
UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

WATER RESOURCES DIVISION 

&RCURY IN THE CAaSON AND TRUCKEE RIVER 
BASINS OF NEVADA 

by 
A. S. Van Denburgh 

Prepared in cooperation with the 
Nevada Diviaion of Health 

Open-file Report 
1973 

'7~. 3 sz. 



SUMMARY 

Upstream from major pre-1900 ore milling in the Carson and 
Truckee River basins, "background" concentrations of total mercury in 
the upper 1 to 3 inches of sand- to clay-sized stream-bottom sediment 
are less than 0.1 ug/g (microgram per gram!/). Downstream, measured 
concentrations were as much as 200 times the background level. Greatest 
concentrations were encountered in the Carson River basin within and 
immediately upstrea& from Lahontan Reservoir. Data for the Carson River 
near Fort Churchill suggest that most of the mercury in the sampled 
bottom sediment aay be present as mercuric sulfido or as a component of 
one or more non-methyl organic compounds or complexes, rather than 
existing in the metallic state. Regardless of state, this reservoir of 
mercury is of concern because of its possible availability to the 
aquatic food chain and, ultimately, to man. 

Aaong 48 samples of surface water from 29 sites in the two basins, 
the maximum measured total-.ercury concentration was 6.3 ug/1 (micrograms 
per liter2/), for a sa.ple froa the Carson River near Fort Churchill. 
Except downstream from Lahontan Reservoir, most other measured values 
were less than 1 ug/1 . (The U.S. Environmental Protection Agency 
interim limit for drinking water is 5 ug/1.) The total-mercury content 
of streaa waters is related to the mercury content of bottom sediments 
and the rate of streamflow, because the latter affects the suspended
sediment transporting capability of the stream. Near Fort Churchill, 
total-mercury concentrations that miaht be expected at strea.tlows 
greater than those of 1971-72 are: as auch as 10-15 us/1 or .ore at 
2,000 cfs (cubic feet per second), and as auch as 10-20 ug/1 or more 
at 3,000 cfs. Elsewhere, expectable concentrations are much less 
because the bottom sediment contains much less mercury. 

The mercury contents of water samples from 36 wells in the Carson 
and Truckee basins were all less than 1 ug/1, indicating that mercury is 
not a problem in ground water, even adjacent to areas where stream-bottom 
sediment is enriched in mercury. 

Limited data indicate that the Carson River above Lahontan Reservoir 
and the reservoir itself contain only trace amounts of dissolved arsenic, 
cyanide, selenium, and silver. Among 17 additional trace metals analyzed 
for on four unfiltered samples from the river above the reservoir, only 
six of the metals were consistently present in concentrations exceeding 
detection limits. Maximum measured concentrations for the six metals 
were: 

l. Micrograms per gram are equivalent to "parts per mi Ilion." The term 
"total" refers to all extractable forms of mercury. 

2. Micrograms per liter are equivalent to "parts per billion." The term 
"total mercury" refers to all extractable forms, both dissolved and 
associated with suspended se~iment, for a whole-water (unfiltered) sample. 
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aluminum, >670 ug/1; iron, 2,500 ug/1; ma nganese, 1,100 ug/1; molybdenum, 
15 ug/1; titanium, 110 ug/1; and vanadium, 15 ug/1. Presumably, the 
detected metals were associated largely or almost entirely with the 
suspended-sediment phase of the water samples. 

Selenium and silver concentrations in sampled well waters from the 
Carson and Truckee basins were uniformly low, with one exception--a 
selenium concentration of 18 ug/1 for the water of a shallow well south
west of Fallon (Public Health Service limit, 10 ug/1). The arsenic 
content of 15 sampled well waters ranged from 0 to 1,500 ug/1 (0 to 1.5 ppm), 
with seven of the values greater than SO ug/1 (the Public Health Service 
limit). 

INTRODUCTION 

Prior to 1900, me~cury was used during the milling of ores from 
the Comstock Lode. Almost 15 million pounds of the mercury escaped 
recovery (Smith, 1943, p. 257), with much of it being incorporated in 
the mill tailings. This report summarizes and discusses the findings 
of a 1-year study of mercury and, to a lesser extent, several other 
trace substances in the water and related sediment of the Carson and 
Truckee River basins, made by the U.S. Geological Survey in cooperation 
with the Nevada Division of Health. 
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BRIEF ANALYSIS OF THE CHEMICAL DATA 

Mercury content of fine-grained surficial sediment 
fro. stream, canal, drain, and lake bottoms 

The total-mercury content of sampled bottom sediment is listed in 
table 1 (appendix) and shown in fiaure 1 (also in appendix). The sampled 
material ranged in size froa coarse sand to clay, and represented the 
uppermost 1-3 inches of bottom sediaent; that is, the sediment .ast 
intimately associated with the overlying water. Data for the Carson River 
at Cradlebauah Bridge and the Truckee River at Farad (sites 3 and 25) 
suggest that the "background" concentration of mercury upstreaa froa aajor 
pre-1900 ot·e-ailling activity is not aore than 0.1 ~g/g. In contrut, the 
largest concentration measured durin& this study was 200 tiaes that &reat 
(20 ~g/1, at site 15). 

In the Carson basin, concentrations increase in a down-river direction 
froa Cradlebauah Bridae to Lahontan Reservoir. Below the reservoir, the 
distribution of aarcury is less syst ... tic, and the concentrations are 
cbaracteristica11y less than ia sediaents of either the reservoir or the 
river t.aediately above the reservoir. 

The trend upstreaa froa Lahontan Reservoir presumably is due to aill
tailinas contributions alon1 the river which progressively enrich the 
aercury content of bottom sediaents in a downstream direction. This trend 
also requires ainiaal contributions of aercury-poor sediaent froa tribu
taries in the saae reach of river. Lahontan Reservoir has been the 
teraina1 point for aost of the aercury-rich sediment since iapoundaent 
beaaa 1a about 1915, which ba1ps -.plain why concentrations are 1ess 
balov the reHrvoir than within or above. 

Observations durina this study suaaest that the aercury is associated 
~e with the silt and clay fracti&ns of the ~ampled bottom ·sedtmeftt then 
with the coaraer aaterial. However, this accounts only in part for the 
site-to-site differences in aeasured aercury content downstream froa the 
aills. 

In the Truckee basin, the bottom sedt.ent of Steaaboat Creek contains 
aercury in areater-than-backaround concentrations (table 1), probably as 
a result of ore-ail1in& activity in Washoe Valley. The concentrations 
apparently decrease in a downstre .. direction owing to "dilution" by 
sediaent containina only back&round quantities of mercury. Because the 
amount of sediaent contributed to the Truckee River by Steamboat Creek is 
saall co.pared with the quantity transported by the river itself, the 
above-noraal aercury contributions of the creek are diluted considerably 
in the river. Thus, despite a total-aercury concentratio11 of about 0.5 
~1/1 for bottoa sediment of Stea.boat Creek near its mouth (site 28), the 
coaparable value for the Truckee River several ailes downstream is only 
about 0.1 ~g/g (site 29). 
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Mercury can be present in several forms of differing toxicity: 

1. As the non-ionized element (dissolved, gaseous, 
or as the liquid metal). 

2. As an ion (in solution or sorbed on particulate 
matter). 

3. As part of a dissolved chemical complex (organic 
or inorganic). 

4. As part of a solid chemical compound (organic or 
inorganic). 

Because mercury associated with gold and silver ore milling in the late 
1800's was initially present in the metallic, elemental state, seaiquanti
tative analyses for eleaental mercury (that is, analysis without prior 
oxidation-digestion or reduction of non-elemental forms) have been per
formed on sedi.ent samples from several sites in the Carson and Truckee 
basins (samples collected in October and Dec~ber 1971, respectively). 
Results indicate nealigible or only trace amounts at all sites as follows: 

Sites 3 and 8-10 on the Carson River and sites 25 and 27-30 
on the Truckee River and Steamboat Creek: 0.000 ~ala. 

Site 11, Carson River east of Dayton: 0.005 uglg (in contrast 
to 3.3 ~ala of total mercury). 

Site 12a, Carson River vest of Fort Churchill: 0.02 ~ala 
versus 6.9 ~111 total). 

Site 12b, Bucklin Ditch west of Fort Churchill: 0.009 ~111 
versus 15 ~111 total). 

A aore detailed evaluation vas .. de on a combined sediment sa.ple from 
sites 12a and 12b (collected May 8, 1972). The analytical techniques and 
their prob•bla sianifieance are as follows: 

Acidification and oxidation (diaestion) followed by reduction 
before determination ( .. asures total mercury content): 
9.5 ~111 as B&. 

Reduction, only, before determination (may be a semiquantitative 
.. aaure of the aetallic plus reducible cationic mercury 
content): 0.000 ~111 as Ba. 

No treat.ent before determination (a aeaiquantitative aeasure 
of .. tallic aereury content): 0.000 ~algas Ha. 

Methyl .. reury determination (by J. E. Longbottom, 
Environ..ntal Protection Aaeney, Cincinnati, Ohio): 
0.002 ~ala as Ha. 

These results permit the interpretation that most of the mercury in sampled 
bottom sediment at site 12 may be present as mercuric sulfide or as a 
component of one or more non-methyl organic compounds or complexes. The 
chemical state of .. rcury at depths areater than 1-3 inches is unknown. 
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In summary, mercury, apparently as a component of a sulfide or non
methyl organic substance, is present in concentrations that far exceed 
"background" levels in bottom sediment of the Car!'lon River and other 
water bodies. This reservoir of mercury is of concern because of its 
availability to the aquatic food chain and, ultimately, to man. 

Mercury content of surface waters 

The mercury content of surface waters is listed in table 2 (appendix), 
and the sit ; are shown in figure 1. Among 48 unfiltered samples collected 
at 29 sites in the Carson and Truckee basins, the maximum concentration of 
total mercur.y!l was 6.3 ~g/1, for a sample from the Carson River near Fort 
Churchill (site 13) during a period of snowmelt runoff in May 1972. (The 
U.S. Environmental Protection Agency interim limit for drinking water is 
5 ug/1 of mercury.) 

In the Carson basin above Lahontan Reservoir (sites 1-13), only nine 
of 26 values exceeded 1.0 ~g/1, the higher concentrations generally being 
associated with higher rates of streamflow. Mercury content of unfiltered 
water from Lahontan Reservoir was uniformly low when sampled in June 1972 
(sites 14-16). Downstream from the reeervoir (sites 18-24), total mercury 
exceeded 1.0 ~g/1 in seven of nine samples, with the highest value 4.3 ~g/1. 

In the Truckee basin, stream waters contained uniformly small amounts 
of total mercury when sampled. Steamboat Creek was sampled only at low 
flow, however, and .. y contain somewhat greater concentrations durin~ 
periods of high flow. 

Dissolved aercur~/ was deterained on aa.ples from the Carson River 
at Cradlebaugh Bridge and Weeks (sites 3 and 13) during periods of above
average flow. The dissolved increment represented a significant part of 
the total concentration (dissolved plus particulate) in March 1972, dur i ng 
the first aajor snowmelt runoff of the season. This may reflect the 
flushing action of early-season runoff. The same initial flushing may also 
be shown by the data for Weeks in ~.y 1972: dissolved-mercury content 
decreased between May 8 (soon after the start of late spring snow.elt) and 
May 19, even though streaaflow and total aercury (dissolved plus particulate) 
increased somewhst during the same period. 

The limited amount of 9issolved-mercury data suggests that at low 
concentrations of dissolved plus particulate mercury (less than 1-2 ~g/1), 
a significant part of the total can be present in dissolved form. At 
higher total concentrations, in contrast, most of the mercury is associated 
with the suspended-sediment phase. 

1. Total mercury includes all extractable forms, either dissclved or 
associated with susoended 8ediment, for a whole-wster (unfiltered) 
sample. 

2. The term "dissolved mercury" refers to all extractable forms in a 
filtered sample. 
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Filtered and unfiltered water samples collected near Fort Churchill 
(site 13) on May 8, 1972, have been evaluated in detail to determine the 
forms in which mercury was present. The analytical techniques and their 
probable significance are as follows: 

Acidification and oxidation (digestion) followed by 
reduction before determination (measures total 
mercury content): 

Unfiltered, 6.0 ug/1 as Hg 
Filtered, 0.8 ug/1 as Hg 

Reduction, only, before determination (may be a semi
quantitative measure of metallic plus reducible 
cationic mercury content) : 

Unfiltered, 0.2 ug/1 as Hg 
Filtered, 0.2 ug/1 as Hg 

No treatment before determination (a semiquantitative 
measure of metallic mercury content): 

Unfiltered, 0.0 ug/1 as Hg 
Filtered, 0.0 ug/1 as Hg 

Methyl mercury determination (by J. E. Longbottom, 
Environmental Protection Agency, Cincinnati, Ohio): 

Unfiltered, 0.00 ug/1 as Hg. 

These data suggest the following distribution of mercury in the streamflow: 

ua/1 in sediaent-vater aixture 
Suapended 

Total mercury 
Reducible cationic mercury (semiquantitative) 
Metallic mercury (semiquantitative) 
Methyl mercury 
Other forms, including non-methyl organic 

mercury (semiquantitative) 

a. May also include mercuric sulfide. 

Water eedt.ent 

0.8 5.2 
.2 .o 
.0 .o 
.00 .00 

.6 a 5.2 

As with the stream-bottom sediment, this distribution implies that most of 
the mercury in both liquid and suspended-sediment phases of the streamflow 
may be present as a component of one or more non-methyl organic compounds 
or complexes; mercury in the suspended-sediment phase also may be present 
as a sulfide. The only other apparent difference between the forms of 
mercury in sediment and water is that a trace amount of reducible cationic 
mercury was detected in the liquid (dissolved) phase of the streamflow 
sample, but not in the suspended or bottom sediments. 
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Along t he Carson River between Dayton and Lahontan Reservoir, where 
the quantity of mercury in stream-bottom sediment is well above background 
levels, a crude relation doubtless exists at medium and high streamflow 
between the mercury content of unfiltered streamwater and the rate of 
stream discharge. This is to be exp~cted because the discharge rate 
controls the suspended-sediment carrying capability of the stream, and 
the sediment is mercury-rich. The relation is shown by data for 1971-72 
at sites 12a and 13, near Fort Churchill. On this basis, it can be 
assumed that because peak discharges during 1971-72 were well below those 
of many recent years, the peak mercury concentrations during 1971-72 
probably were less than those associated with higher flows. For example, 
extrapolation of data on the quantity of suspended sediment and its mercury 
content at site 13 suggests that total mercury might amount to as much as 
10-15 ug/1 or more at a discharge of 2,000 cfs, and as much as 10-20 ug/1 
or more at 3,000 cfs. Upstream from the Fort Churchill area, and elsewhere 
in the Carson and Truckee basins, the mercury content of stream-bottom 
sediment is less (table 1), so the maximum expectable concentrations in 
streamwater would also be less. This is shown by the contrasting aercury 
data for Kay 18-19, 1972, at the Cradlebaugh, Dayton, and Fort Churchill 
sites: 

Approximate ' Suspended- Total-mercury 
mercury conten t Estimated sediment content concentration 

Site of sampled bottom streamflow of streamflow in streamflow 
no. sediaent Cpa/a) (cfs) <mall> (ua/1) 

3 0.04 925 220 0.2 
10 2 900 250 (est.) .7 
13 9 850 300 6.3 

Mercury content of well waters 

The aercury content of 36 well waters is listed in table 4 (appendix), 
and the sites a~e shown in figure 2 (also in appendix). All concentrations 
were lees than the 5-ug/1 limit for drinking water proposed by the U.S. 
Environmental Protection Agency--in fact, all were less than 1 ug/1. The 
low concentrations indicate that mercury is not a major problem in ground 
water, even adjacent to areas where stream-bottom sediment is enriched in 
mercury. 

Other trace constituents 

In addition to mercury, several other trace constituents have been 
determined on surface and well waters. Arsenic, selenium, and silver were 
measured on seven surface-water samples from the Caraon River basin, and 
cyanide was determined on three of the samples (table 2). Concentrations 
were characteristically low. Only the selenium content of the river at 
Cradlebaugh Bridge (site 3) approached or equaled the mandatory limits 
established by the U.S. Public Health Service for drinking water (arsenic, 
50 ug/1; cyanide, 0.2 mg/1; selenium, 10 ug/1; silver, SO ug/1). The only 
trends suggested by the data are a downstream increase in arsenic content 
at low flow (Sept. 1971) and a downstream decrease in selenium at low and 
high flows. 
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Spectrographic analyses for 17 trace metals were made on four unfil
tered samples from the Carson River upstream from Lahontan Reservoir 
(table 3, in appendix). Three of the samples were collected during a 
period of low flow in September 1971. The data show decreasing concen
trations in a downstream direction for the six detected metals (aluminum, 
iron, manganese, molybdenum, titanium, and vanadium; the other 11 metals 
were below limits of detection). Because aost of the trace-aetal content 
presumably is associated with the suspended-sediaent coaponent of the 
samples, it is not surprising that the downstream changes correspond with 
diminished streamflow and a resu l tant decrease in st 1ended-sedt.ent 
content. 

The fourth sample was collected near Fort Churchill during the spring 
snowmelt runoff, on May 19, 1972. Metals present in detectable concen
trations were the same as those in the low-flow sa.ples, except for 
molybdenum. Concentrations were of the saae order of aagnitude as the 
largest reported low-flow valuea. The river contained auch greater trace
metal concentrations near Port Churchill (sites 12a and 13) in May than 
in September, because diacharae and, therefore, .. tal-bearina auapended
sediment content were areater in Kay. Peak diacharaea on the Caraon Ri•er 
were much lese in 1972 than in aeveral recent yeara. Preauaably, the 
aaxt.um trace-eleaent concentrations also were leas than in previoua yeara, 
because of the relation between quantities of flow, euapended aedi..at, 
and trace aetala. The laraeat concentrations detected durin& thia study 
were: aluainua, >670 ~a/1; iron, 2,500 ~a/1; aanganese, 1,100 P&/1; 
•olybdenum, 15 Pg/1; titaniua, 110 pg/1; and vanadium, 15 ~a/1. 

Araenic, aeleniua, aDd ailver were deterained in 16 well waters from 
the Caraon and Truckee baaina (table 4, in appendix). Concentration& of 
silver were uniforaly low. All but one of the aeleniua values alao were 
low; the one exception vaa 18 P&ll (alaoat twice the U.S. Public Health 
Service drinkina-water liait) for the shallow well at aite 45, aouthweat 
of Fallon. By far the greateat aeaaured arsenic concentration vas 1,500 
~g/1 (1.5 ppa), also for the well at site 45. Thia concentration far 
exceeds the Public Health Service aandatory li•it of 50 ~a/1, but the 
water froa thia well is too aalty for drinkina purpoaes; the ownera drink 
bottled water instead. Several saapled well vatera that are uaed for 
drinking purposes in both the lower Carson basin and Truckee Meadows also 
contained aore than 50 Pg/1 of arsenic (table 4). 

REFERENCE 

Smith, G. H., 1943, The history of the Comstock Lode, 1850-1920: Nev. 
Un i v. Bull., v. 37, no. 3, 305 p. 
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APPENDIX 

Numbering System for Hydrologic Sites 

The numbering system for hydrologic sites in this report (tahles 2 
and 4) indicates location on the basis of the rectangular s•tbdivision of 
public lands, referenced to the Mount Diablo base line and meridian. 
Each number con~ists of three units: the first is the township north of 
the base line; the second unit, separated from the first by a slant, is 
the range east of the meridian; the third unit, separated from the second 
by a dash, designates the square-aile section. The section nuaber is 
followed by letters that indicate the quarter section, quarter-quarter 
section, and so on; the letters a, b, c, and d deaianate the northeast, 
northwest, southwest, and southeast quarters, respectively. Por example, 
site 17/24-35adb is in NW\SE~ sec. 35, T. 17 N., R. 24 E. 
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Table ].--Spectrographic trace-metal analyses of 

unfiltered water from Carson River 

[leaulte are for extracted-aetal content, in aicroara .. per liter] 

Date 

Streamflow (cubic feet 
per second)!/ 

Aluminum (Al) 

Beryllium (Be) 

Bismuth (Bi) 

Cadmiua (Cd) 

Chroaium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Gallium (Ga) 

Ger.aniua (Ge) 

Iron (Fe) 

Lead (Pb) 

Manaaneae (Mn) 

Molybdenum (Ko) 

Nickel (Ni) 

Titaniua (Ti) 

Vanadiua (V) 

Zinc (Zn) 

3 

9-22-71 

50e 

>670 

<1.3 

<.7 

<3.3 

<3.3 

<3.3 

<3.3 

<13 

<.7 

1,800 

<3.3 

1,100 

15 

<.7 

110 

11 

<13 

Site nuaber (see fia~ 1) 

10 

9-22-71 

2Q-40e 

330 

<1.3 

<.7 

<3.3 

<3.3 

<3.3 

<3.3 

<13 

<.7 

310 

<3.3 

280 

13 

<.7 

15 

8.0 

<13 

12 

9-21-71 

22 

43 

<1.3 

<,7 

<3.3 

<3.3 

<3.3 

<3.3 

<13 

65 

<3.3 

47 

<, 3 

<.3 

<1.3 

1.5 

<13 

1. Estiaated flows are indicated by "e." Quantity at site 12 was 
measured. 

13 

5-19-72 

850e 

500 

<1.0 

<.5 

<2.5 

<2.5 

<2.5 

<2.5 

<10 

2,500 

<2.5 

750 

<.5 

4.0 

110 

15 

<10 
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