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Increased anthropogenic activities have altered the health of coastal ecosystems in recent
decades1,2, resulting in eutrophication and hypoxia3,4. Eutrophication can decrease oxygen content
throughout the water column, creating hypoxic conditions that negatively impact key species in
estuarine environments5,6. To improve the health of estuarine ecosystems, it is essential to identify all
major sources of nutrient inputs. While previous studies have identified a number of biological and
physical factors influencing nutrient concentrations in estuaries7-9, more work is necessary to assess
nutrient contribution from agricultural sources.
Moro Cojo Slough is a tidally influenced estuary that discharges through the Moss Landing
harbor into Monterey Bay, a Marine Protected Area (MPA), along the Central California Coast. This
region is characteristic of salt marshes and low-lying wetlands. However, the historical hydrodynamics
of the region have been altered significantly10. The mouth of Moro Cojo Slough is restricted by tide
gates, limiting ocean water from entering the slough. During winter, Moro Cojo receives freshwater
from precipitation and surface run-off. During the summer, the estuary receives most of its surface
water from irrigation drains upstream4,7. The seasonal variability and tidally restricted dynamics of
Moro Cojo Slough present a challenge to managing water quality for environmental standards. To
better manage Moro Cojo Slough water quality, it is necessary to understand nutrient dynamics and
sources within the estuary.
Estuaries in agriculturally-dominated watersheds are particularly at risk of water quality
degradation. Fertilizer and irrigation run-off lead to elevated nutrient content in the main channel10. To
reduce nutrient concentrations in irrigation drains, farmers have implemented best-practice
managements that decrease irrigation water and fertilizer application. Despite efforts to reduce input,
estuary surface-water nutrient concentrations remain high12. This suggests that a substantial portion of
nutrient input may be groundwater-sourced via irrigation drains, rather than run-off-sourced. In coastal
regions, shallow groundwater can flood low-lying fields and interfere with farm practices. To prevent
flooding, saturated fields are dried by subsurface irrigation drains, called tile drains. Tile drains remove
moisture by discharging both groundwater and irrigation water into irrigation ditches. Shallow
groundwater and irrigation water mixing in tile drains has been observed, but nutrient concentrations
have not been quantified during this mixing process 13.
In comparison to surface water, groundwater often contains higher concentrations of chemical
constituents, including nutrients (NO3-, NH4+, PO4)3. High nutrient concentrations in groundwater are a
result of historical anthropogenic activities and microbial degradation processes. While groundwater
discharge may contribute a low volume to surface waters, groundwater content greatly influences
surface-water quality14,15. Recent water quality monitoring efforts indicate that groundwater discharge
may enter surface waters through upstream irrigation drain systems within agriculturally-dominated
estuarine watersheds. Nutrient budgets have yet to incorporate the contribution of groundwater
nutrients in tile drains to the high nutrient concentrations found in agriculturally-dominated
estuaries. Further research is necessary to understand groundwater mixing in irrigation systems
and its relative contribution to the estuary main channel.

Research Objectives
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The overall objective of this is to determine the relative contribution of nutrient-containing
groundwater discharge to Moro Cojo Slough via agricultural drainage systems. Specifically, I will
address the following research questions and hypotheses:
Question 1: What is the relative contribution of nutrient loading to Moro Cojo Slough from
shallow groundwater in agricultural drainage systems?
Hypothesis 1: Shallow groundwater in Moro Cojo watershed will contribute to high nutrient
concentrations in tile drain systems discharging to surface waters. Nutrient loading will be assessed
using nitrate, nitrite, phosphate, and ammonium concentrations in water samples and discharge rates of
tile drain and irrigation water. Radon-222 (radon) will be used as a tracer for groundwater discharge to
tile drains and surface waters. Elevated amounts of radon will indicate increased groundwater input to
surface waters, which will be modeled using radon flux calculations 16. Nutrient sources (e.g.,
groundwater, fertilizer, microbial processes) in tile drains and the main channel will be identified using
nitrate isotopes. This will demonstrate if groundwater is a source of nutrients to agricultural estuaries.
Question 2: Is there seasonal variability of groundwater contributions to tile drain mixing and to
Moro Cojo Slough?
Hypothesis 2: Groundwater contribution to tile drains and the main channel will be greatest during
seasons of high precipitation. Nutrient concentrations and groundwater discharge will be measured
throughout the year to account for seasonal and crop-rotation variability. Groundwater, tile drain water,
and surface water will be sampled during dry and wet seasons as well as during all stages of crop
production. During the wet season, samples will be taken before and immediately after rain events. In
situ monitoring of radon will take place in main-channel surface waters, while radon grab samples will
be taken of groundwater and tile drain water in irrigation ditches. Nitrate isotope samples will aid in
determining the source of all water samples taken.
Question 3: What significant nutrient sources contribute to the main channel of an
agriculturally-dominated estuary via irrigation drain systems?
Hypothesis 3: Groundwater will significantly contribute to the main-channel surface water nutrient
budget. Nitrate isotopes will be evaluated for groundwater, tile drain water, and surface water samples.
Isotopes signatures will provide insight to nutrient sources within irrigation drain system. Building
upon previous working models, a nutrient budget for Moro Cojo Slough will quantify the relative
contribution of groundwater from tile drains to the overall water quality of the main channel11. The
budget will incorporate sources and sinks of nutrients in the Moro Cojo Slough.
Experimental Design & Methods
Sampling
I will sample 8 tile drain sites in the Moro Cojo watershed over a two year period to document seasonal
and temporal variability in ground water discharge. Samples will be collected throughout the year with
a goal of obtaining samples during both the wet and dry seasons and at different stages of local
agriculture growing cycles (pre- and post-planting, irrigation, fertilization, and harvesting). At each site
I will collect surface water, irrigation water, and groundwater grab samples in Nalgene HDPE bottles
and Falcon centrifuge tubes. Groundwater will be collected using a drive-point piezometer and a
peristaltic pump. A tube will allow water to flow from the piezometer to the bottles without the
groundwater interacting with the atmosphere.
Water quality parameters, sediment characteristics, and nutrients will be measured in each sample.
Water quality parameters will be recorded using a handheld YSI multiparameter meter. Sediment
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characteristics will be assessed for porosity, grain size, and hydraulic conductivity to aid in assessment
of groundwater discharge in the region. Nutrient concentration, radon, and nitrate isotope fractionation
will be used to calculate groundwater discharge13,16.

Laboratory Analysis
Nutrient Loading – Nutrient concentration and discharge flow rates will be used to quantify nutrient
loading along the estuary channel and within irrigation drain systems. Grab samples will be taken for
tile drain water, groundwater, irrigation water, and surface water. Each sample will be analyzed for
nitrate, nitrite, phosphate, ammonium using a Lachat Flow Injection Analysis instrument at Moss
Landing Marine Laboratories. Flow of irrigation drains, tile drain water, and main-channel surface
water will be assessed using an OTT MF PRO ® flow meter. Flow measurements will follow the USGS
monitoring protocol17.
Radon-222 Activity – Radon-222 (radon) is naturally elevated in subsurface water and will be used as
a tracer for groundwater. High radon activity will indicate groundwater discharge influence in
irrigation water and surface water. Grab samples will be filled in a HDPE 6L Nalgene bottle from the
bottom, as to prevent sample aeration18,19. Radon in grab samples and in main-channel surface waters
will be analyzed using a Durridge RAD7 radon detector. Groundwater discharge and mixing will be
calculated using a well-established continuous radon inventory model, accounting for temperature,
volume, and gas evasion19,20.
Nitrate Isotopes – Nitrate (NO3—) isotopes (𝛿15N and 𝛿18O) will provide insight to nitrogen cycling
within the Moro Cojo watershed21. Isotope fractionation values will be used to determine nitrate
sources for groundwater, tile drain water, irrigation water, and surface water within irrigation drains.
Biogeochemical processes, such as nitrification and denitrification, result in nitrate isotope signatures
characteristic to the nitrate source. These sources include nitrate in fertilizer, soil, and precipitation.
Sources of nitrate will demonstrate the transport of nutrients throughout the Moro Cojo watershed,
allowing groundwater as a pollutant source to be identified. Water samples will be analyzed using the
denitrifier method at the stable isotope facility at University of California, Davis 22,23.
Statistical Analysis
Variation in groundwater, irrigation water, tile drain water, and surface water samples will be analyzed
using Kruskal-Wallis nonparametric one-way analysis of variance. Linear regression will determine
correlation between sample and season using 95% confidence interval15. Isotope data will be assessed
using a Bayesian mixing model and multivariate statistical analysis 24.
Modelling
Using these data, I will model groundwater discharge to in tile drain systems to Moro Cojo Slough
surface waters, improving upon a previous model of the estuary11. Sources of water will include net
precipitation and evaporation, freshwater discharge, sediment-water exchange (i.e., groundwater
discharge), surface run-off, tidal flow, and irrigation ditch input. Nutrient sources and sinks will
include atmospheric deposition, surface run-off, sediment-water exchange (i.e., benthic respiration or
groundwater discharge), nutrient uptake within the water column (i.e., primary productivity), tidal
exchanges, freshwater discharge and irrigation drain discharge.
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Timeline (10 points total)-250 word maximum

This project began during Summer 2018. In collaboration with the Central Coast Wetlands
Group, I have established connections with local farmers to sample various irrigation drains and
agricultural fields. I have collected water samples (i.e., groundwater, tile drain water, irrigation water,
and surface water) at 8 tile drain sites and 2 main channel sites. All samples were analyzed for nutrients
(i.e., phosphate, nitrite, nitrate, and ammonium), Radon-222 activity, and nitrate isotopes. These data are
currently being processed and guiding decisions for how to proceed during the second year of sample
collection. The first year of sample collection concluded January 2019. The second year of data collection
will start February 2019 and conclude in January 2020. Due to a delay in the distribution of Sea Grant
funds this past year, an additional data collection period will take place from January 2020 to June 2020.
Given this collection timeline, I expect to complete and defend my thesis during Fall 2020. Additionally,
data dissemination will occur in the form of poster presentations at conferences (i.e., Geological Society
of America, American Geophysical Union, Association for the Science of Limnology and
Oceanography) throughout 2019-2020. The results of my project will be submitted to be published
following completion of my degree in 2021.
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Relation to COAST Goals (15 points total)-300 word maximum

In alignment with all of COAST’s goals, my project promotes exploring the impacts of a
previously unstudied nonpoint source pollutant impacting water resources. It develops a solution for
ecological limitations in groundwater sample collection. Finally, it fosters scientific literacy through
partnership with farmers, environmental groups, and policymakers.
While watershed monitoring stations have observed water quality in Central California
throughout the past few decades, there is a lack of understanding regarding the role of groundwater
within this watershed. This study will provide valuable data and knowledge to understand
groundwater-surface water interactions and the impact on nutrient loads. The study has the potential to
identify a major component of nonpoint source pollution not previously considered in many
agriculturally-dominated estuaries or other coastal water resources.
Groundwater monitoring can be limited by accessibility of sample water. As a result, water
quality efforts around Central California have yet to incorporate groundwater quality as a component to
monitoring programs. My study will develop a sampling protocol that will be adaptable and made
available for water monitoring efforts across the region. Our sampling approach will develop a feasible
solution for sampling shallow groundwater and will make groundwater studies more accessible for the
future.
If groundwater supplies a majority of the nutrients to surface waters, then no matter the effort of
on-farm management practices, nutrients will not be reduced in surface waters. Therefore, off-farm
mitigation (wetlands and bioreactors) strategies would need to be installed. In partnership with the
Central Coast Wetlands Group and local farming leaders, my sampling framework and other mitigation
strategies will be incorporated into current watershed monitoring strategies along the California Coast,
including Moro Cojo. My project will provide data and new knowledge that will be directly
communicated to farmers, policymakers, and environmental groups to update agricultural orders and
management efforts that address nutrient loading.
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Budget and Justification (15 points total)
Item/Description

Unit Price

Tuition

Quantity

-

Subtotals:
Grand Total

Amount to
Amount to
Awardee (via
Department
Financial Aid)
$3000.00
$3000.00
$0.00
$3,000.00

Justification (250-word maximum):
If granted the opportunity to be a COAST Graduate Student Research Award recipient, I would use my award to
fund my tuition. Thus far, I have relied upon federal student financial aid to support my pursuit of higher
education, including both my undergraduate and graduate school programs. Throughout my education, it has
been necessary for me to work while balancing my academic career. While the high price of education can be
burdensome, the experiences I am gaining while at Moss Landing Marine Laboratories are priceless. Receiving
this research grant will allow for me to focus my time on my research project, to expand my knowledge through
coursework, and to increase my community involvement as a volunteer. The opportunity to fund my tuition will
help me to advance my skills as a marine scientist as well as to readily participate in my community through
educational volunteering and outreach at Elkhorn Slough National Estuarine Research Reserve.
Thank you for your time and consideration of my application.
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