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VI. Report
A. Introduction. Hawai‘i’s coral reefs contribute ~$800 million dollars annually to the state’s
economy. Unfortunately, these coral reefs are declining as a result of multiple stressors. Sewage
from cesspools is one of most devastating stressors in rural areas where reefs are still relatively
healthy. Cesspools are used more widely in Hawai‘i than any other state in the U.S., and their
discharge of pathogens, nutrients, cleaning chemicals, and hydrocarbons pose a threat to coral
reef and human health. Hence, Hawai‘i State’s Coral Reef Strategy, Objective 1, is to reduce
key anthropogenic threats to near-shore reefs. Puakō, located on Hawai‘i Island, is one of two
priority sites in the state identified for site-based actions.
While Puakō’s coral reefs are some of the richest in Hawaiʻi state, there has been increasing
concern about sewage pollution since the 1960s. Hawai‘i’s Division of Aquatic Resources
(HDAR) found Puakō’s reefs to be in ‘dire straits’, with coral cover decreasing 35% and turf and
macroalgae cover increasing 38% over the last 30 years. The Puakō Community Association
(PCA) contacted the University of Hawai‘i at Hilo (UH-Hilo) and requested a study to determine
whether sewage is entering their coastal waters and impacting their reef. To do this, dye tracer
studies, 15N macroalgal and fecal indicator bacteria (FIB) measurements, as well as water
quality and benthic sampling, surface and benthic water quality mapping, and coral pathogen
testing are being conducted. With data from UH-Hilo’s study, PCA will have scientificallydefensible results that will demonstrate to Hawai‘i County and State the urgency to connect their
community to existing sewer lines or to apply for federal funding to upgrade their cesspools to
more effective wastewater treatment systems. Either outcome will improve water quality at
Puakō and help mitigate coral disease, future coral cover loss, and reduce human health hazards.
B. Purpose. In November 2013, PCA contacted UH-Hilo’s Marine Science Department and
requested that they conduct a study to determine whether sewage was entering their coastal
waters and impacting their reefs. They wanted to document the presence of sewage in their nearshore waters to convince Hawai‘i County and State of the urgency to improve wastewater
disposal in their community. Data collected by UH-Hilo, as part of this study, will provide PCA
with baseline data to compare to following any wastewater disposal upgrade efforts, and allow
them to evaluate whether those upgrades were effective. PCA would like to be a model
community for Hawai‘i Island and State with regards to a community-based initiative to improve
near-shore water quality and coral reef health. Hawai‘i State needs examples like Puakō to help
convince the public that a cesspool ban, as proposed by Hawai‘i’s Department of Health
(HDOH) in 2014, is necessary to improve coastal water quality and decrease the health risks to
recreational water users.
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In collaboration with PCA, goals and objectives to address their sewage pollution issue
were derived. The Project’s Goals are to: (1) use chemical and biological approaches to
determine if sewage pollution is entering near-shore waters with coral reefs, (2)
determine whether the sewage pollution is impacting water quality, and (3) assess whether the
sewage pollution is eliciting a community-level response on the reef. The Project’s Objectives
are to: (1) determine the connectivity between domestic wastewater depositories and adjacent
coastal waters through dye tracer studies, (2) evaluate the presence of sewage in near-shore
waters through  15N measurements in macroalgal tissues and FIB, (3) determine if state water
quality standards are exceeded in Puakō waters through FIB measurements, and (4) assess
whether there is coral reef community response to sewage through measurements of benthic
cover.
D. Accomplishments and Results to Date. The UH-Hilo Marine Science research team has
successfully accomplished the majority of tasks outlined in the proposal (Table 1). Substantial
progress has been made on all four of the project’s objectives. Additionally, findings have been
presented at meetings and conferences, 1-page project summaries for the general public have
been generated and circulated, community outreach events have been attended, undergraduate
and graduate students have been trained, and a conference session was organized. Below,
accomplishments and results for each objective are described.
Table 1. Completed and remaining tasks for UH-Hilo’s NOAA Coral Reef Conservation Program project.
Checks () indicate completed tasks; x’s indicate remaining tasks. Project started July 2014. A no cost
extension was awarded until December 2016. This table covers tasks completed from July 2014 to January
2016
Year
2014 -2015
2016
J-J
F M A M
J
J
A
S
O
N
D
J
Task
1. Community/outreach





events/advisory board
2. Planning/preparation
-Hire personnel


-Order equipment/supplies













-Draft work plan/schedule


-Permit applications

-GIS site maps




-Database preparation

3. Personnel training
-Equipment use


-Water sampling


 15N macroalgal assay


4. Initial sampling
-Water sampling/mapping

-Macroalgal sampling

 15N macroalgal assay




-Final site selection


5. Project Sampling
-Dye trace studies


-Water sampling/mapping




15N macroalgal assay


-Benthic community


structure
6. Data Analyses
-Sample processing
x









-Statistical Analysis







7. Reporting
-Progress reports



-Presentations








-Final report
x
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Objective 1:
35
In order to determine
the connectivity of
30
domestic wastewater
depositories with near25
shore coastal waters at
Puakō, groundwater
20
seeps that may be
transporting
15
wastewaters were
identified during low
10
tide when groundwater
influence is greatest
5
and easiest to detect
Salinity
through measurements
of surface water
Figure 1. Map of surface salinity along the Puakō shoreline (June 2014). The map was created using a YSI 6600 sondes and GPS. Shown in the
picture is Dr. Steve Colbert with two of the three summer interns (NSF REU program at UH-Hilo) at the beginning of the surface salinity
salinity. These data
mapping effort.
were then used to
make a near-shore surface salinity map. This map was used to identify ideal locations for dye
tracer studies and sampling stations for Objectives 2-4 (Fig. 1). Based on the location of the
groundwater seeps, as well as cooperating homeowners, dye tracer experiments were completed
at four oceanfront home on site disposal systems (OSDS), three were cesspools in the southern
portion of Puakō, and one was a punctured aerobic treatment unit (ATU; not in use) in the central
portion of the community. Five stations along the shoreline in front of each home were sampled
before and after the dye was added to the OSDS. Samples were analyzed for salinity and
fluorescein (a non-toxic fluorescent dye). Fluorescein concentration vs. time data were used to
calculate dye travel time, flow rate, and dilution before entering the near-shore waters. At the
three dye tracer study locations, initial detection of fluorescein ranged from six hours to three
days after release, and it continued to flow out during low tide over the next several days (Fig.
2). At two sites,
dye was only
observed during
low tide and was
highly diluted
(max. observed
dye concentration
Dye present
= 0.02% initial
Dye present
concentration). At
the third site,
while the same
amount of dye was
added to the
Figure 2. Time series of fluorescein dye concentration in near-shore waters of Puakō following dye injection into a cesspool (20 Nov 2014).
OSDS, the
Background fluorescence levels are indicated by the gray-shaded area. The concentration of the dye injected was 500 ppm. Dye was detected
within three days of the initial release and continued to be detected for five more days (pink-shaded area). The dye was only detected at two
discharge was
sampling locations in front of the home and only observed during low tides. Inset picture is from dye tracer study conducted in November
2015. Here, the dye reached the shoreline in six hours and persisted in nearshore waters for several days, unlike what was observed during the
much less diluted,
other three dye tracer studies.
and dye was
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visible during low and high tides for several days, as it was trapped in a location with little water
circulation (Fig. 2, inset). At all three sites, dye was only observed seeping out of the rocks at
one or two springs identified based on low salinity, suggesting that the groundwater flow
between the OSDS is restricted to specific fractures in the aquifer.
Objective 2: δ15N measurements in near-shore
macroalgal tissues were used to identify locations with
sewage pollution along the Puakō coastline. Sixteen
stations were identified as sampling locations based on
the surface salinity map (Figs. 1 and 3). At each station,
the macroalgal community was characterized, and the
most predominant species were collected and analyzed
for δ15N. To date, a pilot collection at six stations
occurred during July 2014, four full sampling efforts
occurred in November 2014, and March, June, and July
2015, and sampling at five stations (algal cage
deployment shoreline stations) has continued monthly
since September 2015 as part of three undergraduate
research projects. In September 2015, several new
stations south and north of Puakō were sampled to
address concerns of residents that resorts in these areas
might be contributing to their local pollution problem.
From these measurements, there appears to be several
Figure 3. Average  N of macroalgal tissues along the Puakō
locations of sewage pollution (δ15N >+8‰), but these
shoreline (November 2014, and March, June, July 2015), as well as
single sample resident benthic macroalgae values (June, September
are located only within Puakō and not in front of the
2015). Values >8 ‰ are indicative of sewage pollution.
resorts. In January, February, and June 2015, potential
nitrogen (N) sources (sewage,
fertilizers, up-mountain
groundwater, soil under Kiawe
trees, ocean water) were
sampled and have been analyzed
for 15N-NO3-. Additionally, in
September 2015, shoreline water
samples were collected at a
subset of the sixteen stations
where sewage is thought to be
most concentrated for 15N-NO3analyses. We are currently
waiting for the data report from
Colorado Plateau Stable Isotope
Laboratory at Northern Arizona
University. N source values will
be compared to those in the
macroalgal tissues to help
identify sources of N pollution at
Puakō. Comparison of nutrient
concentration data from up15

4

mountain groundwater wells with nearshore coastal waters indicate that there is some nutrient
source between these two locations adding nutrients to the water (Fig. 4). The observation that
nutrient concentrations increased from wells located at the Mauna Lani Resort (just above
Puakō) and Puakō (on the mountainSurface
side of the street) to the nearshore
waters suggests that leakage from
OSDS is a likely source.
To determine the spatial extent
of sewage pollution offshore and
possible direct seepage through the
Benthic
coral reef, cages containing the native
macroalgae Ulva were deployed and
incubated along onshore-offshore
transects at five locations along the
shoreline (Fig. 5). Three locations have
high shoreline groundwater inputs, and
two have low groundwater inputs.
Locations for transects were
Shoreline
determined using the surface salinity
Figure 5. Average  N of macroalgal (Ulva) deployed in shoreline, surface, and benthic cages at five locations
along the Puakō shoreline (June, July 2015). Each location had three stations (shoreline, reef bench, deep water)
algal cages in both surface and benthic waters, except at the shoreline stations. Deployments were used to
map (Fig. 1), dye tracer studies results, with
examine how far offshore sewage travels in the surface waters and whether sewage is coming up through the benthic
substrate and directly impacting the reef.
15N macroalgal coastline sampling
(Fig. 3), and FIB
a
b
measurements
(Fig. 6).
Additionally,
resident algae
from the benthos
were also
collected for 15N
analyses at the
five transect
locations. In
September 2015,
we also sampled
resident benthic
algae at the bench
and deep water
locations offshore
Figure 6. Average a) Enterococcus and b) Clostridium perfringens values along the Puakō shoreline (November 2014, and March, June, and July
from all 16
2015), as well as offshore in surface and benthic waters at the algal cage deployment stations (June and July 2015). Several stations have values
shoreline
higher than the state standards. No single sample shall exceed 104 MPN/100 mL (HDOH standard) for Enterococcus. Recommended C.
perfringens standard for recreational waters is 5 CFU/ 100 mL (to HDOH; Fujioka et al. 1997) .
locations. Permits
for the deployments were obtained in April 2015. Assistance from three summer interns from
the UH-Hilo Pacific Internships Programs for Exploring Science (PIPES; funded in part by the
National Science Foundation (NSF) Research Experiences for Undergraduates program;
http://hilo.hawaii.edu/uhintern/), and six undergraduate and two UH-Hilo volunteer divers
15

5

C. perfringens (CFU/100mL)

Enterococcus (MPN/100mL)

facilitated this effort. Additionally, members from the PCA provided housing to the research
team during deployments at minimal cost or gratis.
Objective 3: To determine if
10000
a
state water quality standards are
exceeded in Puakō’s near-shore waters
1000
for FIB, water samples were collected at
16 stations for Enterococcus and
100
Clostridium perfringens. Values for
these parameters were compared to state
10
water quality standards to determine if
state benchmarks are exceeded. To
1
date, a pilot collection at six stations
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
occurred during July 2014, four
18
shoreline samplings occurred November
16
b
14
2014, March, June, and July 2015, and
12
sampling has continued at five of the 16
10
stations monthly from September 2015
8
as part of three undergraduates research
6
projects. During November 2014 and
4
2
July 2015, samples were also collected
0
for Bacteroides analysis. Bacteriodes
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
are the most numerous bacteria in the
Station
human gut and there are molecular
Figure 7. Average ( SE) Enterococcus (a) and Clostridium perfringens (b)
values along the Puakō shoreline from November 2014 to July 2015 (n= 4). Red
probes to identify those specifically
bars indicate values that are above established or recommended standards
from humans. Dr. Craig Nelson from
to HDOH (black lines). For Enterococcus, no single sample shall exceed
104 MPN/100 mL. For C. perfringens, the recommended standard for recreational
UH-Mānoa, Center for Microbial
water is 5 CFU/100 mL (Fujioka et al. 1997).
Oceanography (CMORE), School of
Ocean and Environmental
Sciences and Technology
(SOEST) is analyzing these
samples. Our results indicate
that FIB levels are quite
variable and often higher than
the HDOH standards at several
stations (Fig. 7). For
Enterococcus, 13 of the 16
stations had average values that
were higher than the HDOH
single sample maximum
recreational water quality
standard (no single sample shall
exceed 104 MPN/100 mL; Fig.
7a). Eleven of the 16 stations
also had C. perfringens values
higher than the recommended
standard to HDOH of 5
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CFU/100 mL (Fig. 7b; Fujioka et al. 1997). Three of the stations also had values of 10 CFU/100
mL or higher which is indicative of non-point source sewage pollution (Fung et al. 2007).
Overall, 10 of the 16 stations had Enterococcus and C. perfringens values that were both higher
than established or recommended HDOH standards. Lastly, two of the stations with high C.
perfringens values were also the locations where dye tracer studies were conducted (Station 3
and 4); these results confirm that the high bacteria levels were from sewage pollution (Fig. 6).
In June 2015, shoreline water samples were also collected for Staphylococcus aureus
analysis at the 16 stations (Fig. 8); sampling has continued monthly at five of these stations since
July 2015 (excluding August 2015). S. aureus is a human pathogen that can be found in sewage.
It often causes skin infections that are thought to be acquired during recreational water use. Two
stations had values greater than 100 CFU/ 100 mL, which has been recommended as a standard
for recreational waters (Shenawy 2005). Presently, there are no HDOH S. aureus water quality
standards
Objective 4: To assess the benthic community responses to wastewater inputs at Puakō,
the two primary coastal benthic environments (basalt bench and coral-dominated fore-reef slope
at 15-m water depth) were surveyed using standardized techniques during the two algal cage
deployments in June and July 2015. Data from these surveys have been summarized.
Sampling for coral pathogens (Serratia marcescens and Vibrio sp.) began monthly in
September 2015 along the shoreline at the five transect locations, and coincides with additional
macroalgal tissue, FIB, and nutrient sample collection as part of undergraduate research projects.
To date, both pathogens have been detected in the nearshore waters of Puakō.
E. Outreach. The UH-Hilo Marine
Science research team has met with PCA
six times to date. In June 2014, UH-Hilo
met PCA to inform them of the funding
of the proposal, review the objectives of
the project, and introduce the research
team. In August 2014, the team met with
them during a NOAA CRCP site visit.
UH-Hilo also attended four community
association meetings: November 2014,
January and April 2015, and January
2016. At the November 2014 meeting,
Dr. Wiegner gave a presentation and
handed out a 1-page informational sheet
on this project and its results to date (Fig.
9). In January 2015, UH-Hilo attended
PCA’s meeting to answer any questions
regarding this project, and how its results
support the ‘Puakō Wastewater Disposal
Upgrade Project’ led by the Coral Reef
Alliance. An updated 1-page
information sheet was circulated at this meeting. In April 2015, Drs. Wiegner and Beets attended
a community meeting where the engineering firm (Aqua Engineering) contracted by Coral Reef
Alliance for a sewage treatment upgrade feasibility study was introduced to the community. In
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August 2015, Dr. Wiegner attended a community meeting where Aqua Engineering presented
results and recommendations from their preliminary feasibility study. In January 2016, Dr.
Colbert gave a presentation at the annual PCA meeting summarizing results from UH-Hilo and
The Nature Conservancy’s efforts at Puakō; this presentation, as well as a 1-page handout that
was distributed, were a joint effort between the two research groups (see Appendix).
Additionally, Drs. Wiegner, Beets, and Colbert serve as committee members on the Coral Reef
Alliance Advisory Council for the ‘Puakō Wastewater Disposal Upgrade Project’; they met with
the council in October 2014, August and December 2015. Data from UH-Hilo’s CRCP project
were also submitted in written testimony to the HDOH in support of their proposed cesspool ban
in September 2014.
F. Student Training. This project has trained nine undergraduates and one graduate student to
date (Figs. 10 and 12). Between summer 2014 and 2015, six interns (2014: Evelyn Braun, Maile
Aiwohi, Ricky Tabandera; 2015: Bryan Tonga, Devon Aguiar, Jazmine Panelo) from the UHHilo PIPES Program worked with Drs. Wiegner and Colbert. Both years, the students conducted
field and laboratory work, wrote final reports, and
presented their findings at a student symposium.
In 2014, their results served as pilot data for this
project. They helped identify groundwater seep
locations (Fig. 1), work out the logistics for
macroalgal and water quality sampling,
processing, and analyses, as well as conduct the
first dye tracer study. In 2015, the interns’
projects were designed to collect data for portions
of the larger project. During the 2014-2015
academic year, two undergraduates (Cherie
Kauahi and Devon Aguiar), supported by UHMānoa’s CMORE program, assisted Dr. Colbert
on his dye tracer studies and Dr. Wiegner on her
Enterococcus sampling. Another undergraduate
(Carrie Soo Hoo) completed her senior thesis with Dr. Wiegner examining the 15N distribution
in coastline macroalgae. She received funding for her project from UH-Hilo’s Science,
Technology, Engineering, and Math (STEM) Honor’s program (funded by NSF) and Sigma Xi.
Another undergraduate (Serina Kiili) received a U.S. Environmental Protection Agency
(USEPA) Greater Research Opportunities (GRO) fellowship to examine sewage pathogens
affecting coral health. During the 2015-2016 academic year, two undergraduates (Devon Aguiar
and Jazmine Panelo), supported by UH-Mānoa’s CMORE program, assisted Dr. Wiegner on her
Enterococcus and S. aureus sampling. Ms. Panelo and Kiili are working on their senior thesis
projects studying S. aureus and coral pathogens, respectively. Lastly, Leilani Abaya, a graduate
student enrolled in the Tropical Conservation Biology and Environmental Science (TCBES)
Master’s program at UH-Hilo, defended her research proposal in February 2015 and is working
towards completing her degree in May 2016.
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G. Products. Several presentations (23), posters (3), 1-page information sheets (3), as well as
one conference session have been completed; an abstract was recently submitted for the
International Coral Reef Symposium (June 2016).
Dr. Wiegner has given five presentations on this
project to date – The Hawai‘i Ecosystem Meeting
(July 2014, Hilo, HI), HDOH, Clean Drinking Water
Branch, Inter-government Water Conference
(INVITED, August 2014, Kona, HI), PCA meeting
(November 2014), NOAA CRCP/HDAR meeting
(April 2015), NOAA Mokupāpapa Discovery Center
(INVITED, May 2015), UH-Hilo (Public lecture,
September 2015, jointly with Dr. Colbert; Fig. 11).
Dr. Colbert has presented twice on this project – a
poster at the Hawai‘i Conservation Conference (Hilo,
HI, August 2015) and a presentation at the annual
PCA meeting (January 2016). Thirteen
undergraduate student presentations have been given
at the UH-Hilo PIPES Summer Internship
Symposium, the UH-Hilo Marine Science
Department Senior Thesis Symposium, and the UHHilo STEM Honors Program Symposium. Two
undergraduate posters were given at the annual CFigure 11. Flyer for public lecture on sewage pollution given by Drs.
MORE symposium (May 2015). Additionally, three
Wiegner and Colbert (September 2015).
graduate student presentations were
given – The Association for the Sciences
of Limnology and Oceanography
(ASLO) in Granada, Spain (February
2015), UH-Hilo TCBES Symposium
(April 2015), and The Hawai‘i
Conservation Conference (August 2015).
Leilani Abaya won best student
presentation at the ASLO conference and
was also awarded a travel grant through
this society’s program for minority
students. Ms. Abaya will soon be
traveling to New Orleans, LA, to present
at the Ocean Science Meeting (February
2016), as part of the minority students’
program once again. The UH-Hilo
Marine Science research team organized
a session for the Hawai‘i Conservation
Conference (August 2015) on land-based
pollution effects on coral reefs and nearshore waters. Lastly, this project was
highlighted in the UH system-wide news
(June 2015; Fig. 12).

Pollution and coral reef health focus of UH Hilo
research
June 10, 2015

Students collect seaweed and water samples along the Puakō coastline for detection of sewage pollution

Figure 12. University of Hawai`i System News story highlighting UH-Hilo’s NOAA CRCP project
June 10, 2015. From left to right: graduate student Leilani Abaya (UHH TCBES), and 2015 PIPES
summer interns Devon Aguiar, Bryan Tonga, and Jazmine Panelo (UH-Hilo), and Belytza VelezGamez (U. of Puerto Rico). Article by Jaysen Niedermeyer.
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