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The Yukon River Basin Study 17 

During the water years (WY) 2001 through 2005 (WY is October 1 through September 30), the 18 

U.S. Geological Survey conducted an extensive five-year water-quality study of the Yukon River 19 

from its headwaters in Canada to Pilot Station, Alaska near its mouth (Figure S1) (1-7).  The 20 

overall study included five major sub basin baseline monitoring stations and extensive sampling 21 

campaigns for the outlets of 43 tributaries to the Yukon River within the YRB. In Situ 22 

measurements included pH, temperature, dissolved oxygen, specific conductance, and 23 

greenhouse gases (carbon dioxide and methane). Samples were collected and processed for 24 

analysis of carbon and mercury (Hg) species, major ions, trace metals, water isotopes, and 25 

nutrients. Two main objectives of the study were to establish a water-quality baseline to assess 26 

possible future changes from a warming climate and to investigate the process-based 27 

hydrogeochemical evolution of water quality in the basin.   28 

 29 

YRB Characteristics 30 

Details of YRB characteristics are given in Brabets et al., 2000 (8), and briefly described here. 31 

The YRB is comprised of six physiographic regions ranging from plains and lowlands to high 32 

rugged mountains resulting in a highly variable continental climate which, in the last 50 years, 33 

has generally experienced continuous air temperature warming (9).   The geology of the YRB is 34 

complex; essentially, half of the basin is underlain by sedimentary rocks and the remaining half 35 

is composed of intrusive, volcanic, metamorphic, sedimentary/volcanic, and unconsolidated 36 

rocks at about 10 percent each.  More than half the land cover is needle leaf forest dominated 37 

by white spruce in the uplands and black spruce in the lowlands.  The dominant soil type is 38 

Cryosol (Gelisol) and 75 percent of the YRB is underlain by continuous to discontinuous 39 
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permafrost.  Approximately 30 percent of the YRB is classified as wetland. The complexity of 40 

YRB terrain is reflected by its 20 diverse ecoregions. 41 

 42 

Carbon and Mercury Sample and Data Collection 43 

The Yukon River at Pilot Station (YRP) was sampled 7 times a year; once in March or April 44 

(under ice base flow) and then every 2-3 weeks during open water for WY 2001 through 2005. 45 

During this time, filtered total mercury (FHg) and particulate total mercury (PHg) were measured 46 

in 37 samples. The most accurate estimation of average exports and yields required 47 

measurements of Hg and organic carbon (OC) over a range of hydrologic regimes at a greater 48 

than annual scale.  During the 5 years of study, minimum, maximum and average discharges 49 

were measured and compared closely with those measured over the 33 year long-term record 50 

from Pilot Station (YRP) (Figure S2).  YRP is defined in this study as the operation outlet of the 51 

YRB. It is the furthest downstream location where discharge (Q) can be measured accurately in 52 

a confined channel and far enough above the Yukon Delta where there is no tidal influence.  53 

Samples collected at YRP represent an integration of surface and groundwater from the YRB. 54 

The 2001-05 dataset captured a robust representation of end member or extreme flow events 55 

and also included four years in which average flow conditions closely matched the 33-year 56 

average (Figure S3). 57 

 58 

Extrapolation of the THg record 59 

Measurements of OC and Hg concentrations are limited to 5 consecutive years (2001-2005) at 60 

YRP. There is, however, at long-term data base of continuous Q.  Based on the weak but 61 

significant relation between OC and Q and the strong relation between FHg and DOC and PHg 62 
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and POC, a multi-linear regression was developed to reconstruct the Hg export record based on 63 

Q.  First, DOC and POC concentrations were calculated from their weak but significant 64 

correlation with Q (Figure S4).  65 

Calculated DOC (mg/L) = 1E-05[Q (cfs)]+2.5064 (equation 1) 66 

Calculated POC (mg/L) = 7E-06[Q (cfs)]+0.7053 (equation 2) 67 

Second, FHg and PHg concentrations were calculated from their correlation with DOC and POC 68 

(See Figure 2 in paper), respectively, as determined from empirical data but using the 69 

calculated DOC and POC values from equations 1 and 2. 70 

Calculated FHg (ng/L) = 0.2172[DOC (mg/L)]+0.0352 (equation 3) 71 

Calculated PHg (ng/L) = 3.2825[POC (mg/L)]+3.7833 (equation 4) 72 

Third, FHg and PHg concentrations were summed up and calculated into total annual THg 73 

exports.  Finally, annual averages of export were calculated to remove seasonal variability and 74 

3- and 5-year running averages were calculated to identify any trends on a decadal scale (See 75 

Figure 4 in paper). The USGS gage was decommissioned from 1997 to 2000, resulting in a 4.5 76 

year hiatus in the 34-year record of Q data collection (2001 has a partial year of Q). Annual Hg 77 

export averages calculated from the multi-linear regression were also plotted with annual Hg 78 

exports calculated by LOADEST for the WY’s 2002-05. Both approaches were in good 79 

agreement during the highly variable measured annual exports from 2002 through 2005 80 

indicating their reliability as predictive tools.   81 

 82 

Additional Methylmercury Research 83 
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As part of the larger YRB study, MeHg concentrations were measured intensely at 5 major sub 84 

basin scales and discretely at the outlets of 43 major tributaries to the Yukon River during early 85 

and late summer (Hg methylation potential should be at its annual maximum in late summer). 86 

Based on measurable TMeHg concentrations, there is evidence of Hg methylation.  However, 87 

TMeHg/THg ratios are much lower relative to those measured in other studies and there is no 88 

relation between the percent of wetland cover in a sub basin to measured TMeHg 89 

concentrations, exports, or yields (Figure S6).   90 

 91 

Resources for Table 2 92 

An extensive literature review was conducted to develop Table 2. Because the citations are 93 

numerous they are given in the narrative that follows.  Specific details of Table 2 are also given.  94 

Churchill and Nelson Rivers 95 

 Mercury (Hg) concentrations and export are from Hare et al. (22) who sampled in high 96 

flow conditions for the Nelson River, and during high and low flow for the Churchill River during 97 

2003-2005.  The number of sites and total number of Hg samples were not reported by Hare et 98 

al. (22).  TSS exports are from Hare et al. (22) and are reported in previous studies.  Kirk et al. 99 

(10) also reported Hg concentrations and Hg export (not shown in Table 2) that were lower, but 100 

of the same magnitude as Hare et al. (22) from a 2003-2007 sampling effort.  Average water 101 

export, total methylmercury (TMeHg) concentration, and TOC export are from Kirk et al. (10), 102 

but as noted with an asterisk in Table 2, the TOC values reported are filtered, or dissolved 103 

organic carbon (DOC) (10).  The total number Hg samples from the 3 sampling sites were not 104 

reported by Kirk et al. (10).  Watershed areas, including the Churchill River diversion watershed 105 

area, are from the National Atlas of Canada (11).  In this study, the diverted area of the Churchill 106 
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River was added to the Nelson River watershed area to include the total area that contributes to 107 

the Nelson River’s water export.  Percent permafrost cover was estimated in this study with GIS 108 

software using permafrost geospatial data from Brown et al. (23) and watershed boundary 109 

geospatial data from the Department of Natural Resources Canada (24).  The Churchill River 110 

watershed area and the Churchill River diversion watershed areas were extracted from a larger 111 

regional watershed boundary in this study, and as such, estimates of percent permafrost cover 112 

for both the Churchill and Nelson River watersheds have additional uncertainty when compared 113 

with other watersheds in Table 2.   114 

Mackenzie River 115 

 Hg and TMeHg concentrations and exports, and average water export are from Leitch et 116 

al. (13) who sampled the lower Mackenzie at 79 sites during the 2003-2005 summers and 2004-117 

2005 freshets.  The total number of Hg samples was not reported by Leitch et al. (13). As noted 118 

with an asterisk in Table 2, TMeHg concentration and export is reported as filtered or dissolved 119 

methylmercury (DMeHg) (13), and is likely an underestimate of TMeHg.  TOC export is from 120 

PARTNERS (14).  TSS export is from Hare et al. (22) and is reported from previous studies.  121 

Percent permafrost cover is from Dyke et al. (26). Watershed area is from Vörösmartya et al. 122 

(12). 123 

Mississippi River 124 

 Hg and TSS concentrations are from the Louisiana Department of Environmental 125 

Quality, sampled 62 times during 2001-2004 (Parsons et al. (15)).   Particulate mercury (PHg) 126 

and total mercury (THg) concentrations were not tabulated in Parsons et al. (15), but can be 127 

found in calculations there.  The average TSS concentration was multiplied by average water 128 

export to estimate TSS export in this study.  Watershed area is reported in Vörösmartya et al. 129 
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(12), and average water export is from Mead et al. (17), which agrees with Parsons et al. (15).  130 

TOC export was estimated in this study as the average of values from Guo (16).   131 

St. Lawrence River 132 

 FHg concentration, watershed area, and Hg export are from Quémerais et al. (18) who 133 

sampled the St. Lawrence River at Québec City 79 times during 1995-1996. The PHg 134 

concentration was estimated in this study from PHg export reported in Quémerais et al. (18) and 135 

the average water export reported in Benke et al. (19).  The THg concentration is estimated in 136 

this study as the sum of FHg and PHg concentrations.  TOC export is from Pocklington et al. 137 

(20) and TSS export is from Rondeau et al. (27).  The percent permafrost area was estimated in 138 

this study with GIS software using permafrost geospatial data from Brown et al. (23) and 139 

watershed boundary geospatial data from the Department of Natural Resources Canada (24).    140 

Lena, Ob, and Yenisei Rivers 141 

FHg concentrations, Hg exports and average water exports are from Coquery et al. (21) 142 

who very minimally sampled the Lena in 1991 and the Ob and Yenisei in 1993.  Coquery et al. 143 

(21) acknowledge the uncertainties associated with Hg exports based on their limited data set 144 

and despite using methods to extrapolate yearly concentrations conclude that their published 145 

values are likely to be underestimates.  Table 2 includes data from Coquery et al. (21) with the 146 

understanding that the data are limited temporally yet may provide meaningful comparisons with 147 

the Yukon River Basin.  PHg concentrations are averages that were estimated in this study from 148 

paired data of Hg concentrations in suspended sediments and suspended sediment 149 

concentrations found in in Coquery et al. (12).  THg concentrations are estimated in this study 150 

as the sums of FHg and PHg concentrations.  TSS exports are from Hare et al. (22), and 151 

watershed areas are from Vörösmartya et al. (12).  TOC exports are from PARTNERS (14) and 152 
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percent permafrost covers were estimated in this study using tabulated data in McClelland et al. 153 

(25).  It should be noted that permafrost cover data were listed with sporadic and intermittent 154 

(isolated) data combined in one column and calculations were performed by combining the 155 

percent permafrost associated with each category, 10-50% and 0-10%, respectively, into one 156 

range of 0-50%, because McClelland et al. only published data with those categories combined.   157 

 158 

 159 
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 267 

 268 

Figure S1. The Yukon River Basin (YRB) watershed showing the location of water 269 

sampling and continuous discharge measurements at Pilot Station (YRP); YRP is defined 270 

as the operational outlet of the YRB.  271 

 272 

 273 
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 274 

Figure S2. Flow duration curve for the Yukon River at Pilot Station (YRP) 275 

compiled from continuous discharge data from 1976 to 2009.  The number of 276 

samples collected from 2001 through 2005 are plotted on the curve.  Samples 277 

collected at >80% were during winter and early spring under ice at base flow. 278 

 279 
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 280 

Figure S3. April-September discharge (cubic meters per second, cms) at Pilot 281 

Station for the study period compared to the 29-year record (1976-2009). USGS 282 

gage was deactivated from 1996 to 2000. Source: http://nwis.waterdata.usgs.gov 283 

 284 
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 286 

 287 

Figure S4. Relation of discharge to organic carbon concentration, a) dissolved 288 

organic carbon (DOC), b) particulate organic carbon (POC). 289 

 290 



S17 | P a g e  

 

 291 

 292 

Figure S5. Relation of discharge to mercury concentration, a) filtered (dissolved) 293 

total mercury (FHg), b) particulate total mercury (PHg) 294 

 295 
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 296 

Figure S6. The ratio of Total Methylmercury (TMeHg) to total mercury (THg) 297 

concentrations discretely measured in late summer plotted against the percent of 298 

wetland cover for 43 subbasins within the YRB showing no significant 299 

correlation. 300 

 301 
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