) 30-40 
Megaloptera (dobsonflies) 1-2 
Cordulegastridae (dragonflies) 3-4 
Gerridae (water striders, 5th instar) 25-40 
Plecoptera Perlidae (stoneflies) 25-40 
Aeshnidae (dragonflies) 3-4 
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Sample Laboratory Preparation for Shipping: 
 
Materials: 
 Macro samples in Ziplocs chilled on ice 
 Powder-free latex gloves 
 DI water in squirt bottles 
 Clean forceps (Teflon preferred) 
 Paper towels 
 Disposable sorting trays (paper or plastic) 
 Certified chemically cleaned sample jars 
 Parafilm 
 Sample Labels (preprinted) 
 Sharpies 
 Data Sheets and pens 
 Micro-90 cleaner 
Procedure: 
1. Keep field samples on dry ice 4 to 24 hours to depurate before processing in lab.  Taxa must 

be chilled or they will crawl out of sorting dishes.  Organize taxa collected to be processed 
separately, site by site, to avoid confusion.  

2. Personnel involved in sample washing and sorting don powder-free latex gloves  
3. Place one taxa from one site in a clean disposable sorting tray and rinse thoroughly with DI 

water.  Sometimes animals will need to be held with clean forceps and agitated in the water 
or turned over to clean all surfaces.  Water striders or other taxa may also be rinsed 2-3 
times in their Ziploc.  

4. Dry individual(s) from that sample by patting between clean paper towels  
5. Place unlabeled jar on scale, and push tare.  
6. Place bugs of that taxa and site in jar until you have at least 1 gram of material  
7. Record family, number of individuals and weight on data label.  Cap jar.  Add sample label, 

fill out additional label fields (date, unique sample #), and place on jar.  
8. Copy unique sample number, family and # individuals/weight (g) with sharpie on jar lid.  
9. Seal jar lid seam with parafilm.  
10. Record date, sample #, etc. on data sheet.  
11. Put samples in freezer.  Frozen samples can be held for several weeks before sending on dry 

ice to analytical laboratory for analysis.  Send samples overnight Mon-Wed to ensure lab 
receives them before the weekend.  

12. Change gloves, sorting trays and paper towels between each sample and wash forceps with 
micro-90 soap to avoid cross-contamination of samples. 

 
4) Flow Profile Protocol - Friends of Deer Creek, 5/4/06 
 
Flow is calculated by measuring velocity and depth at regular intervals on a cross section of the 
creek or stream with the flow probe.  For each interval, the flow is calculated by multiplying the 
length of the Interval (i.e. 1 ft) by Depth by Velocity (Flow(Q)=IxDxV).  Each interval’s flow is 
summed to determine the total flow (Total flow = ∑Q1, Q2, Q3…).  See attached data sheet for 
example. Calculations can be done on a computer. 
 
Supplies: 
Flow probe 
Long tape measure 
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Waders, boots or sandals 
Flow data sheet or Write-in-Rain notebook and pencil 
 
Measurements: 
1. Clean magnetic dots on propeller before using. 
2. Fill in site information- location, samplers, date, time, channel width, sampling interval and 

staff height. 
3. Set up measuring tape across stream so you can read ft. on your cross-section. 
4. Starting from one bank, take depth and velocity measurements at each interval. 
5. Take a wide stance in the water, facing upstream, with the flow probe held out in front of you 

and lined up with the current length you are measuring on the tape measure.  The probe 
should be far enough away from your legs that the water pillowing off you legs does not 
affect flow moving through the probe. 

6. Place the bottom of the flow probe on the creek bottom and measure the depth on the side of 
the probe.  Look at the surface of the water moving past the probe and measure its depth on 
the probe, not the top of the pile of water that builds up on the upstream side of the probe in 
fast-moving water.  Record the depth.  If your interval lands on a rock, do not move the probe 
to the side of the rock, but record the depth at that point, even if it is 0 (emergent rock).   

7. Move the propeller up to (.6) x the depth you just recorded (i.e., if the depth you recorded 
was 1.0ft, move the propeller up to a height of .6ft in the water column- the side of your 
probe should say .4ft, indicating that the propeller is .4ft from the surface of the water, or .6ft 
from the bottom).  Make sure that the red arrows on the side of the propeller are pointing in 
the direction of flow.  In eddies, flow may be moving upstream or 0. 

8. Press the bottom button until AVG SPEED appears 
9. Hold down top button until the bottom number flashes to 0, then release.  The top number is 

instantaneous velocity, measured in .5 cfs, not nearly as accurate as the average velocity 
(bottom number), measured in .01 cfs.  Wait 5-30 seconds until the average velocity number 
stabilizes, then record that value as the velocity. 

10. If you do not register a velocity and the water is moving, check to see if propeller is clear of 
debris/magnetic dots are relatively clean. 

11. Carefully reposition at the next interval and repeat steps 5-9. 
12. Disregard mph on display- the manufacturer says it is measuring cfs.   
13. Flow probe does not turn off. 
 
 
 
 
 
 
 
 
Appendix C: Quality Assurance 
 
I. Field Quality Assurance 
 
Water QA Samples: 
Seven Field Duplicate and four Field Blank samples were collected.  The mean difference 
in field duplicate water samples collected was 6.75%.  None of the Field Blanks indicated 
contamination from sampling procedures. 
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QA Field Duplicates, Water
Date Location Duplicate 1 Duplicate 2 Percent Difference*
9.15.05 DCL5 2.53 2.41 4.6
12.1.05 DCL4 824 813 1.4

12.28.05 DCL8 24.26 21.57 11.1

12.31.05 DCL7 54.24 48.36 10.8

2.2.06 DCL8 11.26 9.83 12.7

2.27.06 DCL3 86.96 83.99 3.4

5.11.06 DCL6 5.35 5.18 3.2

Mean % Difference: 6.75
*Percent difference = (high-low/high) x 100  
 
All field blank water samples analyzed were below the Method Detection Limit of 0.20 
ng/L.   
QA Field Blank (Mili-Q) Water Samples
Date Location [Hg] ng/L
9.15.05 DCL2 <MDL
12.1.05 DCL4 <MDL

2.2.06 DCL3 <MDL

5.11.06 DCL5 <MDL

MDL= Method Detection Limit, 0.20 ng/L  
 
Sediment QA Samples: 
     Eleven duplicate sediment samples of the same type of material (in-stream fines) were 
collected.  Some replicate samples collected at a given site were of different source 
material (bank sediments vs. in-stream fines), and are not included in this comparison.  
Some of the duplicates were collected in September 2005 and then in June 2006 from the 
same site and material, with the results suggesting high seasonal variation in the mercury 
content of the material deposited, generally higher [Hg] in the higher spring flows (June 
2006 samples), and lower [Hg] in the lower summer flows (Sept 2005 samples). 
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Duplicate Sediment Samples
Sample ID and Location Sample Duplicate %Difference
4.  Casci creek- at confluence with Scotts Flat Lake 0.34 0.18 47%
60. Manzanita- Manzanita Diggins drainage below Deer Creek Inn 1.8 0.8 56% Seasonal
32. Pioneer- Little Deer Creek at Pioneer Park, above picnic area 0.86 0.63 27%
15A. Flume’s End- Gold Run at lower tailings dam, Flume’s End 1.7 1.4 18% Seasonal
42A. Gold Run confluence- Gold Run above DC confluence, in-stream 2.7 0.32 88% Seasonal
18.  Champion/DCL5- Deer Creek below Champion Mine 0.95 0.44 54%
52. Below DC Falls- Below Deer Creek falls, in-stream 1.4 0.98 30%
56Q. LWW inlet- Lake Wildwood Dr. crossing Deer Creek inlet 0.46 0.05 89% Seasonal
56. LWW inlet- Lake Wildwood Dr. crossing Deer Creek inlet 0.92 0.46 50%
58. Below Squirrel- Deer Creek below Squirrel Creek confluence 0.41 0.35 15%
59. Laurel’s- Deer Creek above Yuba confluence, FODC Site 10 0.72 0.44 39%

*Non-detect listed as 50% of Method Detection Limit of 0.1 mg/kg Avg % Differen 46%
 
 
Appendix D: THg Sediment Sample Results 
 
Sediment samples at selected sites in the Deer Creek Watershed   
Site 
Code Site Concentration 
    (mg/kg wet wt.) 
2  S. Fork Deer Creek- below Deer Creek Powerhouse, pool at Cascade Canal diversion ND 
3  FODC Site 1- Confluence of S. and N. Fork Deer Creek ND 
4 Casci creek- at confluence with Scotts Flat Lake 0.34 
4Q Casci creek- at confluence with Scotts Flat Lake, duplicate 0.18 
5 Cascade Shores- Scotts Flat upper reservoir, below hydraulic cliffs ND 
6  Lower Scotts Flat- above reservoir/DCL1 0.17 
7 Burjer- Tailings eroding into Deer Creek, BLM off Burjer Rd. 0.52 
9 Murchie- Mill foundations from Murchie mine on Creek 2.7 
10 Mosquito- Mosquito creek above confluence w/ Deer Creek 0.18 
11 Manzanita- outlet below Deer Creek Inn 0.8 
12 Banner Mtn Trail- Little Deer Creek below Banner Mtn. trail crossing 0.98 
13 Little Deer Creek: DCL3, above Stonehouse parking lot 0.72 
14 GR-Gracie Canal- Gold Run off Gracie below canal crossing 0.9 
15 Gold Run confluence- DCL4, above confluence with Deer Creek 0.32 
15A Flume’s End- Gold Run at lower tailings dam, Flume’s End inn 1.7 
16 Providence- Tailings eroding into creek and in-stream fines 1.5 
17 Woods Ravine- 100m upstream of confluence 0.57 
18 Champion/DCL5- Deer Creek below Champion Mine 0.95 
18Q Champion/DCL5- Deer Creek below Champion Mine duplicate 0.44 
19 Bitney- FODC site 5 0.43 
20 LWW- DCL6, Lake Wildwood Dr. bridge crosses Deer Creek inlet ND 
21  Squirrel Creek- FODC Site 16 0.32 
22 Squirrel/DCL7- Pleasant Valley bridge 0.25 
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23 Mooney Flat- Mooney Flat pit lake ND 
24 Big Blue- Little Deer Creek, Big Blue Rd tailings below NID flume 1.2 
25 No. Banner- Little Deer Creek, above Banner Mtn. trail crossing, North Banner/main fork 1.8 

26 
Canada Hill- Little Deer Creek, above Banner Mtn. trail crossing Canada Hill Diggings 
fork 1.5 

26A Canada Hill- Little Deer Creek, above Banner Mtn. trail, Canada Hill Diggings duplicate 0.8 
26Q Canada Hill right- Little Deer Creek, small tributary river left above Banner Trail Crossing 1.8 
27 Stillwater- Little Deer Creek, fork near Stillwater Creek Rd. 5.9 
28 Rocker- Little Deer Creek main (S.) fork at Rocker Rd. Crossing 1.6 
29 Eagle Ravine- Eagle Ravine crossing Willow Valley Rd 0.4 
30 Shooting Range- Drainage of shooting range to Little Deer Creek off Rocker Rd. 0.44 
31 Caledonia- Little Deer Creek at end of Caledonia Wy. 1 
32 Pioneer- Little Deer Creek at Pioneer Park, above picnic area 0.86 
32Q Pioneer- Little Deer Creek at Pioneer Park, near parking lot 0.63 
33 GR Gracie- Gold Run crossing Gracie Rd near Banner Mtn. trail turnoff 1.4 
34 GR Sneath- Gold Run upper Sneath fork off Sneath Clay Rd, in-stream fines 1.5 
34Q GR Sneath- Gold Run upper Sneath fork off Sneath Clay Rd, bank 1.6 
35 GR Palisade- Gold Run, Palisade Rd fork below BLM parcel 0.31 
36 GR Pittsburgh- Gold Run, Pittsburgh fork below Gold Flat Rd 1.8 
37 GR Sulphuret- Gold Run, Sulphuret works fork, in-stream fines 3.3 
37Q GR Sulphuret- Gold Run, Sulphuret works fork, bank 51 
38 GR Mowhawk- Gold Run at New Mowhawk crossing, in-stream fines 12 
38Q GR Mowhawk- Gold Run at New Mowhawk crossing, bank 2.2 
Site 
Code Site Concentration 
    (mg/kg wet wt.) 
39 GR N. Queen- Gold Run forks confluence above Northern Queen, in-stream fines pool 2.1 
39A GR N. Queen- Gold Run forks confluence above Northern Queen, bank below confluence 0.98 
39B GR N. Queen- Gold Run forks confluence above Northern Queen, bank at turn/old tailings 1.8 

39Q 
GR N. Queen- Gold Run forks confluence above Northern Queen, Railroad Ave fork in-
stream 1 

39Q1 
GR N. Queen- Gold Run forks confluence above Northern Queen, Mowhawk fork in-
stream 2 

40 GR school- Gold Run school fork 0.37 
41 GR Clark- Gold Run off Clark St./fwy right of way, pool below concrete channel 2.1 
42 GR Flume’s- Gold Run at Flume’s End dam 1.4 
42A GR DCL4- Gold Run at DC confluence/DCL4, in-stream 2.7 
42AQ GR DCL4- Gold Run at DC confluence/DCL4, dry fines on bank 2.7 
43 Woods Ravine- Woods Ravine upstream of Champion Rd crossing 0.8 

44 
Stocking Flat- Deer Creek Stocking Flat/BLM, beach of corner pool at large hydraulic 
terrace 1.5 

45 Una’s- Una’s land off Slate Cr Rd, eroding bank 0.8 
45Q Una’s- Una’s land off Slate Cr Rd, graded tailings river left 0.66 
45Q1 Una’s- Una’s land off Slate Cr Rd, in-stream 1.1 
45Q2 Una’s- Una’s land off Slate Cr Rd, eroding bank river right 1 
46 Little Deer Ln- Little Deer Creek Ln crossing, bank deposit in tree roots 1 
46Q Little Deer Ln- Little Deer Creek Ln crossing, in-stream fines 1.4 
46Q1 Little Deer Ln- Little Deer Creek Ln crossing, bank fines from Rick’s 2nd hole 0.88 
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46Q2 Little Deer Ln- Little Deer Creek Ln crossing, Rick’s panned sands from 46Q1 0.64 
47 Slate Creek- Slate creek confluence below Kubich mill via Lowhills Dr. 0.7 
48 Bitney- Bitney Springs crossing, in-stream fines below new bridge 0.92 
48Q Bitney- Bitney Springs crossing, bank fines below new bridge 0.82 
49 Empress Cr- Empress Creek off Newtown rd above Bitney crossing 0.62 
51 DC Falls- Deer Creek falls,  side channel top fines (high flow) 0.74 
51Q DC Falls- Deer Creek falls, fines from crack 8.7 
51Q1 DC Falls- Deer Creek falls, Rick’s panned sample from crack 9.9 
52 Below DC Falls- Below Deer Creek falls, depositional area, in-stream 1.4 
52Q Below DC Falls- Below Deer Creek falls, depositional area, fines in tree roots 0.98 
53 Prospector- Creek crossing Prospector Rd 0.62 
54 Herrlingers’- Deer Creek at Herrlingers’, in-stream beach 0.78 
54Q Herrlingers’- Deer Creek at Herrlingers’, channel bar/bank 1.1 
55 Lower Paddy- Lower Paddy flat, in-stream backwater eddy 1.1 
55A Middle Paddy- Middle Paddy flat, main bar near Pioneer Rd, Paddy Flat “T” 0.38 
55Q Lower Paddy- Lower Paddy flat, bank 0.78 
56 LWW inlet- Lake Wildwood Dr. crossing Deer Creek inlet/ DCL6, in-stream under bridge 0.92 
56Q LWW inlet- Lake Wildwood Dr. crossing Deer Creek inlet/ DCL6, sandbar under bridge 0.46 
57 Above Squirrel- Deer Creek above Squirrel Creek confluence/FODC Site 8 0.52 
58 Below Squirrel- Deer Creek below Squirrel Creek confluence 0.41 
58Q Below Squirrel- Deer Creek below Squirrel Creek confluence, duplicate 0.35 
59 Laurel’s- Deer Creek above Yuba confluence, FODC Site 10 0.72 
60 Manzanita- Manzanita Diggings drainage between Nevada St. bridge and Deer Creek Inn 1.8 
 
 
 
 
 


