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EXECUTIVE SUMMARY

This work presents the characterization of mercury (total and methylmercury) in inflows,
outflows, and drains from selected agricultural fieldsin the Sacramento-San Joaquin River
Delta, based on sampling performed in the irrigation season of 2014 and a limited amount
of sampling in the wet season of 2015. Thiswork was performed by Tetra Tech staff with
the support of staff from the US Environmental Protection Agency Region 9 (Vaentina
Cabrera-Stagno) and the Central Valley Regional Board (Janis Cooke).

The sampling was focused on non-rice irrigated agriculture and included the following
crops. dfafa, pasture, corn and tomato. The California Regiona Water Quality Control
Board, Centra Valley Region (Central Valey Water Board) has established a Total
Maximum Daily Load (TMDL) for methylmercury in Delta, driven by elevated levels of
mercury in fish, and the consequent risk to humans and wildlife (CVRWQCB 2010; 2011).
As part of this TMDL agricultural sources are a potential source to be quantified. The
TMDL states that agricultura and wetland managers ae responsible only for
methylmercury that is added by their activity or land use, not methylmercury in source
water. Thus, the data collection was intended to evaluate agricultural inflow as well as
drainage. Thegeneral objective of thiswork wasto characterize the methylmercury loading
from non-rice irrigated agriculture. Sites were identified by the Regional Board through
outreach to various agricultural coalitions in the Delta, representing different crop types,
and data collection was coordinated with irrigation eventsin individua farms. Two study
areas were near Dixon, one on Staten |sland, and one on the McCormick-Williamson Tract
which is located near Walnut Grove, CA in proximity to the Staten I1sland site. At each of
these study areas four samples were collected at three separate locations. The samples
collected were tested for dissolved organic carbon (DOC), methylmercury (MeHg), total
mercury (Hg), and tota suspended solids (TSS). Electrical conductivity (EC) was
measured as a surrogate for disolved solids, and an indicator of evapoconcentration of
applied irrigation water. The locationswhere the samples were taken from at each sitewere
the inflow, outflow (or the tail water), and drain (or discharge channel, where drain water
from multiple fields flowed into).
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The analysis approach compared different station types (inflow, outflow, or drain) with a
focus on individual water quality metrics, and on selected ratios such as MeHg/Hg,
Hg/TSS, Hg/DOC, etc. Our goa was to examine whether the changes in the ancillary
parameters across sites could be related to the Hg and MeHg changes. This was done by
comparing ratios of outflow:inflow concentrations and also drain:inflow concentrations
For developing estimates of loads of total Hg and MeHg from individual fields, we made
reasonable assumptions of inflows and outflows to calculate the net loads,

The following key observations were obtained from an evaluation of the data:

It is clear from the data that there is MeHg production in fields, because the
concentrations are much higher than would be predicted by evapoconcentration of
water aone. MeHg concentration elevation is strongly correlated to DOC
elevation in field outflows, and could be tied to an added transport pathway on
DOC or to thestimulation of methylation due to the presenceof DOC. An example
plot showing thisresult is reproduced as Figure ES-1.

Total Hg concentrations are elevated in the outflows, and this process is was
wesakly correlated with increased TSSlevelsin outflows. An example plot
showing this result is reproduced as Figure ES-2. No statistically significant
correlation was observed.

Fields are sinks for MeHg and total Hg during summer because of field hydrology,
i.e., the outflow volumes are much smaller than the inflow volumes. Thereis some
potential for remobilization in winter, where the concentrationsof MeHg and total
Hg are elevated, and the inflow loads can be considered to be near zero (i.e., only
from Hg and MeHg in precipitation). However, in this study there were too few
measurementsfollowing rain eventsto attempt aload estimation for winter.

The runoff rates—water applied in excess of evapotranspirative demand—used
here were estimates in the absence of observed data on hydrology. They are
considered to span a reasonable range, and the calculation of mostly negative
export for both Hg and MeHg in the summer season is considered credible. The
total water application rates (obtained by adding evgpotranspiration, runoff and
percolation, the latter two quantities assumed at reasonéable levels) are consistent
with large scale irrigation water application in California

Drains are integrators across multiple fields and looking at a single field or crop
on an island provides only very preliminary and incomplete data. They were not
used for a quantitative analysis in this work, although the concentrations indicate
lower values than the outflow locations, suggesting the presence of significant
removal and settling mechanisms in the drains. For MeHg and total mercury it
could bein the form of particulate settling or volatilization, for MeHg it could be
demethylation.
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Executive Summary

Figure ES-1

The data and analysis presented in this document add significantly to thebody of literature
on mercury in irrigated non-rice agriculture, which represents alarge fraction of the Delta
island land use. However, the data are for a single season, and future work may enhance
this study by consideration of additional sites, direct characterization of field hydrology,
and performance of year round sampling to characterize annual mercury budgets. Based
on the findings of studies such as these, in future years the Regional Water Board may
choose to reevauate various components of the TMDL, such as load targets, water quality
targets, and compliance dates.

Ratio of MeHg in outflow:inflow as a function of DOC outflow:inflow. Symbol colors
indicated different crop types. Note the range in the ratios in both the x- and y-axes,
indicating significant elevation of both DOC and MeHg in the outflows compared to
inflows. Dashed line reflects the 1:1 ratio; solid line shows best fit linear regression
(statistically significant).
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Figure ES-2 Ratio of total Hg in outflow:inflow as a function of TSS outflow:inflow. Note the range in
the ratios in both the x- and y-axes, indicating significant elevation of both TSS and Hg in
the outflows compared to inflows. No statistically significant correlation was observed.
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1 INTRODUCTION

The California Regional Water Quality Control Board, Central Valey Region (Centra
Vdley Water Board) has established a Tota Maximum Daily Load (TMDL) for
methylmercury in the Sacramento-San Joaquin Delta Estuary (the Delta), driven by
elevated levels of mercury in fish, and the consequent risk to humans and wildlife
(CVRWQCB 2010; 2011). Reductions in water column methylmercury are required to
reduce methylmercury concentrationsin fish. Based on correlations between water column
methylmercury and concentrations in largemouth bass a fish tissue goal of 0.24 mg/kg,
and alowing for a 10% factor of safety resulted in an implementation goal for unfiltered
water of 0.06 ng/l methylmercury, to be gplied on an annual basis. The anaysis divided
the Delta into eight subareas based on the hydrologic characteristics and mixing of the
source waters (Figure 1-1), compliance with the methylmercury target is met in one of
these subareas (Central Delta), and nearly met in another (West Delta), with the remaining
six subareas exhibiting higher concentrations.

At the time of the Central valley TMDL development, average annual methylmercury
inputs and exports were estimated for water years 2000 to 2003. Sources of methylmercury
in the Delta include wetland and in-channel sediments, municipa and industria
wastewater, agricultural drainage, and urban runoff. Methylmercury load allocations were
made in terms of the existing assimilative capacity of the different Delta subareas. The
existing average methylmercury concentration in water in each Delta subarea was
compared to the TMDL target of 0.06 ng/l, and a reduction proposed for each subarea.
Loads of methylmercury from point and nonpoint sources and tributary inputs need to be
reduced in proportion to the desired decrease in concentrations to achieve the 0.06 ng/l
target for each subarea.

Independent of the Central Valley effort, the San Francisco Bay Regional Water Quality
Control Board (San Francisco Water Board) identified total mercury loads through the
Deltaas an important source of mercury to San Francisco Bay and, the mercury TMDL for
San Francisco Bay, assigned the Central Valley aload reduction of 110 kg/yr. To address
this need, the Central Valley TMDL considers both methylmercury and total mercury
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sources in the Delta. Reductions in total mercury loads are needed to reduce agueous
methylmercury in the Delta, to maintain compliance with the USEPA’s criterion of 50 ngll,
and to comply with the San Francisco Bay mercury control program.

The implementation of the Central Valley TMDL consists of a nine-year Phase 1 (2011-
2020) (CVRWQCB, 2012). Phase 1 focuses on studies and pilot projects to develop and
evaluate management practices to control methylmercury. Based on the findings of studies
performed during Phase 1, the Regional Water Board may choose to reevaluate various
components of the TMDL, such as load targets, water quality targets, compliance dates,
etc. Thus, theprimary focusof Phase 1 isto improve our understanding of mercury cycling
and potential controls, to better support future regulatory and policy actions on this issue.

The specific focus of this effort is to improve our understanding of the loads of
methylmercury from agricultural lands in the Delta. For the Delta mercury TMDL,
Regional Board staff estimated methylmercury loads contributed by irrigated agriculture
in the Deltaand Y olo Bypass using data available at the time. The agriculture dataset was
comprised of methylmercury concentration data collected from five agricultural drains
within the Delta on between one and five sampling events, depending on the drain (total =
12 samples). No samples in the TMDL dataset were collected in Yolo Bypass. The TMDL
states that agricultural and wetland managers are responsible only for methylmercury that
is added by their activity or land use, not methylmercury in source water. Thus, the data
collection was intended to evaluate agricultura inflow as well as drainage. The generd
objective of this work was to characterize the methylmercury loading from non-rice
irrigated agriculture, because other recent studies in the Delta have focused on mercury
exports from rice agriculture (Bachand et d., 2014; Windham-Myers et al., 2014; Alpers
et al., 2014). Thisstudy extends a data collection effort on islands performed by Heim et
al. (2009).

This work was performed by Tetra Tech staff with the support of staff from the US
Environmental Protection Agency Region 9 (Vaentina Cabrera-Stagno) and the Central
Valey Regional Board (Janis Cooke). Siteswere identified by the Regiona Board through
outreach to various agricultura coalitions in the Delta, representing different crop types
and soil-type characteristics, and data collection was coordinated with irrigation eventsin
individual farms. Data were collected for unfiltered mercury (or Hg) and methylmercury
(or MeHg); and for the following ancillary parameters: dissolved organic carbon (DOC),
total suspended solids(TSS), electrical conductivity (EC), and dissolved oxygen (DO). The
remainder of thisreport describes the field and sample collection activities (Chapter 2), the
analysis approach used (Chapter 3), results and analysis of the mercury and ancillary
parameter data (Chapter 4), and adiscussion the results and next steps (Chapter 5). The
work only considered MeHg and constituent export during theirrigation season. In studies
of rice export characteristics in the Yolo Bypass, Bachand et a. (2014) identified seasona
storage and release of methylmercury from rice fields during the non-irrigation season.
Seasonal effects would be expected for other cropping systems as well.

1-2
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Figure 1-1 Delta Sub-areas
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2 FIELD AND LABORATORY ACTIVITIES

This section provides an overview of the sample collection and laboratory analysis
conducted over aroughly 9 month period from June 2014 to February 2015. The sampling
was largely focused on the dry season (generally to the end of September), during which
irrigation water is applied in the Delta, although a few samples were collected following
winter precipitation events for comparison (in December 2014 and February 2015). Wet
weather sampling was aso limited by the extremely unusual dry conditions encountered in
water year 2015, with almost zero precipitation in January.

2.1 SIiTE DESCRIPTION

Samples were collected from areas in the Sacramento Delta, near Dixon and on and near
Staten Island (Figure 2-1). Two study areas were near Dixon, one on Staten Island, and one
on the McCormick-Williamson Tract which islocated near Walnut Grove, CA in proximity
to the Staten Island site. The Dixon site had two different agricultural fields near each
other aong Interstate 8ON. For brevity the McCormick-Williamson Tract is subsequently
referred to as the McCormick site.

2.2 SAMPLING OVERVIEW

At each of these study areas four samples were collected at three separate locations. The
samples collected weretested for DOC, MeHg, total Hg, and TSS. Thelocationswherethe
samples were taken from at each site were the inflow (i.e., the source water, or SW in the
sample codes), outflow (the tail water, or TW in the sample codes), and drain (discharge
channel, or DC). There were four types of crops/fields the samples were taken from: corn
(McCormick), alfalfa (All Sites), pasture (Staten Island), and tomato (Dixon, Staten
Island).

All dry weather sampling was coordinated with irrigation events, i.e., sampling generaly
occurred one to two days after the initiation of irrigation, when water was likely to be
present in outflow channels. Wet weather events were planned following rainfall events of
magnitude greater than 0.1 inches and probability greater than 70%.
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Examples of sitelocations, indicating visually thetypical sizes of the channels sampled, as
well as the turbidity in the water, are shown in Figure 2-2 to Figure 2-17. These
photographs provide a visua description of the types of waters encountered, but are not
exhaustive with respect to the sites, crops, and specific conditions during sampling.

2.3 SAMPLE COLLECTION

When sampling the “clean hands dirty hands’” method was used for tota and
methylmercury (USEPA Method 1630 and Method 1631). Pre-cleaned sample bottleswere
obtained from the laboratories for sampling. Sample bottles for the constituents had
preservatives for MeHg (methyl mercury) and total Hg. The DOC (dissolved organic
carbon) and TSS (total suspended solids) bottles had to berinsed three times with the water
from the location being sampled before the water was filled for collection. This was done
since there were no preservatives in the bottles and to remove any dust particles.

The “clean hands,” “dirty hands” method that was used in the sampling collection is as
follows: At each location all sampling personnel put on clean gloves before collection of
any sample activity. “Dirty hands’ must open the cooler or storage container, remove the
double-bagged sample bottles from storage, and unzip the outer bag. Next, "clean hands’
opens theinside bag containing the sample bottle, removesthe bottle, and resealstheinside
bag. "Dirty hands" then reseals the outer bag. "Clean hands' unscrews the cap and, while
holding the cap upside down, discards the dilute acid solution from the bottle into a carboy.
"Clean hands" then submerges the sample bottle, and alowsthe bottle to partialy fill with
sample. "Clean hands" screws the cgp on the bottle, shakes the bottle severa times, and
empties the bottle away from the site. After two morerinses, "clean hands" holds the bottle
under water and alows bottle to fill with sample. After the bottle has filled and while the
bottle is still inverted so that the mouth of the bottle is underwater, "clean hands" replaces
the cap of the bottle. In this way, the sample has never contacted the air. Once the bottle
lid has been replaced, "dirty hands' reopensthe outer plastic bag, and "clean hands' opens
the inside bag, places the bottle inside it, and zips the inner bag. "Dirty hands" zps the
outer bag.

2.4 SAMPLE PRESERVATION/SHIPMENT/ISSUES

Once sample collection was done the bottles were separated into two coolers. One cooler
contained sample bottles for MeHg, DOC, and TSS. These sampleswere preserved on ice
and taken either the same day of the sampling event or the day after for analysis at the EPA
Region 91ab in Richmond, CA. Thetotal Hg sampleswere also preserved on ice and taken
to FedEx for overnight delivery to the Moss Landing Marine Laboratories. There were
concerns with the total Hg samples on 6/9-6/10/2014 sampling dates. These samples were
collected but issues occurred with the bottle type being used and therefore total Hg for
these dates was not included in thefinal datatable. Field team for McCormick site did not
have any total Hg bottles for collection on 8/25/14, no samples for this anaysis were
collected.
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2.5 FIELD DATA COLLECTION

For each sampling event a YSI 6920 meter was used to gather measurement on the
following constituents in the field DO (dissolved oxygen), pH, Temperature (°C), EC
(electrical conductivity), and turbidity shown in Teble A-1.

2.6 LABORATORY ANALYSIS

Laboratory analysis was performed by the U.S. Environmental Protection Agency
Richmond Laboratory (MeHg, DOC, and TSS), and by the Moss Landing Marine
Laboratories (total Hg, and a limited set of samples for MeHg). The following methods
were used for the analysis of samples.

DOC: EPA Method 415.3 (samples were filtered prior to analysis)
TSS: Standard Method 2540D

Total Hg: EPA Method 1631E

MeHg: EPA Method 1630

All data were validated independently by Tetra Tech prior to further analysis, and are
provided as an eectronic appendix to this report. Mercury data (unfiltered total mercury
and unfiltered methylmercury) are shown in Table A-2. All detailed laboratory reports and
chain of custody forms are aso provided as an electronic appendix for future reference.
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Figure 2-1 Map Location of Dixon and Staten Island Sites.
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Figure 2-2 Dixon 1 Alfalfa field. This is the source water for Dixon 1 Alfalfa field. Picture is from
sampling event on 9/10/14. The blue arrow indicates the approximate location of the
sampling.
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Figure 2-3 Dixon 1 Alfalfa field. This is the tail water for Dixon 1 Alfalfa field. Picture is from sampling
event taken place on 9/10/14. Photo shows the outflow being sampled before exiting into
the drain towards the drainage channel location of Ulatis Creek.
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Figure 2-4 Dixon 3 Tomato field. This is the source water or inflow for Dixon 3 tomato field. Picture is
from sampling event taken place on 9/3/14. The blue arrow indicates the approximate

location of the sampling.

Figure 2-5 Dixon 3 tomato field. This is the tail water or outflow for Dixon 3 tomato field. Picture is
from sampling event taken place on 9/3/14. Photo shows the outflow from the tomato
field moving towards the drainage channel. Outflow is moving in the direction of the top
left to bottom right of the photo. The blue arrow indicates the approximate location of the

sampling.
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Figure 2-6 Dixon 2 tomato field. This is the drainage channel for Dixon 2 tomato field. Picture is from
sampling event taken place on 8/5/14. Photo shows the water from the field heading into
Ulatis Creek. The blue arrow indicates the approximate location of the sampling.
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Figure 2-7 Dixon 2 tomato field. This is the source water or inflow for Dixon 2 tomato field. Picture is
from sampling event taken place on 9/10/14. The blue arrow indicates the approximate
location of the sampling.
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Figure 2-8

Dixon 2 tomato field. This is the tail water for Dixon 2 tomato field. Picture is from
sampling event taken place on 9/10/14. Photo shows the outflow heading towards the
drainage channel in the bottom left. The blue arrow indicates the approximate location of

the sampling.

2-10

U.S. Environmental Protection Agency Region 9
January 2016

Characterization of Methylmercury Loads for Irrigated Agrictulture in the Delta



Tetra Tech, Inc. Field and Laboratory Activities

Figure 2-9 Example of runoff from Staten Island site.
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Figure 2-10

McCormick 1 tomato field. This is the tail water for McCormick 1 tomato field. Picture is
from sampling event taken place on 7/14/14. Photo shows the outflow heading towards
the drainage channel in the bottom left. The blue arrow indicates the approximate

location of the sampling.
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Figure 2-11 McCormick 1 corn field. This is the source water for McCormick 1 corn field. Picture is
from sampling event taken place on 7/28/14. Photo shows the source water heading out
into the corn field for irrigation. The blue arrow indicates the approximate location of the

sampling.
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Figure 2-12

Staten Island 2 pasture field. This is the tail water for Staten Island 2 pasture field. Picture
is from sampling event taken place on 6/30/14. Photo shows the outflow heading towards
the drainage channel in the bottom right. The blue arrow indicates the approximate
location of the sampling.
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Figure 2-13 Staten Island 2 source water. This is the source water for Staten Island 2 pasture field.
Picture is from sampling event taken place on 6/30/14. Photo shows the source water
channel. The blue arrow indicates the approximate location of the sampling.
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Figure 2-14 Staten Island 2 alfalfa field. This is an overview of the Staten Island 2 alfalfa field.
Picture is from sampling event taken place on 9/2/14.
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Figure 2-15 Staten Island 2 alfalfa field. This is the source water for Staten Island 2 alfalfa field.
Picture is from sampling event taken place on 9/2/14. Photo shows the source water
channel. The blue arrow indicates the approximate location of the sampling.
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Figure 2-16 Staten Island 1 drainage channel for pasture and alfalfa fields. This is the drainage
channel for Staten Island 1 pasture and alfalfa fields. Picture is from sampling event
taken place on 6/30/14. Photo shows the drainage channel. The blue arrow indicates the
approximate location of the sampling.
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