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WRRC held its second Conference on Water Resource

Sustainability on Tropical Islands in December at the Hilton
Hawaiian Village. The 2015 conference built upon discussions
and interactions that took place at a previous conference hosted
by the four Island Institutes (WRRC, Guam’s Water
Environmental Research Institute of the Western Pacific, the
Puerto Rico Water Resources and Environmental Research
Institute, and the Virgin Islands Water Resources Research
Institute) in Honolulu November 14 - 16, 2011. The intent of
these conferences is to strengthen the synergism between
researchers working in the State of Hawaii, U.S. affiliated
islands in the Pacific, U.S. Virgin islands, and Puerto Rico, and
to develop solutions to and ideas about water resources issues
that are particularly relevant to tropical islands.

Rationale for holding the meeting:

Island communities are faced with a unique set of environmental
and cultural issues related to the management of water
resources. Fresh water resources are under threat on many
islands as the result both of overuse and contamination. Ocean
waters in these tropical regions are ecologically sensitive and
valuable, and similarly threatened by pollution. On some
islands, sea level rise is degrading groundwater resources.

Most island communities are heavily dependent on imported
food, fuel, and manufactured goods to satisfy their needs. In
addition, population growth is putting increasing pressure on
water resources. It is crucial that these threats to the welfare of
island communities be addressed by sound scientific research
before they reach crisis proportions. To prevent water shortages,
sustainable management and protection of island water supplies
is even more critical than it is on the continents, as island
communities have no recourse to water importation. Those
tasked with resource protection and management need access
to scientifically sound research that is specific to island
environments.

The above issues are universal to island states, yet researchers
in these far-flung and isolated places seldom have the
opportunity to share knowledge and experience with one
another, as they mainly work in isolation. The great distances
that separate most island states from larger centers of
academia and government means that there is less frequent
exchange between researchers on the islands and their
colleagues in the major population centers. Enhanced
communication and collaboration between island researchers
can provide a vital, synergistic link, which strengthens all

research programs. It is a truism that the greatest scientific
advances usually result from a collaboration of researchers
working together.

Last December’s conference in Honolulu lasted for three days
and included 48 oral presentations and 28 posters. 150 people
took part. The conference opened with a recorded message
from Hawaii Senator Mazie Hirono. The meeting closed with a
panel discussion attended by directors from hosting
organizations to discuss core research capabilities and gaps,
focus areas, and opportunities and plans for collaborative work.
Selected authors of significant contributions were invited to
submit manuscripts that will be published in a volume of
proceedings.

Oral presentations at the conference included sessions on:

• Water resources sustainability

• Water quality

• Climate change and its impacts on water resources

• Water resources exploration

• Protection strategies for water resources

• Managing water demands and supplies

• Coastal groundwater

For those of you who missed the conference you can view
some of the presenters’ powerpoint presentations at

http://tinyurl.com/gv9d5c7.
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Since 2013 WRRCs responsibilities have included being the NIWR water
center for American Samoa. WRRC faculty are currently engaged in a
number of ongoing research projects being conducted there including:

• Ground water sustainability of the Island of Tutuila.

• Assessing ground water quality in the Tafuna-Leone Plain.

• Geochemical delineation of aquifer boundaries and assessment of
ground water quality on Tutuila Island.

• Quantifying ground water discharge from the Faga’alu Aquifer.

• Building a polychaete species database for water management
purposes in American Samoa.

• Identifying future hotspots for algal blooms: A multi-dimensional
analysis evaluating impacts of
potential land-based sources of
pollution on the health of
American Samoa’s coasts.

• Capacity building and science
communications for groundwater
sustainability work.

WRRC Specialist Philip Moravcik, WRRC
microbiologist Marek Kirs and graduate
research assistant Chris Shuler recently
visited American Samoa to meet with
stakeholders there to familiarize them
with the work that WRRC does and to
learn from them what water issues they
consider most in need of investigation.
Meeting participants included representatives of the American Samoa
Community College, the American Samoa Power Authority (who operate the
central water system), the American Samoa Coral Reef Advisory Committee,
the National Parks Service, and Sea Grant.

In addition to hosting this meeting Kirs and Moravcik were in American
Samoa to collect water samples, primarily from rain catchment vessels, as
part of their investigation into rainwater catchment practices in American
Samoa and associated health risks. The project is intended to evaluate the
potential of rainwater as an adjunct or emergency supply in the event that
other sources are interrupted by natural disaster. It was observed during the
course of collecting the samples that many households collect rainwater on
a small scale for uses ranging from garden irrigation to drinking. Samples
were also taken from streams which are commonly used for water supply in
a number of villages around the island of Tutuila.

The samples were tested for standard
indicator bacteria (total coliforms and
E. coli). Samples were also collected
for DNA-microbial community analysis
and for detection and quantification of
human pathogens, using next
generation sequencing and quantitative
polymerase chain reaction based
methods respectively. The analyses of
the DNA samples is currently
underway.

Recent WRRC Faculty Visit to
American Samoa
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Statewide Wastewater
Operator Training Center

WRRC faculty member Dr. Roger Babcock has
assumed the responsibility of organizing Hawaii’s
Statewide Wastewater Operator Training Center,
the mission of which is to develop and provide
wastewater training to increase the knowledge
and skills of plant operators and maintenance
personnel, to improve plant compliance, and to
optimize treatment effectiveness, efficiency and
reliability.

The Training Center offers 63 different courses
and conducts 95 sessions with 1,200 registrants
participating in the program annually. Participants
come from the counties, state and federal
governments and private treatment facilities. The
Training Center supports 460 wastewater
treatment plant operators and 400 maintenance
and supporting personnel such as pump station
and collection system specialists, mechanics,
electricians, inspectors, truck drivers and
administrators. Training is open to anyone.
Further information is available on the WRRC
website
(http://www.wrrc.hawaii.edu/swotc.shtml) and you
may contact Dr. Babcock directly at:
uhwwtrainingcenter@gmail.com,
Phone: (808) 956-7298 or Fax: (808) 956-5014.

Operators at the Sand Island treatment plant.
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2015 L. Stephen Lau Scholarship Awardees

The annual L. Stephen Lau scholarship was established with
funds endowed to the University of Hawaii at Manoa by Dr. L.
Stephen Lau and Mrs. Virginia May Lau of Honolulu. Dr. Lau is
Emeritus Professor of Civil Engineering at the University of
Hawaii at Manoa College of Engineering and was director of the
UH Water Resources Research Center from 1971 to 1990.

The purpose of the scholarship is to further knowledge of
Hawaii’s natural waters by providing financial assistance to
students that may be used for anything related to costs of
attendance or research.

In 2015 there were two awardees receiving $1,500 each. The
winners were Melia Iwamoto and Samuel Wall.

Melia is a doctoral
student in Geotechnical
Engineering at the
Department of Civil
Engineering at U.H.
Manoa. the project that
she proposed is
“Rainfall-Induced

Landslide Early Warning

System for Soil Slopes

in Oahu, Hawaii”.  Due
to climate change,
severe weather events
are increasingly
common worldwide.
Increased rainfall
intensity and frequency
will affect infrastructure
through flooding, and
increased incidence of
landslides. Oahu
witnessed several landslides along both Pali and Likelike
highways during a 2006 event, categorized as a 25-year storm.
However, this event is not considered the worst-case-scenario
as engineers are required to design for a 100-year flood. These

once rare events may
become the norm in
coming decades, and
the public must be
forewarned about
serious disasters such
as rainfall-induced
landslides. An
accurate early warning
system could provide
enough warning to

save lives and property. Melia’s dissertation research will focus
on creating a rainfall-triggered landslide early warning system for
the state of Hawaii.

Two slopes will be instrumented and monitored, one near the
Kailua side of the Pali highway and another near the town side
of the Likelike highway. The Pali slope contains sapprolitic
material 25 ft above the highway at a near vertical angle. The
Likelike slope consists of silty-clayey fill material 40 ft high and
has had record of movement in the past. Stabilization has been
attempted using a berm at the toe of the slope but it continues

to move. Inclinometers will be used to measure vertical
movement and tensiometers and water content sensors will
measure rainfall infltration. A rain gauge has been installed for
accurate rainfall data. These instruments will be used to
calibrate and validate a prediction model that will be developed
based on this study.

Samuel is a master’s degree student in Geology and
Geophysics at U.H. Manoa. His research project is “Pesticide

Fluxes through the

Hydrological Cycle

Downstream of Seed Crop

Operations on Kauai, HI”.
The research focuses on
pesticide fuxes from
agricultural lands and
pesticide distribution
between surface and
groundwater reservoirs.
Specifically, Sam is
quantifying pesticide
inventories in surface and
groundwater, as well as
coastal water downstream
of corn seed crop sites in
southwest Kauai. He is
quantifying pesticide fluxes
by measuring surface
water-groundwater
interactions using geochemical tracers and hydrological
methods. To do this he has been using enzyme-linked
immunosorbent assay (ELISA) tests to analyze for three kinds
of pesticides. Sam will use the scholarship funding  for a more
sensitive and detailed analysis of a broader suite of pesticides in
a few selected samples in which  preliminary testing with ELISA
showed elevated levels of target pesticides.

Seed corn test crop sites on Kauai have become a battleground
between the chemical engineering companies and concerned
citizens on Kauai
because of the purported
overuse of restricted use
pesticides (RUP) near
inhabited areas, and
potential negative effects
on human and aquatic life.
The herbicides atrazine
and metolachlor are two
RUPs currently being
used on the seed corn
crops which have been detected in surface and groundwater on
the island. Samuel and his colleagues will study fluxes of RUPs
as they are distributed between ground and surface water
reservoirs and finally transported to the ocean. They will sample
groundwater downstream of crop fields using piezometers and
surface water in ditches and streams.

Melia Iwamoto

Samuel Wall

Pali tunnel - 2006 landslide
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WRRC Specialist faculty member Philip Moravcik recently returned from a sabbatical leave in the Czech Republic. Moravcik spent
last year working with colleagues from the Department of Irrigation, Drainage and Landscape Engineering at the Czech Technical
University in Prague (CVUT). Specifically he was working at a new European Union-funded research facility near the small town of
Buštehrad, northwest of Prague. The research facility is the University Center for Energy Efficient Building (UCEEB). The primary
focus of UCEEB is, as the name suggests, on exploring and developing ways to save energy in buildings.

From the UCEEB website:

♦ UCEEB was founded in 2010 as an independent university institute Technical University in Prague supported by the European

Regional Development Fund and the state budget. The Buštìhrad building was inaugurated on 15. 5. 2014.

♦ UCEEB brings together leading academics from four faculties - civil, mechanical, electrical and biomedical engineering, who are

jointly engaged in sustainable buildings.

♦ UCEEB aims to naturally align scientists from fields that have energy efficient buildings close by, and to address the issue

comprehensively.

♦ UCEEB is a response to one of the most important priorities of the European Union - Energy saving in buildings (Buildings

consume 40% of all energy in the E.U.)

♦ UCEEB to join the professional European projects such as the Joint Technology Initiative on Energy Efficient Buildings, which is

based on the European Union’s objectives to reduce the emissions of CO
2
 .

Moravcik and CVUT colleagues were looking at water aspects of reducing
building energy consumption. They installed three meteorological stations
around the facility (check out current conditions: http://147.32.99.40:5001/
index.html), experimented with different plantings on the building’s green roof,
and developed research plans for planned pervious paving and green facade
projects at the facility.

Sabbatical Report

The UCEEB facility in Buštehrad, Czech Republic

A Graduate Research Assistant (GRA) is being sought to work with a team of scientists from the  University of Hawaii and University
of North Carolina at Chapel Hill (UNC) on assay  development and validation. The project involves working with the Hawaii Department
of  Health, Surfrider Foundation and other local stakeholder groups. The GRA will be trained in the  latest qPCR and digital PCR-
based techniques which will be used in the assay development. This  position involves travel to, and work at the Institute of Marine
Sciences (UNC) and opportunities  to present research results at conferences. The ideal candidate will have a strong interest in
microbiology and public health, and will develop a MSc thesis based on the project.   In addition, the Graduate Research Assistant is
required to (1) attend a half-day orientation at Sea Grant (UH), (2) participate in 2016 and 2017 Hawaii Sea Grant professional
development  workshops, (3) present their research at Hawaii Sea Grant’s Research Symposium, (4) present  their findings to the
public at an end-of-year program (e.g., presentation at the Hanauma Bay  Nature Preserve), (5) author an article in Hawaii Sea
Grant’s “Ka Pili Kai” quarterly newsletter,  and (6) provide 40 hours (20 hours/semester) of outreach service to the Hawaii Sea Grant
community.

Start date:  Fall Semester 2016. If interested, please e-mail your CV and cover letter outlining your interest in this project

to Dr.  Marek Kirs (kirs@hawaii.edu)

Graduate Research Assistant Opportunity

The Water Resources Research Center administers the State Water Resources Research Institutes Grant Program (WRRIP) for
Hawaii and American Samoa. Rapid growth and change in Hawaii’s economic base are leading to serious competing demands.
Coastal water pollution prevention is critical because the state’s economy directly depends on the quality of coastal waters. In FY
13, UH WRRC was designated to also serve as a regional water research center administering the research activities in American
Samoa. Problems faced by both American Samoa and Hawaii are often similar, including contamination of groundwater,
susceptibility of wellhead areas, coastal contamination by land runoff, and disposal of wastewater.

American Samoa Grants:

To be considered for funding under the American Samoa program, the proposed research was required to address water resource
problems for American Samoa and to include strong cooperation with agencies from American Samoa through research activities.
There are five projects each for American Samoa and Hawaii. These projects support a wide range of research areas as described
on the following pages.

Water Resources Research Institute Program 2016 Projects

continued on page 5
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The environmental microbiology laboratory at WRRC is gearing up for
two new and exciting projects starting Spring 2016. Both projects are
aimed at promoting positive change in Hawaii's water quality
monitoring programs and strengthening WRRC's partnership with
several stakeholder groups including the state Department of Health,
the City and County of Honolulu Department of Environmental
Services, the Honolulu Board of Water Supply, and local NGOs.

One project aims at enhancing current, as well as developing new,
rapid recreational water quality tests for beach notification purposes.
Using novel molecular EPA-approved methods, beach management
decisions could be posted just a few hours after sample collection,
ideally before most people arrive at the beach. Rapid results would
also allow beach notifications to be removed in a timely fashion, once
follow up tests indicate bacterial levels are in compliance with water
quality standards. Currently we are not able to deploy these rapid
molecular tests in Hawaii, as a large percentage of our coastal
samples are compromised by interference by not yet-identified
substances in our ocean water. Therefore better methodologies are
needed for Hawaiian coastal waters.  Also importantly, the
microorganism targeted by the new rapid tests, Enterococcus, is not
a reliable indicator of sewage contamination in Hawaii as
demonstrated in earlier studies by WRRC scientists. Therefore an
alternative rapid test for a sewage-specific marker will be developed
and utilized in parallel with the EPA-approved test.  Next year the
tests will be used to evaluate water quality at Waikiki and Ala Moana
beaches by teaming up with the Clean Water Branch (HI DOH), the
City and County of Honolulu and the Surfrider Foundation Oahu
Chapter. We envision that in the long-term, rapid molecular tests will
be adapted for beach notification purposes in Hawaii. Rapid detection
and confirmation of sewer leaks is another application of the new
type of testing. This is a collaborative project with the University of
North Carolina at Chapel Hill team who have been pioneering rapid
methods development. The project is funded by the University of
Hawaii Sea Grant College Program.

The overarching goal of the second project is to characterize
microbial communities and sources of microbes in Honolulu's
municipal water supply. Currently no information on ambient
microbial communities in our drinking water supply exists. This will
be the first in-depth analysis of microbes in our water supply which
combines cultivation-based and molecular approaches. The project
will establish baseline data to evaluate long-term changes in
microbial parameters in our water supply (e.g. climate change-
related, slow leak of contaminants, salinization, etc.) and increase
disaster readiness as impacts to and recovery of the drinking water
system can be studied when the water supply has been
compromised (e.g. sewage, biological, or other contamination). The
project will also enhance water resource management as it improves
our understanding of sources and dynamics of microbial
contaminants in our drinking water supply. The project is funded by
the USGS.

We hope that both, coastal and groundwater quality projects, will
enhance communication, awareness and understanding across the
stakeholder groups and will enable us to develop a stronger and
lasting relationship with local communities as well as build further
research opportunities to serve the state and the community. Both
projects are expected to last for two years and provide training for
two undergraduate students and one graduate student.

Exciting New Projects at WRRC’s
Microbiology Laboratory

continued on page 6

Effects of upland pollution on benthic communities

around Tutuila, American Samoa. (2016AS453B)

Tutuila is the main island in American Samoa with about
97% of its total population. The most populated
 areas are located at the bases of watersheds leaving the
near shore ecosystems at risk of non-point source pollution
(NPS). Several watersheds in American Samoa have failed to
meet water quality standards and about 58% of all assessed
coastal shoreline is classified as impaired with the main
causes being the presence of indicator bacteria (e.g.
enterococci) and nutrients above the established standards.
The effects of the increased load of nutrients to the near-
shore soft-bottom communities have never been investigated.
The main goal of this study is to establish a gradient of
upland pollution and the effects on the soft-bottom
communities. It is expected that a gradient of impacts from
the sparsely to densely populated watersheds will be
observed. The response of the benthic macrofauna is an
indication of the resilience of the environment. The number of
species, their diversity and abundance have been extensively
used as bioindicators of ecosystem health. The purpose of
the proposed study is to collect samples during two
temporal situations for nutrient and benthic analyses from
six near-shore regions adjacent to watersheds.

Assessing Recharge Mechanisms of Groundwater Under

the Influence of Surface Water with Isotopic and

Microbiological Tracers, Tutuila, American Samoa

(2016AS454B)

The municipal water supply system on Tutuila is currently
unable to provide potable drinking water to the island’s
growing population. In 2009, a boil water notice was issued
throughout much of Tutuila’s water service area due to
elevated turbidity and E. coli detections in some supply
wells. Previous studies have shown some supply wells are
experiencing very short groundwater recharge times during
heavy rain events, and are producing Groundwater Under the
Direct Influence of surface water(GUDI). Measurements of the
stable isotopes of hydrogen and oxygen, 2H and 18O, have
been used extensively in continental and island settings as
tracers of recharge elevation and other hydrologic processes.
These measurements have also been used to a lesser extent
to understand groundwater-surface water interactions, and
the surface water issue on Tutuila provides a unique
opportunity to utilize seasonal variation of isotopes in
precipitation to understand the recharge mechanism in the
GUDI wells. Since bacteriological groundwater contamination
is the primary health risk from surface water, bacteriological
indicators, such as total coliforms and Escherichia coli, will
also be used to assess the potential for pathogen
contamination. Results of this work will provide insights into
the mechanism of surface water contamination, which will
enable water management agencies to site wells in locations
that limit the probability of surface water influence. The
management implications for the outcome of this study are
significant, ranging from the replacement of a few existing
wells to the abandonment of the most productive well fields

Water Resources Research
Institute Program 2016 Projects

continued from page 4
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Water Resources Research Institute Program 2016 Projects
continued from page 5

on the island.

Stream pesticide and nutrient loads from baseflow, surface

runoff and sediment contributions on Tutuila Island,

American Samoa (2016AS455B)

The work will utilize an existing watershed model (SWAT)
developed for Faga’alu, Tutuila, in combination with pesticide,
nutrient, and sediment measurements, to determine the
contribution of baseflow, surface runoff, and sediments to
pollutant fluxes in Faga’alu Stream. This research will provide
important information for land and water resource managers
(ASPA, AS-EPA) on the distribution and transport of pollutants
during baseflow conditions and rain events so that protective
measures can be developed for pollution migration downstream
in the watershed. The research will focus on nutrients because
previous research showed that nitrogen and phosphate are of
concern in this watershed. In addition, WRRC’s preliminary
pesticide measurements in two groundwater samples indicated
the presence of ppb levels of metolachlor and glyphosate (0.1-
0.5 ppb) in the underlying aquifer. This study will focus on
forested, agricultural, and urban parts of the watershed. The
research will evaluate baseflow conditions as well as fluxes and
inventories after several rain events of varying magnitudes.
Another major contribution of this project will be the
incorporation of observed data into the SWAT model and using
appropriate modules to model sediment and pesticide transport
across the watershed. The model will incorporate existing long-
term sediment records available for this watershed.

Likely hotspots for algal blooms: A multi-dimensional

analysis to evaluate seasonal impact of land-based sources

of pollution on the health of American Samoa’s coasts

(2016AS456B)

Recent hydrological studies have shown that land-use practices,
such as agricultural practices, significantly impact the state of
coastal biological communities, via contamination of submarine
groundwater discharge (SGD), a vector for the delivery of
anthropogenic nutrients to tropical reefs. Sustainable land-use
practices that put a premium on developing best practices for
future farming and wastewater techniques, must consider the full
ramifications land-based sources of pollution, including severe
‘nutrification’, an ecosystem level increase in nutrients that
drives algal blooms. Moreover, the effect of potential land-based
sources of pollution, linked by SGD to coastal American Samoa
may be exacerbated by seasonal variation and global climate
regimes such as El Niño. Over the course of University of
Hawaii’s decade-long study of algal blooms in Hawaii, this
research group has developed techniques enabling identification
of coastal sites where contaminated groundwater discharges,
offering new tools to identify hot spots, that is sites that may be
precipitously poised to suffer significant collateral impacts if
ecosystem features are altered due to climate change. The
objective of this proposal is to employ three emerging indicators
of ecosystem health in sites along a human use gradient on
Tutuila. The work will build on previous successful WRRC-funded
field season (July 2105) by examining seasonal variations,
specifically the impact of El Niño, and SGD on coastal biota of
Tutuila. The parameters of impaired ecosystems are variations in
ä15N and % N in deployed non-calcified algae, modified
microbial communities as assessed by next generation

sequencing, and macro-benthic surveys at impacted and
reference sites. By coordinating genomic samplings for
microbial diversity at the same sites where they examine the
source (tissue analysis for ä15N) and the flux (tissue analysis
for % N) of nitrogen, into those coastal sites, the team expects
to be to identify hot spots for likely shifts in microbial community
structure and benthic communities at potential impact sites and
pristine coastal waters. Importantly, this multi-year and
continued multi-dimensional study will enable a better
understanding of SGD and 2 commensurate responses in
coastal microbial communities that will aid resource managers
in on-going monitoring and detection of wastewater in coastal
communities.

Real-time Optimization of Irrigation Scheduling for

Farmlands in American Samoa (2016AS457B)

Irrigation is an important issue in some parts of American
Samoa and this has raised concerns for farmers in those
regions due to the high cost of water. Concerns about climate
change and population increase make it necessary to conserve
water resources. One of the easiest and most affordable ways to
protect water resources in American Samoa is to design optimal
irrigation scheduling. Over-irrigation can have serious
consequences on American Samoa’s increasingly threatened
environment. Over-application of irrigation water can saturate the
root zone, leading to deep percolation, where water drains below
the root zone and is lost. Deep percolation can leach fertilizers
and other chemicals from the root zone into the groundwater,
impairing the quality of the source and possibly the nearshore
coastal waters through submarine groundwater discharges.
Runoff from over-irrigation also influences surface water quality
and marine ecosystem. Other adverse impacts of over-irrigation
include wasting of water and energy, and potential decrease in
crop yields. Obviously, under-irrigation may diminish crop yields,
which will decrease profit margins. Therefore, optimizing
irrigation scheduling benefits not only the environment but also
the local economy. Most commercial vegetable production
operations irrigate based on past experience and perceived crop
water requirements without taking into account key components
of the water budget - especially soil water content and
evapotranspiration. In this project, a robust approach (based on
the water budget model) will be proposed to optimize irrigation
scheduling in American Samoa’s intensive vegetable production
systems. The model incorporates inputs of soil texture, irrigated
water, and evapotranspiration. The objectives are to 1) develop
weather-based irrigation scheduling to improve water use
efficiency for selected high value vegetable crops, and 2)
implement an outreach program to enhance growers’ awareness
of irrigation management strategies. The research team will
conduct this project at two of the main farms of American
Samoa in collaboration with their owners. The first farm,
Avegalio, is located in the village of Pavaiiai in the Tualata
district on the island of Tutuila. The second farm is in the village
of Malaeloa, also on Tutuila. These farms are in important
producing areas with numerous intensive vegetable farms
producing high value vegetable crops. The principal investigator
of the project has been in touch with the owners of these farms

continued on page 7
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and they have expressed their interest and support for this
project.

Hawaii Grants:

Understanding the hydrology of a rainforest watershed in

Hawaii (2016HI459B)

Recent studies have shown an increase in rainfall intensity in
Hawaii. However, total rainfall has been on the decline in the last
two decades and stream flow is subsequently subsiding.
Climate models project continuous decline in rainfall with uneven
spatial distribution. The impact of decreased atmospheric
circulation in the tropical Pacific on trade winds and cloud
formation remains unclear. In addition to large scale climate
circulation, local topography and geographical location play an
important role in determining characteristics of rainfall. All these
factors add more challenges in assessing stream and
groundwater flows and their influence on water availability and on
the islands’ ecosystems. Lyon Arboretum, located in upper
Manoa Valley is within the Waikiki Ahupua’a, and is the only
accessible tropical rainforest on the island of Oahu. Lyon
Arboretum, consisting of a total of 78.3 hectares was used to
conduct experiments for sugarcane and watershed reforestation.
Presently, it is a rainforest with limited anthropogenic
disturbance. Rainforests are recognized for their role in the water
cycle, transpiring water to the atmosphere and contributing to
rain-cloud formation. Forests also protect the soil layers that
store water and prevent soil erosion. With its unique location and
topography, the watershed containing Lyon Arboretum receives
frequent and intense rainfall. Previous research at Lyon
Arboretum has focused on assembling native and introduced
plant species as well as preserving rare Hawaiian plants. Little
has been done to understand how the rainforest responds to
unique precipitation patterns at a watershed scale. This research
proposes a proof-of-concept project to understand the hydrology
of rainforest watersheds in Hawaii. The research team will install
two monitoring stations at the study site. A land cover survey
and spatially distributed rainfall, along with monitored stream
flow data, will be used to assess the stream response for the
rainforest watershed. The data will aid in understanding
hydrologic mechanisms and processes, including flow paths,
groundwater recharge, evapotranspiration, and time of
concentration. As it is naturally covered, the study watershed
provides an excellent prototype for understanding stream flow in
rainforests under undisturbed conditions. With this information, it
should be possible to assess nutrient and sediment transport
and their contribution to downstream watersheds. The study will
also develop a hydrologic model utilizing compiled monitoring
data. This will set a baseline for future studies on exploring
hydrologic mechanisms and nutrient transport under disturbed
conditions (e.g., land use changes, stream diversions, and
groundwater withdraw). The established knowledge of plant
species in Lyon Arboretum provides a great source to
understand rainforest evapotranspiration and its interaction with
cloud formation. With the projected changes in rainfall under
future climate, this project will help in assessing the impacts on

rainforests and the respective freshwater availability for human
and natural ecosystems.

Wastewater treatment for point source processing and reuse

(2016HI460B)

Water-limited island communities, such as those in Hawaii, face
mounting pressure on water supply including increased
consumption, lower rainfall, decreased groundwater recharge,
and redirection of rainfall over natural watersheds - all of which
stress the existing supply of potable groundwater. Of the many
options in Hawaii – e.g., conservation, watershed repair,
rainwater capture - the most obvious but least employed is the
recycling of treated wastewater. This is both unfortunate and
unwise; approximately 100 million gallons per day of water pass
through Hawaii’s wastewater treatment plants prior to discharge
into the ocean. There are also at least 100,000 cesspools in
Hawaii, most, if not all of which are designed to discharge water
without reuse. Given Hawaii’s year-round sunshine, land
limitations, growing population, and isolation from mainland
markets, an attractive use of recycled water in Hawaii is to grow
edible/energy crops using high-density hydro/aeroponic
technologies in greenhouse “malls”. The cost of producing
recycled R1 water is not the only impediment to its commercial
use. The main technologies used to produce R1 water – e.g.
aerated activated sludge beds and membrane reactors – remove
micro and macronutrients through the production of biomass or
filtration. This diminishes the value of the treated water as a
resource to irrigate food or energy crops. The cost of producing
R2 water, by contrast, is lower and tends to retain plant-
available macronutrients. As such, the production of R2 water
(instead of R1) and its recycling for irrigation of edible, energy, or
horticulture crops makes it an attractive alternative. Work on
this project seeks to establish a foundational long-term research
program examining the sustainable recycling of R2 wastewater
for cultivation of edible/energy crops in aeroponic growth
systems. The research team seeks to ultimately produce a peer
reviewed body of research on crop feasibility and value to
Hawaii, pathogen control protocols, and the steps necessary to
transition the work to field scale application including the
recycling of wastewater treatment plant wastewater for the
production of food and energy crops in controlled aeroponic
greenhouses.

Influence of anthropogenic and climatic forcing on water

quality within a tropical coastal ecosystem (2016HI461B)

The overarching goal of this work is to understand how microbial
community structure and function in tropical coastal estuaries
drive geochemical processes in response to climate forcing.
Conditions in the equatorial Pacific signify a developing El Niño
but its current impact on environmental conditions in the
Hawaiian Islands due to atmospheric teleconnections is not well
defined. For Hawaii, El Niño events typically displace the
subtropical jet stream, leading to decreased precipitation in
boreal winter and slightly increased rainfall in summer as well as
decreased trade winds. The investigator will sample a network of
sites within a coastal embayment across a salinity gradient,
weekly for 18 months to analyze changes in microbial diversity
and metabolic potential within the Heeia Coastal Ocean

continued on page 8
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Observing System (Hawaii, USA). Over the past eight years, the
on-going time series has conducted monthly (or more frequent)
sampling and maintained in situ instruments, to record physical
and biogeochemical variability in this estuarine system and the
adjacent coastal ocean. In addition to providing a data-rich
physical and biogeochemical baseline for interpreting the
proposed microbial work, this field site enables repeat sampling
and more robust analyses that will inform us about seasonal
variation in microbial community diversity and function. To help
interpret patterns from field samples, enrichment experiments,
manipulating concentrations of nutrients, will be conducted in
situ and in vitro simulations of water column temperature
gradients will be conducted jointly. These analyses test two
hypotheses about the environmental factors driving microbial
community structure: 1) increased sea surface temperatures will
alter the frequency of extreme events such as flooding and
tropical cyclone/hurricane activity, leading to increased mixing of
estuarine environments as well as increased inputs of
terrestrially-derived nutrients to the coastal ocean from surface
runoff and groundwater input, and 2) El Niño conditions promote
temperature stratification of the water column, which will
decrease oxygen availability and drive a shift in benthic
biogeochemistry to more reducing conditions.

Identifying groundwater flow and contamination to streams:

Kahaluu Watershed, Oahu (2016HI462B)

The surface waters in the Kahaluu Lagoon on the windward side
of Oahu fronted by Kaneohe Bay have been shown to have very
high levels of wastewater-related bacteria. Watersheds feeding
this lagoon contain over 1,600 cesspools or other on-site
disposal systems (OSDS). While some introduction of sewage
contamination may be due to overland flow during storm events
causing OSDS to overflow, there is also chronic introduction of
sewage contamination by the discharge of groundwater to
streams. To identify the areas and more importantly the OSDSs
that are the primary source of wastewater contamination to the
streams and the lagoon, the specific stream reaches where
groundwater discharges to the streams need to be identified.
This knowledge is critical to fully characterize the problem of
wastewater contaminating surface water. Therefore, this
research will combine and refine new methods to identify and
quantify the locations and flux of groundwater and subsurface
contaminant pollution to streams via continuous measurements
of groundwater/surface water interaction by using four
independent approaches that combine: 1) infrared mapping of
groundwater seepage to streams and lagoons with thermal
infrared imagery, 2) traditional seepage runs, 3) radon-222 and
radon-220 activity surveys with continuous monitoring, and 4)
continuous stream flow monitoring at multiple locations. Using
these four independent methods to assess groundwater–surface
water interaction in combination will allow cross-validation
between the individual methods as well as the refinement of
each method.

Microbial communities and sources of bacteria in

Honolulu’s water supply (2016HI463B)

Groundwater constitutes the largest freshwater biome, yet is the
least explored habitat on Earth. Groundwater systems provide
essential ecosystem services by storing and providing water and

geothermal energy as well as by balancing hydrological
extremes, providing active biodegradation of anthropogenic
contaminants, and nutrient recycling. While
critical for human existence, groundwater is
vulnerable to various chemical and
microbiological contaminants such as
pesticides, petroleum hydrocarbons, human
pathogens and others. This is of highest
concern on islands where freshwater supply is
limited and already partially compromised by saltwater intrusion
due to ever increasing demand. Therefore island communities
are most vulnerable to any change (i.e. climate, biological or
chemical sabotage, fuel spill, etc.), which can alter water quality
and limit the supply. Currently we are unable to identify impacts
to, nor recover the compromised systems based on
microbiological data, as no information on ambient microbial
communities in our drinking water supply exist. The overarching
goal of the project is to characterize microbial communities and
sources of microbes in Honolulu’s water supply. This is the first
in-depth analysis of microbes in our water supply which
combines cultivation-based and molecular approaches and sets
following objectives: 1) identification microbial community
structure in our drinking water system, 2) identification of wells
which are under direct surface water influence, and 3) risk
identification. We will determine whether the source of microbial
indicators in compromised groundwater wells or water
distribution systems is from soil or human sewage. The project
is expected to last two years, with the first year focusing on
analyses of water samples collected from source waters (spring
and tunnel water) and from the distribution system at sites
selected by the Board of Water Supply (BWS). At the end of the
first year we will evaluate the approach (i.e. ultrafiltration vs. grab
sample) and select study areas (hot spots) for more focused
and intensive sampling. Priority will be given to sites that
address the most urgent needs of the BWS (e.g. Navy’s fuel
spill site in Aiea and others). Water samples will be analyzed for
HPC, total coliforms, E. coli, enterococci, C. perfringens, F+
specific coliphages by cultivation based techniques, while
concentrations of sewage specific markers (human-associated
Bacteroides and human polyomaviruses) will be determined by
qPCR. Microbial community composition will be determined
using high-throughput sequencing. The project will enhance
assessment of water resources and related management
decisions in Hawaii, which will increase the reliability of our
water supply. The project will establish baseline data to evaluate
long-term change in water supply (e.g. climate change related,
slow leak of contaminants, salinization, etc.) and increase
disaster readiness as impact and recovery of the drinking water
system can be studied when the water supply has been
compromised (e.g., due to sewage, biological, or other
contamination). The project will also enhance water resource
management and improve our understanding of sources and
dynamics of microbial contaminants in our drinking water
supply. The project will also strengthen partnership between the
WRRC and Honolulu BWS. Although this project is focused on
Oahu, the problems faced and targeted by this proposal are
applicable to the wider region of the Pacific and beyond.
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