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VI. Report

A. Introduction. Hawai 6i 6s cor al reefs contribaledbe eS80 O myni
Unfortunately, these coral reedse declining as a result of multiple stressors. Sewage from cesspools is one of
most devastating stressors in rural areas where reedtilbrelatively healthy Cesspools are used more widely
inHawad i t han aimthe WSt dnetheir dischergecof pathogens, nutrients, cleaning chemicals, and
hydrocarbongosea threat to coral reef and human health Hence, Hawai 6i St ateds
Objective 1, is to reduce key anthropogeniedts to neashore reefs. kI a coastal community n  Ha wa i
Island,is located withinone ofthetwo priority sitesin the statedentified for sitebased actions.

Whil ebRBRual®@®a¢ semé sofa t hieStatg iherenhassbeen inaneaskh@ coracérriiabout
sewagepb!| uti on since the 1960s.ourceddDdR)if ®iudgd 6BiuailBif csn
in O6dire straitso6, with coral cover decreasing 3
yearsT h e PQomrkudity Association (PCA) ont act ed t he Uni v(gHHilo)and o f
requested a study to determine whether sewagentering their coastal waters and impacting their. réef

do this, dye traceests d">N macroalgal and fecal indicator bactef4B) measuremats, as well as water

quality and benthic sampling, surface and benthic water quality mapping, and coral pathogeweesting
conductedWith data fromlUH Hilod study, PCA will have scientificallgefensible results that will

demonstrate tbla wa i ¢ y andCSiateneturgency teemove cesspools from their community and to replace
them with an improved sewage treatment syst@mptions under consideration include: w)ithng an onsite
sewage treatment plar) conneding homes withirtheir community o anexistingsewage treatment plant at

the Mauna LanResortthrough construction of sewerline, or 3) replacingheir cesspoolwith aerobic

treatment units (ATU). Removal of cesspowl improve water quality at @ak@and help mitigate coral

diseas, future coral cover loss, and reduce human health hazards.

B. Purpose In November 2013PCA contactedH Hilod Marine Science Department and requested that they
conduct a study to determine whether sewage was entering their coastal waters amthithpaateefs. They
wanted to document the presence of sewage in theishesae watertoc onv i nc e HaawdStateiof Co
the urgency to improveewagecollection and treatmeim their community.Data collected bWH Hilo, as part
of thisstudy, is providingPCAwith baseline datto compare to followingray sewagecollection and treatment
upgradeefforts, andallowing them toevaluate whetheéhose upgrades weedfective PCA would like to be a
mo d e | community f or Huaegads D a commugibased inidative to ipraveear wi t
shore water quality ancbralreef healthHa wa i érie&Sdsatexampl es | i ke Puak®
that a cesspool ban is necessary to impomastalwater quality and decrease the health risks to recreational
water usersin 2015 Hawai 0i 6 s De p ar t meviseditsgpfoposed 2014tcdmsol(b&hAr@l kit )
was signed into legislation. It baosnstructon of new cesspools and provigetax credit to homeowners near
waterbodies whaoluntarily remove their cesspools and repléoem with septic tank®yTU, or connect to an
existing sewer line

In collaboration withPCA, goalsand objectives to address their sewage pollution issunederived.
TheProjectd &oalswereto: (1) use chemical and biological approaches to determine if sewage polason
entering neashore watersvith coral ree$, (2) determine whether the sewage pollutwasimpacting water
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guality, and (3)assess whether the sewage pollutiaseliciting a communitylevel response on the redhe
Projectd ©bjectiveswereto: (1) determine the connectivity between domestisite sewage disposal systems
(OSDS)and adjacent coastal veas through dye tracéests (2) evaluate the presence of sewage in ebare
waters througld >N measurements in macroalgal tissues il (3) determine if state water quality standards
wereexceeded i u awa@rs through FIB measunents and @) assess whether thenascoral reef
community response to sewage through measurements ofdoeowir .

D. Accomplishments and Results’The UH Hilo Marine Science research team has successfully accomplished
all tasks outlined in the proposal (Table 1). Additionally, findings have been presented at meetings and
conferences,-page project summas for the general public have been generated and circulated, community
outreach events have been attended, undergraduate and graduate students have been trained, and a confer:
session was organizedBelow, accomplishments and results for each obyectire dexibed

Tablel.Compl et ed and remaining tasks for UH Hil o6 s iNd@a&eiconpletedadsks;R
x6s indicate remaining tasks. Project st arit20lé6. Thisithble cavddsliagks compet
from July 2014 to March 2017.

Year
2014-2015 2016- 2017

Task J-J F M A M J J A S o N D JJ A-M

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

- d°N macroalgal assay
4. Initial sampling

-Water sampling/mapping
-Macroalgal sampling

- d°N macroalgal assay
-Final site selection

5. Project Sampling

-Dye trace studies

-Water sampling/mapping
- d°N macroalgal assay
-Benthic community structure
6. Data Analyses
-Sample processing
-Statistical analysis

7. Reporting

-Progress reports
-Presentations

-Final report
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Objective 1: In orderto determine the connectivity @SDSwith nearshore coastal watersRtu a, k @
groundwater seeps that may be transporawagevereidentified during low tide when groundwatefluence
is greatest and easiest to detbcbugh measurements of surface water salinithese data were then used to
make a neashore surface salinity map. This map was usedetatify ideal locations for dye tracestsand
sampling stationsof Objectives 2 4 (Fig. 1). Based on the location of the groundwater seeps, as well as
cooperating homeownerdye tracetestswere completed at four oceanfront ha®SDS threewere
cesspool$§ n t he sout her n pwasafracumed ATE foFruuadkndhe @rral gortionroke
the community (Fig. 2, black squareBive stations along the shoreline in front of each home were sampled
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before and after the dye was added to the OSaBiples 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 neashore waters.
Dye was visually observed at
the shoreline in front of all foun
homes. For each test, there
was only one spring with dye,
which was located on the § , -
beach in front of the home, : ez N '
suggesting that the % e 10m
groundwater flow between the| L& ;
OSDSwastrestricted to - 5.8
specific fractures in the ; &

aquifer At threehomes dye ,
. Figure 1. Map of surface salinity along tiieu a shdeline (June 2014). The map was created using a YSk66@@saind GPS. Shown in the
was Only ObserVEd du rlng IOW picture is Dr. Steve Colbert with two of the three summer interns (NSF REU programHitdykt the beginning of the surfacalisity

mapping effort.

g
) |

tide andwashighly diluted
(max. observed dye __ T e e
concentration = 0.02% initial
concentration). At the third » YL
home while the same amount | ™ 18, S —
of dye was added to the OSD{ o High elevation groundwater wels
the diSCharge was much less - 15, ®  Lower elevation groundwater wells -
diluted, anddye was visible  |* e, : o So e
during low and high tides for m, *e%e
several days, as it wampped R
in an areawith little water 5% ©
circulation (Fig. 3inset). The @'
dye fromthese springs —_ x -
dispersed over an area betweq .
0.25t0 4 m?. Initial detection =
of fluoresceinat the shoréhe | '
ranged fron0.4 to 9.3 days . = ‘
afterrelease, and it continued % A % Wy, . N
to flow out during low tide 50w W W W e T 3
over the next several daﬂélq Figure 2. Locations ofdye tracer tests (open squares), nitsaterce sampling (red, blue, green, and purple circles), and
3)_. Three homes had shoreline water and algae collections (black cirddsdgt he Puak@ co®SA |l i ne, Hawai ai,
comparable flow rates betweencdl4 m/day; the OSDS at one hoimed aremarkably fastefiow rate where
dyein thegroundwater traveled 76 m/day. Based on dilution of the dye, the maximum fraction of sewage in tt
freshwater athe shoreline varied from <0.@2 0.14%, depending on how much mixing occurred before
shoreline discharge

Objective 2: Three diffeent approaches were usecet@luate the presence of sewage in rekare
surface and benthiwaters First, groundwater and shoreline waters were sampled and analyzed for nutrient
concentrations and™*N -NO3 (Upland well measuremensggction). Secal) macroalgal tissues and nearshore
waters were collectealong the shorelinfor d*°N andFIB analyses, respectivelglioreline measurements
section;FI B data ar e di scus Fiadly, macsroal@dl jiseuestwere deplayedl ;n surfaces u |

F19°59 0N
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measuremends During
January 2015, upland
groundwater samples were
collected from drinkingHigh
elevdion, n = 3) and
irrigation (low elevation, n =

Figure 3. Time series of fluorescein dye concentration in +stare waters dP u a feli@ving dye injection into a cesspool (20 Nov 2014). 7) We”S Wt h | n t h e P u

Background fluorescence levels are indicated bythgshadedarea.The concentration of the dye injected was 500 ppm.viy& detected
within three days of the initial release and continued to be detected for five more daysh@ilekl area). The dye was onlyedéed at two
sampling locations in front of the home and only observed during low tides. Inset picture is from dye tracer study ¢comdtmatetber

watershed (Fig.,2lue and

2015. Here, the dye reached the shorelingriehours and persisted in nearshore waters for several days, unlike what was observed du green CIrCleF Samples were

the other three dye tractsts.

analyzed for nutrient
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Sources: Esri, HERE, DeLorme, TomTom, Intermap, increment P Corp., GEBCO, USGS,
FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI,

Esti China (Hong Kong),
GIS User Community

© Oper tributors, and the

Figure 4. Nitrate + nitrite (N@+NO,") concentrations (uM) and'*N-NO; ( & )

tmountaip groundwater and

shoreline coastal waters. Shoreline waters at some locations have concentratid® M higher than wpountain

groundwater.

concentrations and™®N-NOs.
These amples were taken as part of
theN sourced®N-NOs
determinatioreffort (seeShoreline
measurementbelow). Water
samples were also collected at 16
shoreline statiosifor nutrient
analyses as paof the Shoreline
measurementdescribed below.
d"N-NO; was quantified only once
at three shoreline stations (3, 4, and
7), as they were suspected of being
contaminated with sewage pollution.
NOs; + NO, concentrations
were~ 40 pMIlower in high
elevation wellxompared to the low
elevation wellgFig. 4). In contrast
PO,> andNH," concentrations were
similar between higland low
elevation well§Table 2).NO5” +
NO,” concentrations increased ~70
to 120 uM from the high elevation

Table 2 Averaget S E 35N - NIDy (& ) andNO; + NO,,, PO,*, andNH,* concentrationspy(M) of N sources collected in the roundwater
P u awatérshed. (n = sample size) wells to the
shoreline
N Source n G 15N in NO.- NO, + NO, NH,* PO stations
Cesspools 3 10.45+ 0.58 20.76+ 10.50 6370.00+ 806.16 378.58+ 16.59 Com parable
Soil 3 2.13+2.37 6366.67+ 3682.45 594.52+ 93.24 193.56+ 141.56 incrgases in
Ocean 2 3.02+0.79 1.43+0.07 2.53+0.55 0.11+0.05 PO;” and
+
High elevation 3 4.76£0.43 93.87+ 4.35 4.84+1.43 2.48+0.19 NH4
groundwatemells concentrations
Low elevation 7 7.03+0.50 130.09+ 6.69 4.82+1.19 2.47+0.54 were not
groundwatfewells observed.
Shoreline 3 11.95+1.13 133.93+ 64.68 n/a n/a
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d"°N-NOs became increasingiched downslope from the higevationgroundwater wells to the shoreline

stations Table 3. Additionally, nutrient concentrations (NO- NO,, TDN, PQ*, TDP, and HSiOy)

significantly differed among shoreline statiops<0.001; Table 3). N concentrations were similar acrasb

shoreline stations

Table 3.Averager SE and [range] dRO; + NO,;, NH,*, TDN, PO,%, TDP, H,SiO, concentrationguM), and
salinity for shoreline stations & u a. Buperscript letters indicate significant groupings from-@ag ANOVA
andposhoc Tuké&y&s 01405t
Station NO, + NO,” NH,* TDN PO TDP H,SiO, Salinity
27.87+ 4.09 20.83+ 0.15 41.4+ 6.8 0.44+ 0.049 0.70+ 0.129 132.61+ 22.80:¢ 27.58+ 1.44¢
1 [18.10:36.79] [0.78-1.23] [24.6-57.5] [0.33-0.51] [0.51-1.04] [86.85195.35] [23.6330.37]
149.94+ 12,790 0.49+0.11 158.7+ 12.80  2.24+0.249  2.86+0.26: 580.91+ 154.78P 7.12+0.6%
2 [129.62187.09] [0.180.72] [139.2194.6] [1.62-2.73] [2.21-3.45] [187.35875.96] [5.77-8.70]
137.12+ 35.39¢ 1.95+0.30  153.6+39.48¢  3.81+092b  4.28+0.72b 376.56+ 124.15¢ 16.26+ 3.96>¢
3 [36.22190.37] [1.04-2.29] [41.2-217.1] [1.34-5.37] [2.42-5.09] [112.21646.18] [9.50-25.73]
196.05+ 28.14 1.34+0.05 221.3+ 26.0° 7.42+ 118 8.25+ 1.36* 501.07+ 113.17b 15.25+ 2.30°¢
4 [125.66263.07] [1.24-1.47] [153.2267.1] [4.12-9.0] [4.45-10.84] [172.26683.13] [9.10-20.20]
46.92+ 8.73¢ 1.32+0.16 70.2+ 11.8 1.34+ 0.1 1.74+ 0.28" 179.13+ 40.75¢ 24.98+ 2.35+
5 [23.4465.52] [0.86-1.57] [41.586.7] [0.90-1.71] [0.90-2.13] [85.38278.15] [19.70-31.07]
26.78+ 11.48% 1.22+0.10 43.7+15.95  0.66+0.2159 0.85+ 0.279 95.35+ 42.89 30.77+£ 2.3
6 [2.50-54.16] [1.03-1.46] [22.5-86.4] [0.251.17] [0.251.26] [21.60219.16] [24.5335.53]
134.56+ 54,9449 1.69+0.65  130.5:42.”d  3.08+0.44°  3.41+0.50%¢ 446.70+ 132.37b 21.98+ 0.97¢
7 [42.27-285.74] [0.46-2.90] [52.5-240.8] [2.12-3.83] [2.194.51] [164.06803.60] [19.87%-24.03]
39.15+ 14.5F¢ 2.40%0.97 59.0+18.5f  0.70+0.239  1.01+0.21e9 252.83+ 83.24¢ 20.60+ 4.90¢
8 [0.99-67.10] [0.53-5.07] [12.3-98.5] [0.52-1.07] [0.56-1.55] [31.05416.30] [14.1035.17]
69.74+ 9.06+¢ 1.00+0.33 85.2+ 7.3 1.37+ 0.1 1.80+ 0.1 341.87+ 89.74¢ 15.28+ 2.31cd
9 [47.81:91.92] [0.89-1.77] [73.6-105.4] [1.151.73] [1.48-2.30] [219.17608.54] [8.53-18.53]
56.72+ 17.48¢ 0.95+ 0.27 73.1+19.0F  1.14+0.319  1.48+0.16 354.04+ 75.56¢¢ 15.03+ 3.60%
10 [11.5994.94] [0.47-1.51] [19.7-106.1] [0.34-1.84] [1.181.84] [129.10444.74] [4.90-21.90]
16.52+ 1.21de 0.96+ 0.30 29+ 3.9 0.49+ 0.0£9 0.76+ 0.229 108.26+ 26.7%¢ 28.30+ 0.93P
11 [14.0818.73] [0.181.45] [23.2-40.5] [0.40-0.58] [0.251.33] [52.94172.90] [26.07-30.60]
35.80+ 4.37¢ 1.34+0.25 46.4+ 4.7 0.99+0.119  1.26+ 0.25°9 259.66+ 104.7%¢ 24.50+ 0.96+
12 [25.6246.59] [0.78-1.88] [34.2-55.6] [0.40-1.31] [0.91-2.11] [111.52567.91] [22.57-27.13]
34.89+ 4.73¢ 1.21+0.19 48.5+ 6.7 1.64+0.28°  1.89+0.17f 207.44+ 23.43¢ 23.96+ 2.00
13 [22.5444.18] [0.73-1.56] [34.5-66.9] [0.91-2.29] [1.66-2.38] [166.70267.48] [19.9028.27]
89.08+ 5.48+ 1.15+0.29 100.9+ 6.9  2.61+0.1”c  2.91+ 0.2 651.66+ 173.89 6.43+ 0.63
14 [75.93101.22] [0.64-1.54] [83.7-117.1] [2.22-2.98] [2.35-3.61] [358.621017.63] [5.33-8.07]
13.37+ 2.8CF 1.07+0.17 21.6+2.6 0.39+ 0.09 0.57+ 0.219 120.33+ 24.28¢ 29.94+ 0.7C
15 [5.73-19.24] [0.75-1.44] [14.8-27.4] [0.16-0.55] [0.251.12] [52.40157.86] [28.67%-31.27]
38.53+ 7.1 0.63+0.31 45.8+ 4.1 0.81+0.13"9  1.14+0.30'¢ 322.79+ 86.47¢ 17.13+ 3.44e
16 [17.3547.44] [0.181.51] [33.851.7] [0.451.09] [0.60-1.99] [141.63552.47] [7.94-24.53]

Comparison oNO3;+NO," concentration data frommgh and low elevatiogroundwater wells with
nearshore coastal watenslicate that there is some source between theséotations addinglO3;+NO," to
the water (Fig. 4).The observation thé&lO3+NO, concentrations increased frdaw elevationwells (Mauna
Lani Resorjust aboveP u adnd® u adn e mountairside of the street) to the nearshore waters suggests
that leakage from OSDS is a likely sourBarichment off*>N-NO5 from the lowelevation groundwater wells
to the shoreline further suggest OSDS leakage is the sousi®ratine values were within ranggported for
sewagdTable 9. Results from our dye tracestsconfirm that OSD%irethe source, as dye was detected at in
front of the homes with the highest NENO, concentrations and most enrict##faN-NOs values.

Additionally, the change in the*°>N-NO5 from the high to low elevatiogroundwater wells suggests a
change in N@ source from forest soil to sewa(feable 3. It is possible thatesvage is contaminating the low
elevationgroundwater as an upslogevelopment (Waikoloa Village) has ove8@) people whose homes have
OSDS (U.S. Census Bureau 2000). Additionally,sNg@ncentrations increage-40 M from the high to low
elevationgroundwater wells (Tabl®).

Shoreline measuremerit§>N measuremestin nearshoremacroalgal tissuesereusedto identify
locationswith sewagepollutiona | ong t he P Gisdetatiorsae®itentifiand as sampling
locationsbased on the surface salinity m&pgs. 1 and2, black circle¥ At each stationthe macroalgal
communitywascharacterizegand the most predominant speciesrecollectedand analyzedbr U*°N (species
included:Ulva fasciata Cladophoraspp., andselidiella acerosa For this studya pilot collection at six

5



statiors occurrediuringJuly 2014 four full sampling effats occurred in November 2014nd March, June, and
July 2015 and sampling at five stations (algal cage deployment shoreline stations) continued fmamthly
September 201fhroughFebruary2016 In September 2015, seatnew stations out h and nort h
were sampled to address concesheesidents that resorts in these areas might be contributing to their local
pollution problem.

In January, February, and June 2QddientialN sources (sewage, fertilizers,-opuntain groundater,
soil under Kiawe trees, ocean water) were sampled and analyz#aNaXOs (Fig. 2 blue, green, red, purple

circle. d°Nfertili zer values from another study on Haw
5}
149 | dsN >853, sew
*
12 1
P 10 1
O )
<— :
s 8
£
) ® b pin] 6 )
@ €<— 515N (%9 4 4
O @ o0-479
(@) @ 480-548
o €<— 549-6.43 2 4
@ 644-835
® €<— ® 836
® 0 m
P’ 0 02 04 08 Miles 1 2 34 5 6 7 8 9 10 11 12 13 14 15
: ) Stations *p <0.05
Figure 5. Averaged® N of macroalgatissues along the u a sha@eline (November 2014, and March, June, 20¢5).Val ues >8 &
indicative of sewageollution (light blue line). Arrows indicate location of dye tracer tests.

2016). Additionally, in Sepember 2015, shoreline
water samples were collected and analyzebrae
121 L of the 16 stationg(stations 34, and 7)where sewage
wasthought to be most concentrated @MN-NO5
analysesN source valuesierecomparedo those in
the macroalgal tissuesGat water athethree
shoreline stations to help identify sources of N
pollutionatP u a. k @

Thed"N macroalgatissue values ranged
from423t o 11.88a across all

14 -

10 4 Sewage

(&)

G N

o : and significantly differed among them (p<0.0001)
12 3 45 6 7 8 9 101112 13 14 15 16 | with stations 3 ath4 being the most enrich¢#ig.
Station 5). Overall,six of the 16 stations fell within the

Figure 6. Averagex SEUWSN ( & )macoofilgadound at 16 stations in Pugk 15N - : ; ;
Background areas represeavérager SE)U'® NO; of the N sourceffertilizer, sewaqed N NO§ range, InCIUdlnq stations 3 Ghlzl,

soil, oceanhigh elevation groundwater welligw elevation groundwater wells, | as well a$, 6, 7, and 18Fig. 6, encompassing SE of
andsewage; Tablemeasured as partof tis sudy. Fertizer values are flom |- gourceaverages) The remaining stations fell within

the highand low elevation groundwater ranges (Fig.
6). These results suggest tisaations 3 and 4 are
two sewage pollution hotspotslowever,past stuteshave found that macroalgae assimilate N more rapidly
under low NQ concentrations (Fujita 1985), and tddfN in macroalgal tissue can be underestimated by up to
6a in watergcwhtanhi ghW)i(a@set al. 20140All of the stations halO3 + NO,
corcentrations exceedir) uM, suggesting that the >N macroalgal values may be underestimated. If this is
the case, then all 16 stations fall within the sewage r&iigm these measurements, sewage pollution appears
to be widespread along tReiakJshoreline with some areas having more concentrated polli#ign5)
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Similar patterns were not observed in front of the resdrtdN macroalgatangel from d*°N -1.0 to .14 , the
range reportetbr fertilizers 6hown on Fig. b

determine the spatial extent of
sewage pollution offshores s

well as possible inputs from
benthic seeps that could directly .
impact the coral reefs, water wa| .

sampled for B and nutrients. .
Additionally, the native green s
macroalgalJlva fasciatawas
deployed during bioassays for
°N analysis at five stations
(Fig. 7). These stations
encompassed three zones
(shoreline, bench, and slope) an
two depths (surface and benthic AR
(Fig. 7). Benthic zones were oo 8 o D " 06 Kiemewr
chosen based on physiography
featuresThe bench zone was ~7
m deep, and196 mfrom the 15N in U. fasciatgd. Water andnacroalgaksamples were taken at three zones (shoreline, bench, deep) in
shoreline. The slope one was

Ul

Cage deploymends To

Figure7.Locati on of water sample collection (for FI

P u atk @&termine the spatial extent of sewage pollution in surface and benthic eftsiense. Pictures
of algal cage deployment desigreshown in lower right corner of figure.
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Figure 8. Averaget SE of sewage parametéss, D) Enterococcug*log scalg, (B, E) C. perfringens, andC, F) d**N in U. fasciata
collectedwithin three zones (shoreline, bench, slope) in both surface and benthic witersarBl&Ek lines represent the HDOH

single sample maximum f&nterococcug 104 CFU/ 100 mL) and Fuj i €kperfiirgensnenarmenme I
recreational waters (5 CFU/100mL). Dashed lines represerpoiohsource sewage contamination level of 10 CFU/100 mC for

perfringens(Fung etal. 200iResul t s from GLM and Tukeyds test are showh
=0.05). FIB n =10Sample size varied faf**N in U. fasciatain both surface waters (shoreline, n =9; bench, n =6; slope, n =10) an
benthic waters (shoreline, n =9; bench, n =8; slope, n =10).




~15 m in depth, and267 m from the shoreline. The bench and slope zones were ~65 m apart. Collection of
water samples and algal cadgployments were conducted in June and July 2015. There was one sample
collection anl cage deployment per mon#kdditionally, wild algae from the benthagerealsocollected for

d">N analyss at allalgal cage deploymestations Public flyers describing the experiment with pictures of the
buoys demarcatinthe deployment locations were placed around Bigakingthe cage deployments¢e
Appendix A).

Enterococcugounts were similar among surface water sphet significantly differed among benthic
zones (p =0.04Fig. 8A,D). The greatest differences in the benthos were detected between stamdlsiope
zones, which were almost an order of magnitude different. In cor@rgsg¢rfringenssignificantly differed
among surface (p =0.01) and benthic (p <0.01) z({fegs 8 B,E) In surface waters, the largest differences
were detected between shalime and slope zoneBif. 83). ShorelineC. perfringensounts were also
significantly higher compared to benthic bench and slope wéigys8E). Nutrient concentration®NQOs +
NO,, NH,", TDN, PQ;*, TDP, and HSiO,) were highest on the shorelinetinth surface (p <0.02) and benthic
(p <0.01) watersTable4). Nutrient concentrations among zones in surface and benthic waters were similar
between bench and slope zones. Salinity also varied among zones in both paffd@® #nd benthic waters
(p<0.QL), with the shoreline having the freshest (lowest) \&{liable 4. d°N in U. fasciatasignificantly

Table 4. Averagex SE and [range] of nutrient concentratioa andsalinity for surface and benthic water samples among zg

(shoreline, bench, slope)ihu a. R GLM was used and superscript lett®rs 01
= 10.
Zone NO; + NO, NH,* TDN PO TDP H,SiO, Salinity

Shoreline 66.87+ 11.472 152+ 0.160 729+ 11.4 167+ 022 198+ 022 439.18+ 74.06 1852+ 3.08
[11.59i 139.72] [0.187 3.05] [21.1i 120.6] [0.47i 2.56] [0.707 3.25] [153.57i 616.73]  [3.787 29.63]

Surface
Bench 143+ 0.2 057+ 014 9.8+ 0.5  0.14+ 0.0® 0.64+ 0.13 7.34+ 3.07 33.26+ 1.1P
[0.837 1.84] [0.187 1.56]  [7.97 11.7]  [0.027 0.27] [0.25i 1.23] [1.317 20.92] [29.951 34.47]
Slope  1.23+ 0.1&  0.38+ 0.1 9.4+ 0.66  0.12+ 0.02 0.59+ 0.1P 5.00+ 1.42 34.24+ 0.4
[0.407 2.14] [0.187 1.06]  [6.571 13.0]  [0.02i 0.24] [0.25i 0.96] [1.217 11.10] [33.751 34.62]
Benthic
Bench  1.10+ 0.1% 050+ 0.12 9.5+ 0.66  0.18+ 0.09 0.58+ 0.1P 2.16% 0.78 33.55+ 0.99
[0.537 2.06] [0.187 1.23]  [7.27 12.9]  [0.021 0.49] [0.25i 0.94] [0.837 5.49] [31.037 35.0]
Slope 157+ 05  1.10+ 053 88+ 0.7  0.24+ 0.1 094+ 0.29 0.65+ 0.11° 34.46+ 0.30°
[1.107 6.09] [0.187 5.58]  [7.0i 13.3]  [0.02i 1.13]  [0.257 3.25] [0.557 0.99] [34.22i 34. 85]
e variedin surface (p =0.01) and benthic
zoney(p<0.01)(Fig. 8C,F). Shoreline
10 - Sewage values were the highedbllowed by slope,
o | and benchBoth "N for surface and
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| Low Elevation G .
z o, : ~ low elevation groundwater at all zones
- . Ocean (Fig. 9).
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_ 5 5 . _ concentrations did varyvith the greatest
Figure 9. Averagex SEUSN ( a Y. fascfatadeployed within three benthic zones diff d db £
(shoreline, bench, slope) in P@Background areas represaverage: SE of (5N i Ifferences detecte etween sur ace
NOj of the Nsourcesand fertilizer from another study ¢ha w alslaéid (Wiegner et al. waters at the bench and benthic waters at
glcr)ilz)s Surface samples are represented by grey triangles and benthic samples by bl the slope (p <0.0l). Salinity was similar

' between surface and benthic waters.




- Pre and postdeploymenti™N U.

p <0.01 fasciatavalues differed (p <0.01), with the
6 - a greatest differences occurring at the
shoreling(Fig. 10). Within theslope zonge
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Figure 10.Averaget SEUSN a Y. fagciatapre-(initial) and postdeployments ~168 | - :
within three benthic zones (shoreline, bench, slope) and two depths (surface and by slope zoneu™N in wild algae ranged from

in Pual GLM was used and shared lettering indicates no significant differences in | +3.48t0+ 8 . 9(260% + 2.31)and
Tukeyds post hoc (niiagd, h=11; Shemlipd, re=5;surface berch, deployeoU. fasciataranged from 8.50to

=4; surface slope, n =5; benthic benc v . .
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Figure 11. Average NSE)Enterococcugal,2) andClostridium perfringengb1,2) values along the u a shéeline from November 2014 to July 2015 (n= 4
Red bars indicate values that are above established or recommended standards to HDOH (light blue Eresjodemcusno single sample shall exceed
104 MPN/100mL. For C. perfringensthe recommended standard for recreational water is 5 CFU/100 mL (solid line; Fujioka et al. 1997)Gh¢€EQ/100
mL is considered to be indicative of npnint sewage pollution (dashed line; Fung et al. 2007). Arrows are indicative obdgetasts.
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(+7.7% % 1.25) and caged. fasciataranged from+3.37to +7 . 2 #a.61a +1.08. The highesshoreline
U **N valuesin both wild and caged macroalgaere observed atation 2

Sewage indicator&-1B, d*°N macroalgae, nutri¢s) were highest along the shorelicempared to
values offshore in surface and benthic waters in both the bench and slopeTdmse results suggest that
sewage pollution is concentratalbng the shoreline@ndthat low offshore values reflect smaltiirect sewage
inputs through benthic seeps or dilution of nearshore inputs.

Objective 3: To determine if state water quality standards are exceedediim kngadskore
environmenfor FIB (EnterococcusandC. perfringens$, water samplewerecollectedat 16shorelinestations
(Fig. 2 black circle¥. Values for thesparametersverecompared to state water quality standacdddtermine
if state bencinarkswereexceededPilot samplingoccurredat six stationsluring July 2014four full shoreline
samplings occurred November 2014, March, June, and July 20dfive stationdrom September 201to
February2016 During November2014,July 2015 and Jly 2016samples were also collected ®acteroides
analysis Bacteriodesarethe most numerous bacteria in the human gut and there are mofgobleso

Figure 12. Humanassociated®acteroidesn nearshore waters along tReu a do&tline(November 2014, July 2015, and July 20180
molecular markers were used to detect these bacteria (HF1&&aeHdn). Data were log transformed (log 10 (x +1)).

identify those specifically from human®r. Craig Nelson frortUHMUnoa, Center for
Oceanography (MMORE), School of Ocean and Environmental Scis@eel Technology (SOESEhalyzed
these samplessing theBacHumUCD and HF183narkers

Our results indicate th&tiB levelsarequite variable and oftelnigher than theHDOH standardsit

several stationfFig. 11). For Enterococcusl4 of the 16 stations had average values that were higher than the

HDOH single sample maximumecreational wateguality standardno single sample shall exceed 104

Mi

MPN/100 mL;Fig. 11a). Elevenof the 16 stations also h&l perfringenssalues higher than the recommended

standard to HDOH of 5 CFU/100 n{Eig. 11b; Fujioka et al. 1997)Fourof the stations also had valuesléf
CFU/100 mL origher which is indicative of nepoint saurce sewage pollution (Fung et al. 200Qverall,11

10

C



