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BACKGROUND
A project to restore areas around Lindsey Slough to more natural tidal flows is
planned, with the stated goal being:
To benefit native species and improve water quality by restoring a connected
freshwater tidal marsh riparian community, along with other significant wetland habitat,
in the vicinity of Calhoun Cut Ecological Reserve, without adversely impacting
surrounding land uses.
Freshwater wetlands, particularly those created by inundation of vegetated
terrestrial areas, have been demonstrated in the literature to often be sites of enhanced
methylmercury production, with subsequent increases in methylmercury concentrations
in waters and biota. Because of this risk, the Central Valley Regional Water Quality
Control Board has requested monitoring in order to evaluate the potential impact of the
restoration project on methyl mercury levels, in particular to:
·

Determine potential effects of Lindsey Slough Enhancement Project (the Project) on
methyl mercury levels and related constituents in and around the project area.

·

Evaluate the potential methyl mercury effects of the Project in terms of the proposed
methylmercury TMDL for the Delta.

To that end, a pre -construction characterization study was conducted at the site
(with plans for another study post-construction), measuring mercury and methyl mercury
in water for four seasonal and two storm events, and measuring total mercury in
sediments from locations within the site to determine if local concentrations would pose
particularly elevated risk relative to other sites in the Northwest Delta once the site is
restored to more open tidal flows.

METHODOLOGY
SAMPLING LOCATIONS
The Project will restore freshwater tidal marsh habitat on the marsh plain both
north and south of Calhoun Cut. Monitoring focused on the south marsh plain and is
assumed to be representative of the north plain as well due to similarities in:
·

soil and vegetation community

·

size and extent of the marshes

·

land use in the drainage area (vernal pool grasslands grazed by cattle and sheep)

·

distance from the road (Highway 113)

·

inundation and deposition from major floods in the Yolo Bypass

The marsh on the south arm of the historic Lindsey Slough is currently connected to
Calhoun Cut by a 2-foot diameter pipe culvert. During normal flows pre-construction,
this culvert location would be the principal pathway for water between the marsh plain on
the south arm of Lindsey Slough and Calhoun Cut (Figure 1). Post-construction, this
culvert location will be replaced by an open channel which will serve as the primary
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pathway for water onto and off the marsh plain. Water samples were taken from the
north side of this location (on the Calhoun Cut end of the culvert) for pre- construction
monitoring, and post-construction, approximately this same location (in the main open
channel) will be used for water sampling. This location captures water coming directly
off the largest area of affected marsh plain. The Solano County Water Agency (SCWA)
monitoring station #CCS is installed at the opposite end of the culvert.
In order to determine the distribution of mercury in sediments within the site,
three locations on the marsh plain were sampled on three occasions during the year. All
three locations were vegetated (primarily with Tule reed) and periodically inundated. The
central site adjoins the main channel of the historical south arm, ~100 meters south of the
culvert connecting to Calhoun Cut. The westernmost site was also in Tule along the
historical main channel of the south arm, ~600 meters southwest of the culvert, about half
of the distance towards Highway 113. This site would potentially be most impacted by
any discharge from the highway carried by runoff or winds from the west. The
easternmost site was primarily vegetated with Tule and near the bank of the historical
Lindsey Slough, ~1 kilometer east of the culvert. This site would be more proximate and
potentially show greater influence of sediment discharges from the Sacramento River and
Yolo Bypass as they flowed towards points further south and west in the Delta. Table 1
lists approximate coordinates for the water and sediment sampling locations reported
from a handheld GPS (Garmin eTrex) using the WGS 84 datum.
Table 1. Water and Sediment Sampling Locations – Coordinates in WGS 84 taken
during first sampling trip.

Sampling Site
Channel
East Sediment
Central Sediment
West Sediment

Latitude
38.25960
38.25900
38.25845
38.25628

Longitude
-121.79277
-121.78035
-121.79381
-121.79776

SAMPLING TIMES
Seasonal sampling events were conducted in 2009, on February 24, May 22,
August 3, and December 3. A “first flush” storm event sample was collected on October
13, with a generic winter storm sample collected March 3, 2010. Seasonal sampling was
scheduled for days on which samples could be collected during daytime hours to include
one period mid-flood tide and one period mid-ebb. Storm events could not be planned to
the same degree, so after the start of the storm and arrival at the site, a sample was taken
regardless of whether the tide was ebbing or flooding. The next sample was then taken
only after the tide had changed direction. In the February, August, and December events,
sediment samples were collected from the three sediment sites described previously.
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Figure 1. Map of the Project and Study Site – Blue dot indicates water sampling location, red dots sediment sampling locations.
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SAMPLING METHODS
Water Sampling
Prior to construction, the sampled culvert was covered by an earthen levee with a
height about 3 meters above the water surface. Samples were taken by extending a tube
(PVDF fluorinated polymer) into the channel at the culvert outlet, kept 25 cm below the
water surface by attachment to a heavy object (a Turner Designs SCUFA submersible
fluorometer used for logging fluorescence and turbidity) suspended by an expanded
polystyrene foam float. The outlet end of the tubing was attached to a battery operated
pump (Masterflex E/S) using a short length of peristaltic tubing (Masterflex C-Flex 50A
L/S 24). Total (unfiltered) fraction water samples were collected directly from the outlet
end of the peristaltic pump. Dissolved (filtered) fraction water samples were collected by
attaching an acid-rinsed 0.45 micron polypropylene filter cartridge (Voss SingleSample)
to the outlet before collection.
Prior to the start of sampling for each event, the sample tubing train was flushed
with 2 liters of deionized laboratory water, followed by field blanks collected from
additional deionized water run through the system. The sample tubing was left in the
water between samples collected, and the line was flushed by running the pump at
maximum speed (~1 liter/min) for at least 1 minute before collection of the next sample.
Methyl mercury and total mercury samples were collected using clean techniques
(EPA 1669) to avoid sample contamination. Water methylmercury and total mercury
samples were collected into fluoropolymer lined polyethylene (FLPE) bottles.
Methylmercury samples were preserved immediately by collection into sample bottles
containing acid (0.5% HCl), and both methyl- and total mercury water samples were
chilled in the dark immediately and shipped within 24-36 hours of collection for
processing at the laboratory.
Samples collected for chlorophyll analysis were immediately vacuum (-5 psi)
filtered onto 0.7 micron nominal pore size glass fiber filters and rinsed with ~2 ml of
saturated magnesium carbonate solution before filtering to dryness (i.e. no standing water
in the filtration apparatus). Collected filters were folded and placed into envelopes, kept
chilled in a dark cooler, and frozen as soon as possible on return from the field, and
shipped frozen to the laboratory for analysis.
Starting the second sampling event (May 2009) and after, samples were collected
for suspended sediment concentrations (SSC). Samples were collected into polyethylene
bottles and chilled immediately. No preservatives were added. Samples were kept chilled
and in the dark until taken to the analyzing laboratory (generally within 48 hours) for
analysis within the recommended holding time (60 days).
In addition to the field blanks described previously, one field duplicate each for
methyl and total mercury analysis was collected during pre-project sampling to achieve
approximately 10% field duplicates (as recommended in the CALFED Mercury QAPP).
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Surface Sediment Sampling
General sediment sampling areas were originally identified by aerial photographs.
Exact sample collection locations were chosen on the first sampling trip based on
accessibility and location characteristics; sites selected lacked thorny vegetation, and
sediments were wet but covered by no greater than 20 cm of water. Sediment samples
were collected to 2 cm depth using a plastic ring and trowel to cut out discs (10 cm
diameter) of surface material. Up to three discs collected from each site within a 2 m
radius were composited into samples for that site, split between jars for total mercury
(~1/4 of each disc) and TOC and grainsize (~3/4 of each disc). Sediment samples for
total mercury analysis were collected into fluorinated polymer jars, and samples for TOC
and grainsize analysis were collected in glass jars with fluoropolymer lined lids.
After collection, all samples were immediately placed in the dark in chilled (wet
or pack ice) coolers in the field and refrigerated upon return. Samples analyzed for
mercury were shipped to the laboratory within 48 hours to allow preservation or analysis
within the laboratory’s holding time requirements (7 days for chilled samples, 1 year for
frozen). Samples for TOC and grain size analysis were sent at the same time.
A field duplicate was taken at one site on one event in order to evaluate variability
in sample collection and compositing. No field blanks were taken for sediment samples,
as field and lab mercury researchers (Darell Slotton, UC Davis, Autumn Bonnema, Moss
Landing Marine Lab, personal communication) noted that clean sediment matrix for field
blanks is not readily available. Although laboratory water could peahaps be used as a
field blank, those results would largely be equivalent to the field blanks taken for water
samples.

ANALYTICAL METHODS
Total mercury in water and sediment
Total mercury in water and sediment samples was analyzed by Brooks Rand Labs
(Seattle, WA) using a proprietary variant of EPA Method 1631 (BRL SOP BR-0002).
Water samples for mercury analysis were oxidized with bromine monochloride (BrCl).
For sediment analysis of mercury, samples were first digested in nitric acid (HNO3) and
sulfuric acid (H2SO4), before being further oxidized with bromine monochloride (BrCl).
Samples were analyzed with stannous chloride (SnCl2) reduction, single gold trap
amalgamation, and cold vapor atomic fluorescence spectroscopy (CVAFS) using a BRL
Model III CVAFS Mercury Analyzer. All sample results for low-level mercury analysis,
including field collected samples and field blanks, were blank corrected (for laboratory
method blanks), as outlined in the calculations section of EPA Method 1631.

Methylmercury in water
Methylmercury in water samples was analyzed by Brooks Rand Labs (Seattle,
WA) using a proprietary variant of EPA Method 1630 (BRL SOP BR-0011) Water
samples for determination of methylmercury were prepared by distillation. The samples
were analyzed by derivatizing the methylmercury through aqueous phase ethylation,
purging and collection on a Tenax trap, gas chromatography desorption and separation,
isothermal decomposition, and CVAFS.
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Chlorophyll a & phaeophytin
Chlorophyll a and phaephytin were analyzed by the California Department of
Water Resources Bryte Laboratory (West Sacramento, CA) using Standard Methods
10200 H (for chlorophyll). Collected filters were mechanically ground, extracted using
organic solvent, filtered to remove particulate matter, and analyzed by
spectrophotometry. Phaeophytin interference was measured and corrected for by
acidfication and measurement at a second wavelength.

Suspended sediment concentration
Suspended sediment concentrations were analyzed by the East Bay Municipal
Utility District Laboratory Services Division (Oakland, CA) using the procedure
described in Standard Methods 2540 D (Total Suspended Solids) except following
USGS recommendations (Gray et al. 2000) to filter the entire volume of a collected
sample bottle rather than subsampling a portion. After weighing a dry, clean filter,
particulate matter in a sample water was collected by vacuum filtration, the filter oven
dried at ~104 C, reweighed, and the suspended sediment concentration calculated by
difference in filter mass divided by the volume filtered.

RESULTS & DISCUSSION
Water constituents
Suspended Sediment Concentration and Turbidity
Suspended sediments often contain a large proportion of pollutants in the water
column, as many inorganic and organic chemicals of concern adsorb to particulate matter
in the water. Although suspended sediment samples were not collected on the first event,
turbidity was collected for all events to establish its representativeness as a surrogate
measurement. Sampling in February 2009 showed the highest turbidity measured on the
Project site. That sampling followed a moderately large storm system which also
increased turbidity in the Delta (from readings in the Sacramento River at the Rio Vista
Bridge by California Department of Water Resources) shown in Figure 2. Average
turbidity at Rio Vista on February 24, 2009 was approximately 50 NTU, and turbidity for
a storm event on March 3, 2010 averaged 38 NTU, whereas all other sampled dates had
average turbidity at Rio Vista of <30 NTU.
Continuous turbidity monitoring at Rio Vista by DWR shows storm event and
seasonally linked changes in river loads of sediment. Turbidity measured at Calhoun Cut
generally follows a similar pattern. However, SSC measured in samples collected from
Calhoun Cut was generally not strongly correlated with turbidity measured at Rio Vista
(R2 = 0.19), in part due to the lag in tides and distance separating the locations. Although
SSC at Calhoun Cut appears to track a general decline in turbidity at Rio Vista with
reduced flow through the summer (also evident in the on site turbidity taken on sampled
dates), for the March 2010 storm event, measured SSC was the lowest for all events
despite high turbidity at Rio Vista and moderate (near median) turbidity measured at
Calhoun Cut. SSC in collected samples correlated much better with turbidity measured at
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Calhoun Cut (R2 = 0.78, Figure 3), as would be expected given the co-location of the
sampling line and the turbidity measurement window within ~2 cm of one another.
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Figure 2. Daily Average Turbidity Measured at Rio Vista Bridge and Calhoun Cut
versus Grab Sample Measured SSC – Turbidity measurements were highest in the
February 2009 sample, which collected samples following a moderately large storm.

Chlorophyll, phaeophytin, and fluorescence
Chlorophyll was measured pre-Project to establish current conditions, which
might be changed by hydrological modifications in the Project. Figure 4 shows
chlorophyll measurements, along with fluorescence measurements at Calhoun Cut during
sampling and continuous readings at Rio Vista reported by DWR. Fluorescence is often
taken as a high frequency field surrogate for chlorophyll content. Using all sampling
events, chlorophyll a measured showed no correlation ((R2 = 0.02) to fluorescence taken
at the site. However, by excluding the February 2009 sampling (Figure 5), chlorophyll
and fluorescence showed a better correlation (R2 = 0.48). This degree of correlation was
similar to results for a previous study at nearby Liberty Island (Lehman et al. 2010),
where the Spearman rank correlation coefficient for chlorophyll a versus fluorescence
was 0.58, versus 0.44 at this site. Deviations in correlation (e.g in the February 2009
sample) between in situ fluorescence and chlorophyll by collection and lab extraction are
likely due to interference from high suspended matter for in situ measurements, as well as
by phaeophytin, a degradation product of chlorophyll. In situ fluorescence showed a
better correlation in linear regression to the sum of chlorophyll and phaeophytin (R2 =
0.79), indicating interference of phaeophytin on the estimation of chlorophyll using in
situ fluorescence as compared to lab extraction and analysis.
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Figure 3. Turbidity at Calhoun Cut versus SSC in collected samples – Turbidity
measured at Calhoun Cut showed good correlation to SSC in collected samples.
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from DWR and measured at the Calhoun Cut wetland outlet often occurred on different
days and did not track lab analyzed chlorophyll.
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Figure 5. Fluorescence versus Chlorophyll a at Calhoun Cut – Fluorescence and
chlorophyll measurements in samples only showed moderate correlation, in part due to
interferences of phaeophytin and turbidity on the measurement.

Chlorophyll and fluorescence measurements were generally similar between flood
and ebb tides, with no significant difference found (p > 0.05, for paired t-tests of daily
average of measurements during flood or ebb tides). The lack of significant differences
may in part be obscured by inter-event variation; for most of the seasonally sampled
events, ebb tide concentrations of chlorophyll were lower than flood tide concentrations,
suggesting net retention by the wetland. The two exceptions were the February 2009 and
March 2010 events, sampled in late winter/early spring following or during storms, where
ebb tide chlorophyll measurements were higher. These results are similar to those in a
previous study at Liberty Island (near the outlet of Lindsey Slough on the Yolo Bypass),
which found net chlorophyll export from the wetland during the spring (March to May)
versus import to the wetland during other seasons (Lehman et al. 2010). Unlike the
Project site, much of Liberty Island is primarily a continually wet open water pond
(“Main Pond”) ranging ~1-20 m depth. However, Liberty Island also has two shallower
ponds (“Upper and Lower Beaver Pond”) with emergent vegetation, more similar to the
Calhoun Cut wetland. Similar seasonal processes may be at work at both sites, with new
nutrient supply from storm events and shallow water depth and light exposure facilitating
phytoplankton growth, leading to net chlorophyll export from the wetlands to adjoining
channels. The net impact of the Project on chlorophyll may be difficult to anticipate;
replacing the pipe culvert with a more natural channel may increase total flow and thus
increase wetted area on high tides for phytoplankton to grow. However, a natural
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channel could also incise to a depth below the current pipe culvert, allowing an area that
remains ponded behind the culvert to more fully drain, which would decrease the area of
sunlight exposed water surface during low tides.
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Laboratory quality control sample results for total mercury analyses were within
targets. Results on laboratory blanks analyzed were all below detection limits. Results
other than the laboratory blanks themselves were reported blank corrected. Recoveries of
mercury in reference material water samples were 94-111% of the target values, within
goals of 75 - 125%. Concentrations of total mercury were detected at low concentrations
(near the MDL of 0.00015 ug/L) in field blank samples (0.00024 to 0.00077 ug/L,
average 0.00040 ug/L), around 10% or less of the lowest concentrations in field samples,
so reported concentrations are at most slightly impacted by potential blank contamination
in the field. Concentrations of methylmercury and mercury in water samples collected
February 2009 to March 2010 are shown in Figure 6 and in tabular form in the Appendix.
Concentrations of total mercury in water ranged 0.0037 to 0.029 ug/L (median 0.0087),
averaging 0.011 ug/L (Figure 6). Most of the sampled dates had concentrations below
but generally close to the average of 0.011 ug/L, with only February 2009 showing
concentrations well above the average.

MeHg (ng/L)
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Figure 6. Concentrations of Total Mercury and Methylmercury in Calhoun Cut Concentrations were highest following a large storm event preceding sampling in
Febraury 2009, but a first flush event in October 2009 did not elevate concentrations and
and a moderate storm in March 2010 elevated concentrations only slightly.

Higher water column concentrations of total mercury are often associated with
high suspended sediment concentrations (SSC), as ionic mercury (Hg2+) readily binds to
particulate organic matter or mineral phases. A previous USGS/UC Davis study of
mercury in the Cache Creek region measured samples from a Lower Yolo Bypass site
(near the confluence of Lindsey Slough with the Sacramento River, finding mercury in
filtered samples only ~20% or less (average 12%) of mercury in unfiltered samples (i.e.
by inference ~80% or more in particulate phase). Dissolved total mercury was not
measured in the present study, so the ratio of particulate phase mercury at the site is not
known. However, in a linear regression (Figure 7) of samples collected from Calhoun Cut
at the outlet of the culvert to the south marsh plain, total mercury and SSC were only
moderately correlated (Figure 3, R2 = 0.38), suggesting differences in sediment sources
or transport and partitioning processes among different events.
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R2 = 0.3813
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Figure 7. Total Mercury versus Suspended Sediment Concentration at Calhoun
Cut - The two parameters were moderately correlated, but March 2010 samples, with
the two lowest SSC results (≤10 mg/L) had average total mercury concentrations.

Total mercury concentrations measured in the USGS/UC Davis study found total
mercury concentrations ranging 14-40 ng/L for Lower Yolo Bypass samples, in a similar
range as those measured in the present study but generally averaging higher
concentrations (the minimum in that study was higher than the average for this study).
Reasons for this are likely two-fold. That study focused on flows during stormy periods
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(March 2000 and February 2001) for the Yolo Bypass, so a bias towards higher
suspended particulate (and thus total mercury) concentrations and loads would be
expected. Second, that study found a general pattern of decreasing concentrations with
distance downstream from Cache Creek mining and geothermal sites, due to dilution by
other water sources and partitioning to and settling of particulate phases. Water reaching
the Calhoun Cut site, being even farther removed from these major sources would have
had opportunity for further dilution and settling to decrease water column concentrations.
Although some of the mercury from those sources dilutes and settles out before reaching
downstream areas such as the Project site, there is likely to be continued supply of
mercury loads from off-site sources, both currently and after Project completion, until
those sources are controlled or eliminated.

Methylmercury in water
Methylmercury concentrations in laboratory blanks were mostly below the
detection limit (<0.020 ng/L), with detections slightly above the limit (maximum 0.023
ng/L) in 4 of 28 blanks. All results other than the laboratory blanks themselves were
reported blank corrected to offset possible bias of blank contamination. Reference
materials for methylmercury in water are not available, so recoveries were evaluated on
blank spike and matrix spike samples, which ranged 73-134% recovery, within the goal
of 65-135% of target values. Methylmercury in field blank samples was reported at
concentrations from below detection limit (<0.020) to 0.066 ng/L, averaging 0.025
±0.027 (±stdev) ng/L, a range similar to the lowest concentration samples; conditions at
the site were often windy or raining, so the affected field blanks may represent windborne
dust or rain entering the sample rather than previous contamination of field equipment.
Reported concentrations below 0.11 ng/L (the field blank average + 3 stdev) may
therefore be impacted by blank contamination in the field and indistinguishable from
non-detects. Use of results below this range in analyses likely biases results high and thus
would represent upper range limits for various statistics (e.g. averages and medians).
Concentrations of methylmercury in water ranged between 0.027 to 0.72 ng/L,
with a median concentration of 0.13 ng/L and a mean concentration of 0.19 ng/L.
Methylmercury concentrations in filtered water samples were generally lower, ranging
0.027 to 0.59 ng/L (median 0.07, mean 0.17), with seven of the twelve dissolved results
below 0.11 ng/L and thus potentially with a large contribution from field blank
contamination. Unfiltered samples ranged 0.068 to 0.72 ng/L (median 0.15, mean 0.22),
with the three lowest being below 0.11 ng/L. The Delta methylmercury TMDL indicates
a recommended implementation goal for unfiltered ambient water of 0.06 ng/l
methylmercury. All the ambient water samples collected from the site exceeded that
concentration, but the three lowest, in October and December 2009 samples, were near
the target, between 0.068 to 0.078 ng/L.
The events with the highest concentrations of methylmercury were both collected
in late winter (February 2009 and March 2010). For the February 2009 event, although
there was no rainfall during the collection period, the ground was saturated, and turbidity
(a surrogate measurement for suspended sediments) was high throughout the region (e.g.
at Rio Vista, Figure 2) from material mobilized from wetland and upland areas further up
the Sacramento River. Although the March 2010 sample was collected during a rain
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event, turbidity was lower both at both the Rio Vista and Calhoun Cut sites, indicating
less sediment mobilization. Although rainfall in the October 2009 “first flush” event was
intense, the antecedent conditions were dry, and turbidity was not noticeably higher than
in dry season periods. In neither event was there significant contribution from the Yolo
Bypass area; river stage at Fremont Weir (29 and 23 feet for the February 2009 and
March 2010 events) was lower than the 33.5 feet over which water releases to the Yolo
Bypass. For the storm events in October 2009 and March 2010, although the rise and fall
of water levels in the wetland was muted (overall higher), there was still observable
discharge into and off the site (subsurface turbulent eddies at the discharging end of the
culvert).
The late winter (February and March) events had the highest measured
methylmercury concentrations, the latter event despite fairly low concentrations of
suspended sediments, suggesting a seasonal pattern of methylmercury production and
transport, both at the site and regionally. Wet season precipitation and increasing day
length in late winter fosters vegetative growth, and the water supplied by rainfall swelling
river flows can help mobilize methylmercury from subsurface zones of production via
groundwater seepage and sediment erosion. These ranges of concentrations are in line
with previous measurements in the Lower Yolo Bypass (Domagalski et al. 2004), where
methylmercury concentrations in unfiltered water ranging between 0.2 and 0.7 ng/L were
measured for three storms (two in March 2000, one in February 2001), with filtered
sample methylmercury concentrations lower than in unfiltered samples, ranging from
0.02 to 0.3 ng/L (10% to 100% of the unfiltered values).
The filtered concentrations as a percentage of unfiltered concentrations at this site
ranged 17-140%, with the two cases of ratios over 100% occurring for samples with
concentrations in the lower range of measurements (below 0.1 ng/L), where individual
measured values are nearer the detection limit and/or field blank concentrations and thus
more variable and less certain. Figure 8 plots paired dissolved (filtered) versus total
(unfiltered) methylmercury concentrations for individual sample events. Dissolved and
total concentrations are highly correlated (R2 = 0.9 for a linear regression, intercept
forced through the origin), with dissolved methylmercury on average accounting for
~75% of total methylmercury. This is also consistent with previous work in Cache
Creek watershed and Yolo Bypass; the fraction of dissolved methylmercury was on
average half the total methylmercury concentration at the Lower Yolo Bypass site and
also highly variable (ranging 10-100%). The higher filtered methylmercury percentages
at Calhoun Cut as compared to the Lower Yolo Bypass site may indicate proximity to a
dissolved phase source and/or other factors which might favor a higher dissolved
methylmercury fraction (such as a dissolved methylmercury source), or most likely a
lower particulate fraction (such as lower average flow velocities tending to settle out
particles).
For all the sampling dates other than the October 2009 “first flush” event, water
was sampled first during an ebb tide (water draining from the marsh), followed by
sampling during a flood tide. For most of the sampling events, concentrations on the ebb
tide were about equal to or greater than concentrations on flood tide. Table 2 shows
average concentrations of total mercury, dissolved and total methylmercury, and SSC for
ebb and flood tides combining the seasonal sampling events (i.e. excluding October 2009
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and March 2010 storm events). For all these parameters, concentrations averaged higher
during ebb tides, but not significantly at the 95% confidence level (1-tailed paired t-test).
Total mercury was the closest to showing a significant difference between tides, with a pvalue on the t-test of 0.086 (p = 0.05 is significant with 95% confidence), with the other
parameters ranging 0.12 to 0.25.
Table 2. Average Measured Concentrations for Seasonal Sampling Events –
Average (± stdev) concentrations were generally higher during ebb tides (flow out of
marsh), but differences were not significant for any of the parameters at a 95%
confidence level (p>0.05). Most variability was due to much higher concentrations in
February 2009 samples (*=SSC sample not taken in that event).

Total Hg
(ug/L)

Dissolved MeHg
(ng/L)

Total MeHg
(ng/L)

SSC*
(mg/L)

Ebb average

0.014 ± 0.011

0.191 ± 0.236

0.280 ± 0.297

36.0 ± 21.9

Flood average

0.011 ± 0.008

0.129 ± 0.111

0.199 ± 0.160

29.0 ± 14.8

p, paired t-test

0.086

0.247

0.163

0.117

The higher average concentration for ebb tides for all these parameters, although
not statistically significant, runs somewhat counter to expectations, especially for SSC, as
wetlands are generally thought of as environments that tend to retain particles. However,
this result perhaps makes sense when considering the geometry of the sampling location.
The pipe culvert is a constriction point causing turbulent flow on the downstream side (in
Calhoun Cut during ebb tides, and in the marsh during flood tides). Thus channel bed
and bank sediments on the downstream side of the culvert on both flood and ebb tides are
likely to become entrained in the flow, raising apparent water column concentrations,
especially for dominantly particulate phase parameters such as total mercury and SSC.
Sampling from inside the pipe culvert would have reduced interference of disturbed
sediment, but the geometry of the site made this impractical, as the leveee was too high
and steeply banked above the culvert. Switching the sampling point to the marsh
(upcurrent) side during each ebb flow period was also impractical, as the culvert distance
from the bank edge on the marsh side would require wading in to collect samples, which
could also disturb sediment and cause an artifact of increased particulate matter in
collected samples. Post construction, the culvert will be replaced by a channel, which
despite greater expected tidal prism volumes onto and off the marsh, should generally
have lower localized flow velocities with the larger cross section of a more natural selfmaintaining open channel. Samples post construction will be collected either from a boat
or from the channel bank, depending on the size of the channel connecting the marsh to
Calhoun Cut after its geometry stabilizes.
Figure 9 shows a strong correlation (R2 = 0.86) between total methylmercury and
mercury in water samples, which may be due in part to association of both these
pollutants with particulate phase material in the water column. However, given the large
proportion of dissolved methylmercury (on average ~75% of total methylmercury) in
waters collected from the site, surprisingly there is a moderately strong correlation of
dissolved methylmercury to total mercury (R2 = 0.65), suggesting either regional or local
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sources in common or linked transport processes for both. This could occur through a
number of means. If the dominant source of methylmercury and mercury is from other
locations carried via the Sacramento River or Yolo Bypass (e.g. Putah or Cache Creek),
increased travel distances and lower flow velocities away from the main channel will
allow particulate matter to partially settle out before reaching the site. This would tend
to decrease total concentrations of both total methylmercury and mercury, but would
affect dissolved methylmercury less, perhaps revealed in part by the lower average
concentrations and higher proportion of dissolved methylmercury seen at the site than in
previous studies of the Lower Yolo Bypass.
The influence of locally originated sources and processes cannot currently be
ruled out however, as most of the measured parameters had slightly higher concentrations
on ebb tides, but had too much variation for the few samples collected to show a
significant difference, i.e., with a small number of samples, only large differences are
likely to be identified as significant. As a conservative estimate, we might assume that
the difference between average ebb and flood concentrations in dissolved methylmercury
is real, as that measurement would likely be the one least affected by possible artifacts of
resuspension by turbulent flow from the pipe culvert. That 30% difference (0.06 ng/L)
between ebb and flood waters, combined with the average volume of water exchanged
each day, can provide an approximate (order of magnitude) estimate of potential
methylmercury load to the Delta from the site.
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Dissolved MeHg (ng/L)

0.6
y = 0.7691x
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Figure 8. Dissolved (Filtered) Methylmercury versus Total Methylmercury in Water
Samples – By linear regression (forced intercept through the origin), on average
dissolved methylmercury was three-fourths of total water column methylmercury,
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Figure 9. Methylmercury versus Total Mercury in Water Samples – Total
methylmercury and mercury in water samples were strongly correlated, as would be
expected given binding of both to suspended particulates in water. Dissolved
methylmercury was also correlated to total mercury, suggesting sources or transport
mechanisms in common for both.

Flow data from the Solano County Water Agency for the period July 2007-June
2008 showed average flow into the Calhoun Cut South wetland of around 424,000 cubic
feet (12.0 million liters) per day, and flow out of around 365,000 cubic feet (10.3 million
liters) per day. Average daily flows onto and off the wetland did not vary greatly
between the wet season and dry season. Designating October 1 to Mar 31 as the wet
season, average wet season daily flow onto the wetland was 427,000 cf/day, and 354,000
cf/day off. Dry season daily flow was 421,000 cf/day on and 378,000 cf/day off the
wetland.
Multiplying by annual average flood and ebb tide concentrations respectively, net
export of about 0.16 g of dissolved methylmercury would result annually. The
differences in total methylmercury are only slightly larger, 0.18 g of net export from the
marsh annually. Because of the large variation in concentrations between events, there is
large uncertainty in export estimates. However, the February 2009 event appears to have
captured one of the periods of highest suspended sediment concentrations in this region
of the Delta, so using the concentrations for that event as one of four seasonal events in
an annual average provides a reasonable middle to upper range estimate, as most winter
season days likely had lower concentrations than on that event, based on lower baseline
turbidity measured at Rio Vista during many other periods.
Alternatively, loads can be calculated based on seasonal average concentrations
and flows, counting storm events as part of the wet season average statistics. Because the
average water flows onto and off the wetland appear to change very little (<5%) between
seasons, most of the difference arises from applying the storm event concentrations to the
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wet season averages, rather than just using the four seasonal (non-storm) collections. Wet
season dissolved methylmercury concentrations calcualated this way were 0.253 and
0.173 ng/L on ebb and flood tides respectively, with total (unfiltered) methylmercury
concentrations of 0.292 and 0.229 ng/L on ebb and flood respectively. Resultant
calculated (net) loads were 0.081 g of dissolved methylmercury discharged from the
wetland, and 0.028 g of total (unfiltered) methylmercury per wet season. Dry season
average concentrations of dissolved methylmercury were 0.048 and 0.091 ng/L on ebb
and flood tides respectively, yielding a net 0.104 g of methylmercury into the wetland.
Unfiltered methylmercury in the dry season averaged 0.161 and 0.142 ng/L on ebb and
flood tides respectively, for a net of 0.005 g of unfiltered methylmercury from the
wetland. Combining the wet and dry season loads, there is a net of 0.023 g of dissolved
methylmercury transported into the wetland, and a net discharge of 0.033 g of unfiltered
methylmercury from the wetland.
These differences in loads calculated by different methods (particularly by
including storm event concentrations in wet season averages) illustrate the challenges and
uncertainties in estimating methylmercury loads from relatively few events. Inclusion of
the storm events, especially the “first flush” event, likely over-represents these events in
seasonal average concentrations (i.e., accounting for two out of 4 wet season
measurements) and resultant loads. Daily measurements would yield more representative
estimates, but represent a level of effort beyond the capabilities of most projects. Use of
weighted averages (e.g., scaling based on the number of days above some threshold of
precipitation) might improve the representativeness somewhat without increasing
sampling effort too much, but the wide variation among storm events (antecedent
conditions, duration, intensity, etc.) would still leave considerable uncertainty about
representativeness of the particular events sampled.

Sediment constituents
Sediment Grainsize
Variations in sediment grainsize and organic carbon can help explain variations in
mercury concentrations. The distribution of grainsize in collected sediment samples is
provided in Appendix table Table A- 2 and shown in Figure 10 as percent of sediment
mass in fine (<63 um) material. Samples were generally around half or more fine-grained
material (<63 um) by dry mass, ranging up to ~90% in one sample from the central site.
There was no significant difference in fine material between any of the sites.

Total Organic Carbon In Sediment
Total organic carbon content in sediment samples ranged between 6 to18 percent
(average 12% of sediment dry mass), most of it plant material in various states of decay
(Appendix Table A- 2, Figure 11). Studies at other locations have suggested a
relationship between total organic carbon and total mercury concentrations, due to
organic matter binding of mercury. Total organic carbon in sediment samples from the
Project sites showed no clear trends or significant differences among sites.
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Figure 10 Distribution of Fine Sediment (<63um) in Samples from Marsh Plain
Locations – There are no significant differences in grain size distributions among sites,
but nearly all samples contained 50% or more fine-grained material.
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Figure 11 Total Organic Carbon in Sediment Samples from Marsh Plain Locations
– There were no significant differences between sites in total organic carbon because of
large variations among seasonal sampling events for each of the sites.
August 2011

19

Lindsey Slough Enhancement Pre-Construction Methylmercury Characterization

Total Mercury in Sediment
Total mercury concentrations in lab analyses of method blanks were all below the
detection limit (<0.005 mg/kg dry weight equivalent). Recoveries on matrix spike and
certified reference material samples ranged between 93-109%, within the target range of
± 25% of the expected value, and replicate measurements showed good precision,
ranging 0-21% RPD (average 6%, within the target of 25%). Total mercury in collected
sediment samples ranged 0.078 to 0.229 mg/kg, with some variation between sampling
events, especially for the western sampled site. For all sampling events, the eastern site,
nearest the Yolo Bypass and Sacramento River, had the highest concentrations of total
mercury in sediment, and was significantly higher than concentrations at the central site
(p= 0.044, paired 2-tailed t-test). Differences between the eastern and western site were
not significant (p=0.12), largely due to the much higher concentration at the western site
found in December 2009 versus in the other two sampling events, leading to larger
uncertainty around the (western) site average value.
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Total Mercury (mg/kg)
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Figure 12. Mercury Concentrations in Sediment Samples from Marsh Plain
Locations – Concentrations in the eastern location (nearest the Sacaramento River and
Yolo Bypass) consistently had the highest concentrations.

Sediment concentrations found at these locations were generally within the lower
range of those found in the Yolo Bypass Wildlife Area (Marvin-DiPasquale et al. 2009),
where concentrations between 0.094 to 0.375 ug/kg total mercury were found in sediment
samples. The lower maximum concentrations found at the Project area are consistent with
the greater distance from known mercury sources such as Putah or Cache Creek and
dilution of those by less contaminated sediments from the Project area and other sediment
sources between these areas.
For the most part, concentrations in sediments were lower than concentrations in
suspended sediments (mercury to suspended sediment ratios) calculated for most of the
lower Sacramento Basin tributaries. Suspended particulates and sediments from open
water areas will have lower organic content than marsh plain areas, so the lower Project
area bulk sediment mercury concentrations may represent dilution by vegetative matter
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produced on site. An upper limit estimate of the mercury concentration on the mineral
sediment can be calculated, by assuming that all the mercury in the sediment would still
be present even without any organic carbon:
“Mineral” Sediment Hg = Bulk Sediment Hg / (100%-TOC%)
However, even adjusting concentrations to offset the potential 6 to 18 percent dilution by
vegetative material, concentrations ranged from 0.095 to 0.25 mg/kg (average 0.19
mg/kg), well below the 0.29 mg/kg average of the tributaries listed in the Delta
methylmercury TMDL, and on average below the target concentration in the TMDL for
sediment delivered to the San Francisco Estuary (0.2 mg/kg).
There was also only a weak correlation between fine-grained sediment and total
mercury (R2 = 0.20), so differences in total mercury concentrations between sites within
the Project area were not primarily due to grainsize differences. Total organic carbon in
sediment also showed no correlation to total mercury concentrations (R2 = 0.06). This
may result because although the mercury is dominantly carried to the wetland from
external sources, the total organic carbon is dominated by on-site biomass produced
within marsh areas.

Likely Project Impacts and Recommendations
Removal of the pipe culvert and notching of the levee at the Project site to a more
natural open channel will increase the capacity of water flow onto and off the wetland
from Calhoun Cut. The current pipe culvert prevents the wetland from fully draining at
low tide, leaving a continually ponded area that is likely to shrink after restoration of an
open channel. The greater flow capacity of an open channel is also likely to slightly
increase the wetted area of wetland on high tides, as high tide in the wetland will be able
to more quickly equalize with the high tide in Calhoun Cut before the tide starts to ebb.
Currently the tidal range in the Calhoun Cut South wetland is about 2 feet, whereas in the
main channel of Calhoun Cut, stage is similar to that in nearby Barker Slough (personal
communication Alex Rabidoux, SCWA), typically 3 feet between low and high tide.
This muted tidal range is largely due to the flow constriction of the pipe culvert.
Although there is not enough data to establish whether the differences are
significant, ebb tide concentrations of many water constituents were slightly (~30% on
average) higher than flood tide concentrations, suggesting current net export from the
wetland. However, part of this difference may be an artifact of the current channel
configuration, with a pipe culvert connecting Calhoun Cut to the wetland. Modification
of the hydrological connection of the wetland to Calhoun Cut will likely decrease the
concentrations of particulate constituents in ebb tides, as an open channel over time will
adjust to a cross section sufficient to accommodate typical tidal flows, leading to lower
localized peak velocities and less turbulent resuspension of sediment than seen at the
current culvert outlet.
Although most ebb tide concentrations are higher than the Delta methylmercury
goal of 0.06 ng/l in unfiltered water, the majority of flood tide concentrations entering the
wetland were also higher than the target, so net export from the wetland was often not the
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only or main source of methylmercury to the water in Calhoun Cut. Restoration of a
wider more natural channel will possibly help reduce concentrations in unfiltered water
exported from the wetland due to reduced suspended sediment from decreased localized
flow velocity and turbulence at the outlet to Calhoun Cut.
Though showing correlation to total water column methylmercury, dissolved
concentrations are likely less affected by possible artifacts of the channel configuration
and thus will likely show little post-construction change. However, the increased wetted
area of the wetland that will likely occur on high tides and overall greater tidal range
afforded by an open self-maintaining channel may increase the volume of water
transported on each tide and thus may increase mass load of methylmercury off the
wetland, even if average dissolved methylmercury concentrations remain unchanged.
Although the Delta methylmercury TMDL lists a goal for water concentrations,
that goal represents an extrapolation from target fish concentration goals, which
ultimately are the real measure of achievement. Correlations between water column and
fish concentrations are often site specific, encompassing complexities of water chemistry
and food web structure that cannot be fully captured in regional scale analyses such as
those typically used in TMDL development.
The Delta methylmercury TMDL suggests a target of 0.03 mg/kg (wet weight) in
whole trophic level 2 (TL2) and TL3 fish less than 50 mm in length. Monitoring of biota
were considered in the original characterization study development but ultimately not
included. However, they perhaps would be best explored via implementation of a
regional scale monitoring effort to provide appropriate context for comparison among
sites and over time, as the mobility of many target species can confound their utility as
indicators of changes such as those from an individual construction project or location,
given interannual climate variations and other factors that complicate interpretation.
Impacts of levee removal and channel opening on the eastern sediment sampling
site are likely to be negligible, as water flow to that location does not occur through the
pipe culvert at Calhoun Cut South. The eastern sampling site likely shows larger impacts
of mercury contamination from sources carried by the Sacramento River due to its closer
proximity to the main channel from Yolo Bypass. To the extent that the Project will
increase the tidal prism of the Calhoun Cut South wetland, it may also increase the
volume of water containing mercury contaminated fine sediment from these sources
carried on flood tides up Calhoun Cut and ultimately into the north and south wetlands.
Ideally these sources would be eliminated or reduced prior to any hydrologic
modifications at the Project site, to minimize additional mercury contamination of the
Calhoun Cut wetlands. However, if mercury from these sources is already well
distributed in the banks of reaches up the Sacramento, there may be no economically or
physically practical means of removing such large areas of contaminated sediments.
Although there may be economies of scale in opening up both the Calhoun Cut North and
South wetlands at the same time, if the incremental cost of staged opening in different
years is small, the south wetland project site could provide a unique opportunity to study
Project impacts before proceeding with the opening of the north wetland.
However, sediments in the Calhoun Cut South wetland already shows evidence of
mercury contamination from off-site sources, so any benefit of staged implementation
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would be incremental at best. The currently wetted area of the wetland has been and will
continue to be supplied water containing mercury contaminated sediment via Calhoun
Cut, and any delay would only avoid further contaminating areas currently not wetted due
to the restricted tidal range. Detailed study of the site’s history could provide some
insight on whether these areas likely were already contaminated, based on mining source
histories and flood flows that would have distributed contaminated sediments.
Historical study can generally only describe whether areas are likely to have been
contaminated, not how contaminated they became as a result. In the low-lying currently
dry areas that would regularly become tidally wetted once the full tidal range is restored,
sampling and mercury measurements would help determine how contaminated sediments
already are and whether staged or delayed implementation would have any benefit at all.
If these areas are not yet contaminated, delayed or staged opening may have some benefit
if the sources supplying the Sacramento River and Yolo Bypass further upstream could
be removed prior to Project construction. Although the Project site does not appear to be
a large net source of methylmercury, preventive measures such as reductions of external
mercury loads can help ensure that Project impacts on the regional ecosystem are
minimized.
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Appendix A. Data Tables
Table A- 1. Measured parameters in collected water samples
Date/Time
2/24/2009 10:20
2/24/2009 17:00
2/24/2009 ebb-flood
5/22/2009 9:45
5/22/2009 16:30
5/22/2009 ebb-flood
8/3/2009 10:00
8/3/2009 17:00
8/3/2009 ebb-flood
10/13/2009 14:00
10/13/2009 18:15
10/13/2009 ebb-flood
12/3/2009 10:30
12/3/2009 15:30
12/3/2009 ebb-flood
3/3/2010 12:10
3/3/2010 17:45
3/3/2009 ebb-flood

Total Hg µg/l
0.0294
0.0226
0.0068
0.0125
0.00801
0.00449
0.00928
0.00873
0.00055
0.00817
0.00693
0.00124
0.00367
0.00378
-0.00011
0.00867
0.00882
-0.00015

Date/Time
2/24/2009 10:40
2/24/2009 12:30
2/24/2009 14:30
2/24/2009 16:00
2/24/2009 17:00
2/24/2009 ebb-flood
5/22/2009 9:45
5/22/2009 11:25
5/22/2009 13:25
5/22/2009 15:00
5/22/2009 16:30
5/22/2009 ebb-flood
8/3/2009 10:00
8/3/2009 11:40
8/3/2009 13:30
8/3/2009 15:45
8/3/2009 17:00
8/3/2009 ebb-flood
10/13/2009 14:00
10/13/2009 16:00

SSC mg/l
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52
36
39
13
45
20
36
9
42

Total MeHg
ng/l
0.721
0.434
0.287
0.161
0.14
0.021
0.161
0.144
0.017
0.113
0.068 B
0.045
0.076 B
0.078 B
-0.002
0.303
0.294
0.009

Dissolved
MeHg ng/l
0.585
0.288
0.297
0.027 B
0.060 B
-0.033
0.068 B
0.121
-0.053
0.053 B
0.095 B
-0.042
0.085 B
0.045 B
0.04
0.247
0.306
-0.059

Chlorophyll
a mg/l
2.07
2.39
2.23
1.86
1.72
0.35
3.79
3.17
5
7.69
9.08
-5.29
3.86
3.32
2.14
3.72
4.61
-0.75
3.27
3.46

Pheophytin a
mg/l
3.42
2.96
2.95
5.29
4.89
-1.47
12.59
10.51
5.18
4.59
12.11
0.48
3.2
2.59
2.29
2.57
2.57
0.63
4.04
3.88
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Tide
Ebb
Flood
Ebb
Flood
Ebb
Flood
Flood
Ebb
Ebb
Flood
Ebb
Flood

Tide
Ebb
Ebb
Slack
Flood
Flood
Ebb
Ebb
Slack
Flood
Flood
Ebb
Ebb
Slack
Flood
Flood
Flood
Flood
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10/13/2009 18:15
35
3.58
3.37
10/13/2009 ebb-flood
7
-0.31
0.67
12/3/2009 10:20
11
1.77
1.7
12/3/2009 12:30
2.03
0.73
12/3/2009 14:05
1.95
1.4
12/3/2009 15:25
12
2.71
1.39
12/3/2009 ebb-flood
-1
-0.94
0.31
3/3/2010 12:25
7.6
1.02
2.21
3/3/2010 13:15
1
1.53
3/3/2010 14:35
1.04
1.92
3/3/2010 16:00
0.8
2.57
3/3/2010 17:45
10
1.12
1.69
3/3/2009 ebb-flood
-2.4
-0.1
0.52
B = concentration may be elevated by field blank contamination

Ebb
Ebb
Ebb
Flood
Flood
Ebb
Ebb
Ebb
Slack
Flood

Red indicates total (unfiltered) MeHg concentrations above the proposed Delta TMDL
target (set by CVRWQCB) for open water (0.06 ng/L), derived from a largemouth bass tissue
objective and a regional estimated bioconcentration factor for water.
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Table A- 2. Measured parameters in collected sediment samples

Location

SampleDate

Clay %
<3.9um

Silt % 3.962.5um

Sand %
62.5-2000um

Gravel %
>2000um

Central
East
West
Central
East
West
Central
East
West

24/Feb/2009
24/Feb/2009
24/Feb/2009
03/Aug/2009
03/Aug/2009
03/Aug/2009
03/Dec/2009
03/Dec/2009
03/Dec/2009

24.1
47.3
24.4
21.4
38.3
19.9
37.4
23.5
23.7

29.2
31.7
28.3
30.0
30.2
23.7
55.3
35.4
31.6

21.3
12.8
25.0
35.1
18.9
43.3
9.3
28.3
50.1

15.8
6.9
15.8
14.9
10.9
5.1
0.0
6.1
0.0
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Total
Organic
Carbon
14.0
10.0
5.7
16.8
10.2
18.1
9.8
9.0
15.7

Total Solids
%

Total Hg
mg/kg

21.0
26.7
37.0
20.7
23.2
19.1
26.7
26.9
19.6

0.196
0.229
0.100
0.139
0.211
0.078
0.150
0.200
0.181
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Appendix B. Review Comments & Responses
Author responses provided in italics, Arial font
From: Janis Cooke [mailto:jcooke@waterboards.ca.gov]
Sent: Wednesday, June 01, 2011 11:32 AM
To: Ben Wallace
Cc: Michelle L Wood
Subject: RE: Lindsey mercury study
Ben,
Thank you for the opportunity to review the draft report. We
appreciate the significant efforts by Solano Land Trust, San Francisco
Estuary Institute, and other members of the restoration team to monitor
and consider methylmercury for the project. We hope these thoughts are
useful for finalizing the draft report. If you have any questions,
please let us know.
Janis
Sampling Methods and QA/QC
We appreciate the detailed discussion of QA/QC procedures and results.
We were surprised to see 4 of 8 laboratory blanks with detected
methylmercury concentrations above the method detection limit. Also,
the percent recoveries and the acceptable targets for recovery of spiked
samples ranged more widely from 100% than the ranges we typically see
from laboratories with whom the CVWB contracts. Methylmercury
concentrations in field blanks were reported up to 0.066 ng/L. We would
expect the field blank samples to all have methylmercury concentrations
below the method detection limit, but without less variation in the
within-laboratory QA/QC tests, it is difficult to determine the cause of
methylmercury hits in the field blanks.
The authors suggest that methylmercury concentrations below 0.11 ng/L
may be impacted by blank contamination and indistinguishable from
non-detects. The Delta TMDL’s aqueous methylmercury goal for open
water is 0.06 ng/L. In our experience, this concentration, while low,
is three times the detection limit and can be distinguished with a fair
level of confidence.
We recommend that you discuss with the analytical laboratory whether
the procedures for analyzing methylmercury in water can be refined.
Other laboratories have had difficulties with low-level detection of
methylmercury in water and been able to make corrections.
Regardless of laboratory blank results, we prefer that results for
field samples not be blank-corrected.
Standard operating procedures for the lab include blank correction, and EPA Method 1630 does
not explicitly prohibit blank correction, specifying only that the mean blank be <0.045 ng/L and
stdev <0.015, conditions both met (with maximum blank of 0.023 and stdev of 0.006 or less in all
cases). The frequency also was 4 of 28 not 4 of 8 blanks run.
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The possible impact of field blank contamination was larger and more challenging to control given
the dusty, windy and/or rainy conditions found at the site during sampling. Results were not
corrected for field blanks, with the note in the text mainly to convey the uncertainty in quantitation of
small differences between samples and events in light of possible field blank contamination.
It would be difficult to totally exclude contamination from precipitation and from dust settling onto
sampling equipment and into the bottle during field blank collection given site conditions. Because
the field blank contamination in part samples the matrix being collected (on-site rainwater and dust
that also ends up in collected surface water samples), “equipment blanks” collected offsite in a
clean environment using the sampling equipment may be a somewhat better indicator of externally
originating contamination (e.g. in the equipment) as opposed to partial sampling of the local field
environment. A change of some of the field blanks to equipment blanks (taken at the analytical
laboratory preparing sampling equipment, or by the sampling crew in a cleaner environment) may
be useful to estimate the root causes or relative contribution of field conditions versus equipment.
Methylmercury Results
On Figure 6 or a new figure, can you please differentiate the ebb and
flood tide concentrations? If the pattern of lines between data points
is intended to show this (e.g., all ebb tide concentrations connected by
lines), the presentation is unclear.
Figure modified to show flood and ebb with different symbols, lines removed.
Could you please add discussion of the seasonal differences with
respect to methylmercury concentrations, net methylmercury outflow, and
condition of flooding of the Yolo Bypass at the time of sampling? The
two dates with highest methylmercury concentrations were 2/24/09 and
3/3/10, when I think the Bypass was flooded. If flood waters are
backing up into Cache Slough, is there still a noticeable draining of
the wetland during ebb tide? On 2/24/09, was there heavy rainfall that
could also have resuspended methylmercury in the wetland and/or
transported methylmercury in runoff from upland areas, causing the high
methylmercury concentrations? Did the “first flush” event of
10/13/09 occur after soil was saturated so that uplands probably
produced runoff? The spring and summer events showed small, but
positive net methylmercury production. More discussion of seasonality
could help us understand the effects of high water and bypass flood
conditions on net methylmercury outflow. Also, if flow data are
available on a monthly or seasonal basis, I recommend calculating
methylmercury loads on a seasonal basis (e.g., multiply by methylmercury
average for spring and summer, fall and winter non-flood, and flood),
then summing to obtain the annual load estimate.
Added some discussion of seasonality (page 14). There was no Yolo flooding at the time of
sampling for either 2/24/2009 or 3/3/2010 according to a check of the DWR CDEC site:
http://cdec.water.ca.gov/selectQuery.html (Station ID: FRE, Sensor #: 1, Hourly). Stage at Fremont
Weir at ~29 and ~23 ft respectively on those days and days immediately preceding, well below the
33.5 ft threshold for overflow to Yolo. Although there were two small overflows in January 2010,
they were too small and too long prior to the March 2010 sampling to have any expected effect.
Mercury in Sediment
I agree that the higher mercury concentrations in soil from the eastern
sampling site likely reflect mercury transported from sources upstream
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in the Yolo Bypass. DFG Moss Landing Marine Laboratory’s study of
soil mercury concentrations in Yolo Bypass supports this conclusion.
You may want to mention Putah Creek as a source in addition to Cache
Creek.
I noticed that Ben requested that you add Delta TMDL goals to Tables
A-1 and A-2. The Delta TMDL does not have a goal or target for
concentration of mercury in sediment. If you add the aqueous
methylmercury goal, please mention again that the aqueous methylmercury
goal applies to open water (unfiltered sample) and is derived from the
relationship between methylmercury in water and largemouth bass. As an
aside, the key numbers from the TMDL for Yolo Bypass are that
methylmercury loads need to be reduced by about 80% to achieve the fish
tissue objectives. For agricultural drainage and wetlands, the load
allocations apply to the net methylmercury load, which is the load in
outflow minus load in source water and precipitation.
Janis Cooke, Ph. D.
Central Valley Regional Water Quality Control Board
10200 Sun Center Drive, Suite 200
Rancho Cordova, CA 95670
T (916) 464-4672
F (916) 464-4780
jcooke@waterboards.ca.gov

From: "Ben Wallace" <ben@solanolandtrust.org>
To: "Don Yee" <don@sfei.org>
Sent: Thursday, April 7, 2011 12:23:06 PM
Subject: report
Don,
Thank you for the report. Looks good.
On page 21 you inserted a comment asking why we looked at the water
column rather than fish. As I recall, I was following the direction of
the regional board. I think the regional board recommended going with
water column monitoring because that would do a better job of showing
whether the wetland was importing or exporting mercury, whereas the fish
monitoring would not allow interpretation according to the tides.
Minor edits/typos:
*
page 1 (or elsewhere): would you please add the names of the
authors and field investigator somewhere to the report
Project team listed after cover page
*

page 5 paragraph 5: "Starting during..."

*
page 6 paragraph 1: delete second into
Typos corrected
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*
pages 21-22, paragraphs 4, 5, 6 & 1. "Upstream" seems
somewhat misleading, given that the source (Cache Slough) discharges
downstream from the site. The hydrology of Calhoun cut is essentially a
backwater system, with flood events generated by high flows from Cache
Slough and the Yolo Bypass coming up from below during storm events.
Perhaps "off-site sources" would be better.
Changed to off-site, and other restatements, e.g. “supplying the Sacramento River and Yolo
Bypass further upstream”. I understand it’s a little tricky, if the Sacramento system is like a tall tree,
Calhoun Cut is near the tip (the “upstream” end) of a lower branch (Lindsey Slough), so sites
dumping into the main stem upstream of the Lindsey confluence are still upstream in a sense,
despite not being the directly upstream section of the Lindsey Slough branch. Cache Creek follows
Route 16 and meets the Sacramento somewhere around Woodland in the Yolo Bypyass area only
in very wet years. This is not quite the same as Cache Slough, which may have been historically
connected to Cache Creek but currently names the section below Lindsey Slough on its way to the
Sacramento.
Informational questions:
*
page 8. I'm unclear on which data you consider more reliable,
chlorophyll or in situ fluorescence?
Lab chlorophyll measurements are more accurate and specific. In situ fluorescence is used for
continuous measurement that would be impractical by discrete lab analysis of many samples.
*
Page 13. What caused the contamination of blanks?
See note to Janis above
*
Table A1. Would it be possible to add two columns to the
table?:
1.
Difference between ebb and flood for constituents on a given
date.
2.
Proposed TMDL targets set by the waterboard.
*
Table A2. Would it be possible to add a column with the the
proposed TMDL targets?
Added rows to show difference of flood and ebb pairs. Rather than adding a column, added
color to samples exceeding proposed TMDL target, with a footnote (as recommended by Janis):
Red indicates total (unfiltered) MeHg concentrations above the proposed TMDL target (set
by CVRWQCB) for open water (0.06 ng/L), derived from a largemouth bass tissue objective and a
regional estimated bioconcentration factor for water.
As Janis stated, there is no sediment total Hg target.
.
Discussion questions.
Chlorophyll. It looks like the wetland imports chlorophyll during late
spring summer fall and early winter, and exports chlorophyll during late
winter/early spring storms. Do you think the weather whether it would be
advisable to incorporate some marsh plain excavations into the project
design (e.g. depressions and small berms at varying elevations around
MHHW) to create additional shallow water pools that would flood up at
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different water levels in order to increase productivity of chlorophyll
that would enter system during spring storm events?
Although created depressions would increase ponding areas with high productivity during some
periods, in periods of disconnection from the main channel, these pools could become somewhat
stagnant and anoxic, facilitating the production of methylmercury. Unless there are particular biota
that you wish to enhance that prefer shallow open sometimes stagnant water, it may be better to
just undo previous manmade modifications (levees, troughs, and mounding), as the remainder of
the landscape will be close to its eventual natural steady state evolution (having deviated from it by
levees and constriction of the natural channel through the culvert, decreasing the area suitable for
wetland vegetation and possibly causing some subsidence).
Mercury. Interesting findings. It looks like the site is a net exporter
of methylmercury, but only to a marginal degree, with the ultimate
source being off-site.
In the second to last paragraph the report states that:
"the currently wetted area of the wetland has been and will continue to
be supplied water containing mercury contaminated sediment via Calhoun
cut... Detailed study of the site's history could add some insight on
whether these areas likely were already contaminated, based on upstream
mining source histories and flood flows that would have distributed
contaminated sediments."
Given the high frequency of flood events generated primarily by
backflow coming through the Yolo Bypass and Cache Slough, it seems
reasonable to expect that the upland transition zone above the tidally
wetted areas would have experienced similar levels of mercury
deposition. If so, I'm not sure what the benefit would be of doing a
detailed site study or phasing the project. How would this information
contribute to the goal of reducing mercury levels or informing
decision-making about the restoration project?
When I mention possible study of the site’s history, I don’t mean sample collection but rather lit
review developing a conceptual picture of which areas were open to flow in different periods, and
what the water and sediment sources would be like at the time w/r to Hg and other contamination.
If there are significant efforts to reduce mercury loads from upstream (or at least “upland” areas- a
contaminant discharged into Cache Creek (not Cache Slough) will eventually find its way to
Lindsey/Calhoun Cut, whereas there is not enough tidal action (short of massive levee failure in the
Delta) to move a contaminant released at Calhoun Cut to get up into Cache Creek/Yolo Bypass),
there may be some benefit of delayed or phased implementation, as the increased tidal prism of
the opened up site will be carrying hopefully cleaner sediments of the future as opposed to current
ones, which once deposited on the wetland, are not going anywhere soon. The benefit will likely be
modest- the ~10% higher Hg in the east side sediment is a suggestion of the difference that might
be seen, so that needs to be weighed against the benefit of more wetland habitat, sooner. Hg
sediment concentrations in the Cache Slough area might provide a worst case bound of increasing
tidal prism in Calhoun Cut; particles that formerly settled out on the way up Lindsey
Slough/Calhoun Cut at worst would make it all the way to the wetland. If it’s the same 10%
difference as currently seen with the east side sediment site then probably no big deal, but if lower
areas have yet higher mercury concentrations, that could be more worrisome, as more of those will
get up to the wetland with increased tidal prism and flow velocity in Calhoun Cut.
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