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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO ACCOMPLISH 
OBJECTIVES: 
  
The overall objective of this research is to determine if MeHg discharged from CA rice systems 
pose a health risk to human and wildlife fish consumers, and if so, how we can cost-effectively 
minimize this risk. Specific objectives to meet this overall objective are: 

1. Identify the annual cycle of MeHg concentration and loads in Sacramento Valley rivers. 
2. Determine if MeHg production and discharge  from rice systems (and associated health 

risks) are higher in certain parts of the region than in others (possibly due to Hg inputs 
from irrigation, soil or water management) 

3. Compare data from the “typical” rice systems with those in the Delta.  
4. If and where MeHg poses a risk, identify viable management practices that can cost-

effectively minimize that risk. 
5. If and where MeHg poses a risk, identify underlying causes. 

 

In 2014 AND 2015 Objectives 1, 2, 3 and 4 have been assessed.  

SUMMARY OF 2015 RESEARCH (major accomplishments), BY OBJECTIVE: 
 

1. Identify the annual cycle of MeHg concentration and loads in Sacramento Valley rivers. 
2. Determine if MeHg production and discharge  from rice systems (and associated health 

risks) are higher in certain parts of the region than in others (possibly due to Hg inputs 
from irrigation, soil or water management) 

3. Compare data from the “typical” rice systems with those in the Delta.  
4. Evaluate the effects of alternate wetting and drying (AWD) on MeHg dynamics to 

determine if it reduces MeHg. 
 
These objectives were addressed in three separate studies. The first study was a literature review 
and analysis of existing data. The second study which began in 2014 was directly quantifying 
MeHg loads from rice fields. The third study examined MeHg dynamics in alternate wetting and 
drying (AWD) systems (part of RM-4 project). These studies will be discussed separately below. 
 
Objective 1. Literature review and analysis of existing data 
 
A data set was gathered in 2013 that included measurements of MeHg concentration from sites 
along the Sacramento and feather Rivers as well as two main agricultural drains (Sacramento 
Slough and Colusa Basin Drain) from 1996 to 2007. Our analyses revealed: 
 

• A seasonal pattern where MeHg concentrations were higher in the winter and spring, and 
lower in the summer and fall. 

• When data were classified by season (summer/fall or winter/spring) and by their location 
with respect to rice drainages (Upstream Sacramento, Upstream Feather, Ag Drainages 
and Confluence - sites on the Sacramento River downstream of the confluence of the 
Sacramento River, Feather River and Ag Drainages) a statistically significant interaction 
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between location and season was observed. Ag Drainage sites and Confluence sites had 
higher concentrations in the winter than in the summer (Fig. 1). Upstream Sacramento 
and Upstream Feather sites changed little between seasons. 

 
Figure 1. Median MeHg concentrations at each location for each season. 

 
• MeHg concentrations were higher in Ag Drainages than other locations in both seasons, 

Upstream Sacramento and Feather Rivers had the lowest concentrations, while 
intermediate concentrations were observed in the Confluence (Fig 2). Due to high 
variability of MeHg concentrations, the only statistically significant differences were 
between Ag Drainages and Upstream Sacramento and Feather Rivers in the winter/spring 
season. Ag Drainage median MeHg concentrations were 0.1ng/L higher than upstream 
concentrations during the winter/fall and 0.06 ng/L higher during the summer/spring. 
MeHg concentrations were consistently similar in the upstream Sacramento and Feather 
Rivers. 
  

 
Figure 2. Boxplots showing MeHg concentrations at all locations for summer/fall (A) and 
winter/spring (B) seasons. 
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• To better understand how much MeHg is coming from Ag Drains, MeHg loads were 
calculated (load = concentration x volume of water / time). However, load calculations 
were limited by gaps in the data: there was no flow data available for one of the Ag 
Drains (Sacramento Slough), and Confluence MeHg concentrations were only measured 
from 1996-1998 and 2006-2007. The MeHg load from Colusa Basin Drain, the Ag Drain 
on the west side of the valley was between 0.1 and 0.2 g/day. This is small compared to 
the load in the Sacramento and Feather Rivers (Fig 3). While MeHg concentrations were 
higher in Ag Drainages, the flow volume was relatively small so the load was also low. 

 
 

 
Figure 3. Daily MeHg loads from Upstream and one Ag Drain (Colusa Basin Drain on 
the west side of the Valley) compared to the load at the Confluence. The Confluence load 
is expected to equal the sum of all upstream loads (Upstream Feather + Upstream 
Sacramento + Ag Drains). 

 
Objectives 2 and 3. Quantifying MeHg loads for rice fields 

Study sites (Table 1) 

The annual MeHg and total Hg (THg) budget was monitored in a Butte county field in 2014-
2015 and a Yolo county field in 2015-present. Monitoring of the Yolo County field will continue 
through spring 2016. The fields differed in size, irrigation source water, water management and 
soil Hg concentration. Monitoring involved collecting water samples from the inlet and outlet of 
each field during the growing and fallow seasons. The amount of water entering and leaving the 
field was continuously monitored in order to estimate loads. 

Table 1. Comparison of studied fields. 
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 Butte County Yolo County 

Study period May 2014 – March 2015 May 2015 - present 

Field size 54.6 acres 120 acres 

Irrigation water source Lake Oroville Sacramento River/ recycled 

Planting method Water seeding Water seeding 

Variety M105 M206 
Early growing season water 

management No outflow until July 10th Early season drain 

Soil Hg concentration 23 ng g-1 56 ng g-1 

 

Average MeHg and THg concentrations in field inlets and outlets (Figure 4). 

• In the Yolo field, MeHg and THg outlet concentrations were higher during winter fallow, 
than during the growing season. 

• Growing season, MeHg concentrations were higher in the Yolo field than Butte. 
 

 

Figure 4. MeHg and THg concentrations (season mean ± SD) in irrigation and drainage water. 
Note log scale y-axis. 

Temporal trends in MeHg and THg concentrations (Figure 5). 

• In Butte field, within each flooded period (growing season and winter fallow), the highest 
observed outlet MeHg and THg concentrations were observed early in the season. 
Concentrations declined as the season progressed. 

• In Yolo field, the highest outlet MeHg and THg concentrations were observed in the 
bottom check, during the early season drain.  
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• Inlet MeHg and THg concentrations were consistently low for Butte field. 
• Inlet MeHg concentrations increased throughout the growing season for Yolo, while inlet 

THg concentrations were highly variable. 

 

 

Figure 5. Time series of MeHg (A) and THg (B) concentrations in Yolo and Butte fields. 
Growing season data from Yolo (collected in 2015) is overlaid on Butte growing season data 
(collected in 2014) for comparison. During the early season drain of Yolo field samples were 
collected from the top (nearest to the inlet) and bottom checks, and higher concentrations of 
MeHg and THg were found in the bottom check sample. 

MeHg and THg budgets (Table 2) 
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• During the growing season, MeHg and THg imports exceeded exports, indicating that the 
fields act as a MeHg and THg sink during this time. 

• 10 % and 50% of total growing season MeHg and THg exports, respectively occurred 
during the early season drain. 

• 41% and 14% of total growing season MeHg and THg, respectively was exported during 
the harvest drain. 

• In the Butte field, a relatively small fraction (5.5% of MeHg and 0.9% of THg) of total 
growing season exports occurred during the harvest drain. 

• During the winter fallow, the Butte Field was a net source of MeHg and THg, with 
exports exceeding imports. 

• On an annual basis, Butte field was a net source for MeHg, but a net sink for THg. 
 

Table 2. MeHg and THg budgets in ng m-2 for studied fields. Early season and harvest drain 
event loads are included in growing season exports. Net export = exports – imports. Negative net 
export values indicate that the field was a sink, while positive values indicate that the field was a 
source. Fallow season data are not yet available for Yolo field. 

  Butte Yolo 
  MeHg THg MeHg THg 
Growing season     
 Imports 63.4 1510 131 8310 

 Exports 7.2 92.8 58.7 599 
     Early season drain - - 6.1 301 
     Harvest drain 0.4 0.8 24.3 86.3 
 Net export -56.2 -1420 -71.4 -7710 

Fallow season     
 Imports 2.9 418 - - 
 Exports 113 1720 - - 
 Net export 110 1300 - - 
Total     
 Imports 66.2 1930 - - 
 Exports 120 1810 - - 
 Net export 54.1 -117 - - 
 

Objective 4. Quantifying MeHg dynamics in AWD systems 

Alternate wetting and drying (AWD) introduces aerobic (or dry) cycles into the system during 
the growing season. This changes soil chemistry (in particular those affected by soil redox) and 
may reduce MeHg production within the rice system. As part of the RM-4 RRB funded project 
we are evaluating AWD systems to reduce GHG emissions and grain As levels. In 2015, we 
sampled water, soil and plant samples at different times during the growing season to see the 
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effects of AWD on MeHg. A preliminary MeHg analysis was conducted on only a small portion 
of the samples to see if there were effects. The preliminary results below (Figure 6) suggest 
positive benefits, therefore, we intend to analyze the rest of the samples that we collected (these 
are not yet available). 

Preliminary results show the following: 

• MeHg concentrations in rice grain were below reporting limits for 4 of the 6 plots 
studied. 

• Rice grain MeHg concentrations were more than 10-fold lower than reported for rice 
grown in the Yolo Bypass1. 

• AWD reduced both grain and surface water MeHg concentrations by approximately 50% 
(Figure 4 – left). 

• MeHg concentrations in the AWD flood water were less than half of that found in the 
conventional flood water. 

 

Figure 6. Grain (left) and surface water (right) MeHg concentrations (mean ± SE) in AWD and 
control plots. 

PUBLICATIONS OR REPORTS:  
 
 
CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 

                                                            
1 Windham-Myers, L.; Marvin-DiPasquale, M.;  Kakouros, E.; Agee, J. A.; Kieu, L. H.; Stricker, C. A.; Fleck, J. A.; 
Ackerman, J. T. (2014) Mercury cycling in agricultural and managed wetlands of California, USA: Seasonal 
influences of vegetation on mercury methylation, storage, and transport. Sci. The Total Environ. 484, 308-318. ISSN 
0048-9697, http://dx.doi.org/10.1016/j.scitotenv.2013.05.027. 
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• MeHg concentrations are elevated in Ag drainages compared to irrigation source waters. 
• During the winter and spring, MeHg concentrations in Ag Drainages are higher than in 

the summer and fall. 
• MeHg loads from rice drainages are small compared to loads in the Sacramento and 

Feather Rivers. 
• Rice fields are sinks for MeHg during the growing season but may be sources during the 

winter. 
• MeHg production and export from rice fields in the Sacramento Valley are lower than 

Yolo Bypass rice fields; highlighting the need for additional study in Sacramento Valley 
region. 

• Preliminary results suggest that AWD may reduce MeHg production in rice systems. 


