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The Guam Environmental Protection Agency (Guam EPA) is responsible for monitoring, assessing and
protecting the water quality for the Island of Guam. Guam laws and regulations that support this
include the Guam Environmental Protection Agency Act (10 GCA?, Chapter 45) Guam EPA’s enabling
legislation; the Water Resources Conservation Act (10 GCA, Chapter 46) which requires identification of
Guam's significant water resources and the necessary planning, regulation and management of these
resources for their protection, conservation and rational development; and the Guam Water Pollution
Control Act (10 GCA, Chapter 47) which authorizes among other powers and duties, the Agency to
study, investigate, and determine practical ways and means of eliminating from all ground and surface
waters of the territory, all substances and materials which pollute the same; determining practical
methods of pollution prevention detrimental to the public health or the health of animals.

The federal Clean Water Act (CWA) Section 305(b) requires that Guam submit a biennial water quality
inventory report in April of even numbered years that reports the extent to which state waters provide
for water resources that are swimmable, fishable, supports aquatic life and contain organisms that are
consumable. CWA Section 303(d) additionally requires that Guam list impaired waters (that are
deemed not swimmable, fishable, not supporting of aquatic life and contain organisms that are not
suitable for human health) and to provide a priority ranking for the development and implementation
of management strategies (e.g. TMDLs) that will reduce pollutant load(s) to the impaired waters. EPA
specifies the process for development of both sections?2. EPA Guidance recommends that Guam submit
integrated reports to satisfy 303(d) and 305(b) requirements?.

L Monitoring Program

Guam EPA implements the Comprehensive Monitoring Strategy for the Island of Guam (CMS) (Guam EPA,
2006) in order to meet local and federal requirements. The Strategy is directed at the systematic
monitoring and assessment of water resources for comparison to adopted Guam Water Quality
Standards in order to determine prevailing conditions and water quality trends of that resource.

Existing Guam EPA Monitoring Projects

The CMS describes ten distinct monitoring projects intended to streamline monitoring and fulfill
federal and local reporting requirements. Table 1 (on the following page) shows the status of these
ten proposed projects and describes what activities, if any, have been accomplished over the 2018
and 2019 monitoring period and what is planned for near future monitoring efforts.

' Guam Code Annotated

2 EPA regulations 40 CFR 130.7 and 40 CFR 130.8).

3 December 22, 2017, Memorandum from John Goodin, EPA Office of Wetlands, Oceans and Watershed, Re: Information
conceming 2018 Clean Waler Act Sections 303(d), 305(b) and 314 Integrated Reporing and Lisling Decisions.

hitp://water.epa.gov/lawsreqs/lawsquidance/cwa/tmdl/quidance.cfm.
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Table 1. Guam EPA Monitoring Projects

Status Status type Information
Project (Active or included in
Suspended) this report?
Status and Trends Suspended | Field work suspended due to lack of funding. No
Monitoring Program
Guam Environmental Active ¢ Data gathering of the 2015 National No
Monitoring and Coastal Condition Assessment
Assessment Program (NCCA) (Data assessment and
(GEMAP) (aka US EPA’s reporting target completion during
National Aquatic next cycle).
Resource Survey-NARS) ¢ Planning for the 2020 NCCA.
e Researching for the 2021 National
Wetland Condition Assessment
(NWCA).
Recreational Beach Active Weekly beach surface water sampling for Yes
Monitoring Program enterococci.
Wetlands Monitoring Suspended | Pending implementation of Wetlands No
Program Monitoring project plan.
Fish and Shellfish Suspended | Pending inclusion to CMS. No
Consumption
Monitoring Program
Groundwater Active Pending data submission from WRMP No
Assessment Monitoring
Plan
Non-point Source Active Pending data submission WPC No
Pollution Monitoring
Plan
Underground Injection Active Pending data submission WRMP No
Control Monitoring Plan
Man-Made Suspended | No lab capacity to sustain program. No
Impoundment
Monitoring Plan
Marine Preserve Water Active Pending reporting data from 2015 Recf flat No
Quality Assessment GEMAP/NCCA.
Program

Guam EPA frequently partners with other organizations in monitoring and restoration projects.
During this IR cycle, Guam EPA partnered with NOAA in a baseline study of water quality at the
Manell Watershed. The study (see Attachment 2.) was conducted by NOAA National Centers for
Coastal Ocean Science, Stressor Detection and Impacts Division (Menasurement of Turbidity, Suspended

Page | 4

APPENDIX A: 2020 IR Surface Water Monitoring & Assessment Methodology




Sediments and Nutrients in Three Rivers that Drain to the Achang Preserve from the Manell Watershed, Guam
December 2019. https://doi.org/10.25923/v587-3f08). This study involved continuous and grab
sampling at three rivers in the watershed and one river in the nearby Geus Watershed during 2017
through 2018. Results of the monitoring effort are included in this cycle and allow for an aquatic life
use-support determination at four rivers, the Sumay River, As Liyog River, the Ajayan River and the
Geus River.

Future Guam EPA Monitoring Efforts
Guam Environmental Monitoring and Assessment Program (GEMAP) Project/NARS

Guam EPA intends to expand the GEMAP to include probability-based surveys on wetlands resources.
Furthermore, the Agency intends to streamline efforts to mirror USEPA’s NARS schedule. The table
below provides a proposed 4-year timeline that will accomplish implementation goals for each
resource while mirroring national efforts.

GEMAP/NARS PROJECT: Timeline & Aquatic Resource Goals

Aquatic Resource 2018 2019 2020 2021
Wadeable Rivers & Streams |_ LReport‘- Report: Research Design
i b
Coastal ' Report Design Field Lab

Wetlands Research Research Design Field

GEMAP/NARS surveys will follow the most current nationally adopted design, field, laboratory, data
assessment methods and Quality Assurance Project Plans.

Impaired Waters Monitoring (IWM) Project:

303(d) Listed Waters on the current 303(d) impaired waters list will be targeted for assessment starting in
the next IR cycle. Table 2 identifies these target waterbodies and the general information considered in
new monitoring efforts. The project intends to support decision making relative to an impaired
waterbody’s sustained 303(d} listing or delisting.
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Table 2. Targets: 303(d) Listed Waters

Watershed / Waterbody Matrix Assessment Rank Project proposal
Phase I complete
Attached Report
Attachment 1 in
Sub-Appendices:
Guam
Stormwater
Storm drain wast:rr/ia:f:off Bacteria (E. coli) Medium Bf;c:dn;:;egl;c::m
Practices
Technical Report
Island-wide
Guam. Phasell
TBD during next
cycle.
Tumon Bay (Faifai and TUL tis.’s"c Dieldrin (found previous in !
Gun Beach) (recf + pelagic; —) High Title: TMDL
p
freshwater) Development for
Tumon Bay (Faifai and whole fish tissue Total Chlordane (found previous High the Guam Tumon
Gun Beach) (reef + pelagic) in spmds) Bay TMDL (POC
Tumon Bay Marine water Tetrachloroethene (PCE) High | Dave Guiliano,
2 . High USEPA R9,
Tumon Bay Marine water Trichloroethylene (TCE) USEPA RFQ No.
Tumon Bay Marine water Antimony, Arsenic Sgt a2 e
Waterbody Assessments on-going by different entity
+ Impairment being assessed and mitigated by DOD
A Impairment may be mitigated under Ordot Dump Consent Decree:
Agana River 1 Surface water PCBs in fish tissue Low +
whole fish tissuc
Agana River 2 and other orgs PCBs in fish tissue Low +
(freshwater)
whole fish tissue
Agana Swamp and other orgs PCBs in fish tissue Low +
{freshwater)
Apra Harbor 1, Apra
Harbor 2, Gabgab Beach,
N Orote, S Orote, whole fish tissue -
Tipalao Bay, AgatBay 1, | (reef + pelagic) b lsh s Lo,
Cocos Lagoon 1, Cocos
Lagoon 2
whole fish tissue o
AgatBay 1 - Chlordane in fish tissue Low +
I (reef + pelagic)
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Watershed / Waterbody Matrix Assessment Rank Project proposal
AgatBay1 SR t15§ue Dioxin in fish tissue Low +
(reef + pelagic)
Lonfit River 2, Lonfit ;
River 3 (+upper and Surface water rrace Metale inwales Low A
P (Al, Fe,Mn,Cu,Zn,Cr,Ni)
lower site)
Lonfit River 2, Lonfit Salinity, Water Temp, Nitrate,
River 3 (+upper and Surface water Ammonia, Total Coliform, E. Low A
lower site) coli, Enterococci
Waterbody Assessments targeted for future IR cycles
Surface E. coli, Dissolved Oxygen, sz b-e adfﬁxi?d
Storm drain Nitrates, TSS, Turbidity, Medium uring
water/runoff = phases (see BMP
Salinity -
project above).
Enterococci, Dissolved oxygen, .
Pago Bay Surface water n Medium
Nitrate
Pago River1 Surface water E. coli Medium
Pago River 2 Surface water E. coli, Dissolved Oxygen Medium
Agana River 1 Surface water Enterococcus, Dissolved oxygen Low
Tanguisson Beach Area
2; Further studies are g
- Gracilaria tsudae + .
needed to ascertain Enpinhytic Toxic seaweed substance
whether or not the toxin | F.P 2 " (http://guampedia.com/seawee Low
e cyanobacteria . o
is being accumulated T d-gracilaria/)
and concentrated in the g &
fish.
T

Spatial and temporal requirements for sampling and field, laboratory, Quality Assurance/Quality
Control, and data assessment methods of proposed monitoring efforts will be presented in upcoming
scope of work(s) and in work plans for the 2019-2023 grant cycle. These requirements are critical in
making decisions to continue listing or delisting impaired waterbodies.

Impaired Waters with EPA Approved TMDLs - TMDL Implementation Project: Forty-two Guam
recreational beach sites and six Ugum River segments, reported as Category 4a marine or surface
waters, have an approved or established TMDL to address a specific impairment. These impaired
waters will continue to be the target of respective TMDL implementation projects. During the
upcoming cycle, microbial source tracking for ‘poor’ beaches will be conducted.
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IL Assessment Methodology

As recommended in the IR Guidance (2006), this section describes the method Guam uses to determine
the water quality attainment status of all waters. Specifically, this section describes the following;:

1. Changes in assessment methodology since the last reporting cycle.

2. What data were used to make attainment determinations (e.g. site specific and probability-
based survey)

3. How the data and information were used to make attainment determinations and assign the
five-part categorization of marine and surface waters.

Guam Marine Waters Categories of  Walter (GWQS 2017)
Designated-use M-1 Excellent M-2 Good M-3 Fair

aesthetic enjoyment X X X

aquatic life preservation X

aquatic life propagation X

aquatic life protection X X

aquatic life survival X

commercial and industrial use X

consumption of organisms X

contact recreation: limited body X

contact recreation: whole body X X

industrial cooling waters X

mariculture activities X

marine scientific research X

shipping, boating, berthing, marinas X

Guam Surface Waters Categories  of Water (GWQS 2017)
Designated-use 5-1 High 5-2 Medium 5-3 Low

aesthetic enjoyment X X X

aquatic life maintenance X

aquatic life preservation X X

aquatic life propagation X X

consumption as drinking water X

consumption as drinking water (after treatment) X

contact recreation: limited body X

contact recreation: whole body X X

4 Guidance for 2006 Assessment, Listing and Reporting Requirement Pursuant to Sections 303{d}, 305{b) and 314 of the
Clean Water Act: United States Environmental Protection Agency, (July 29, 2005}
http://water.epa.gov/lawsregs/lawsguidance/cwa/tmd|/2006IRG
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Water quality attainment determinations are guided by the 2017 Revised Guam Water Quality Standards
(GWQS) which provide narrative and numeric standards applicable to specific “Categories of Waters”
(5-1, 5-2, 5-3, M-1, M-2 and M-3 classification). These categories of waters have defined designated-
uses as follows. Generally, these designated-uses are evaluated using the indicators in Table 3.

Table 3. Guam Designated-Uses and Indicators (GWQS 2017) for Use Support determination

Body Contact
Designated (primary/whole Aquatic Life (Preserve, Propagate, Protect, Human Health
USE: body, secondary Survival, Maintenance) Consumption (iToxics)
flimited)
GWQS E. coli Water Quality: Drinking Water (5-1, 5-2)
Indicators: | Enterococci pH Organisms (and 51 water)
:E:;]f;c:lf::grs Orthophosphates OPO4
Nitrate NO3
Ammonia NH4
Dissolved Oxygen
Salinity
Chlorides
Sulfates SO4
Total Dissolved Solids
Total Suspended Solids
Turbidity
Secchi Disc Visibility
Water Temperature

Radioactive Materials

Conc. of Oil/Petroleum Product
Biological/Benthic Assessment
Toxicants (Water column and Sediment)

Each indicator listed above is subject to established criteria summarized in the next table (Table 4)
taken from the 2017 GWQS. Further assessment of Use Support involves determining to what degree
these indicators support designated uses.
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Data Assembly

Guam reporting relies on data sets from local academia, local government agencies and federal government
agencies. This can include data solicitation from the Navy Environmental Office, the National Park Service
Water Resources Division, Government of Guam Fisheries and Wildlife Programs, and Guam Environmental
Protection Agency projects listed in Table 1.

One Guam EPA project is presented for reporting this assessment period (Table 5 below).

Table 5. Projects with usable data for the Guam 2020 IR assessment:

Organization Project Waterbody Type Use Support | Yearofdata | Data Quality
. . Jan = Dec
Guam EPA Recreahona‘l Beach Monitoring Marine Beaches Body Contact 2018 and For use ".supl‘:vort
Project (RBMP) 2019 determination
Surface water
NOCAA Manell Watershed and Geus River (fresh wzfter and Aquatic life e 2010 S [ oase ?UPPO“
marine Dec 2018 determination
water/brackish)

The quality of each data set and project was evaluated by reviewing project objectives, quality assurance and
quality control requirements, laboratory method compatibility, analysis quality and MDLs. Data was either
identified as ‘good quality’ for direct use in Use Support Determinations. No data has been identified for use
as ‘evaluation only’ (see ‘Data Quality’ column in table above). ‘Evaluation only’ data are data sets that do not
have specific associated criteria and thus are used as supportive data.

Project: Recreational Beach Monitoring Program (RBMP)
Guam EPA’s RBMP is included in this IR assessment and contributes data for use-support determination.

Guam’s subtropical climate allows for year-round recreation at all marine beaches, and fishing from both
along the shoreline and offshore. The majority of this type of recreational activity occurs along stretches of
sandy beaches or limestone plateaus easily accessible from shore. These waters are classified as “M-2 waters”
or “Good” under the GWQS. To monitor and test for the designated use “Whole Body/Primary (body)
Contact”, weekly water grab samples are collected and tested for the approved EPA bacterial indicator. Guam
EPA under the Recreational Beach Monitoring Program (RBMP) has collected bacteriological data for over 20
years. Data collected weekly from fixed sampling sites along selected stretches of coastline is used to advise
the public against swimming in waters exceeding bacterial standards. Weekly press releases identify those
beaches (where indicators in weekly water samples exceed water quality standards). Trend analysis (using the
weekly data) is used to characterize risks of exposure to contaminated waters. Resulting trends allow for the
ranking of beaches, which enable biologists to determine the need for further monitoring or the need to
include additional unmonitored beaches to the list.
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Table 6. Project Stations

Recreational Beach Monitoring Program (RBMP) [45 stations] Jan 2018 - Dec 2019

Marine Water Station ID GWQS class No. visits
N-01 M-2 99
N-02 M-2 98
N-03 M-2 98
N-04 M-2 98
N-05 M-2 98
N-06 M-2 98
N-07 M-2 99
N-08 M-2 98
N-09 M-2 99
N-10 M-2 99
N-11 M-2 99

N-12 (suspended due to location in boat marina- no swimming zone) NA NA
N-13 M-2 99
N-14 M-2 99
N-15 M-2 99
N-16 M-2 98
N-17 M-2 98
N-18 M-3 98
N-19 M-2 98
N-20 M-3 98
N-21 M-2 98
N-22 M-2 98
N-23 M-2 98
N-24 M-2 98
N-25 M-2 98
N-26 M-2 99
N-27 M-2 99
N-28 M-2 99
5-02 M-2 99
5-03 M-2 99
5-04 M-2 99
S-05 M-2 98
5-06 M-2 99
5-07 M-2 99
5-08 M-2 99
509 M-2 99
5-10 M-2 99
S-11 M-2 99
S-12 M-2 98
5-13 M-2 97
5-14 M-2 98
5-15 M-2 99

5-17 {(suspended on 11/21/2019 due to inaccessible) M-2 87
5-25 (adopted on 11/21/2019 due to inaccessible 5-17) M-2 6
5-18 M-2 98
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Table 7. Project Indicators

RBMP Jan 2018 - Dec 2019

Laboratory Parameter (WQ) No. samples used for 2020IR
Enterococci (MPN) 4,177
Field Observations No. samples used for 2018IR
Weather (past 24 hours) (No criteria)
Weather at time of station occupation (No criteria)
Rainfall weekly accumulation (No criteria)
Average Air Temperature (No criteria)
Wind type and direction (No criteria)
Tidal Stage (No criteria)
Water surface condition {No criteria)
Water color (No criteria)
Turbid observation (No criteria)
Water odor {No criteria)

Project: NOAA’s Manell Watershed Monitoring
NOAA's Manell Watershed and Geus River baseline study is also included in this IR assessment

and contributes data for aquatic life use-support determination. The study occurred at three
rivers in the Manell Watershed (Sumay River, As Liyog River and the Ajayan River) that drain
into the Achang Reef Flat Marine Preserve Area (MPA) for two years (Dec 2016-Dec 2018), and
at the Geus River in the adjacent watershed to the west during the wet season of 2018,

According to the study report, “the project was carried out to provide a baseline of conditions
for these parameters, so that local resource managers could better understand the condition of
these rivers, and also provide the means for assessing the efficacy of restoration activities being
carried out or planned for the Manell watershed”.

Project sample locations, aquatic life indicators and sample sizes included in this assessment are
as follows:

Ajayan Bridge Liyog Bridge Sumay Bridge Geus Fresh waler (4 sites)*

Dissolved Oxygen {mg/l) 79 79 71 29
Dissolved Oxygen (%) 79 79 71 29
Suspended Sediment

Concentration SSC (mg/) o o & B = .29
Nitrale NO3- (mg/l N) 79 79 69 9
Orthophosphate HPO4= (mg/I P) 77 77 64 9

*wet season 2018 samples only
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Attainment Determinations

Attainment Determinations identify waterbody segments that meet or do not meet designated-
uses using monitoring parameters and criteria described in the Guam Water Quality Standards.

Guam Waterbody segments: Guam’s Waterbody Segments data set was developed using
geospatial processing programs (Esri's ArcGIS) to obtain visual coverage of Guam’s natural
resources, georeferenced resource segments, and identified associated measurement attributes
for data assessments. Guam EPA’s River, Marine Waterbodies and Beaches data sets are used to
develop menitoring plans and to facilitate reporting on the water quality condition in support
of designated uses.

Guam Rivers and Streams (river segments) were assigned based on digitized USGS 7.5-minute,
1:24,000-scale quadrangle series topographic maps for Guam and cross checked with Guam
Orthophotos updated by FEMA 2003. The River shapefile attributes include watershed
location, Guam River ID number, river or stream name, and channel length (calculated using
‘calculate geometry’ tool).

The Guam marine waterbodies data set was created in 2010. The shapefile is based on existing
information found in USGS quadrangle series topographic maps for Guam (7.5-minute, 1:24,000
scale), the Atlas of the Reefs and Beaches of Guam (Coastal Zone Management Section, and the
Bureau of Planning document, R.H. Randall and L.G. Eldredge, 1976), and existing ArcGIS5
information from the Bureau of Statistics and Plans (i.e. coastal features, ecological reserve
areas, Guam seashore reserve areas, Marine Preserve areas). During the design phase of the
2010 and 2015 Guam Reef Flat Condition Assessments (2015 condition to be reported during the
next reporting cycle), marine waterbodies were further delineated to include 21.3 square
kilometers of ‘Reef flat’ zone of the NOAA Benthic Habitat Data shapefile. The Benthic Habitat
Data is NOAA'’s National Ocean Service map production effort to digitally map biotic resources
and coordinate a long-term monitoring program that can detect and predict change in U.S. coral
reefs, and their associated habitats and biological communities.

The Guam Beaches data set was created in 2003 for use in the USEPA Beach Grant project.
Beaches are identified based on public use/access and characteristics that allow for
swimming/wading. The dataset was created using existing information in the Atlas of the Reefs
and Beaches of Guam (Coastal Zone Management Section, Bureau of Planning, R.H. Randall
and L.G. Eldredge, 1976) and existing shapefiles from the Bureau of Planning (i.e. coastal
features). Guam Beach location (beach stretch locations and beach monitoring stations),
monitoring and notification data is submitted to the U.S. Environmental Protection Agency
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(EPA)’s Water Quality Exchange (WQX)’ and BEach Advisory and Closing Online Notification
(BEACON) system annually. These systems were created by USEPA as mechanisms to publish
monitoring and notification data as well as to provide to the public a database of state-specific
pollution occurrences for coastal recreation waters. WQX can be viewed on-line at
https:/fwww.epa.goviwaterdata/water-quality-data-wgx, BEACON can be viewed online at

Ittp:flwatersgeo.epa.gov/beacon2iabout.hitml.

Guam Attainment Determination: Attainment determination for this reporting period will be
conducted on two projects.

Project: Recreational Beach Monitoring Program (RBMP)
Supporting document for Guam EPA’s RBMP (2018-2019) include:

o The Recreational Beach Monitoring Program RBMP Plan: Guam Coastal Waters
(GEPAMPQAO009 June 2003 Rev. No. 1),

s The STANDARD OPERATING PROCEDURE (SOP): FOR THE COLLECTION OF
WADEABLE AND NONWADEABLE SURFACE WATER AND MARINE WATER
FOR MICROBIOLOGICAL EXAMINATION (GEPAMPO017, April 2001).

Assessment of data from the RBMP begins with identifying beach segments. Table 8. Guam
Beaches (below) defines Assessment Units included in this IR. The table also shows 102
designated beaches totaling 44.24 beach miles.

5 WQX has effectively replaced the STORET {short for STOrage and RETrieval) Data Warehouse, which was
decommissioned in June 2018.
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Table 8. Guam Beaches

: . USEPA GEPA Assessment
Beach Name Watershed Bay Name Size (mi) Beach ID Beacht Unit ID
Aang Beach Manell Cocos Lagoon 1 0.12 GUS561116 GB79 GU-GB79
Aba Beach Geus Cocos Lagoon 2 0.19 GU164107 GB78 GU-GB78
Abong Beach Cetti sB:ga L7 IS 0.62 GB64 GU-GBé4
Achang Bay Manell Cocos Lagoon 1 0.55 GB80 GU-GB80
Aga Beach Inarajan Aga Bay 0.08 GU581113 GB91 GU-GB%1
Agfayan River Beach Inarajan Agfayan Bay 0.07 GUB67073 GB95 GU-GB95
Ajayan River Mouth 1 Manell Ajayan Bay 0.03 GU344686 GB87 GU-GB8§7
Ajayan River Mouth 2 Manell Ajayan Bay 0.06 GU954089 B89 GU-GB892
Ajmo Beach Toguan | LoguanBay & 0.16 GUS94296 | GB70 GU-GB70
Bile Bay
Alupang Island Beach Northern :—é;ia)ma Bay 0.02 GB21 GU-GB21
Apaca Park Beach Agat Agat Bay 2 0.14 GB48 GU-GB48
Piti & Asan | Asan Bay 0.46 GU732200 GB31 [ 4
: Togcha Talofofo Beaches 0.06 GUS12957 | GB106 GUS-18:
Asiga Beach Area (Inarajan) | Asalonso Asiga Point 0.22 GB102 GU-GB102
Beach Area
Atao Beach Inarajan Inarajan Reef Flat 0.38 GU303218 GB93 GU-GB93
n Fonte Hagatna Bay 013 | GU208533 | GB27
{(West)
ar Inarajan Inarajan Bay 0.56 GU605963 GB97
ag Pago Pago Bay 0.96 GLI875627 GB118
Beach at Pauililuc Bay Dandan Pauliluc Bay 0.28 GU208080 GB9s8
- - GB32,
e Piti & Asan | Piti Bay 1.16 GU196164 GB33
Beach north of Acho Point Inarajan Inarajan Reef Flat 0.31 GU755429 GB94 GU-GB%4
ﬁ:ﬁ_‘ north of Asmafines | oy Sella Bay 0.12 GB62 GU-GB62
Beach North of Finile River | Agat Agat Bay 2 0.35 GU324640 GB52 GU-GB52
Togcha Togcha Bay 0.27 GU721999 | GB113 QUS-13
Beach North of Ylig Bay Ylig Ylig Bay 0.07 GU834889 GB116 GU-GB116
South Facpi Point
Beach south of Achugao Cetti beaches and 0.29 GB59 GU-GB59
rocky shorelines
South Facpi Point
Beach south of Agaga River | Cetti beaches and 0.25 GB60 GU-GB60
rocky shorelines
Agat& AgatBay2 &
Taelayag Taleyfac Bay 2 088 GU922647 GBS3
Beach south of Sella River Cetti Sella Bay 0.12 GBé63 GU-GB63
Beach to Asgadao Bay Manell Asgadao Bay 0.07 GU280102 GB83 GU-GB83
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= . USEFPA GEPA Assessment
Beach Name Watershed Bay Name Size {mi) Beach ID Beacht Unit ID
Beach to Liyog River Mouth | Manell Sumay Bay & 0.77 GU519084 GB81 GU-GB81
Asgadao Bay
Bile Bay Beach Toguan Bile Bay 0.03 GU757210 GB71 GU-GB71
Calvos Beach Togcha Talofofo Beaches 0.51 GU304652 GB108 GU-GB108
Cocos Island Cocos Cocos Lagoon 1 1.16 GB73 GU-GB73
Lagoon
Dadi Beach Agat Agat Bay 1 0.61 GB46 GU-GB46
Northern | Hi2gatna Bay 099 | GU203410 | GB22
{East)
South Facpi Point
Facpi Point Beaches Cetti beaches and 0.66 GB58
rocky shorelines
Fafai Beach Tumon | on Bay 0.37 GB13 GU-GB13
Subbasin
Falcona Beach Northern iarl::na Beach 0.37 GBé6 GU-GBé
- Apra Apra Harbor 2 0.15 GU179655 GB36
Gabgab Beach Apra Apra Harbor 2 0.65 GB43
e [ Timon)Bay 0.15 GUs10162 | GB16 GUNS!
Subbasin ;
Guijen Rock area Inarajan Inarajan Reef Flat 0.44 GU535422 GB92 GU-GB%2
Tumon e
Subbasin Tumon Bay 0.23 GU446721 GB15 [ 7
Hagatna Bay
Hagatna (West) 043 GU176012 GB25
Haputo Beach Northern s L[ 0.19 GBS
Area
Head of Fouha Bay Umatac Fouha Bay 0.06 GB66 GU-GB66
Head of Paicpouc Cove Asalonso Talofofo Bay 0.09 GB103 GU-GB103
Talofofo Talofofo Bay 0.21 GU367361 GB105 G5
. Umatac Umatac Bay 2 0.14 GU654723 GB67 | GRG0
Head of Ylig Bay Ylig Ylig Bay 0.18 GU425901 GB115 GU-GBI15
Inarajan | 2\Bfayan Bay: 008 | GUOS7929 | GB9%
Inarajan Pools
g::‘m‘“e“t beach = Asgadao i\ el || Asgadao Bay 012 | Gue21836 | GB84 GU-GB84
Intermittent beach - Shark's Northern Tanguisson 0.19 GB9 GU-CB9
Hole Beach Area 1
ipternitient beach - Northern | L2nguisson 026 | GUs15461 | GB10 GU-GB10
Tanguisson Pt. Beach Area 2
g‘:;’ mittentbeach 1- Ajayan | ¢ el Asgadao Bay 012 | GU196675 | GBSS GU-GB85
Intermittent beach 2 - Ajayan Manell Asgadao Bay & 0.09 GU461933 GB86 GU-GB86
Bay Ajayan Bay
Intermittent beach 3 - Ajayan | Manell Ajayan Bay 0.21 GU370300 GB88 GU-GB88
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X - USEPA GEPA Assessment
Beach Name Watershed Bay Name Size (mi} Beach ID Beach# Unit ID
Bay
g:;r“““e“t beach 4 - Ajayan | \ponell Ajayan Bay 009 | GU231281 | GB9O GU-GB90
Interm.lttent beach-North Northern Tanguisson 026 GU231381 GB11 GU-CBi1
Tanguisson Beach Area 2
Cocos
Islet Cocos Lagoon 1 0.07 GB74 GU-GB74
Lagoon
Jinapsan Beach Northern 22:5521“ Beach 1.28 GB3 GU-GB3
Jones Beach Togcha Talofofo Beaches 0.09 GU473279 GB110 GU-GB110
Liyog river Mouth Manell Asgadao Bay 0.18 GU463873 GB82 GU-GB82
Marianas Yacht Club Beach | Apra Sasa Bay 0.18 GUB26563 GB41 GU-GB41
| M lic Pien Pak | Geus Cocos Lagoon 2 0.46 GUO038434 GB75
Mouth of Cetti Bay Cetti Cetti Bay 0.5 GB65 GU-GB65
ey v S | Tumon GB17,
n Beaaly TumoniBal | Subbasin Tumon Bay 1.1 GU763206 CB18
Tanguisson
Northern Beach Area 2 0.25 GU900850 GB12
Taelayag Taleyfac Bay 2 0.56 GUO016244 GB55
Togcha Bay &
North of Togcha Point Togcha Beach North of 11 GU631282 GB114 GU-GB114
Togcha Point
North Pago Bay Beach Pago Pago Bay 0.24 GB119 GU-GB119
Orote Point Beaches Apra aAanZ Harbor1 021 GB44 GU-GB44
1 B Apra Apra Harbor 3 0.46 GU745740 GB35 =18
Perez Beach Dandan Nomna Bay 0.26 GB101 GU-GB101
Piga Beach (Talona Beach) Geus Cocos Lagoon 2 0.42 GU249673 ((;31;7776' GU-GB76
Pigua River Beach Toguan Bile Bay 0.08 GU418215 GB72 GU-GB72
Polaris Beach Apra Apra Harbor 2 0.19 GB42
Piti Channel and
Apra Cabras Island 0.46 GU233053 GB37
Ritidian Beach Northern | Niudian Point 235 GB4
Beach Area
Rizal Beach Agat AgatBay1&2 0.26 GU031839 GB47
Sagua Beach Taelayag Taleyfac Bay 1 0.62 GB57
Salinas Beach Agat Agat Bay 2 0.53 GU959524 GB51
Ski Beach Apra Sasa Bay 0.4 GU427179 GB38
South of Falcona Beach Northern Falcona Beach 0.24 GB7
(Urunao) Area
South of Machadgan Point Umatac Umatac Bay 2 0.25 GBe8
SRF Beach Apra Apra Harbor 2 0.4 GB40
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= > USEPA GEPA Assessment
Beach Name Watershed Bay Name Size (mi) Beach ID Beach# Unit ID
Taelayag Beach Taelayag Taleyfac Bay 1 0.87 GU524587 GB56
) Tagachan Beach
Ylig Park Area 0.18 GU996375 GB117
Tarague Beach
Tarague Beach (Scout Beach) | Northern | (Scout Beach 3.42 GB1, GB2
Area)
Tipalao Beach Apra Tipalao Bay 0.15 GB45
Agat Agat Bay 2 0.79 GU374433 GB50
2 Toguan | Toguan Bay 046 | GU311098 | GB69
Hagatna Ba SBaZ
Northern | Sy g 116 | GU458635 | GB23,
ast) GB24
Dandan | 5 omai Beach 0.11 GB99
Area
| Piti & Asan | Piti Bay 0.52 GU790189 GB34
Northern Lolieach 2.04 GB5
Area
Hagatna Bay
Hagatna (West) 1.11 GU468763 GB26
- | Fonte Asan Bay 0.41 GU241731 | GB28
West of volcanic headland | Piti & Asan | Asan Bay 037 | GUBS4S649 | GB29
[ s LT Togcha | Togcha Bay 0.3 GU139377 | GBiil
Tumon
Subbasin Tumon Bay 042 GU425480 GB19
Total miles:
Total: 102 Beaches 4424
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Forty-four (44) monitored stations are listed in Table 6 and included in Table 8 (highlighted in
green). These stations assess thirty-one (31) beach units (also highlighted in green in Table 8

above).

Project: NOAA's Manell Watershed Monitoring

The supporting document for NOAA’s Manell Watershed project is the Measurement of
Turbidity, Suspended Sediments and Nutrients in Three Rivers that Drain to the Achang
Preserve from the Manell Watershed, Guam. Pait, Whitman, et al. NOAA Technical
Memorandum NOS NCCOS 268. December 2019.

Assessment of data from
the Manell study begins
with identifying river and
marine bay segments. As
seen in the figure, Geus
River, west of the study
area, empties into the
Cocos Lagoon 2
waterbody and  the
Achang Reef Flat MPA.
The Sumay River emplies
to the Sumay Bay, Liyog
River empties to Asgado
Bay and Ajayan River
empties to Ajayan Bay.

The freshwater rivers are

classified as “S-2 waters” or “Good” under the GWQS while the marine/brackish waters at the
mouths of these rivers (including the Achang Reef Flat MPA) are classified as “M-1" or

“Excellent”.

Based on described project sample collection locations, the following River Name, Guam EPA
Assessment Unit (AU) IDs and size (miles) are to be used in further project data assessment:
¢ Geus Fresh water: Geus River 1, GUMZRG-1, 0.99 miles; Geus River 2, GUMZRG, 0.52

miles; Geus River 3, GUMZRG-2, 0.78 miles.
e Sumay Bridge: Sumay River, GUMZRSY, 1.06 miles
e Liyog Bridge: Liyog River, GUMZRL, 1.83 miles
¢ Ajayan Bridge: Ajayan River, GUMZRA], 3.95 miles
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Degree of Use-Support for each beach and river segment is determined by applying the guidelines
shown in Table 9.

Table 9. Guidelines to determine the Degree of Use-Support

Criteria
; Aquatic Life Use Support for Wat li
Level of Use Marine Water - Whole Body Contact Recreation AuaNC e, 2 ppf)r .0 g : LEAELL)
Support (Physical/Chemical indicators)
M1, M2, !
M3 51, 82, S3

Enterococci: A geometric mean of 35 enterococci per
Full 100mL (based on samples taken in a 30-day interval)
Su yortin is not exceeded AND the Statistical Threshold Value | For each pollutant, GWQS exceeded in 10%

PP & (STV) of 130cfu/100mL is not exceeded by more than | or less of measurements

(FS) 3

10 percent of the samples taken during the same 30-

day interval,

Enterococci; Geometric mean of 35 enterococci per
Partiall 100mL (based on samples taken in a 30-day interval)

artia
S )t( is not exceeded AND the Statistical Threshold Value | For each pollutant: GWQS exceeded in 11%
upportin

(P:)p 8 (STV) of 130cfu/100mL is exceeded by more than 10 to 25% of measurements

percent of the samples taken during the same 30-day

interval during the year.
Not Enterococci; Geometric mean standard of 35 .

. n . For each pollutant: GWQS exceeded in
Supporting enterococci per 100mL (based on samples taken in a ter than 25% of R
reater than 25% of measurements

(NS) 30-day interval) is exceeded. = edatp il il
III. Assessment Results

This section presents the results of Guam’s recreational water and the NOAA Manell Study data
assessments, including the five-part categorization of all water segments.

Five-Part Categorization of Marine and Surface Waters

As recommended in the IR Guidance (2006), the following categories are to be assigned to an
assessment unit (AU) depending on the use-support determination of data from the RBMP and
the NOAA Manell Study:

Category 1: All designated uses are supported, no use is threatened;

Category 2: Available data and/or information indicate that some, but not all of the designated
uses are supported;

Category 3: There is insufficient available data and/or information to make a use support

determination;
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Category 4: Available data and/or information indicate that at least one designated use is not
being supported or threatened, but a TMDL is not needed;
Category 4a: A TMDL to address a specific segment/pollutant combination has been
approved or established by EPA;
Category 4b: A use impairment caused by a pollutant is being addressed by the state
through other pollution control requirements;
Category 4c: A use is impaired, but the impairment is not caused by a pollutant; and
Category 5: Available data and/or information indicate that at least one designated use is not
being supported or is threatened, and a TMDL is needed.

Project: Recreational Beach Monitoring Program (RBMP)
All monitored beaches are assigned to Category 4a due to TMDLs that were EPA approved in

2010 and 2015. Nonetheless, individual recreational beach use-support assessments for 31
beaches are presented in Table 10. The table shows the degree of use-support for the
designated use of Whole Body Contact Recreation using the Enterococci (bacteria) parameter.
Thirty-one (31) beaches were assessed in 2018 and 2019 resulting in a categorization of 15.5
miles of Guam'’s beaches. See Figure Al. 2018-2019 IR Stations for the location of Beaches and
Beach Stations.
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Project: NOAA’s Manell Watershed Monitoring
Individual aquatic life use-support determination of the Manell Watershed rivers show that
Dissolved Oxygen, Orthophosphate, and Suspended Solids are not supporting (NS) for all three
rivers. Nitrates (NO3-) are not supporting (NS) at Sumay River but fully supporting (FS) for
Ajayan River and Liyog River. Dissolved Oxygen, Suspended Solids, Nitrates and
Orthophosphate are fully supporting (FS) at the Geus River segments. See the following table.

Table 11. Individual Aquatic Life Use-Support Assessment of NOAA’s Manell Study

Dissolved Dissolved SS8C NO3- HPO4=
Oxygen(mg/l) | Oxygen(%) | (mg/l) | (mgIN) | (mg/IP)
Ajayan River, GUMZRA]J, 3.95 miles
exceedances 51 61 40 0 68
number of samples 79 79 65 79 77
exceedance freq (%) 65 77 62 0 88
use-support determination NS NS NS FS NS
MIN 2.01 31 1.40 0.000 0.010
MAX 8.47 100 82.17 0.050 0.310
AVG 4.30 63 7.52 0.012 0.084
Liyog River, GUMZRL, 1.83 miles
exceedances 40 44 60 0 71
number of samples 79 79 64 79 77
exceadance freq (%) 51 56 94 0 92
use-support determination NS NS NS FS NS
MIN 0.77 12 3.32 0.000 0.010
MAX 78.70 100 129.06 0.090 0.320
AVG 5.35 67 23.37 0.009 0.104
Sumay River, GUMZRSY, 1.06 miles
exceedances 66 67 15 45 31
number of samples 71 71 65 69 64
exceedance freq (%) 93 94 23 65 48
use-support determination NS NS NS NS NS
MIN 0.29 4 1.45 0,020 0.010
MAX 6.70 88 71.57 0.340 0.460
AVG 3.54 47 7.51 0.188 0.049
Geus River 1, GUMZRG-1, 0.99 miles. Geus River 2, GUMZRG, 0.52 miles. Geus River 3, GUMZRG-2,
0.78 miles. (total miles: 2.29 miles)
exceedances 0 0 1 ] 0
number of samples 29 29 29 9 9
exceedance freq (%) 0) 0 3 0 0
use-support determination FS FS FS FS FS
MIN 6.55 84 0.19 0.030 0.010
MAX 11.57 100 2449 0.110 0.020
AVG 7.50 92 2.62 0.073 0.013
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During this reporting cycle, use-support assessments were not conducted at these rivers for the
other designated uses (i.e. body contact use [DU1] and human health consumption use [DU3]).
Therefore, these four rivers are categorized (Five-Part Categorization of Marine and Surface
Waters) as follows:

DU1: s Single
Guam . ° | AquaticLife | DU2 Aquatic | DU3 Human B
. River 303d | Bady : Category
River AUID . Phys/Chem Life Health s
Name listed? | Cont : : Assignment
iD# Water Bioassessment | Consumption
act v {5part)
Quality
GUMZRG-1 NO none FS none none 3
G-32 g‘fﬁ_ GUMZRG-2 | NO | none FS none none c3
GUMZRG NO none F5 nong none 3
G-37 Sl';:‘;'r” GUMZRSY | NO* | none NS none none c5
Gas | % | GumzrL | NO* | none NS none none 5
River
5G-41 ‘?{?{:r" GUMZRA] | NO* | none NS none none c5

“these waterbodies will be further assessed for inclusion in Guam’s 2020 303(d) List of Impaired Waters next reporting cycle

Geus River segments are assigned a category 3 (C3) indicating that there is insufficient
information/data to make a single category assignment. The three Manell Watershed rivers are
assigned a category 5 (C5) indicating that one designated use (DU2) is not supported and that a
TMDL is needed. Guam EPA however notes that current active and future restoration efforts
in the Manell Watershed may be sufficient to begin mitigating water quality impairments. (See
Part II. Manell Watershed narrative pages 35-38). Sampling and analysis in the Manell
Watershed rivers should be continued to determine Single Category Assignments for the
remaining designated uses.

IV. Trend Analysis for Marine and Surface Waters

Recreational Beach
Monitoring Program
A story map showing the best beaches based on
frequency of advisory for the 2019 calendar year was
created. The story map can be viewed at

https:/www.arcgis.com/apps/iMapSeries/index.itml?a
ppid=e827565{65f1439fb62a709c3788fe76.
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Status and Trends Monitoring Program

The Monitoring Program is continuing efforts to develop a water quality inventory document
(entitled “STMP Marine and Surface Water Quality Assessment”) based on data collected via its
Status and Trends Monitoring Program and recorded in USEPA’s STORET. A preview of the
STMP 2013 assessment document featuring the Hagatna Watershed was included in Guam'’s
2014 IR.

The document presents information on:

* Guam’s delineated watersheds and specific watershed links to river and marine
waterbody segment information (e.g. known point and non-point pollution sources,
advisory areas, water quality monitoring sites and biological monitoring sites);

* Watershed monitoring site information (e.g. site description, assigned Guam water
quality classification, years sampled, total number of sampling events); and

» Watershed specific raw monitoring data and descriptive statistics of the data (e.g.
number of samples, average concentration, minimum/maximum values, number of
GWQS exceedances, percentage exceedance and box and whiskers charts showing
yearly data distribution, Observed Mobile Invertebrates, Percent Cover of major benthic
Group Categories, and Species Observed).

Agency managers may use the document for planning purposes. Also, segments of the
document may be provided online to the public.

Table 12 summarizes where exceedances occurred at 75% or more of samples taken. Continued
investigation should be conducted at these sites in order to determine sources of these
exceedances. Inclusion of these sites to the IWM program can be considered for further
investigation.
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Table 12. STMP Sites with 75% or greater Exceedances

Bacteria‘:;l:l;e)umﬁnn Orthc;::;ﬁphate . Nitrate (mg/L) Oxygen (% Saturation) T;t:lliius(.;egt}z;ed

oy W o U0 gm W o TE on B
AGMX Hagatna MZRAC Manell AGRA-1 Hagatna A5 Hagatna DRM Northern
AGRA-1 Hagatna MZRL Manell INRI1 Inarajan AGRA-1 Hagatna DRMI Northern
INRAGB-3  Inamjan | TURTG-IBE  Togcha AGRD Northern AGRA-2  Hagatma r2 Pago

MZRAC Manell r2 Pagoc | AGRA-3  Hagaima ATMA Taelayag
MZRA] Manell PGRLO Pago AGRD Northern

MZRL Manell | ASRI-2 Piti / Asan r2 Pago

TANG Northern | T3 Togcha rs Pago

ASRI-1 Piti / Asam | TURTG-1B  Togcha i) Fago

ASRI-3 Piti / Asan | PGEP Pago

ASRM I’iti / Asan ! PGRLO Pago

MAI1 Piti / Asan MZRP-2 Toguan

TUMI1 Talofofo FW site Apra

TURTG-C Togcha

MZRP-2 Toguan

MZRT-1 Toguan

FW site Apra |

Manell Watershed, Guam Water Quality Monitoriﬁg Project
2017-2018

NOAA’s Manell Watershed and Geus River results indicated some important trends and

conclusions that should be considered in on-going and future restoration activities in the Manell

Watershed. The following statements were taken directly out of the report:
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There is a significant (Spearman’s Rho = 0.0880, p < 0.0001) positive correlation between
rainfall and turbidity (collected using a sonde}. Ajayan and the As Liyog rivers respond
rapidly to rainfall in terms of stream height and as was shown for the Ajayan, also for
turbidity. This highlights the need for restoring and maintaining good soil cover in the
watershed, in order to reduce the amount of water and sediment transported into the
rivers and then out onto the Achang Preserve and the rest of Cocos Lagoon.

The effects of wildfires leaving the soil bare, followed by revegetation either naturally or
as a part of restoration efforts, could lead to a decrease in the amount of base soil
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present, and perhaps to less erosion. Additional monitoring, and surveys of ground
cover would help to determine any trends.

o It's possible there is a link between revegetation of the hillsides either through
restoration efforts (e.g., replanting of native species of plants) or natural regrowth of
grasses after wildfires, to reduced inputs of SSC and orthophosphate into the rivers.

V. Other Issues

Reported spills

The Guam EPA receives reports of spill occurrences that reach or have the potential to reach
surface water andfor marine water. The National Response Center, NPDES permittees,
concerned citizens and local government officials submit these reports to the Agency. Table 13
on the following page summarizes the number of spill occurrences, by location and type,
reported to the Monitoring Program at Guam EPA.

The volume/quantity of these spills is not always reported. Wastewater/sewage and oil spills
are the most numerous type of spill reported.
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EXECUTIVE SUMMARY

The Guam Environmental Protection Agency (Guam EPA) has initiated an effort to achieve
compliance with the bacteria Total Maximum Daily Load requirements for 42 waterbodies
impaired due to Enterococci exceedances of the Guam Water Quality Standards. The focus of
this effort is to reduce Enterococci loads to Guam beaches through stormwater best management
practices (BMPs), including structural methods, pollution prevention and source control. While
implementation throughout the island of Guam was evaluated, this project focused on Agana Bay
and the Duncga’s stream.

The initial efforts of this project identified and ranked potential structural BMPs for use on
Guam to reduce bacterial loads in stormwater. The results of the ranking system indicate that the
most effective BMPs with respect to bacteria removal are infiltration basins, wetland structures
and bioretention structures. Local conditions are an important factor for the implementation of
any structural stormwater BMP and as a result the project ranking system should be used to
select the most appropriate structural BMP.

With respect to the Dungca’s stream location, a constructed extended detention wetland is
recommended to maximize bacterial removal. The BMP design and maintenance must
maximize exposure to sunlight to provide optimal bacterial removal.

Of the evaluated non-structural stormwater BMPs, sanitary sewer source control measures can
have the greatest impact in the project study area. An effective source control program will
require the cooperation of Guam EPA, Department of Public Works and the Guam Waterworks
Authority.
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1.0 INTRODUCTION

The Clean Water Act (CWA) is administered by the U.S. Environmental Protection Agency
(EPA) and requires the establishment of Total Maximum Daily Loads (TMDLs) for stormwater
entering impaired waterbodies. A TMDL is based on a calculation of the maximum load of a
pollutant that a water body can receive and still meet water quality standards (EPA 2018a).
Because TMDL implementation is relatively new, there is a need for information on the efficacy
of stormwater best management practices (BMPs) for pollutant reduction (Abbasi and Antti
2013). Stormwater BMPs encompass structural methods, such as retention basins, infiltration
strips, bio-swales, and detention basins, or nonstructural methods, such as source control, stream
restoration, tree planting, vegetation management, and public education and awareness. The
general goal of stormwater BMPs is to regulate flow and capture pollutants in stormwater runoff.

1.1 Purpose

This report has been prepared by EA Engineering, Science, and Technology, Inc., PBC (EA) for
the Guam Environmental Protection Agency (Guam EPA) to summarize the Project work and
recommend effective stormwater BMPs for bacterial removal on Guam.

1.2 Document Organization

This report will identify and recommend BMPs based on their ability to reduce bacteria and
feasibility of implementation on Guam.

This report is organized as follows:

Section 1 — Introduction

Section 2 — Background

Section 3 — Best Management Practices on Guam

Section 4 — Structural Best Management Practice Ranking
Section 5 — Sampling Events

Section 6 — Results and Discussion

Section 7 — Conclusions and Recommendations

Section 8 - References

It must be clearly noted that the conclusions reached by EA during this assessment are based on
the review of existing available information and specific studies.
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2.0 BACKGROUND

The Guam EPA Recreational Beach Monitoring Program tests for bacteria and notifies the public
of the swimming and wading quality of Guam'’s recreational beaches. Guam EPA has performed
this community service weekly since 1974, The program is based on EPA guidance for beach
monitoring and notification, as well as required performance criteria for national beach grants.

The beach monitoring effort has resulted in 42 Guam “waterbodies” being assigned high priority
status on the CWA Section 303(d) Impaired Waters List. To identify the discharge parameters
necessary for CWA compliance, bacteria TMDLs for the 42 waterbodies were developed and
approved by the EPA in December 2010 and February 2015. The TMDL development removed
Guam’s 42 beaches from the CWA Section 303(d) Impaired Waters List; however, the 42
waterbodies remain impaired due to Enterococci exceedances of the Guam Water Quality
Standards. In response, Guam EPA has initiated efforts to reduce Enterococci loads to Guam
beaches. Appropriate BMPs, such as structural stormwater BMPs, pollution prevention and
source control, will be investigated for their efficacy in reducing Enterococci concentrations in
marine waters,

The current structural BMP practices acceptable on Guam have been identified in the Guam
Transportation Stormwater Drainage Manual (Parsons Transportation Group 2010) and the
Commonwealth of the Northern Mariana [slands (CNMI) and Guam Stormwater Management
Manual (2006). This report will provide recommendation for the use of stormwater BMPs to
reduce bacteria and help meet the TMDLs.

2.1 Stormwater Impacts

Stormwater runoff is generated by precipitation not infiltrated into the ground, stormwater flows
are increased by land development and the construction of impervious infrastructure. A typical
city block can generate up to five times more runoff than a woodland area of the same size (EPA
2003). To prevent flooding and manage increased stormwater runoff, stormwater is collected
and conveyed in stormwater sewer systems. High velocities and contact with a multitude of
surfaces often results in contamination such as; bacteria, viruses, chemicals, sediment, and trash.
Direct discharge into waterbodies can impair those waters and pose a risk to human health,
wildlife, and the environment.

In response to potential hazards, the EPA currently regulates stormwater pollutants in programs
such as the National Pollutant Discharge and Elimination System Program and the CWA Section
303(d) Impaired Waters List (EPA 2017 and 2018a). As described above in Section 2.0, Guam
EPA is responsible for meeting bacteria TMDLs for 42 Guam waterbodies.

2.2 Stormwater Mitigation
Stormwater BMPs are structural or nonstructural methods used to mitigate both quantity and

quality of stormwater runoff. Benefits of this include protection of wetlands and aquatic
ecosystems, improved quality of receiving waterbodies, conservation of water resources,
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protection of human health, and flood control (EPA 2017). BMPs include public education and
awareness, public involvement, illicit discharge detection and elimination, construction site
stormwater runoff and control, post-construction stormwater management in new development
and redevelopment, and pollution prevention (EPA 2018b).

Various stormwater BMP criteria are available, and each is based on a holistic system
management approach. As recommended by the EPA, the approach should take into account the
effectiveness of each BMP and its costs (EPA 2018b). The stormwater BMP criteria developed
with Guam EPA and used to develop the BMP ranking included in this report consists of the
following:

Effectiveness at removing Enterococci bacteria
Implementation cost

Environmental impacts

Long-term effectiveness

Maintenance requirements.
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3.0 BEST MANAGEMENT PRACTICES ON GUAM
3.1 Structural Best Management Practices

EA requested BMP information from local agencies and performed visual field assessments to
determine the type of BMP structures in use on Guam. The following BMPs have been
confirmed in use on Guam:

Retention ponds

Detention ponds
Infiltration ponds/chambers
Injection wells

Oil/water separators.

The CNMI and Guam Stormwater Management Manual (2006) includes bacteria removal
assessments for coastal waters in regionally recommended BMPs. The relevant data can be
found in Table 1 and coincides with the general findings of documents in the literature review.
Based on these findings the following BMPs categories were evaluated:

Ponds

Wetlands
Infiltration
Filtering Systems.

Table 1. Select Data from “BMP Selection Matrix 5-Pollutant Removal”

Critical Resource Area Specific Criteria
L e Coastal Waters
Ponds Moderate bacteria removal.
Provide long extended detention (=48 hours) for maximum
Wetlands bacteria die-off.
OK, but maintain 3 feet separation distance from seasonal high
Infiltration groundwater.
Filtering Systems OK, moderate to high bacteria and nitrogen removal.
Open Channels Poor bacteria removal.

3.2 Non-Structural Best Management Practices

At the time of this report, Guam is beginning adherence to the requirements stipulated by the
EPA under the municipal separate storm sewer systems (MS4) permit program. The MS4
compliance will result in the development of source control measures, such as an illicit discharge
survey.
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At the time of this report, no documentation of institutional measures aimed at improving
stormwater quality or other non-structural stormwater BMPs have been made available.

3.3 Bacteria Removal Factors

The removal or inactivation of bacteria within structural stormwater BMPs is accomplished
primarily through the following mechanisms:

e Ultraviolet (UV) light

e Sedimentation

e Filtration

e Predation and biological processes.

The prevalent mechanism will vary dependent upon the individual BMP and the local conditions.
The results of existing studies indicate that UV light can be a key factor in the reduction of
bacteria (J.M. Hathaway et. al. 2008). The design, construction and maintenance of each BMP
must be done in a manner to facilitate the factors that inhibit or remove bacteria in stormwater.
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4.0 STRUCTURAL BEST MANAGEMENT PRACTICE RANKING

The Guam Stormwater Best Management Practices Performance Ranking Technical Report (EA
2018) developed a ranking scheme to aid in the selection of BMPs in Guam. A ranking scheme
was chosen over the recommendation of a single BMP due to variability of conditions at
potential sites.

4.1 Best Management Practice Ranking Summary

Table 2 is a summary of the five ranking categories combined in this document. The following
parameters were incorporated into the ranking scheme:

e Bacteria removal

o Cost

e Environmental impact
e Lifespan

¢ Maintenance.

The three highest ranking scores are shown in bold.

Table 2. BMP Ranking

BMP .
Group BMP Design Total Rank
Micropool Extended Detention 63
Pond
Wet Pond 67
Shallow Marsh 68
Wetland Extended Detention Wetland 79
Pocket Wetland 63
] Infiltration Chamber/Trench 66
Infiltration : .
Infiltration Basin 93
Sand Filter 52
Filters Media Filter 52
Bioretention 69
Open Dry Swale 56
Channels Wet Swale 51

Infiltration basins scored the highest rank in the bacteria removal category, but are not suited for
locations near the shoreline where ground water levels are high. Bioretention structures also
require separation from groundwater, but are typically constructed at the stormwater collection
point. Coastal settings favor wetland structures which can depend on high groundwater to
maintain a constant water level. The varying suitability of each BMP allows for a unique
approach to mitigation which incorporates multiple strategies.
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5.0 SAMPLING EVENTS

The Project work summarized in this document included four sampling events. The sampling
objectives were to determine the source of bacterial contamination in Agana Bay (Figure 1) and
to evaluate areas of high concentration. The four sampling events are listed below:

Wet weather sampling event at six EPA designate sites along Agana Bay (Figure 2).
o Analysis:
» Six samples for Bio Markers [B. dorei (human), EPA Developed Assay
(human), C. marimammalium (gull)),
*  One sample for Bio Markers [B. Bacteroides and Prevotella (dog), H.
pametensis (bird)],
» Six samples for Enterococcus

» Dry weather sampling event at six EPA designate sites along Agana Bay and three
locations with Dungca’s stream (Figure 3).
o Analysis:
= Six samples for Bio Markers [B. dorei (human), B. Bacteroides and
Prevotella (dog), H. pametensis (bird)],
» Nine samples for Enterococcus

e Wet weather stormwater inlet sampling event (Figure 4).
o Analysis:
» Four samples for Enterococcus

¢ Docomo Pacific basement groundwater sampling event (Figure 4).
o Analysis:
®  One sample for Enterococcus.

A wet weather sampling event was performed to identify the impact of active run-off and
potential sanitary overflows have on the bacteria concentration when compared to dry weather
conditions. Typical dry weather sampling events outlined by the EPA require 72 hours of dry
weather, but due to Guam’s wet tropical climate this requirement was reduced to prevent delays.
The dry weather parameters for this study were established as 48 hours with less than 0.1 inches
of rain, and at least 24 hours with no rain prior to sampling. The weather station at the Guam
international airport was used as a basis for monitoring due to its proximity to the Agana Bay.

The wet weather sampling event was conducted first due to weather conditions. Based on the
wet weather sample results, three additional Enterococcus samples were added to the dry
weather sampling event in order to further evaluate Dungca’s stream.

To further evaluate contaminated source streams and potential illicit discharges, samples were
collected in stormwater inlets and an open groundwater source in the basement of the Docomo
Pacific Headquarters Building, located at 890 South Marine Corps Drive, Tamuning (Figure 4)
The samples were analyzed for Enferococcus only. The stormwater inlet and Docomo sampling
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points were chosen for their proximity to Dungca’s Stream. Each inlet sample location was
selected to capture flow from distinct areas and the Docomo sample to provide a background
groundwater concentration of Enterococcus.
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6.0 RESULTS AND DISCUSSION
6.1 Analytical Results

Wet Weather Sampling Event — 6 April 2018

Human marker B. dorei was detected in all wet weather samples analyzed for bio markers.
Concentrations were detected between 227 and 8,450 copies/milliliter (mL), with the two highest
concentration detected in the two western most samples. Enterococci were detected in four of
the six wet sampling locations, 10 to 414 Most Probable Number (MPN)/100 mL. The higher
concentration of human markers detected in the western portion of the Bay does not coincide
with the detection of Enterococcus which was low (10 MPN/100 mL) and non-detect in the two
western samples. The higher detection of human markers in the western portion of the Bay may
be a result of inactive human biomarkers origination from the wastewater treatment plant in that
area.

The Gull marker, C. marimammalium was not detected in any of the wet weather samples. One
sample, collected from the stormwater outfall Dungca’s Outlet was tested for both dog markers
B. Bacteroides and Prevotella, and bird marker H. pametensis. Both the dog and bird markers
were detected in low concentrations in the sample.

The Enterococcus sample within Dungca’s stream, 414 MPN/100 mL, was an order of
magnitude greater than the other samples, which indicates that fecal pollution is being conveyed
through stormwater via the stream to the Agana Bay. The dominant microbial source tracking
markers were human, indicating that the source of the fecal pollution is mainly sewage. Due to
the elevated results and the intended project focus on Dungca’s stream, consecutive stormwater
sampling focused on identifying physical sources within the watershed by sampling from
wastewater and stormwater infrastructure (e.g., manholes and culverts). The laboratory reports
can be found in Appendix A.

Dry Weather Sampling Event — 1 November 2018

Of all the samples collected and analyzed for biomarkers, human marker B. dorei was detected in
low levels in samples collected from the three Western most locations. The results for the
samples collected from sites N-08, N-09, and N-26 (Figure 3) show detection for human
markers. However, the concentrations were not quantifiable. Dog markers B. Bacteroides and
Prevotella were detected at sites N-08 and N-09. The presence of the bird marker H. pametensis
was detected in all the samples collected during the dry weather event. In the samples that dog
and bird markers were detected, it is noted that the concentrations were not quantifiable.
Enterococcus was detected in five of the nine dry weather sampling locations, 10 to 211
MPN/100 mL. The concentrations of cultured Enterococci are significantly lower in the dry
weather samples than the wet weather samples. The same is true for the quantification of human
fecal markers indicating that stormwater is a source of human fecal bacteria pollution.
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When compared to the corresponding wet weather Enterococcus sample, the dry weather results
were lower, with the exception of the western most sample which was non-detect (<10MPN/100
mL) for the wet weather sample and 10 MPN/100 mL for the dry. These results demonstrate an
increase in Emterococcus loading from human origin (i.e., sewage pollution) to East Agana Bay
during rain events. The Dungca’s stream sample was again the highest among the original
sampling sites (119 MPN/100 mL) indicating that the stream conveys fecal pollution to the Bay
during both wet and dry weather conditions.

To further evaluate the stream, three additional samples were collected during the dry weather
event; one at each of the two culvert outfall points and another taken from a manhole just
upstream of the main culvert. Each culvert sample result was comparable to the Dungca’s
stream sample at 95 and 74 MPN/100 mL, however; the manhole hole sample was almost twice
as high at 211 MPN/100 mL. This suggests that the manhole is closer to the contamination
source.

Stormwater Inlet Sampling Event — 16 October 2018

Four stormwater inlets, upstream of the subject manhole sampled during the dry weather event,
were sampled during wet weather. Enterococcus was detected in all four of the inlet samples
collected at respectively high concentrations ranging from 3,300 to >24,196 MPN/100 mL. Two
of the samples exceeded the method detection limit, these samples were taken from stormwater
inlets conveying water along each side of Marine Corps Drive.

Docomo Pacific Headquaters Building Sampling Event - 31 October 2018

The Docomo Pacific Headquarters Building is located approximately 165 meters from the
Dungca’s stream primary outfall. The building was constructed with a basement requiring a
large sump to pump local ground water from its foundation. This location was selected as a
sampling location to determine if shallow groundwater was contaminated with enterococci from
potential upgradient sources.

The sample result was non-detect for Enterococcus and eliminates local shallow groundwater as
a potential source. During an initial site visit and the sample collection event it was noted by
separate parties that a chlorine odor was present in the sump chamber.

6.2 Literature Review and Best Management Practice Ranking

The available documentation reviewed in developing this project ranking system indicate that
bioretention, wetlands and infiltration structures result in statistically significant removal of
bacteria, primarily when good UV exposure is present. Infiltration type BMPs are the
predominant type of BMP currently used on Guam, but their performance is dependent on local
site conditions such as geology and groundwater levels.

The developed ranking system should be used to evaluate new stormwater BMP location on a
case-by-case basis. Taking into consideration the local conditions at Dungca’s stream, most
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importantly the shallow groundwater table, an extended detention wetland ranks highest and is
recommended to reduce bacterial loading to Agana Bay.

6.3 Visual Evidence

During Project field activities visual evidence of a sanitary overflow into Dungca’s stream was
identified and photographed. Photo #1 depicts a sanitary manhole adjacent to Dungca’s streams
primary outfall. A trail of sanitary debris is clearly seen around the manhole and accumulated on
the fence bordering the stream.

Photo #1 - Sanitary manhole adjacent to Dungca’s stream and Guam Waterworks
Authority Bayside Pump Station showing visual evidence of overflow into the stream.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Stormwater may be impacted by multiple pollutant sources which can be difficult to identify and
mitigate. While active stormwater treatment options exist and can significantly reduce
pollutants, they are cost prohibitive and not practical for Guam. Passive structural and non-
structural BMPs can reduce stormwater bacterial pollutants, however; cne individual practice is
unlikely to provide enough reduction to meet regulatory limits. Therefore, a successful
stormwater bacteria reduction program should incorporate multiple strategies of which the
cumulative effect can have a significant impact.

Local conditions are an important factor for the implementation of any structural stormwater
BMP and as a result the project ranking system should be used to select the most appropriate
BMP. Of the non-structural stormwater BMPs, source control measures focused on sanitary
sewers can have the greatest impact in the project study area.

7.1 Best Management Practices Recommendations

Infiltration, wetland, and bioretention structural BMPs ranked highest based on the evaluation
parameters selected in this project. Each structure is different with respect to the site suitability
and will provide options as local project determinations are made. UV exposure is an important
factor and should be maximized in all designs when feasible. The aforementioned BMP
discussion is focused on end of stream treatment, but all stormwater basins can benefit through
the implementation of treatment of the collection point. Systems such as bio-retention basins,
tree boxes begin the stormwater treatment process before it enters the system and can have a
cumulative effect when paired with endpoint BMPs. These systems should be implemented with
a focus on bacteria removal by using an adequate amount of high-quality soil with organics to
support a good bacteria population.

With respect to the Dungca’s stream location, a constructed extended detention wetland is
recommended to maximize bacterial removal. The BMP design and maintenance must
maximize exposure to sunlight as UV exposure is imperative for the inactivation of bacteria.
The Dungca’s stream is located in a popular public recreation area, a constructed wetland is an
opportunity for beach beautification and public education. The wetland design should
incorporate public foot traffic with constructed paths throughout. These paths can be fitted with
informative signs discussing the functionality of the wetland and the types of plants and animals
which will inevitably use the wetland as habitat.

Based on agency reporting and visual evidence, sanitary sewer source control measures can have
significant impact on the mitigation of bacteria in stormwater. While bacteria contributions to
stormwater can come from wildlife, pets, and naturally occurring systems, these are difficult to
assess and to control. The bacteria removal efficiency of structural stormwater BMPs of all
types varies widely within the literature. There is no single type of BMP that consistently
demonstrates the ability to reduce bacteria to Guam Water Quality Standards, and so it is
unlikely that structural BMPs alone will reduce bacteria loads to within the TMDL

limits. Therefore, it is recommended that source control be the primary focus to reduce bacteria
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loadings. The total Enterococcus monitoring and microbial source tracking samples collected as
part of this study show that human contributions through sanitary sewer overflows are the likely
dominant source of fecal bacteria loading to the East Agana Bay. Based on the results of the
monitoring data, it is recommended that improvements to the sanitary sewer infrastructure be the
given the top priority to restoring the Bay.

7.2 Agency Responsibilities

An effective source control program will require the cooperation of Guam EPA, Department of

Public Works, and the Guam Waterworks Authority. Guam EPA serves as the regulatory body

not only to monitor Guam waters, but to enforce regulations and resolve issues which contribute
bacterial loading to Guam’s stormwaters.

Guam is in the process of incorporating an MS4 permit for which Guam Department of Public
Works is responsible. The MS4 requirements include stormwater illicit discharge surveys which
are a valuable part of source control and can identify illicit discharges.

The identification and resolution of sanitary sewer leaks and overflows is the responsibility of
Guam Waterworks Authority. Resolving these issues requires a long-term approach and large
amounts of funding to repair and upgrade infrastructure.

7.3 Additional Sampling

It is recommended that further sampling for bio-markers and upstream flows at the two storm
sewers located at the intersection of Marine Corps Drive and Governor Camacho Road be
performed. This may provide important information in identifying sources of Enterrococci.

It is also recommended that the water underneath the Docomo Headquarters Building be
analyzed for chlorine concentrations. Observations during sampling indicated that flow from the
sump under the building and surrounding drainage area could be diluting the bacteria
concentrations in the stormwater system. The chlorine concentration in the groundwater may
also indicate a leak in a potable water distribution line near the building.
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Appendix A
Laboratory Analysis Reports
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_ WERI
UNIVERSITY OF GUAM Water and Environmental Research Institute
UNIBETSEDAT GUAHAN of the Western Pacific
April 6, 2018
EA Engineering

1001 Army Drive, Suite 103
Barrigada, Guam 96913-1402

Sample(s) collected on: 6-Apr-18 10:00 AM
Sample(s) received on: 6-Apr-18 3.00 PM
Sample Site: East Hagatna Bay

Nitrate Phosphate Enterococa
Sample ID/Description  NO3/NO2 PO4-P WERI Lab ID

mg/L as N mg/L as P MPN / 100 mL
N06-001 20 W2018-0438.1
N08-001 10 W2018-0438.2
N07-001 20 W2018-0438.3
D0-001 ' 414 W2018-0438.4
D0-002 505 W2018-0438.5
N09-001 <10 W2018-0438.6
FB-001 <10 wW2018-0438.7
N26-001 <10 W2018-0438.8

Oz

Jennifer O. Cruz, Le‘p)lanager

UOG Station, Mangilao, Guam 96923 Tel. (671)735-2685 / 2688 Fax: (671) 7348890
A U.S, Land Grant Inslitution accredited by the Wastern Assaciofion of Schools & Colleges
The University of Guam is an Equal Opportunity Employer and Provider.
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_ WERI
UNIVERSITY OF GUAM Woater and Environmental Research Institute
UNIBETSEDAT GUAHAN of the Western Pacific
April 6, 2018
EA Engineering

1001 Army Drive, Suite 103
Barrigada, Guam 96913-1402

Sample(s) collected on: 6-Apr-18 10:00 AM
Sample(s) received on: 6-Apr-18 3.00 PM
Sample Site: East Hagatna Bay

Nitrate Phosphate \
Sample ID/Description  NO3/NO2 PO4-P Enterococcl WERI Lab ID

mg/l. as N mgiL as P MPN / 100 mL
N06-001 20 W2018-0438.1
NO08-001 10 W2018-0438.2
NO7-001 20 W2018-0438.3
DO0-001 - 414 W2018-0438.4 -
D0-002 505 W2018-0438.5
N09-001 <10 W2018-0438.6
FB-001 <10 W2018-0438.7
N26-001 <10 W2018-0438.8

C}L@w\&-

Jennifer O. Cruz, L#b Manager

UOG Station, Mangilao, Guam 96923 Tel. (671)735-2685 / 2688 Fax: (671) 734-8890
A U.S. Land Grant Institution accredited by the Western Assaciation of Schools & Colleges
The University of Guam is an Equal Opportunity Employer and Provider.



UNIVERSITY OF

GUAM

UNIBETSEDAT GUAHAN

October 19, 2018

EA Engineering, Science, & Technology Inc. PBC
1001 Army Drive, Suite 103
Barrigada, Guam 96913

Sample(s) collected on: 16-Oct-18 10:00 AM

Sample(s) received on: 168-Oct-18 1:39 PM
Sampling Site: Tamuning
s le 1D/ Enterococcus
ample

e MPN per 100 mL WERI Lab ID

Description Method SM92300
Analysis Dale 10/16/2018

STMIN1-101618 >24196 W2019-0043.1
STMIN2-101618 >24196 W2019-0043.2
STMIN3-101618 17329 W2019-0043.3
STMIN4-101618 3609 W2019-0043.4
STMIN5-101618 3873 W2019-0043.5

P(+) Presanl  Ajl-) Absent

Cris H. Tagudin, Lab Technician

Jenni;e;r 0. Cruz, Lab

The University of Guam-WER! Laboralory ix certified by Guam Environmental Protaction Agency (GEFA)

Certificale No. 18-003 valid through 9 December 2020.

WATER AND ENVIRONMENTAL RESEARCH INSTITUTE OF THE WESTERN PACIFIC
303 University Drive UOG Station, Mangllao, Guam 96913 T:+1671735:2685 /2688 F: +1 671 734-8890 W:www.weriguam.org
The University of Guam is a U.5. Land Grant institution aecredited by the Western Association of Schools ond Colfeges Senlor College and University

Commission and is an equal opportunity provider and employer.
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UNIBETSEDAT GUAHAN

EWERI

November 1, 2018

EA Engineering, Science, & Technology Inc. PBC
1001 Army Drive, Suite 103
Barrigada, Guam 96913

Sample(s) collected on: 31-Oct-18 1:24 PM
Sample(s) recelved on: 31-Oct-18 J315PM
Sampling Site: Docomo Basement
S e 1D/ Enterococcus
ample

i MPN per 100 mL N WERI Lab ID

Description Method SM9230D
Analysis Date 10/31/2018

DOCB-1-103118 <1.0 W2019-0080

-~

-

O

Jennifer O. Cruz, Lab Mangﬁr

The University of Guam-WER! Laboratory is certified by Guam Envionmental Protaction Agency (GEPA).
Certificalas No. 18-003 and No. 19-001 valid through 9 December 2020.

WATER AND ENVIRONMENTAL RESEARCH INSTITUTE OF THE WESTERN PACIFIC
303 Unlversity Drive UOG Station, Mangilao, Guam 96913 T:+1 671 735-2685 / 2688 F: +1 671 734-8890 W:www.weriguam.org
The University of Guam Is @ U.5, Land Grant Institution occredited by the Western Assoclotion of Schools and Colleges Senior College and University
Commission and is an eaual opportunity orovider and emolover,
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GUAM

UNIBETSEDAT GUAHAN

¢ WERI

November 5, 2018

EA Engineering, Science, & Technology inc. PBC
1001 Army Drive, Suite 103
Barrigada, Guam 96913

Sample(s}) collected on: 1-Nov-18 10:23 AM
Sample(s) received on: 1-Nov-18 2:16 PM
Sampling Site: East Hagatna Bay
s le 1D/ Enterococcus
ample

s MPN per 100 mL WERI Lab ID

Description Method S:ISZSDD
Analysis Date 117112018

DUP <10 W2019-0085.1
NO0B-001 <10 w2019-0085.2
NO7-001 <10 W2019-0085.3
DO-001 _ 119 W2019-0085.4
N26-001 <10 W2019-0085.5
NO08-001 <10 W2019-0085.6
N09-001 10 W2019-0085.7
MH-001 211 W2019-0085.8
CULIN-001 95 W2019-0085.9
CUQUT-001 74 W2019-0085.10

P(+) Prosent  A(-) Absenl

(

Jennifer O. Cruz, Lab Ma

The University of Guam-WERI Labormtory is certified by Guam Environmental Protection Agency (GEPA).
Certificates No. 18-003 and No. 19-001 velid through 9 December 2020.

WATER AND ENVIRONMENTAL RESEARCH INSTITUTE OF THE WESTERN PACIFIC
303 University Drive UOG Station, Mangilao, Guam 96913 T: +1 671 735-2685 / 2688 F: +1 671 734-8890 W:www.werlguam.org
The University of Guam is a U.5, Land Grant institution accredited by the Western Assoclation of Schools end Colieges Senior College and University
Commmission ond is on equal opportunity provider and employer.
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4985 SW 74th Court, Miami, FL 33155 USA 1SO 17025 Accredited
Tel: {1} 786-220-0379 Fax: (1) 786-513-2733 Testing Laboratory
Dog Fecal Quantification ID
Detection and quantification of the fecal assoclated Dog gene hiomarker by real-time quantitative Polymerase Chain Reaction (qPCR)
DNA analytical technology
Submitter: EA Engineering, Science, and Technology, Inc. PBC
Date Recelved: April 30, 2018
Report Generated: August 10, 2018
: : ———— e S— S —
. smM# | Sample ID | Analysis Requested
__SM-BHOBO15 | - DO-002 .

Dog Bacteraidetes ID: Target 1

DNQ: Detected Not Quantified

DNQ

* MarkerQuantified | DNA Analytical
(coples/100mil)  Resulis
e DNG@ Detected

a 8 -
It is agreed that in the event of breach of any wamanty or breach of caniract, or negligence of Source Molecular Corporation, as well as iis agents or representatives, the
liability of the company shall be limited to the repayment, to the purchaser (submitier), of the individual analysis price pald by him/er to Source Molecular Corp. The
company shall not ba llable for any damages. either direct or consequential. Source Molecular Corp. provides analytical services on a PRIME CONTRACT BASIS
ONLY. Terms are avallable upon request. The sampla(s) cited in this report may be used for research purposes after an archiving period of 3 months from the date of
this report. Research includes, but is not limited to intemal valldation studies and peer-reviewed research publications. Ancnymity of the sample(s). including the exact
geographic location will be maintalned by assigning an arbitrary intemal reference. Thase anonymous samples will only be gro uped by state / province of origin for
research purposes. The cllent must contact Source Molecular in wriling within 10 days from the date of this report if he/she does not wish for their submitted sample(s) o
be used for any type of future research.
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1SO 17025 Accredited
Testing Laboratory

Preliminary Interpretation of Dog Fecal “Quantification” ID Results

Detection and quantification of the fecal associated Dog gene biomarker by real-time quantitative Polymerase Chain Reaction
{qPCR) DNA analytical technology

s,

Submitter: EA Engineering, Science, and Technology, Inc. PBC
Date Received: April 30, 2018

Report Generated: August 10, 2018

I_NT.E__EPBEI&TK_’E
‘Concentration of Dog Fecal | o
Pollution in Sample
Low Concentration levels of D

‘Sample ID.

DO-002

The opinions/interpretations identified/expressed in this report are outside the scope of this organization's AZLA Accreditation.
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Laboratory Comments
Submitter: EA Engineering, Science, and Technology, Inc. PBC
Report Generated: August 10, 2018

Non-Detect Results

In sample(s) classified as non-detect, the host-associated fecal gene biomarker(s) was either not detected in test
replicates, one replicate was detected at a cycle threshold greater than 35 and the other was not, or one replicate
was detected at a cycle threshold less than 35 and the other was not after repeated analysis.

Detected Results

In sample(s) classified as detected, the host-associated fecal gene biomarker(s) was detected in both test
replicates suggesting that the host's fecal contamination is present in the sample(s). Copy number measurements
reported are relative, not absolute, quantification.

Detected Not Quantified (DNQ) Resuits

in sample(s) classified as Detected Not Quantified {DNQ), the host-associated fecal biomarker was detected in bath
test replicates but in quantities below the limit of quantification. This result indicates that fecal indicators associated
with the respective host was present in the sample(s) but in low concentrations.

Fecal Reference Samples

The client is encouraged to submit fecal samples from suspected sources in the surrounding area in order to gain a
better understanding of the concentration of the host-associated biomarker with the regional population. A mare
precise interpretation would be available to the client with the submittal of such baseline samples.

Result Interpretations

Quantitative results are reported along with interpretations. Interpretations are given as "non-detect”, "low
concentration”, "moderate concentration”, or "high concentration” based on the concentration of the genetic
markers found in the sample(s).

The presence of the biomarker does not signify the presence or absence of that form of fecal pollution conclusively.
Only repeated sampling will enable you to draw more definitive conclusions as to the contributor(s} of
fecal pollution.

Additional Testing

A portion of all samples has been frozen and will be archived for 3 months. The client is encouraged to perform
additional tests on the sample(s) for other hosts suspected of contributing to the fecal contamination. A list of
available tests can be found at sourcemolecular.comitests

DNA Analytical Method Explanation
Water Samples: Each submitted water sample is filtered through 0.45 micron membrane filter(s). Each filter is placed

in a separate, sterile 2m! disposable tube containing a unique mix of beads and lysis buffer. The sample is
homogenized for 1min and the DNA extracted using the Generite DNA-EZ ST1 extraction kit (GeneRite, NJ}, as per
manufacturer’s protocol. Devitations to these procedures may occur at the client's request.

Non-Water Samples: Each non-water sample submitted by the client is processed as per internal laboratory
extraction procedures. An extracted DNA sample is proceed directly to PCR analysis. Details available upon request.

Amplifications to detect the target gene biomarker were run on an Applied Biosystems StepOnePlus real-time thermal
cycler (Applied Biosystems, Foster City, CA) in a final reaction volume of 20ul sample extract, forward primer, reverse
primer, probe and an optimized buffer. All assays are run in duplicate. Quantification is achieved by extrapolating
target gene copy numbers from a standard curve generated from serial dilutions of known gene copy numbers.

For quality control purposes, a positive control and a negative control, were run alongside the sample(s) to ensure a
properly functioning reaction and reveal any false negatives or false positives.

Page 3 of 4



Theory Explanation of Dog Bacteroidetes “Quantification” ID™

The phylum Bacteroidetes is composed of three large groups of bacteria with the best-known category being
Bacteroidaceae. This family of gram-negative bacteria is found primarily in the intestinal tracts and mucous
membranes of warm-blooded animals and is sometimes considered pathogenic.

Comprising Bacteroidaceae are the genus Bacteroides and Prevolelia. The latter genus was originally
classified within the former (i.e. Bacteroides), but since the 1990's it has been classified in a separate genus
because of new chemical and biochemical findings. Bacteroides and Prevotella are gram-negative,
anaerobic, rod-shaped bacteria that inhabitant of the oral, respiratory, intestinal, and urogenital cavities of
humans, animals, and insects, They are sometimes pathogenic.

Fecal Bacteroidetes are considered for several reasons an interesting alternative to more traditional indicator
organisms such as E. coli and Enterococei.’ Since they are strict anaerobes, they are indicative of recent
fecal contamination when found in water systems. This is a particularly strong reference point when trying to
determine recent outbreaks in fecal pollution. They are also more abundant in feces of warm-blooded animals
than E. coli and Enterococci. Furthermore, these latter two organisms are facultative anaerobes and as such
they can be problematic for monitoring purposes since it has been shown that they are able to proliferate in
soil, sand and sediments.

The Dog Bacteroidetes ID™ service is designed around the principle that fecal Bacteroidetes are found in
large quantities in feces of warm-blooded animals.234.58 Furthermore, certain categories of Bacteroideles
have been shown to be predominately detected in dog. Within these Bacteroideles, certain strains of the
Bacteroides and Prevotella genus have been found in dog.2358 As such, these bacterial strains can be used
as indicators of dog fecal contamination.

One of the advantages of the Dog Bacteroidetes ID™ service is that the entire water is sampled and filtered
for fecal Bacteroidetes. As such, this method avoids the randomness effect of culturing and selecting
bacterial isolates off a petri dish. This is a particular advantage for highly contaminated water systems with
potential multiple sources of fecal contamination.

Accuracy of the results is possible because the method uses PCR DNA technology. PCR allows quantities of
DNA to be amplified into large number of small copies of DNA sequences. This is accomplished with small
pieces of DNA called primers that are complementary and specific to the genomes to be detected.

Through a heating process called thermal cycling, the double stranded DNA is denatured and inserted with
complementary primers to create exact copies of the DNA fragment desired. This process is repeated rapidly
many times ensuring an exponential progression in the number of copied DNA. If the primers are successful
in finding a site on the DNA fragment that is specific to the genome to be studied, then billions of copies of
the DNA fragment will be available and detected in real-time. The accumulation of DNA product is plotted as
an amplification curve. The absence of an amplification curve would indicate that the dog Bacteroidetes gene
biomarker is not present.

References
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Methodology and Future Directions. Appl. Environ. Microbiol. (2002) 68: 5796-5803.

2 Bemnhard, A.E., and K.G. Field (2000a). Identification of nonpoint sources of fecal pollution in coastal waters by using host-
specific 16S rihosomal DNA genetic markers from facal anaerobes, Applied and Environmental Microbiology, 66: 1,5687-1,594.
3Bernhard, A.E., and K.G. Field (2000b). A PCR assay to discriminate human and ruminant feces on the basis of host
differences in Bacteroides-Prevotella genes encoding 165 rRNA. Applied and Environmental Microbiology, 66: 4,671-4,574.

4 Kreader, C.A. (1995). Design and evaluation of Bacteroides DNA probes for the specific detection of human fecal pollution.
Applied and Environmental Microbiology, 61: 1,171-1,179.

5 Fogarty, Lisa R., Voytek, Mary A.Comparison of Bacteroides-Prevotella 16S rRNA Genetic Markers for Fecal Samples from
Different Animal Species Appl. Environ. Microbiol. 2005 71: 5999-6007.
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Preliminary Interpretation of Bird Fecal “Quantification” ID Results

)

Testing Laboratory
Detection and quantification of the fecal associated Bird gene biomarker by real-time quantitative Polymerase Chain Reaction

{qPCR) DNA analytical technology

Submitter: EA Engineering, Science, and Technalogy, Inc. PBC
Date Recelved: April 30, 2018
Report Generated: August 10, 2018

INTERPRETATION
Sample ID Concentration of Bird Fecal
Pollution in Sample
DO-002 Low Concentration

Comment

Low levels of Bird fecal biomnarker(s)

The opinions/interpretations identified/expressed in this report are outside the scope of this organization's A2LA Accreditation.
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Laboratory Comments
Submitter: EA Engineering, Science, and Technology, Inc. PBC
Report Generated: August 10, 2018

Non-Detect Results

In sample(s) classified as non-detect, the host-associated fecal gene biomarker(s) was either not detected in test
replicates, one replicate was detected at a cycle threshold greater than 35 and the other was not, or one replicate
was detected at a cycle threshold less than 35 and the other was not after repeated analysis.

Detected Results

In sample(s) classified as detected, the host-associated fecal gene biomarker(s) was detected in both test
replicates suggesting that the host's fecal contamination is present in the sample(s). Copy number measurements
reported are relative, not absolute, quantification.

Detected Not Quantified (DNQ) Results

In sample(s) classified as Detected Not Quantified (DNQ), the host-associated fecal biomarker was detected in both
test replicates but in quantities below the limit of quantification. This result indicates that fecal indicators associated
with the respective host was present in the sample{s) but in low concentrations.

Fecal Reference Samples

The client is encouraged to submit fecal samples from suspected sources in the surrounding area in order to gain a
betier understanding of the concentration of the host-associated biomarker with the regional population. A more
precise interpretation would be available to the client with the submittal of such baseline samples.

Result Interpretations

Quantitative resulis are reported along with interpretations. Interpretations are given as "non-detect”, "low
concentration”, "moderate concentration”, or "high concentration” based on the concentration of the genetic
markers found in the sample(s).

The presence of the biomarker does not signify the presence or absence of that form of feca! pollution conclusively.
Only repeated sampling will enable you to draw more definitive conclusions as to the contributor(s) of
fecal pollution.

Additional Testing

A portion of all samples has been frozen and will be archived for 3 months. The client is encouraged to perform
additional tests on the sample(s) for other hosis suspected of contributing to the fecal contamination. A list of
available tests can be found at sourcemolecular.comitests

DNA Analytical Method Explanation

Water Samples: Each submitted water sample is filtered through 0.45 micron membrane filter(s). Each filter is placed
in a separate, sterile 2ml disposable tube containing a unigue mix of beads and lysis buffer. The sample is
homogenized for 1min and the DNA extracted using the Generite DNA-EZ ST1 extraction kit (GeneRite, NJ), as per
manufacturer's protocol. Devitations to these procedures may occur at the client's request.

Non-Water Samples: Each non-water sample submitted by the client is processed as per internal laboratory
extraction procedures. An extracted DNA sample is proceed directly to PCR analysis. Details available upon request.

Amplifications to detect the target gene biomarker were run on an Applied Biosystems StepOnePlus real-time thermal
cycler (Applied Biosystems, Foster City, CA) in a final reaction volume of 20ul sample extract, forward primer, reverse
primer, probe and an optimized buffer. All assays are run in duplicate. Quantification is achieved by extrapolating
target gene copy numbers from a standard curve generated from serial dilutions of known gene copy numbers.

For quality control purposes, a positive control and a negative control, were run alongside the sample(s) to ensure a
properly functioning reaction and reveal any false negatives or false positives.
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Theory Explanation of Bird Fecal ID™ Quantification

The genus Helicobacter is a group of gram-negative, microaerophilic bacteria that were initially classified
under the Campylobacter genus prior to 1989. Since then, they have been reclassified into the genus
Helicobacter after 16S rRNA sequencing differentiated them from other Campylobacter species. This group
of bacteria typically have a spiral, curved or fusiform morphology with multiple flagella allowing them to
rapidly maneuver in the intestinal mucous lining of their hosts. Helicobacter species colonize the
gastrointestinal tract of mammals and birds and are shed in feces. There are approximately 20 strains of
Helicobacter'. Certain strains, such as Helicobacter pylori, are pathogenic to humans causing chronic
gastritis, peptic ulcers and stomach cancer.

The Bird Fecal Quantification ID™ service is designed around the principle that certain DNA sequences
contained within strains of the Helicobacter genus are specific to wild birds. These Helicobacter sequences
can be used as indicators of bird fecal contamination. Several species have been isolated from specific
animal hosts such as H. fennelliae from humans, H. hepaticus from mice and H. felis from cats and dogs.!
The Bird Fecal Quantification ID™ service targets a bird-associated gene biomarker in Helicobacter
pametensis.? The biomarker is present at different degrees in the feces of various birds including but not
limited to gull, goose, chicken, pigeon and duck.

One of the advantages of the Bird Fecal Quantification ID™ service is that the entire population of
Helicobacter of the selected portion of the water sample is screened. As such, this method avoids the
randomness effect of selecting isolates off a petri dish.

Accuracy of the results is possible because the method uses gPCR DNA technology. gPCR simulataneously
confirms and quantifies the bird-associated gene biomarker. This is accomplished with small pieces of DNA
called primers that are complementary and specific to the genome to be detected. This gPCR technology
avoids the cumbersome process of distinguishing DNA bands on a gel electrophoresis apparatus.

Through a heating process called thermal cycling, the double stranded DNA is denatured and inserted with
complementary primers to create exact copies of the DNA fragment desired. This process is repeated rapidly
many times ensuring an exponential progression in the number of copied DNA. If the primers are successful
in finding a site on the DNA fragment that is specific to the genome to be studied, then billions of copies of
the DNA fragment will be available and detected in real-time. The accumulation of DNA product is plotted as
an amplification curve. The absence of an amplification curve indicates that the bird-associated Helicobacter
gene biomarker is not present.

References

' Goldman, E. and Green, L. H. {2008). Praclical Handbook of Microbiology (2nd ed) . Boca Raton, FL: CRC Prass.

2 Seymour, C., Lewis, R.G., Kim, M., Gagnon, D.F., Fox, J.G., Dewhirst, F.E., and Paster, B.J. Isolation of Helicobacter Strains from
Wild Bird and Swine Feces. Appl. Environ. Microbiol. (1994) 60:3, 1025-1028.
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Human Fecal Quantification ID

Detection and quantification of the fecal associated Human gene biomarker by real-time quantitative Polymerase Chain Reaction
(qPCR) DNA analytical technology

Submitter: EA Engineering, Science, and Technology, Inc. PBC

Date Received: April 30, 2018 NO: Not Detected
Report Generated: May 18, 2018 DNQ: Detected Not Quantified
— e e e e
T i | ot e Marker-Quantified DNA Analytical|
[iSMER SamplelD. | Analysis Requiested {coplesii00ml) | Results
SM-BEQ7001 | DO-002 { Human Bacteroidetes ID: Dorei _ 401E+02 | Delected
SM-BE07002 _FB-001 Human Bacteroidetes ID: Dorel | ND Not Detected
SM-8E07003 NDE-001 Human Bacleroidetes ID: Dorel 2.27E+02 | Detected
SM-8EQ7004 ND7-001 Human Bacteroidetes ID: Dorel 3.66E+02 Detected
SM-BE07005 | DBO-001 Human Bacteroidetes 1D: Dorei 4.13E+02 Detected
SM-BEQ7006 | N26-001 __Human Bacteroidetes 1D: Dorei 1.03E+03 Detected
SM-BEQ7007 | NOB-001 Human Bacteroideles ID: Dorei 1 8.35E+02 Detacted
SM-BE07008 | NO03S-001 : Human Bacteroidetes 10: Dorei 8.45E+03 Detected ]
SM-8EQ7009 | : DO-002 Human Bacleroideles 1D: EPA ND Not Detected |
_ SM-BEQ7010 | FB-001 Human Bacterokietes ID: EPA ND Not Detected
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SM-BE07013 DO-001 Human Bacleroideles 1D: EPA DNQ Detected
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L1 & dyfSIQNL O EvICe Price
It is agreed thal in the event of breach of any wamanty or breach of contract, or negligence of Source Molecular Corparation, as well as its agenis or representalives, the
liability of the company shall be imited to the repayment, to the purchaser (submitter), of the individual analysls price paid by himMer to Source Molecular Corp. The
company shall not be llable for any damages, elther direct or consaquenilal. Source Molecular Corp, provides analytical services on a PRIME CONTRACT BASIS ONLY.
Terms are avallable upon request. The sample(s) clied in this report may be used (or research purposes after an archiving period of 3 months from the date of tis report.
Research includes, but is no! limited to internal validation studies and peer-reviewed research publications. Anonymily of the sample(s), including the exact geographic
locatlon will be maintained by assigning an arbitrary Inlemal reference. These anonymous samples will only be grouped by stale / province of origin for research purposes.
The cllent must contact Scurce Molacular In writing within 10 days from the dale of this repart f he/sha does nat wish for t helr submitied sample({s) to ba used for any type
of futura research.

Revision 1.2
Effective Date 11/217

Page 1 of 5



DR

4985 SW 74th Court, Miami, FL 33155 USA
Tel: {1) 786-220-0379 Fax: ({1} 786-513-2733

Email: info@sourcemolecular.com

“\“\ulu’,?

'If
W

) (¢

\\-‘\
:/" /

’ul,.h.\\\\ Cartificats 4128.01
1SO 17025 Accredited
Testing Laboratory

Preliminary Interpretation of Human Fecal “Quantification” ID Results

Detection and quantification of the fecal associated Human gene biomarker by real-time quantitative Polymerase Chain Reaction

{qPCR) DNA analytical technology

Sample ID

DO-002
FB-001
NO6-001
NO7-001
DO-001
N26-001
NO8-001
N09-001

Submitter: EA Engineering, Science, and Technology, Inc. PBC

Date Received: April 30, 2018
Report Generated; May 18, 2018

Low Concentration

Not Detected
Low Concentration

Low Concentration

Low Concentration

LLow Concentration

L.ow Cencentration

Low Concentration

INTERPRETATION
Concentration of Human Fecal
Pollution in Sample

Comment

Low levels of Human fecal biomarker(s)

Human fecal biomarker not detecled

Low levels of Human fecal biomarker(s)

Low levels of Human fecal biomarker(s)

Low levels of Human fecal biomarker(s)

Low levels of Human fecal biomarker(s)

Low levels of Human fecal biomarker(s)

Low levels of Human fecal biomarker(s)

The opinions/interpretations identified/expressed in this report are outside the scope of this organization's A2LA Accreditation.
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Laboratory Comments

Submitter: EA Engineering, Science, and Technology, Inc. PBC
Report Generated: May 18, 2018

Non-Detect Results

In sample(s) classified as non-detect, the host-associated fecal gene biomarker(s) was either not detected in test
replicates, one replicate was detected at a cycle threshold greater than 35 and the other was not, or one replicate
was detected at a cycle threshold less than 35 and the other was not after repeated analysis.

Detected Results

In sample(s) classified as detected, the host-associated fecal gene biomarker(s) was detected in both test replicates
suggesting that the host's fecal contamination is present in the sample(s). Copy number measurements reported
are relative, not absolute, quantification.

Detected Not Quantified (DNQ) Results

In sample(s) classified as Detected Not Quantified (DNQ), the host-associated fecal biomarker was detected in both
test replicates but in quantities below the limit of quantification. This result indicates that fecal indicators associated
with the respective host was present in the sample(s) but in low concentrations.

Fecal Reference Samples

The client is encouraged to submit fecal samples from suspected sources in the surrounding arez in order to gaina
better understanding of the concentration of the host-associated biomarker with the regional population. A more
precise interpretation would be available to the client with the submittal of such baseline samples.

Result Interpretations
Quantitative results are reported along with interpretations. Interpretations are given as "non -detect”, "low

concentration”, "moderate concentration”, or "high concentration” based on the concentration of the genetic markers
found in the sample(s).

The presence of the biomarker does not signify the presence or absence of that form of fecal pollution conclusively.
Only repeated sampling will enable you to draw more definitive conclusions as to the contributor(s) of fecal pollution.

Additional Testing

A portion of all samples has been frozen and will be archived for 3 months. The clientis encouraged to perform
additional tests on the sample(s) for other hosts suspected of contributing to the fecal contamination. A list of
available tests can be found at sourcemolecular.comitests

DNA Analytical Method Explanation
Water Samples: Each submitted water sample is filtered through 0.45 micron membrane filter(s). Each filter is placed in

a separate, sterile 2ml disposable tube containing a unique mix of beads and lysis buffer. The sample is homogenized
for 1min and the DNA extracted using the Generite DNA-EZ ST1 extraction kit (GeneRite, NJ), as per manufacturer's
protocol. Devitations to these procedures may occur at the client's request.

Non-Water Samples: Each non-water sample submitted by the client is processed as per internal laboratory extraction
procedures. An extracted DNA sample is proceed directly to PCR analysis. Details available upon request.

Amplifications to detect the target gene biomarker were run on an Applied Biosystems StepOnePlus real -time thermal
cycler (Applied Biosystems, Foster City, CA) in a final reaction volume of 20ul sample extract, forward primer, reverse
primer, probe and an optimized buffer. All assays are run in duplicate. Quantification is achieved by extrapolating target
gene copy numbers from a standard curve generated from serial dilutions of known gene copy numbers.

For quality control purposes, a positive control and a negative control, were run alongside the sample(s) to ensure a
properly functioning reaction and reveal any false negalives or false positives.
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Human Bacteroidetes ID™ Species: B. dorei

The Human Bacteroidetes ID™ Species: B. dorei service targels the species Bacleroides dorei, B. dorei is an
anaerobe that is frequently shed from the gastrointestinal tract and isolated from human feces worldwide. ltis a
newly discovered species that is widely distributed in the USA.12The human-associated marker DNA sequence is
located on the 165 rRNA gene of B. dorei.® The marker is the micrabial source tracking (MST) marker of choice for
detecting human fecal pollution due to its exceptional sensitivity and specificity. Internal validations have been
conducted on hundreds of sewage, septage, human and animal host fecal samples collected from throughout the
U.S and archived in the Source Molecular fecal bank. The marker has also been evaluated in both inland and
coastal waters. A recent, comprehensive, multi-laboratory MST method evaluation study, exploring the
performance of current MST methods, concluded the B. dorei qPCR assay to be the top performing human-
associated assay amongst those tested. The success and consistency of this marker in numerous studies around
the world'34 makes the Human Bacteroidetes ID™ Species: B. dorei service the primary service for identifying
human fecal pollution at Source Molecular.

Fecal Bacteroidetes are considered for several reasons an interesting alternative to more traditional indicator
organisms such as E. colf and EnterococciS Since they are strict anaerobes, they are indicative of recent fecal
contamination when found in water systems. This is a particularly strong reference point when trying to determine
recent outbreaks in fecal pollution, They are also mare abundant in feces of warm-blooded animals than E. coli and
Enterococci,

The Human Bacteroidetes ID™ service is designed around the principle that fecal Bacteroidetes are found in large
quantities in feces of warm-blooded animals.258.7.8 Furthermore, certain strains of Bacleroideles have been found
to be associated with humans.?8 As such, these bacterial strains can be used as indicators of human fecal
contamination.

Accuracy of the results is possible because the method amplifies DNA into a large number of small copies of the
gene biomarker of interest. This is accomplished with small pieces of DNA called primers that are complementary
and specific to the unique B. dorei DNA sequence. Through a heating process called thermal cycling, the double
stranded DNA is denatured, hybridized to the complementary primers and amplified to create many copies of the
DNA fragment desired. If the primers are successful in finding a site on the DNA fragment that is specific to the B.
dorei DNA sequence, then billions of copies of the DNA fragment will be available and detected in real-time. The
accumulation of DNA product is plotted as an amplification curve by the gPCR software. The absence of an
amplification curve indicates that the B. dorei gene biomarker is not detected in the water sample because it is
either not present or present at concentrations below the analytical detection limit.

To strengthen the validity of the results, additional tests targeting other high-ranking, human-associated
Bacleroidetes species should be performed, such as

Human Bacteroidetes ID™ Species: B. stercoris,

Human Bacteroidetes ID™ Species: B. fragilis, and

Human Bacteroidetes ID™ Species: B, thetaiotaomicron.

'Boehm, A, Fuhrman, J., Mrse, R., Grant, S. Tlared approach for identification of a human fecal pollution source at a recreational beaach: case study
at Avalon Bay, Catalina Island, California. Environ Sci Technol. 2003 37: 673-680

2Bakir, M., Sakamolo, M., Kitahara, M., Matsumolo, M., Benno, Y. Bacteroldes dorel sp. nov., Isolated from human faeces. Int. J. Syst. Evol. Microbiol.
2006 56° 1839-1641,

3Bemhard, A, Field, K. A PCR assay to discriminate human and ruminant feces on the baslis of host differences in Bacteroides-Prevotella genes
encoding 165 rRNA. Appl. Environ. Microbicl. 2000b 66: 4571-4574

‘Ahmed, w., Masters, N, Toze, S. Conslistency in the host specificity and host sensitivity of the Bacteroides HF183 marker for sewage pollution
tracking. Lett. Appl. Microblol. 2012 §5: 283-289.

S Scott, T., Rose, J., Jenkins, T., Famah, S., Lukasik, J. Microblal Source Tracking: Current Methodology and Future Diractlons. Appl. Environ. Microblal.
2002 68 5796-5803.

% Bemhard, A., Field. K. Identlfication of nonpoint sources of fecal pollution in coastal waters by using host-specific 165 ribosomal DNA genetic
markers from fecal anaerobes. Appl. Environ. Microblol. 2000a €6: 1587-1534.

7 Fogarly, L., Voytek, M. A Comparison of Bacteroldes-Prevotella 165 rRNA Genetic Markers for Fecal Samples from Different Anlmal Specles. Appl.
Environ. Microblol. 2005 71: 5999-6007

8 Dick. L., Bemhard, A., Brodeur, T., Santo Dominge, J., et al. Host Distrlbutions of Uncultivated Fecal 8acteroldales Bacterla Reveal Genetic Markers
for Fecal Source Identification. App). Environ. Microbiol. 2005 71: 3184-3191.
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Human Bacteroidetes ID™: EPA Developed Assay

The Human Bactercidetes ID™: EPA Developed Assay service targets a functional gene biomarker in
Bactleroidales-like anaerobic bacteria that is present in high concentrations in the human gut. The U.S
Environmental Protection Agency (U.S. EPA) was the first to target the biomarker using Polymerase Chain
Reaction (PCR) technology in order to detect ground and surface waters impacted by human fecal pollution. ' Since
it's development, the assay has been used succesfully around the U.S to identify fecal pollution originating from
human sources, such as sewage and septage wastewaters.

The U.S. EPA Developed assay has been shown to be highly associated with human fecal pollution. it has
successfully been validated in multiple nationwide studies using at least 300 individual reference fecal material from
22 different animal species known to commonly contaminate environmental waters.'2 A reported 99.2% specificity
to human fecal material makes this one of the leading assays to confirm the presence of fecal contamination that is
of human origin.! The Bacteroidales-like bacteria is widely distributed. It was detected in 100% of hundreds of
sewage and human reference fecal samples collected from more than 20 human populations, making it highly
sensitive. Internal validations have also been conducted on hundreds of wastewater, human and animal host fecal
samples archived in the Source Molecular fecal bank.

Fecal anaerobic bacteria are considered for several reasons an interesting alternative to more traditional facal
indicator organisms such as E. coli and Enterococci.® Since they are strict anaerobes, they are indicative of recent
fecal contamination when found in water systems.3 This is a particularly strong reference point when trying to
determine recent outbreaks in fecal pollution. They are also more abundant in feces of warm-blooded animals than
E. coli and Enferococei.,

The Human Bacteroidetes ID™: EPA Developed Assay service is designed around the principle that fecal
Bacteroidales-like bacteria are found in large quantities in feces of warm-blooded animals.#* Furthermore, certain
strains have been shown to be associated with humans.45 As such, these bacterial strains can be used as
indicators of human fecal contamination. An advantage of the Human Bacteroidetes ID™ service is that the entire
portion of water sampled is filtered to concentrale bacteria. As such, this method avoids the randomness effect of
culturing and selecting bacterial isolates. This is an advantage for highly contaminated water systems with potential
multiple sources of fecal contamination.

Accuracy of the results is possible because the method amplifies DNA into a large number of small copies of the
gene biomarker of interest. This is accomplished with small pieces of DNA called primers that are complementary
and specific to the unique B. dorei DNA sequence. Through a heating process called thermal cycling, the double
stranded DNA is denatured, hybridized to the complementary primers and amplified to create many copies of the
DNA fragment desired. If the primers are successful in finding a site on the DNA fragment that is specific to the B.
dorei DNA sequence, then billions of copies of the DNA fragment will be available, detected and quantified.

To strengthen the validity of the results, additional tests targeting other high-ranking, human-associated
Bacteroidetes species should be performed, such as

Human Bacteroidetes ID™ Species: B. dorei,

Human Bacteroidetes ID™ Species: B. fragilis, and

Human Bacteroidetes ID™ Species: B. stercoris

1Shanks, O., Kelty, C., Sivaganesan, M., Varma, M. and Haugland, R. Quantitative PCR for Genetic Markers of Human Fecal Pollution.
Appl. Environ. Microbiol, 2009 75: 5507-5513.

2Layton, B., Cao, Y., Ebentier, D., Hanley, K., Ballesté, E., Brandao, J., ef al. Performance of Human Fecal Anaercbe-Assoclated PCR-
Based Assays in a Multi-Laboratory Method Evaluation Study. Water Research. 2013 In Press.

3Scott, T., Rose, J., Jenkins, T., Farrah, S. and Lukasik, J. Microblal Source Tracking: Current Methodelogy and Future Directions.
Appl. Environ. Microbiol. 2002 68:; 5796-5803.

* Bemnhard, A., Field, K. Identification of nonpoint sources of fecal poliution in coastal waters by using host-specific 165 ribosomal
DNA genetic markers from fecal anaerobes. Appl. Environ. Microbiol. 2000a 66; 1587-1594.

5Bernhard, A., Field, K. A PCR assay to discriminate human and ruminant feces on the basis of host differences in Bacteroides-
Prevotella genes encoding 165 rRNA. Appl. Environ. Microbiol. 2000b 65: 4571-4574.
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Gull Fecal Quantification ID

Detection and quantification of the fecal associated Gull gene biomarker by real-time quantitative Polymerase Chain Reaction {qPCR)
DNA analytical technology

Submitter: EA Engineering, Science, and Technology, Inc. PEC
Date Received: April 30, 2018 ND: Not Detected
Report Generated: May 18, 2018

T s T Marker Quantified DNA Analytical
SM# Sample ID Analysis Requested {coples/100 mi) Results.
SM-B8EQ7017 DO-002 Gull Fecal ID ND Not Detected
SM-BE07018 FB-001 Gull Fecal ID ND Not Detected
SM-8E07019 NOB-001 Gull Fecal ID ND Not Detected
SM-8E07020 NO7-001 Gull Fecal ID ND Not Detected
SM-B8E07021 DO-001 Gull Fecal ID ND Not Detected
SM-8E07022 N26-001 Gull Fecal ID ND Not Detected
SM-8E07023 N08-001 Gull Fecal ID ND ot Delected
SM-8E07024 N09-001 Gull Fecal ID ND Not Detected

Ltlits! Ages gDayinent o grvice g
It is agread thal in the event of breach of any wamanty or breach of contract, or negligence of Source Molecular Corporation, as well as lis agents or representatives, the
liability of the company shall be limited to the repaymen, to the purchaser (submitter), of the individual analysis prica paid by him/Mer 1o Source Molecular Corp. The
company shall not be liable for any damages, elther direct or consequential. Source Molecular Corp. provides analylical serdces on a8 PRIME CONTRACT BASIS ONLY.
Terms are avatlable upon request, The sample(s} cited n lhis report may be used for research purposes after an archiving period of 3 months (rom the date of this report.
Research includes, but Is not limiled 1o internal valldation studies and peer-reviewed research pubkications. Anonymity of the sample(s), Including 1he exact geographlc
location will be maintained by assigning an arbitrary Intemal reference. These anonymous samples wil only be grouped by state / province of odgin for research purposes.
The client must contact Sourca Motecular in writing within 10 days from the date of this repon if he/she does nol wish for t helr submitted sample(s) to be used for any type
of future research.
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Preliminary Interpretation of Gull Fecal “Quantification” ID Results

Detection and quantification of the fecal associated Gull gene biomarker by real-time quantitative Polymerase Chain Reaction
{qPCR) DNA analytical technology

Submitter: EA Engineering, Science, and Technology, Inc. PBC
Date Received: April 30, 2018

Report Generated: May 18, 2018
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Sample ID. Concentration|of Gull Fecal | i
Pollution in'Sample. | Rt
D0-002 _ Not Detected Gull fecal biomarker not detected
_FB-001 Not Detected | Gull fecal biomarker not detected
NO8-001 Not Detected Gull fecal biomarker not detected
NO7-001 Not Detected Gull fecal biomarker not detected
DO-0M1 Not Detected Gull fecal biomarker not detected
N26-001 Not Detected Gull fecal biomarker not detected
NO8-001 Not Detected Gull fecal biomarker not detected
NO9-001 Not Detected Gull fecal biomarker not detected

The opinions/interpretations identified/expressed in this report are outside the scope of this organization's A2LA Accreditation.
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Laboratory Comments

Submitter: EA Engineering, Science, and Technology, Inc. PBC
Report Generated: May 18, 2018

Non-Detect Results

In sample(s) classified as non-detect, the host-associated fecal gene biomarker(s) was either not detected in test
replicates, one replicate was detected at a cycle threshold greater than 35 and the other was not, or one replicate
was detected at a cycle threshold less than 35 and the other was not after repeated analysis.

Detected Results

In sample(s) classified as detected, the host-associated fecal gene biomarker(s) was detected in both test replicates
suggesting that the host's fecal contamination is present in the sample(s). Copy number measurements reported
are relative, not absolute, quantification.

Detected Not Quantified (DNQ) Results

In sample(s) classified as Detected Not Quantified (DNQ), the host-associated fecal biomarker was detected in both
test replicates but in quantities below the limit of quantification. This result indicates that fecal indicators associated
with the respective host was present in the sample(s) but in low concentrations.

Fecal Reference Samples

The client is encouraged to submit fecal samples from suspected sources in the surrounding area in order to gain a
better understanding of the concentration of the host-associated biomarker with the regional population. A more
precise interpretation would be available to the client with the submittal of such baseline samples.

Result Interpretations

Quantitative results are reported along with interpretations. Interpretations are given as "non -detect”, "low
concentration”, "moderate concentration”, or "high concentration" based on the concentration of the genetic markers
found in the sample(s).

The presence of the biomarker does not signify the presence or absence of that form of fecal pollution conclusively.
Only repeated sampling will enable you to draw more definitive conclusions as to the contributor(s) of fecal pollution.

Additional Testing

A portion of all samples has been frozen and will be archived for 3 months. The client is encouraged to perform
additional tests on the sample(s) for other hosts suspected of contributing to the fecal contamination. A list of
available tests can be found at sourcemolecular.com/tests

DNA Analytical Method Explanation
Water Samples: Each submitted water sample is filtered through 0.45 micron membrane filter(s). Each filter is placed in

a separate, sterile 2ml disposable tube containing a unique mix of beads and lysis buffer. The sample is homogenized
for 1min and the DNA extracted using the Generite DNA-EZ ST1 extraction kit (GeneRite, NJ), as per manufacturer's
protocol. Devitations to these procedures may occur at the client's request.

Non-Water Samples: Each non-water sample submitted by the clientis processed as per internal laboratory extraction
procedures. An extracted DNA sample is proceed directly to PCR analysis. Details available upon request.

Amplifications to detect the target gene biomarker were run on an Applied Biosystems StepOnePlus real-time thermal
cycler (Applied Biosystems, Foster City, CA) in a final reaction volume of 20ul sample extract, forward primer, reverse
primer, probe and an optimized buffer. All assays are run in duplicate. Quantification is achieved by extrapolating target
gene copy numbers from a standard curve generated from serial dilutions of known gene copy numbers.

For quality control purposes, a positive contral and a negative control, were run alongside the sample(s) to ensure a
properly functioning reaction and reveal any false negatives or false positives.
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C. marimammalium Gull Fecal “Quantification” ID™

C. marimammalium are shown to be ubiquitous in the gull gastrointestinal tract for multiple species of the gull
genus Larus found throughout North America.!

Classified as a novel genus and species in 2008, C. marnmammalium is a Gram-positive, calalase-negative,
facultatively anaerobic, coccus-shaped bacterium, related to, although distinct from, other catalase-negative genera
which include Enlerococcus, Melissococcus, Tetragenococcus and Vagococcus?,

As a novel bacterium species, the pathogenesis of C. marimammalium is relatively unknown. However, there are
increasing public health concerns regarding avian fecal contamination in the environment due to the potential
spread of microbial avian pathogens to humans, domesticated animals, and human food sources?. Studies have
shown also that waterfowl carry human pathogens such as Campylobacter spp?, Salmonella spp?4, and E. colfs, as
well as being reservoirs of influenza viruses®.

The Gull Fecal ID™ service is designed around the principle that C. manimammalium is highly specific and
sensitive to numerous gulls of the genus Larus'. This C. manmammalium baterium can be used as an indicator of
gull fecal contamination. Use of real-time (quantitative) Polymerase Chain Reaction (gPCR) allows for the rapid
amplification of the gene biomarker to demonstrate the presence of gull feces and allow for the real-time
visualization of the target.

Accuracy of the results is possible because the method uses real-time (quantitative) PCR DNA technology. Real-
time (quantitative) PCR allows small DNA sequences to be amplified exponentially and detected in real-time via
fluorescent probes.

DNA amplification is accomplished with small pieces of DNA called primers that are specific to the genomes of
interest. Through a heating process called thermali cycling, the double stranded DNA is denatured and inserted with
complementary primers. The DNA is replicated to create exact copies of the desired DNA fragment (i.e. the gene
biomarker). This process is repeated rapidly many times ensuring an exponential growth in the number of copied
DNA.

If the primers are successfulin finding a site on the DNA fragment that is specific to the genome to be studied, then
billions of copies of the DNA fragment will be available for detection. With real-time {quantitative) PCR, the desired
DNA fragments are also bound by fluorescent reporter probes. Consequently, the more copies of the desired DNA
fragments that are made, the stronger the fluorescent signal, thus allowing for a straightforward detection and
guantification of the targeted gene in real-time via the real-time PCR associated software. Nonetheless, as with all
analytical tests, in order to strengthen the validity of the results, the Gull Fecal ID™ service should be combined
with other DNA analytical services such as the E. coli ID™ service.

Referencaes

Phylogenic Diversity and Molecular Detection of Bacterfa in Gull Feces Lu, Jungrang, Sante Domingo, Jorge W.. Lamendella, Regina,
Edge, Thomas, Hill, Stephen; Appl. Environ. Microbiol, 2008, 74: 3969-3876.

?Catellicoccus marimammalium gen. nov., sp. nov., a novel gram-positive, catalase-negative, coccus-shaped bacterium from
porpoise and grey seal Lawson, P.A., Collins, M.D., Falsen, E., Foster, G.; Int J Syst Evol Microbiol. 2006, 56; 429-432,

*Pravalence of Campylobacter Jejunl, Campylobacter lari, and Campylobacter coli In Different Ecological Guilds and Taxa of
Migrating Birds Waldenstrém, J., Broman, T., Carlsson, I., Hasselquist, D., Achterberg, R.P, Wagenaar, J.A., Olsen, B.; Appl. Environ.
Microbiol, 2002, 68: 5311-5917.

“Diversity of Salmonella Strains Isolated from the Aquatic Environment as Determined by Serotyping and Amplification of the
Ribosomat DNA Spacer Regions Julia Baudart, Karine Lemarchand, Anne Brisabois, and Philippe Lebaron.: Appl. Environ. Microbiol.;
2002, 66: 1544-1552.

“Detection and Characterization of Shinga-toxin Producing E. coli from Seagulls Makino, S., Korbi, H.. Asakura, H., Watarai, M.,
Shirahata, T., lkeda, T., Takeshi, K., Tsukamote, T.; Epidemiol. Infect, 2000, 125: 55-61.

CInfluenza in Migratory Birds and Evidence of Limited Intercontinental Virus Exchange Krauss, 5., Obert, C.A., Franks, J., Walker, D.,
Jones, K., Seiler, P., Niles, L., Pryor, 5.P., Obenauer, J.C., Naeve, C.W., Widjaja, L., Webby, R.J., Webster, R.G.; PLos Pathog.; 2007, 3:
167.
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Dog Fecal Quantification ID

Detection and quantification of the fecal associated Dog gene biomarker by real-time quantitative Polymerase Chain Reaction (QPCR)
DNA analytical technology

Submitter: EA Engineering, Science, and Technology, inc. PBC
Date Received: March 15, 2019 ND: Not Detected
Report Generated: April 10, 2019 DNQ: Detected Not Quantified

, ole ID Jalvela| Requeste; Marker. Quantified DNA Analytical
Sk Sample.[D Analysis Requested (copies00 ml) Rasuits
SM-8D01015 LB Dog Baclerokletes ID: Target 1 ND Not Detected
SM-8D01016 NOG-001 Dog Bacieroidetes ID: Target 1 ND Not Detected
SM-9D01017 NO7-001 'Dog Bacteroidetes 1D: Target 1 ND Not Detecled
SM-9001018 DO-001 Dog Bacleroidetes ID: Target 1 ND Not Detected
SM-9D01019 N26-001 Dog Bactervidetes ID: Target 1 _ND_ Not Detected
$M-9D001020 NO8-001 Dog Bacteroidetes ID: Target 1 DNQ Detectad
SM-9001021 NO0S-001(A) Dog Bacteroidetes ID: Target 1 DNQ Detected

1=11 10 CEYMEn] O
It s agreed that in tha event of breach of any wanarnty or breach of contracl, or negigence of Source Molecular Corporation, as well as its agents or represantatives, the
Hability of the company shall be imited to tha repaymeni, to the purchaser (submilter), of the indlviduat analysis price paid by him/Mer o Sourca Molecular Corp. The

company shall not ba liable for any damages, elther direc! or consequential. Source Molecular Corp, provides analytical sendces on a PRIME CONTRACT BASIS ONLY.
Temms ara available upon request. The sample(s) cited in this report may be used for rasearch purposes after an archiving period of 3 months from the date of this report.
Raessarch includes, but is not limited to intemal valldation studies and peer-reviewed research publications. Anonymily of the sample(s}, including the exact geographic
location will be malntained by assigning an arbitrary internal reference. These anonymous samples will only be grouped by stale / province of origin for research purposes,
‘The cllent must contact Scurce Molacular in writing within 10 days from the date of this report I he/she does not wish for ¢ helr submitied sample(s) to be used for any type
of fulure research

jerice Price
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Preliminary Interpretation of Dog Fecal “Quantification” ID Results

Detection and quantification of the fecal associated Dog gene biomarker by real-time quantitative Polymerase Chain Reaction
(aPCR) DNA analytical technology

Submitter: EA Engineering, Science, and Technology, Inc. PBC
Date Received: March 15, 2018
Report Generated: April 10, 2019

I = il .LN_TEB_E\B_ETT_&IM 1=t =2
j 'Sample ID] ‘Concentrationof Dog Fecal o
i 'Pollutloﬁin"Sample Lomment
LB Not Detected | :ﬁgggcél biomarker not detected
NO06-001 Not Detected Daog fecal biomarker not detected
'NO7-001 Not Detected _Dog fecal biomarker not detected
BO0-001 Not Detected I _Daog fecal biomarker not detected
‘N26-001 | ___Not Detected | Dag fecal biomarker not detected
~ NO8-001 Low Concentration Low levels of Dog fecal biomarker(s)
NOS-001(A) Low Concentration Low levels of Dog fecal biomarker{s}

The opinionsfinterpretations identified/expressed in this report are outside the scope of this organization's A2LA Accreditation.
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Laboratory Comments
Submitter: EA Engineering, Science, and Technology, Inc. PBC
Report Generated: April 10, 2019

Non-Detect Results

In sample(s) classified as non-detect, the host-associated fecal gene biomarker(s) was either not detected in test
replicates, one replicate was detected at a cycle threshold greater than 35 and the other was not, or one replicate
was detected at a cycle threshold less than 35 and the other was not after repeated analysis.

Detected Results

In sample(s) classified as detected, the host-associated fecal gene biomarker(s) was detected in both test replicates
suggesting that the host's fecal contamination is present in the sample(s). Copy number measurements reported
are relative, not absolute, quantification.

Detected Not Quantified (DNQ) Results

In sample(s) classified as Detected Not Quantified (DNQ)}, the host-associated fecal biomarker was detected in both
test replicates but in guantities below the limit of quantification. This result indicates that fecal indicators associated
with the respective host was present in the sample(s) but in low concentrations.

Fecal Reference Samples

The client is encouraged to submit fecal samples from suspected sources in the surrounding area in order to gain a
better understanding of the concentration of the host-associated biomarker with the regional population. A more
precise interpretation would be available to the client with the submittal of such baseline samples.

Result Interpretations

Quantitative results are reported along with interpretations. Interpretations are given as "non-detect”, "low
concentration”, "moderate concentration", or "high concentration" based on the concentration of the genetic markers
found in the sample(s).

The presence of the biomarker does not signify the presence or absence of that form of fecal pollution conclusively.
Only repeated sampling will enable you to draw more definitive conclusions as to the contributor(s) of fecal pollution.

Additional Testing

A portion of all samples has been frozen and will be archived for 3 months. The client is encouraged to perform
additional tests on the sample(s) for other hosts suspected of contributing to the fecal contamination. A list of
available tests can be found at sourcemolecular.com/tests

DNA Analvtical Method Explanation
Water Samples: Each submitted water sample is filtered through 0.45 micron membrane filter(s). Each filter is placed in

a separate, sterile 2m! disposable tube containing a unique mix of beads and lysis buffer. The sample is homogenized
for 1min and the DNA extracted using the Generite DNA-EZ ST1 extraction kit (GeneRite, NJ), as per manufacturer's
protocol. Devitations to these procedures may occur at the client's request.

Non-Water Samples: Each non-water sample submitted by the client is processed as per internal laboratory extraction
procedures. An extracted DNA sample is proceed directly to PCR analysis. Details available upon requesi.

Amplifications to detect the target gene biomarker were run on an Applied Biosystems StepOnePlus real-time thermal
cycler (Applied Biosystems, Faster City, CA) in a final reaction volume of 20ul sample extract, forward primer, reverse
primer, probe and an optimized buffer. All assays are run in duplicate. Quantification is achieved by extrapolating target
gene copy numbers from a standard curve generated from serial dilutions of known gene copy numbers.

For quality control purposes, a positive control and a negative control, were run alongside the sample(s) to ensure a
properly functioning reaction and reveal any false negatives or false posilives.
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Theory Explanation of Dog Bacteroidetes “Quantification” ID™

The phylum Bacteroidetes is composed of three large groups of bacteria with the best-known category being
Bacteroidaceae. This family of gram-negative bacteria is found primarily in the intestinal tracts and mucous
membranes of warm-blooded animals and is sometimes considered pathogenic.

Comprising Bacteroidaceae are the genus Bacteroides and Prevolella. The latter genus was originally
classified within the former (i.e. Bacteroides), but since the 1990's it has been classified in a separate genus
because of new chemical and biochemical findings. Bacferoides and Prevolella are gram-negative, anaerobic,
rod-shaped bacteria that inhabitant of the aral, respiratory, intestinal, and urogenital cavities of humans,
animals, and insects. They are sometimes pathogenic.

Fecal Bacteroideles are considered for several reasons an interesting alternative to more traditional indicator
organisms such as E. coli and Enterococci.! Since they are strict anaercbes, they are indicative of recent fecal
contamination when found in water systems. This is a particularly strong reference point when trying to
determine recent outbreaks in fecal pollution. They are also more abundant in feces of warm-blooded animals
than E. coli and Enterococci. Furthermore, these latter two organisms are facultative anaerobes and as such
they can be problematic for monitoring purposes since it has been shown that they are able to profiferate in
soil, sand and sediments.

The Dog Bacteroidetes ID™ service is designed around the principle that fecal Bacteroidetes are found in large
quantities in feces of warm-blooded animals.2.34.58 Furthermore, certain categories of Bacteroidetes have been
shown to be predominately detected in dog. Within these Bacteroidetes, ceriain strains of the Bacteroides and
Prevolella genus have been found in dog.2258 As such, these bacterial strains can be used as indicators of
dog fecal contamination.

One of the advantages of the Dog Bacteroidetes ID™ service is that the entire water is sampled and filtered for
fecal Bacteroidetes. As such, this method avoids the randomness effect of culiuring and selecting bacterial
isolates off a petri dish. This is a particular advantage for highly contaminated water systems with potential
multiple sources of fecal contamination.

Accuracy of the results is possible because the method uses PCR DNA technology. PCR allows quantities of
DNA to be ampilified into large number of small copies of DNA sequences. This is accomplished with smaill
pieces of DNA called primers that are complementary and specific to the genomes to be detected.

Through a heating process called thermal cycling, the double stranded DNA is denatured and inserted with
complementary primers to create exact copies of the DNA fragment desired. This process is repeated rapidly
many times ensuring an exponential progression in the number of copied DNA. If the primers are successful in
finding a site on the DNA fragment that is specific to the genome to be studied, then billions of copies of the
DNA fragment will be available and detected in real-time. The accumulation of DNA product is plotted as an
amplification curve. The absence of an amplification curve would indicate that the dog Bacteroidetes gene
biomarker is not present.

References

1 Scott, Troy M., Rose, Joan B., Jenkins, Tracie M., Farmrah, Samuel R., Lukasik, Jerzy Microbial Source Tracking: Current
Methodology and Future Directions. Appl. Environ. Microbiol. (2002) 68: 5796-5803,

2 Bernhard, A.E., and K.G. Field {2000a). Identification of nonpoint sources of fecal pollution in coastal waters by using host-
specific 165 ribosomal DNA genetic markers from fecal anaerobes. Applied and Environmental Microbiology, 66: 1,587-1,594.
3Bernhard, A.E., and K.G. Field {2000b). A PCR assay to discriminate human and ruminant feces on the basis of host
differences in Bacteroides-Prevotella genes encoding 16S rRNA. Applied and Environmental Microbiclogy, 66: 4,571-4,574.

4 Kreader, C.A. (1995). Design and evaluation of Bacteroides DNA probes for the specific detection of human fecal pollution.
Applied and Environmental Microbiology, 61: 1,171-1,179.

5 Fogarty, Lisa R., Voytek, Mary A.Comparison of Bacteroides-Prevotella 16S rRNA Genetic Markers for Fecal Samples from
Different Animal Specles Appl. Environ. Microbiol. 2005 71: 5999-6007.

8 Dick, Linda K., Bernhard, Anne E., Brodeur, Timothy J., Santo Domingo, Jorge W., Simpson, Joyce M., Walters, Sarah P., Field,
Katharine G. Host Distributions of Uncultivated Fecal Bacteroidales Bacteria Reveal Genetic Markers for Fecal Source
Identification Appl. Environ. Microbiol. 2005 71: 3184-3191.
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Bird Fecal Quantification ID

Detection and quantification of the fecal associated Bird gene biomarker by real-time quantitative Polymerase Chain Reaction (qPCR)
DNA analytical technology

Submitter: EA Engineering, Science, and Technolegy, Inc. PBC

Date Received: March 15, 2019 ND: Not Detected
Report Generated: April 10, 2019 DNQ: Detected Not Quantified
= _— = Marker Quantified DNA Analytical

SM# Sample ID Analysis Requested (copiesi100 mi) Results
SM-8D01008 LB Bird Fecal ID ND_ Not Detected
SM-9D01009 ND6-001 Bird Fecal ID DNQ Detected
SM-9D01010 ND7-001 Bird Fecal ID DNG Detected
SM-9D01011 DO-001 Bird Fecal ID DNGQ Datected
SM-9D0012 N26-001 Bird Fecal ID DNG Datected
SM-9D01013 N08-001 Bird Fecal ID DNQ Datected
5M-9D01014 N0S-001(A} Bird Fecal ID DNQ Detected
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Tenms are avaitable upon requast. Tha sample(s) ciied In this reporl may be ysed for research purposes after an archiving period of 3 months from the dote of this repon
Research includes, but is not Iimited to intemal valldation studies and peer—reviewed research publications. Anonymity of the sample(s), including the exact geographic
tacatlon will be malniained by assigning an arblirary Intemal referance. These anonymous samples will only be grouped by state f province of arigin for research purposes.
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Preliminary Interpretation of Bird Fecal “Quantification” ID Results

Detection and quantification of the fecal associated Bird gene biomarker by real-time quantitative Polymerase Chain Reaction

{gPCR) DNA analytical technology

NOG-001
NO7-001
DO-001
N26-001
ND8-001

NO9-001(A)

Submitter: EA Engineering, Science, and Technology, Inc. PBC

Date Received: March 15, 2018
Report Generated; April 10, 2019

L INTERPRETATION.
| Concentration of Bird Fecal | Sor s
Pollution/in'Sample, | PLLLS
NotDetected | Bird fecal biomarker not detected

Low Concentration

Low Concentration

Low Concentration

Low Concentration

Low Cancentration

Low Cancentration

Low levels of Bird fecal biomarker(s)
Low levels of Bird fecal biomarker(s)
Low levels of Bird fecal biomarker{s)
Low levels of Bird fecal biomarker(s)
Low levels of Bird fecal biomarker(s)
Low levels of Bird fecal biomarker(s)

The opinions/interpretations identified/expressed in this report are outside the scope of this organization's A2LA Accreditation.
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Laboratory Comments
Submitter: EA Engineering, Science, and Technology, Inc. PBC
Report Generated: April 10, 2019

Non-Detect Results

In sample(s) classified as non-detect, the host-associated fecal gene biomarker(s) was either not detected in test
replicates, one replicate was detected at a cycle threshold greater than 35 and the other was not, or one replicate
was detected at a cycle threshold less than 35 and the other was not after repeated analysis.

Detected Results

In sample(s) classified as detected, the host-associated fecal gene biomarker(s) was detected in both test replicates
suggesting that the host's fecal contamination is present in the sample(s). Copy number measurements reported
are relative, not absolute, quantification.

Detected Not Quantified (DNQ) Results

In sample(s) classified as Detected Not Quantified (DNQ), the host-associated fecal biomarker was detected in both
test replicates but in quantities below the limit of quantification. This result indicates that fecal indicators associated
with the respective host was present in the sample(s) but in low concentrations.

Fecal Reference Samples

The client is encouraged to submit fecal samples from suspected sources in the surrounding area in order to gain a
better understanding of the concentration of the host-associated biomarker with the regional population. A more
precise interpretation would be available to the client with the submitial of such baseline samples.

Result Interpretations

Quantitative results are reported along with interpretations. Interpretations are given as "non-detect”, "low
concentration”, "moderate concentration”, or "high concentration” based on the concentration of the genetic markers
found in the sample(s).

The presence of the biomarker does not signify the presence or absence of that form of fecal pallution conclusively.
Only repeated sampling will enable you to draw more definitive conclusions as to the contributor(s) of fecal pollution.

Additional Testing

A portion of all samples has been frozen and will be archived for 3 months. The client is encouraged to perform
additional tests on the sample(s) for other hosts suspected of contributing to the fecal contamination. A list of
available tests can be found at sourcemolecular.com/tests

DNA Analvtical Method Explanation
Water Samples: Each submitted water sample is filtered through 0.45 micron membrane filter(s). Each filter is placed in

a separate, sterile 2ml disposable tube containing a unique mix of beads and lysis buffer. The sample is homogenized
for 1min and the DNA extracted using the Generite DNA-EZ ST1 extraction kit {(GeneRite, NJ), as per manufacturer's
protocol. Devitations to these procedures may occur at the client's request.

Non-Water Samples: Each non-water sample submitted by the clientis processed as per internal laboratory extraction
procedures. An extracted DNA sample is proceed directly to PCR analysis. Details available upon request.

Amplifications to detect the target gene biomarker were run on an Applied Biosystems StepOnePlus real -time thermal
cycler (Applied Biosystems, Foster City, CA) in a final reaction volume of 20ul sample extract, forward primer, reverse
primer, probe and an optimized buffer. All assays are run in duplicate. Quantification is achieved by exirapolating target
gene copy numbers from a standard curve generated from serial dilutions of known gene copy numbers.

For quality control purposes, a positive control and a negative control, were run alongside the sample(s) to ensure a
properly functioning reaction and reveal any false negatives or false positives.
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Theory Explanation of Bird Fecal ID™ Quantification

The genus Helicobacter is a group of gram-negative, microaerophilic bacteria that were initially classified under
the Campyiobacter genus prior to 1989. Since then, they have been reclassified into the genus Helicobacter
after 16S rRNA sequencing differentiated them from other Campylobacter species. This group of bacteria
typically have a spiral, curved or fusiform morphology with multiple flagella allowing them to rapidly maneuver
in the intestinal mucous lining of their hosts. Helicobacter species colonize the gastrointestinal tract of
mammals and birds and are shed in feces. There are approximately 20 strains of Helicobacter!. Certain
strains, such as Helicobacter pylori, are pathogenic to humans causing chronic gastritis, peptic ulcers and
stornach cancer.

The Bird Fecal Quantification ID™ service is designed around the principle that certain DNA sequences
contained within strains of the Helicobacter genus are specific to wild birds. These Helicobacter sequences can
be used as indicators of bird fecal contamination. Several species have been isolated from specific animal
hosts such as H. fennelliae from humans, H. hepaticus from mice and H. felis from cats and dogs.* The Bird
Fecal Quantification ID™ service targets a bird-associated gene biomarker in Helicobacter pametensis.? The
biomarker is present at different degrees in the feces of various birds including but not limited to gull, goose,
chicken, pigeon and duck.

One of the advantages of the Bird Fecal Quantification ID™ service is that the entire population of Helicobacter
of the selected portion of the water sample is screened. As such, this method avoids the randomness effect of
selecting isolates off a petri dish.

Accuracy of the results is possible because the method uses gPCR DNA technology. qPCR simulataneously
confirms and quantifies the bird-associated gene biomarker. This is accomplished with small pieces of DNA
called primers that are complementary and specific to the genome to be detected. This qPCR technology
avoids the cumbersome process of distinguishing DNA bands on a gel electrophoresis apparatus.

Through a heating process called thermal cycling, the double stranded DNA is denatured and inserted with
complementary primers to create exact copies of the DNA fragment desired. This process is repeated rapidly
many times ensuring an exponential progression in the number of copied DNA. If the primers are successful in
finding a site on the DNA fragment that is specific to the genome to be studied, then billions of copies of the
DNA fragment will be available and detected in real-time. The accumulation of DNA product is plotted as an
amplification curve. The absence of an amplification curve indicates that the bird-associated Helicobacter
gene biomarker is not present.

References

! Goldman, E. and Green, L. H. {2009). Practical Handbook of Microbiology (2nd ed) . Boca Raton, FL: CRC Press.

2 Seymour, C., Lewis, R.G., Kim, M., Gagnon, D.F., Fox, J.G., Dewhirst, F.E., and Paster, B.J. Isolation of Heficobacter Strains from
Wild Bird and Swine Feces. Appl. Environ. Microbiol. (1994) 60:3, 1025-1028.

Page 4 of 4



Wy
X o,

s,

i

s,
L

W,

'
ot

]

O

% vy [ACCREBITED

el o™ Cartificats 4938.01

15280 NW 79th Court, Suite 107 Miami Lakes, Florida 33016 1S0O 17025 Accredited
Tel: (1) 786-220-0379 Fax: (1) 786-513-2733 Testing Laboratory

Email: info@sourcemolecular.com

Human Fecal Quantification ID

Detection and quantification of the fecal associated Human gene biomarker by real-time guantitative Polymerase Chain Reaction
(gPCR) DNA analytical technology

Submitter: EA Engineering, Science, and Technology, Inc. PBC
Date Received: March 15, 2019 ND: Not Detected
Report Generated: April 10, 2019 ONQ: Detected Not Quantified

‘Marker, Quantified DNA Analytical

SM# Sample ID Analysis Requested {copies/100 m) Results
SM-9D01001 LB Human Bacleroidetes ID: Dorei ND Not Detected
SM-9D01002 NO5-001 Human Bacteroidetes ID: Dorei ND Not Detected
SM-9D01003 NO7-001 Human Bacteroidetes ID: Dorei ND Not Detected
SM-9D01004 DO-001 Human Bacteroidetes ID: Dorei ND Not Detected
SM-9D01005 N26-001 Human Bacterailetes ID: Dorei DNQ Detected
SM-8D01006 ND8-001 Human Bacteroidetes |D: Dorei DNQ Detected
SM-9D01007 'NOS-001(A} Human Bacteroideles |D: Dorei DNQ Detoctod

Limitation of Damaaes ~ Repavment of Service Price
It is agreed that in the event of breach of any wamranly or breach of contract. or negligence of Source Molecular Carporation, as well as ils agents or representatives, the
liabliity of the company shall be kimied to ihe repayment, 1o the purchaser (submiiter), of the individual analysis prica paic by himmer to Source Molacular Corp. The

company shall not be Jable for any damages, elther direct or consequential, Source Molecular Corp. povides analylical services on a PRIME CONTRACT BASIS ONLY
Tenms are available upon request. The sample(s) cited in this report may be usad for research purposas afler an archiving pesiod of 3 months from the date of this repornt.

Research includas, bul Is not limited to nternal validation studles and peer-reviewed research publications. Anonymily of the sample(s), including the exact geographic
tocation will be maintained by assigning an arbitrary intemal reference. These anonymous samples will only be groupad by state / province of origin for research purposes.
The client must contact Sourca Molecular in writing within 10 days from the date of this report if he/she does not wish for t hel submitted sample(s) to be usad for any ype

of futura research,

Revision 1.3
Effective Date 9/25/18

Page 10of4



\\“\“I""'f

N %
&Source &
Molecular NS
15280 NW 79th Court, Suite 107 Miami Lakes, Florida 33016 Yy Corineate 413653
Tel: (1) 786-220-0378 Fax: (1) 786-513-2733 1SO 17025 Accredited
Email: info@sourcemolecular.com Testing Laboratory

Preliminary Interpretation of Human Fecal “Quantification” ID Results

Detection and quantification of the fecal associated Human gene biomarker by real-time quantitative Polymerase Chain Reaction
{gPCR} DNA analytical technology

Submitter; EA Engineering, Science, and Technology, Inc. PBC
Date Received: March 15, 2018
Report Generated: April 10, 2019

i'L__ == e INTERPRETAT[ON A | i
Sample/ID) [Concentration of Human Facal]| ol
! Pp!luiion in,Sample , oMty
LB ] Not Detected 'Human fecal biomarker not delected
ND6-001 Not Detected Human fecal biomarker not delected
NO7-001 | Not Detected Human fecal biomarker not detected
DO-001 _Not Detected Human fecal biomarker not delected
'N26-001 ; | Low Concentration | Lowlevels of Human fecal biomarker{s}
__Nos-001 Low Concentration | Low levels of Human fecal biomarker(s)
NOS-001(A) Low Concentration | Low IeveIs of Human fecal biomarker(s)

The opinionsfinterpretations identified/expressed in this report are outside the scope of this organization's A2LA Accreditation.

Page 2 of 4



Laboratory Comments
Submitter: EA Engineering, Science, and Technology, Inc. PBC
Report Generated: April 10, 2019

Non-Detect Results

In sample(s) classified as non-detect, the host-associated fecal gene biomarker(s) was either not detected in test
replicates, one replicate was detected at a cycle threshold greater than 35 and the other was not, or one replicate
was detected at a cycle threshold less than 35 and the other was not after repeated analysis.

Detected Results

In sample(s) classified as detected, the host-associated fecal gene biomarker(s) was detected in both test replicates
suggesting that the host's fecal contamination is present in the sample(s). Copy number measurements reported
are relative, not absolute, quantification.

Detected Not Quantified (DNQ) Results

In sample(s) classified as Detected Not Quantified (DNQ), the host-associated fecal biomarker was detected in both
test replicates but in quantities below the limit of quantification. This result indicates that fecal indicators associated
with the respective host was present in the sample(s) but in low concentrations.

Fecal Reference Samples

The client is encouraged to submit fecal samples from suspected sources in the surrounding area in order to gain a
better understanding of the concentration of the host-associated biomarker with the regional population. A more
precise interpretation would be available to the client with the submittal of such baseline samples.

Result Interpretations

Quantitative results are reported along with interprefations. Interpretations are given as "non-detect”, "low
concentration”, "moderate concentration”, or "high concentration" based on the concentration of the genetic markers
found in the sample(s).

The presence of the biomarker does not signify the presence or absence of that form of fecal pollution conclusively.
Only repeated sampling will enable you to draw more definitive conclusions as to the contributor(s) of fecal pollution.

Additional Testing

A portion of all samples has been frozen and will be archived for 3 months. The client is encouraged to perform
additional tests on the sample(s) for other hosts suspected of contributing to the fecal contamination. A list of
available tesis can be found at sourcemolecular.com/tests

DNA Analytical Method Explanation
Water Samples: Each submitted water sample is filtered through 0.45 micron membrane filter(s). Each filter is placed in

a separate, sterile 2ml disposable tube containing a unique mix of beads and lysis buffer. The sample is homogenized
for 1min and the DNA extracted using the Generite DNA-EZ ST1 extraction kit (GeneRite, NJ), as per manufacturer's
protocol. Devitations to these procedures may occur at the client's request.

Non-Water Samples: Each non-water sample submitted by the client is processed as per internal laboratory extraction
procedures. An extracted DNA sample is proceed directly to PCR analysis. Details available upon request.

Amplifications to detect the targel gene biomarker were run on an Applied Biosystems StepOnePlus real -time thermal
cycler (Applied Biosystems, Foster City, CA) in a final reaction volume of 20ul sample extract, forward primer, reverse
primer, probe and an optimized buffer. All assays are run in duplicate. Quantification is achieved by extrapolating target
gene copy numbers from a standard curve generated from serial dilutions of known gene copy numbers,

For quality control purposes, a positive control and a negative control, were run alongside the sample(s) to ensure a
properly functioning reaction and reveal any false negatives or false positives.
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Human Bacteroidetes ID™ Species: B. dorei

The Human Bacteroidetes ID™ Species: B. dorei service targets the species Bacteroides dorei. B. dorei is an
anaerobe that is frequently shed from the gastrointestinal tract and isolated from human feces worldwide. ltis a
newly discovered species that is widely distributed in the USA.*2The human-associated marker DNA sequence is
located on the 16S rRNA gene of B. dorei.® The marker is the microbial source tracking {(MST) marker of choice for
detecting human fecal pollution due to its exceptional sensitivity and specificity. Internal validations have been
conducted on hundreds of sewage, septage, human and animal host fecal samples collected from throughout the
U.S and archived in the Source Molecular fecal bank. The marker has also been evaluated in both inland and
coastal waters. A recent, comprehensive, multi-laboratory MST method evaluation study, exploring the
performance of current MST methods, concluded the B. dorei gPCR assay to be the top performing human-
associated assay amongst those tested. The success and consistency of this marker in numerous studies around
the world?24 makes the Human Bacteroidetes ID™ Species: B. dorei service the primary service for identifying
human fecal pollution at Source Molecular.

Fecal Bacleroidetes are considered for several reasons an interesting alternative to more traditional indicator
organisms such as E. coli and Enferococei.s Since they are strict anaerobes, they are indicative of recent fecal
contamination when found in water systems. This is a particularly strong reference point when trying to determine
recent outbreaks in fecal pollution. They are also more abundant in feces of warm-blooded animals than E. coli and
Enterococci,

The Human Bacteroidetes 1D™ service is designed around the principle that fecal Bacteroidetes are found in large
guantities in feces of warm-blooded animals,2.557.2 Furthermore, certain strains of Bacteroidetes have been found
to be associated with humans.2€ As such, these bacterial strains can be used as indicators of human fecal
contamination.

Accuracy of the resulls is possible because the method amplifies DNA into a large number of small copies of the
gene biomarker of interest. This is accomplished with small pieces of DNA called primers that are complementary
and specific to the unique B. dorei DNA sequence. Through a heating process called thermal cycling, the double
stranded DNA is denatured, hybridized to the complementary primers and amplified to create many copies of the
DNA fragment desired. If the primers are successful in finding a site on the DNA fragment that is specific to the B.
dorei DNA sequence, then billions of copies of the DNA fragment will be available and detected in real-time. The
accumulation of DNA product is plotted as an amplification curve by the gPCR software. The absence of an
amplification curve indicates that the B. dorei gene biomarker is not detected in the water sample because it is
either not present or present at concentrations below the analytical detection limit.

To strengthen the validity of the results, additional tests targeting other high-ranking, human-associated
Bacleroideles species should be performed, such as

Human Bacteroidetes ID™ Species: B. stercoris,

Human Bacteroidetes ID™ Species: B. fragilis, and

Human Bacteroidetes ID™ Species: B. thetaiotaomicron.

‘Boehm, A., Fuhrman, J., Mrse, R., Grant, S. Tlered approach for identification of a human fecal pollution source at a recreatlonal beach: case study
at Avalon Bay, Catalina [sland, Callfornia. Erviron Sci Technol, 2003 37; §73-680

2Bakir, M., Sakamaota, M., Kitahara, M., Matsumota, M., Benno, Y. Bacteroldes dorel sp. nov., isolated from human faeces. Int. J. Syst. Evol. Microbiol
2006 56: 1639-1641.

iBemhard, A., Field, K. A PCR assay to discriminate human and ruminant faces on the basis of host differences In Bacteroldes-Prevotella genes
encoding 16S rRNA. Appl. Envion. Microbicl. 2000b 68: 4571-4574

4Ahmed, w., Masters, N , Toze, §. Consistency In the host specificity and host sensitivity of the Bacteroides HF183 marker for sewage pollution
tracking. Lett. Appl. Microbiol. 2012 55: 283-289.

§ Scott, T., Rese, J,, Jenkins, T., Famrah. 5., Lukasik, J. Microblal Source Tracking: Current Methodology and Future Directions. Appl. Enviran. Microbiol.
2002 68: 5796-5803.

* Bernhard, A., Field, K. ldentification of nonpolnt sources of fecal pollution In coastal waters by using host-specific 165 rlbosomal DNA genetic
markers from fecal anaerobes. Appl. Environ. Microbiol, 2000a &8. 1587-1584,

7 Fogarty, L., Voytek, M. A Comparison of Bacteroldes-Prevotella 165 rRNA Genetlc Markers for Fecal Samples from Differant Animal Specles. Appl.
Environ. Microblol. 2005 71: 5999-6007.

® Dick, L., Bemhard, A., Brodeur, T.. Santo Domingo, J., et al. Host Distributlons of Uncultivated Fecal Bacteroldales Bacterla Reveal Genetic Markers
for Fecal Source Identification. Appl. Environ. Micrebiol. 2005 71. 3184-3191.
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Figure A1, 2018-2019 IR Stations
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Attachment 2.
Measurement of Turbidity, Suspended Sediments and Nutrients

in Three Rivers that Drain to the Achang Preserve
from the Manell Watershed
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ABSTRACT
The goal of this praject, finded by NOAA's Coral Reef
Conservation Program and requested by local partners,
was to monitor water quality in three rivers that drain to
the Achang Reef Fiat Marine Preserve at the southern tip
of Guam, in order to provide a baseline of conditions for
environmental
managers. The
spatial and tem-
poral variation of
turbidity, sus-
pended sediment
concentration
(SSC), and nutri-
ents were deter-
mined at sites on
the Ajayan, As
Liyog, and Sumay
rivers.

Using Guam EPA
water quality
standards, SSC
and turbidity in
the rivers were
generally classi-
fied as excellent
to good, although
occasionally

the waters were
ranked as fair,
particularly on
the As Liyog Riv-
er during higher
rainfall. Over- :
all, nitrate was ®
Jound to be in the ®
excellent range,
and orthophos-
phate generally
in the good to fair Figure 1. The island of Guam.
range.

o Merizo
Cocos Lagoan

There was some evidence that a number of the parame-

ters showed decreasing trends in concentration during the
project. Further monitoring would help determine if these
decreases are real, which could be an indication of the ben-
efits of the ongoing restoration activities in the watershed,
evidence of natural revegetation subsequent to wildfires, or
a combination of both. In any case, additional restoration
efforts along with public education and outreach would be
helpful to further reduce runoff to the rivers that drain to
the Achang Reef Flat Marine Preserve.

Munell Watershed Report

Tonaragan

INTRODUCTION
Guam is the most southerly and largest (both in area
and population) member of the Mariana Islands, a cres-
cent-shaped archipelago in the western North Pacific
Ocean. The Mariana Island chain extends from Guam to-
wards Japan, and is part of the larger island group referred
to as Micronesia.
The island of
Guam has a land
area of approx-
imately 550
i square kilome-
Anderson ters, and a max-
Fafore imum altitude
of 406 meters
(Emery, 1962).
The capito!l of
Guam is Hagatiia,
located towards
the middle of the
island (Figure 1).

The northern
half of Guam is a
broad limestone
plateau bordered
by steep cliffs,
while the south-
ern half of the is-
land is a dissected
volcanic upland
fringed with
limestone, pri-
marily along the
east coast (Tracey
etal., 1964). At
the southern tip
of Guam is Cocos
Lagoon (Figure
1}, an atoll-like
coral reef lagoon,
Geologically,
Cocos Lagoon is thought to have grown on the basement
of the Umatac formation, a thick sequence of volcanic rock
which occupies the southern central portion of Guam, and
named after the town of Umatac on the west coast of the
island (Tracey et al., 1964).

Manell Watershed

The Maneli and Geus watersheds on the northeastern bor-
der of Cocos Lagoon were designated as a Habitat Focus
Area for NOAA’s Habitat Blueprint, and the watersheds
and lagoon are a NOAA Coral Reef Conservation Program

]



Manell Watershed Report

(CRCP) priority
for Guam. A map
of the Manell and
Geus watersheds
can be seen in
Figure 2. In 1997, a
network of ma-
rine preserves was

established in Guam

in response to de- r—G’;{{\
creasing nearshore ( Watershed
fish stocks (NOAA,

2007). The Achang

Reef Flat Marine

Manell
Watershed

Preserve (Figure
2), located on the
eastern end of
Cocos Lagoon, was
established by the ; . ,
Division of Aquat- LF : \  Achang ReefFlat
ic and Wildlife \_ Marlne Preserve
Resources of the e
Guam Department

of Agriculture,

Figure 2. Boundaries of the Manell watershed, along with the Geus watershed and the Achang Reef
Flat Marine Preserve.

of the coast, and has an elevation of 337 meters.
There are extensive patch reefs and seagrass beds within
Cocos Lagoon, and seagrass beds are abundant in the shal-  The Manell watershed contains a variety of land uses in-
low waters of the Achang Preserve. The seagrass beds in cluding grassland, forest, and urban areas (Table 1). Grass-
the Preserve provide valuable nursery habitat for a variety ~ land savanna with steep slopes comprise the highest land
of fish and are an important habitat for green and hawksbill  use, while forested areas are limited to ravines (EA Engi-
sea turtles. Since the establishment of the Preserve, fish neering, 2014). An image of the Manell watershed taken
stocks have increased there by 115%, while surveys at com- from the Achang Reef Flat Marine Preserve can be seen in
parison sites outside the Achang Preserve in Cocos Lagoon  Figure 3.
have shown a further 4% decrease (Porter e al., 2005).

From the watershed, a series of rivers flow into the Achang

The watersheds incorporate some interesting landscapes, Preserve including the Ajayan, As Liyog, and Sumay rivers,
resulting from the geological forma- which are the focus of this report.
tion of the island. The geomorpholo- ~ Table I. Land use in the Manell watershed. Urban areas comprise approxi-

gy of southern Guam with a narrow Land Use o ke mately 23 percent of the land use

limestone fringe along the coast, has in the watershed. The municipality

a volcanic origin that has resulted in Urban 234 2.76 and town of Merizo (Figure 1)
steep hills within the watersheds (Trac- Forest 332 3.91 is located within the Manell and
ey et al. 1964). Behind the coastal Burned 4.22 0.50 Geus watersheds. The popula-
plain, elevations rise rapidly to over Barren 0.77 0.09 tion of Merizo was 1,850 in 2010
400 meters. The tallest peak in Guam  Grassland 37.6 4.43 (Guam Bureau of Statistics and
is Mount Lamlam at 406 meters, which  From: Wen et al., 2009 ' Plans, 2011). Tourism accounts
is within 2 km of the coastline in the for roughly 60% of the economy
southwest part of Guam, near the town of Agat (Figure 1).  in Guam (NOAA, 2007), and tourism is also important in
Merizo.

The Manell watershed (Figure 2) has an area of approxi-

mately 11.8 square kilometers. The adjacent Geus water- Within the watershed, grazing by feral animals, off-road-
shed has an area of approximately 4.5 square kilometers. In  ing vehicles, and in particular wildfires, promote erosion
the Manell watershed, Mount Sasalaguan, is within 2.5 km  of soils from the steep hillsides and along stream banks.
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Wildfires are a constant threat in the Manell watershed, and
burning the grasslands leaves the soil bare, facilitating ero-
sion. The fires also inhibit the growth of trees and shrubs
that would hold the soil and absorb rainfall. Many of the
fires are reportedly caused by arson, set by poachers for the
purpose of encouraging the emergence of new grasses for
grazing by Philippine deer and
feral pigs which are hunted (EA
Associates, 2014). Winds exac-
erbate the destruction caused by
the wildfires. The dry season on
Guam occurs from December to
April, which also has some of the
higher average wind speeds (~14
km/hour).

Within the watershed, high veloci-
ty runoff events of relatively short
duration are frequent in the moun-
tainous areas of southern Guam.
[ncreased runoff can also lead to
the flooding of downstream areas.
[t has been estimated that in the
last five years, nearly 60 percent
of the residents in the town of
Merizo (Figure 1) have been
affected by flooding.

Eroded soils from the hillsides are transported as suspend-
ed sediments to the freshwater streams and rivers in the
watershed, impacting the aquatic organisms there. The sed-
iments which are then transported out into to the Achang
Preserve in Cocos Lagoon, can impact water quality in the
seagrass areas and patch reefs (Khosrowpanah et al., 2015;
NOAA, 2007). Sedimentation on coral reefs can have se-
rious impacts (Fabricius, 2005; Burke et al., 2011; Waddell
el al., 2005). The deposition of sediments in reef areas can
act to smother corals and physically abrade coral tissues.
At the very least, sediments deposited on corals results in
the organisms having to expend more energy to remove
sediment particles, meaning there is less energy available
for other functions including growth and reproduction.
Elevated sedimentation has been linked to less coral cover,
lower diversity and recruitment, along with lower growth
and calcification rates (ISRS, 2004; Rogers, 1990).

Sediments associated with runoff have been identified as
one of the most significant threats to coral reef ecosystems
in Guam (Burdick, ef al., 2008). Fires, erosion and sedi-
mentation were all identified as high threats in the Manell
and Geus watersheds, and sedimentation was also identified
as a high threat to coral reef ecosystems during the Manell/
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Geus Conservation Action Planning (CAP) Workshop
(GCMP, 2013).

Nutrients originating from wildlife, septic systems and
agricultural activities (crops and livestock) can also make
their way into streams and rivers and out onto the Achang

e
_'9" . - =

Figure 3. Photograph of the steep hillsides in the Manell watershed that border the Achang
Reef Flat Marine Preserve.

Preserve and the rest of Cocos Lagoon. While dissolved
nutrients are essential to productivity in aquatic systems,
an overabundance of nutrients can trigger macroalgae and
phytoplankton blooms, resulting in degradation of water
quality and habitat (Bricker et al., 2007). In coral reef
systems, algal blooms can lead to the algae out-competing
and then smothering juvenile and adult corals, ultimate-

ly resulting in the loss of those corals (D’ Angelo et al.,
2014; Box and Mumby, 2007). It has also been shown that
nutrients can have direct effects on corals. Ammonium and
phosphate in parts per billion (ug/] or ppb) concentrations
can impact fertilization success (Harrison and Ward, 2001),
while elevated nitrate has been shown to decrease calcium
deposition in corals (Marubini and Davis, 1996).

A variety of watershed restoration activities have been
undertaken to try and restore vegetation and reduce erosion
in the upland areas in the Manell and adjacent watersheds.
These include public education and outreach, planting of
native species to help reduce erosion in upland areas as
well as along streambanks, installation of riparian buffer
strips, and removal of non-native bamboo (GCMP, 2013;
EA Associates, 2014). Bamboo is specifically targeted

and removed because it can block drainage culverts during
storms, leading to flooding of roads and populated areas.
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NOAA/NCCOS Involvement

In 2016, local resource managers reached out to NOAA’s
National Centers for Coastal Ocean Science (NCCOS) for
help with monitoring water quality in three rivers that flow
into the Achang Preserve. With funding from NOAA’s
CRCP, NCCOS scientists met with local resource managers
and scientists
from the Guam
Environmen-

tal Protection
Agency (Guam
EPA), CRCP
and NOAA's
National Ma-
rine Fisheries
Service Pacific
Islands Regional
Office, to devel-
op a project to
monitor turbid-
ity, suspended
sediments, and
nutrients (e.g.,
nitrogen and
phosphorus), for
a period of two
years, The goal
was (o assess
the condition of
these rivers, and
establish a base-
line which could
then be used to
assess the efficacy of planned restoration efforts within the
Manell watershed.

o .
Geus River

station.

MATERIALS AND METHODS

Field sampling events occurred several times a month
beginning in December 2016 through December 2018.
The purpose of these field

visits was to take water this project.

Table 2. Latitude and longitude coordinates of the sampling sites for

placed in the Ajayan River and the two instream level
loggers placed in the Ajayan and the As Liyog rivers were
also conducted.

In total, 76 rounds of sampling were completed over the
two-year data collection period. At times, the collection

‘Rain Gauge

Sumay,River

o AsLivog Ri\"gir

1,500 m

Figure 4. Location of the monitoring sites in the Manell watershed, along with the location of the rain gauge

of water samples could not occur because of storm events
that led to flooding of the roads, making it too dangerous to
travel to the sampling sites.

A map of the sample locations can be seen in Figure 4,
along with the site coordinates in Table 2. The location of
the rain gauge station,
used to monitor rainfall

quality measurements, and

for this project, is also

to collect water samples for ~ Site Name Latitude (DD) Longitude (DD) shown in the figure and
the ana}lysis of the suspepd- Ajayan River 13.25132 144.71881 table. Towards th+e end
ed sediments concentration Liyog River 13.24716 144.70738 of the project, a site was
(SSC) and nutrients at . added on the Geus River
s . Sumay River 13.24800 144,70005
locations on the Ajayan, As Geus Ri 13.27067 144.67933 and sampled between
Liyog, and Sumay rivers in e'_"s fver . ) : July 2018 and December
the Manell watershed. Ob-  Rain Gauge Station 13.26278 144.71761

2018, for comparison.

servations were also made

to document weather and

stream conditions. During these visits, data logger down-
loads and maintenance of the automated turbidity logger

Below is a more detailed
description of each of the sample collection and analysis
techniques.
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Water Quality Field Measurements
In situ field measurements were conducted prior to each
sample collection for the following water quality parame-
ters: temperature, dissolved oxygen, specific conductance,
salinity, and turbidity. To limit the
influence of seawater mixing from the
rising tide as much as possible, samples
were collected during low tide or during
a falling tide.

All water quality measurements, with
the exception of turbidity, were mea-
sured using a YSI Professional Plus
(Pro Plus) hand-held field instrument.
Turbidity (Hach turbidity) was mea-
sured using a Hach 2100Q Portable
Turbidimeter. All water quality instru-
ments were calibrated and maintained
according to the manufacturer recom-
mendations. Water quality measure-
ments were recorded at each sample
location along with any other environ-
mental conditions of potential signif-
icance (i.e., stream debris, weather,
wildfires, etc.).

Duata Logging Instrumentation

Three data logging instruments were
set-up at the sites within the Manell
watershed; two stream level loggers
(Ajayan and As Liyog sites) and one
turbidity logger (Ajayan site). In addi-
tion, a data logging rain gauge was installed in the moun-
tain ridge upland of the Ajayan River (Figure 4).

ment.

The stream level loggers were HoboWare® U20 water level
data loggers with a range of 0 to 30 ft and an accuracy of
0.015 ft. These loggers use pressure (in psi) to determine
the height of the water column above. The level loggers
were suspended at the bottom of PVC housings secured to
the bridge abutments at Ajayan River and As Liyog River.
In addition, one pressure logger was placed at a secure
location outside of the water, to monitor changes in atmo-
spheric pressure. Stream level was calculated by subtract-
ing the atmospheric pressure from the streambed pressure
readings.

A turbidity logger was deployed in the Ajayan River,
within a separate dedicated PVC housing secured to the
Ajayan Bridge (Figure 5). The turbidity logger was sus-
pended in the water column approximately 0.46 m above
the streambed. The turbidity logger was a Manta 2 water

Figur:a 5. Photograph of turbidity logger
(right) and level logger (left) housings
attached to the Ajayan River bridge abut-

quality logging sonde with a turbidity sensor equipped with
a self-cleaning wiper. The As Liyog River was too shallow
for a turbidity logger.

Rainfall data for the Manell watershed
was collected using a HoboWare®

rain gauge installed along the eastern
mountain ridge of the watershed, in an

2 area known as [ja. The rain gauge uses
two tipping buckets that collect water as
it falls, recording each time the tipping
buckets are activated representing a
specific quantity of rainfall (0.01 in. per

tip).

% All data loggers (turbidity logger,
4 level loggers, and rain gauge) were
programmed to collect readings every
{1 15-minutes. The data loggers were

. deployed from December 2016 through
% December 2018. Periodically, the data
loggers were briefly taken out of service
. for calibration and maintenance. Cali-
‘. bration and maintenance were complet-
4 ed in accordance with the manufactur-
er’s recommendations. The turbidity
logger was calibrated monthly or as
needed. HoboWare® data loggers were
factory calibrated. All the data logging
instruments required periodic cleaning
and the time and date were calibrated
on a regular basis.

Nutrient Samples

Nutrient samples (surface) were collected at the designated
sample locations during each field visit. Disposable nitrile
gloves were worn during the collection of samples. Water
samples were collected by hand into 125 m] HDPE bottles
from the shore, labeled with the collection time, date, and
location. Prior to sample collection, each bottle was pre-
rinsed three times with sample water, Samples were then
placed on ice and transferred to the sample freezer on the
same day, at the Guam EPA laboratory.

Frozen samples for nutrient analysis were sent off in batch-
es for analysis by the Geochemical and Environmental
Research Group (GERG) at the Texas A&M University.
GERG was subcontracted to TDI-Brooks, Inc, a NOAA
analytical contract laboratory. All nutrient samples were
analyzed for nitrate, nitrite, ammonium, total nitrogen,
orthophosphate, total phosphate, and silica.
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Figure 6. Locations of the three monitoring sites in the Manell watershed.

The following is a brief summary of methods used for the
analysis of nutrients in the water samples collected. Ni-
trate and nitrite analyses were based on the methodology of
Armstrong ef al. (1967) and use a ground cadmium column
for reduction of nitrate to nitrite. Orthophosphate was mea-
sured using the methodology of Bernhardt and Wilhelms
(1967), with the modification of hydrazine as a reductant.
Silicate determination was accomplished using the methods
of Armstrong et al. (1967) using stannous chloride.

Ammonium analysis was based on the method of Harwood
(Harwood and Kuhn, 1970) using dichloroisocyanurate as
an oxidizer. Urea was measured using diacetyl-monoximine
and themicarbozide. Total nitrogen and total phosphorus
concentrations were determined after an initial decomposi-
tion step. This method involves persulfate oxidation while
heating the sample in an autoclave (Hansen and Koroleff
1999). After oxidation of the samples, nutrient determina-
tions were conducted on a Technicon® 11 analyzer.

Suspended Sediment Concentration (SSC)

Water samples for SSC analysis were collected at the three
sites (Figure 6) during each field visit starting in April 2017
through December 2018. Sample water was collected in
500 ml plastic amber bottles, labeled with the collection
time, date, and location. Samples were immediately placed
in a cooler on ice.

Upon return to the laboratory, samples were kept chilled in
a refrigerator awaiting laboratory analysis. All SSC sam-
ples were analyzed at the Guam Environmental Protection
Agency (GEPA) laboratory within one week from the date
of sample collection. SSC sample analyses were completed
in accordance with the ALS Environmentai (2011) methods
and guidance. Briefly, each sample was filtered through a
pre-weighed glass fiber filter mounted in a suction flask ap-
paratus. The filtered sample was rinsed several times with
deionized water in order to remove salts, then dried at 105°

C, and weighed to the nearest 0.001 g. SSC was calculated
as follows:

SSC (mg/L) = ([A-B]*1000)/C

Where A = End weight of the filter in grams (g)
B = Initial weight of the filter in grams (g)
C = Volume of water filtered

Shipping

There was no direct overnight shipping available from
Guam to TDI-Brooks in College Station, Texas. As are-
sult, the samples were first shipped overnight to the NOAA
Pacific Islands Fisheries Science Center in Honolulu,
Hawaii. The water samples were then placed in a walk-in
freezer at the facility for a few days, and then shipped out
to TDI-Brooks.

Statistical Analyses

The data were analyzed using JMP® statistical software
Version 12.1.0. To assess differences in turbidity, suspend-
ed sediments and nutrients between sites, a Shapiro-Wilk
test was first run on the data to see if it was normally
distributed. None of the data were normally distributed,
and transformations were not effective. As a result, the
Wilcoxon nonparametric test was used for two groups, and
the Kruskal-Wallis nonparametric test was used when there
were more than two groups. Pairwise comparisons were
carried out using the Wilcoxon nonparametric test on each
pair within JMP, which is the nonparametric version of the
Student’s t-test. Finally, Spearman’s correlations were also
calculated.

RESULTS AND DISCUSSION

Water Quality Parameters

A summary of results from the water quality monitoring by
river can be seen in Table 3. More detailed results can be
found in Appendix A. In general, the Sumay River site was
different from the Ajayan and As Liyog sites. Tempera-
ture varied significantly at some of the sites (Chi-Square =
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Figure 7. Stream level and rainfall at the Ajayan and As Liyog river

69.7613, p <0.0001). The Kruskal-Wallis nonparametric
test indicated that temperature in the Sumay River site was
significantly different {lower) than the As Liyog and Ajayan
River sites. However, temperature in the As Liyog and
Ajayan river sites were not significantly different from each
other. Dissolved oxygen was also significantly different
among the sites (Chi-Square = 10.4423, p = 0.0054). As
with temperature, the Sumay River site had significantly
lower dissolved oxygen than the Ajayan and As Liyog sites.

Specific conductivity (Chi-Square = 124.9015, p < 0.0001)
and salinity {Chi-Square = 123.5802, p < 0.0001) were low-
er at the Sumay River site compared to the As Liyog and
Ajayan sites (Table 3). The three sites for this project were
established

sites,

rivers. The Sumay River, on the other hand, does not have
a well developed delta, and the sampling site for the Sumay
River appears more separated and upstream from where it
flows into the Achang Preserve (Figure 6). At the begin-
ning of this project, attempts were made to locate sampling
sites further upstream on the As Liyog and Ajayan rivers,
however, the dense jungle along these rivers did not allow
sites further upstream to be established, even when using a
kayak. In addition, there were uncertainties related to land
ownership in the areas further upstream.

Results from Automated Data Logging
The results from the automated data logging for stream lev-
el at the Ajayan and the As Liyog river sites can be seen in

Table 3. Water quality parameters of sites in the Manell watershed.

at the bridges

that go over  Site Temperature (°C) Dissolved Oxygen (mg/l) Specific Conductivity (us/cm)  Salinity (ppt)
the rivers Mean +SE Mean +SE Mean +SE Mean +SE
along Route  Ajayan River 30.8£0.2 4.10+0.13 32042 £20 20.2 +1.1

4 in southern  As Liyog River 30.5 £0.2 5.24 £1.05 41439 126 26.3 10.9
Guam. Both ~ gymay River 28.70.1 3.54 £0.13 5138 43 " 2.910.6
the Ajayan

and As Liyog

sites (Figure 6) are more open to the Achang Reef Flat
Marine Preserve waters than the Sumay River site, and
have significant deltas which may facilitate the mixing of
tidal seawater with the freshwater flowing down these two

Figure 7. Note that the units in Figure 7 are in feet (stream
level) and inches (rainfall). Approximately 73,000 obser-
vations were made using the automated stream and rainfall
loggers in the Ajayan and As Liyog rivers over the two
year period. Water or stream level was used as a proxy for
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Figure 8. Stream level and turbidity at the Ajayan River site,

stream flow. Automated data logging could not be carried
out in the Sumay River, as the water level at the site was
too low to deploy the equipment.

From Figure 7, it can be seen that in general, the water
level at the As Liyog River site was substantially lower
than at the Ajayan River site. The mean water level during
the monitoring in the Ajayan River was .91 meters (Table
4), or 3 ft. In the As Liyog, the mean water level was 0.03
meters. Nonparametric analysis of data from the automated
monitoring revealed a significant and positive correlation
(Spearman’s Rho = 0.0147, p = 0.000!) between Ajayan
stream level and rainfall (Appendix B). Likewise, there

was a significant positive cor-
relation (Spearman’s Rho =
0.0335, p < 0.0001) between
rainfall and stream level in the
As Liyog River. This indi-
cates that rainfall had a signif-
icant effect on the water levels
in these two rivers, rising with
increasing rainfall.

Table 4. Mean stream level (meters) at the Ajayan and As

Liyog river sites.
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test. Results indicated that the stream level in the Ajayan
River varied significantly (Chi-Square = 915.6 p < 0.0001),
with higher stream levels occurring in the wet season. The
same was true for the As Liyog, that is the months clas-
sified as part of the wet season had higher (Chi-Square =
591.8 p < 0.0001) water levels than during the dry season.

For both the Ajayan and As Liyog river sites, there was a
short span of time, typically between 15 and 30 minutes,
between when a significant rain event occurred and the
water level in these rivers rose, highlighting the role that
the steep slopes in the watershed play in quickly delivering
runoff to downstream areas. In the adjacent Geus water-
shed, Khosrowpanah et a/.
(2015), found that the Geus
River returned to normal flow

Mean+SE Minimum  Maximum  within an hour and a half after
Ajayan River 0,91 £0.00 0 1.58 a rainfall event The same
As Liyog River  0.03 £0.00 0 0.73 appeared to be true for the

Notes: SE, standard error

From Figure 7, it can be seen that rainfall varied through
the course of the year. In Guam, the wet season is roughly
from May through November, and the dry season from De-
cember through April. Data from the stream level measure-
ments for both the Ajayan and As Liyog rivers were clas-
sified as occurring either in the dry or the wet season. The
data were then analyzed using Wilcoxon's nonparametric
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Ajayan and As Liyog rivers.

At the Ajayan River site, a
turbidity logger (Manta 2 water quality sonde) was in-
stalled. As with the level loggers, the turbidity logger was
programmed to take readings every 15 minutes. A graph of
turbidity versus rainfall can be seen in Figure 8. There was
a significant (Spearman’s Rho = 0.0880, p < 0.0001) posi-
tive correlation between rainfall and turbidity as measured
by the Manta 2 automated turbidity sonde, indicating that
turbidity was more likely to increase with rainfall, result-



ing from surface water runoff carrying sediments from the
watershed into the Ajayan River, and ultimately out into the
Achang Preserve.

Table 5. Classification of Guam marine and surface waters.
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water and preservation of aquatic life (S1). The next cate-
gories M2 and S2, are classified as good or medium water
quality either for the propagation of marine life (M2), or
for recreational
activities or as

There were

a number of Marine Waters

drinking water

events during the Caleporv Ranking  Description after suitable
monitoring when M1 Excellent  Suitable l? protect \Thok‘: body contact recreation, and also to casure treatment
increased rainfall AR ol‘man.ne lite . f 3 {S2). The third
led to snikes M2 Good Allows for propagation and survival of marine organisms T M3

) P — M3 Fair Suitable for general, commercial and industrial use - gory-(

in the turbidity and S3)is a
readings from Surface Waters designation
the Manta auto-  cyiepory Ranking  Description given to those
mated turbidity g1 High Suitable for drinking water, wildnerness arcas,propagation and waters suitable
sonde. Between preservation of aquatic life, whole body contact and recreational for commercial
6 and 8 April cnjoyment or industrial
2018, approxi- 52 Medum Suitabke for recreational purposes, including whole body contact use,

mately 10.4 cm recreation, and s use as potabke water afier adequate treatment is

(4.09 inches) of [ Guam EPA has
rain fell, re- 83 Low Primarily used for commercial. apriculiural. and industrial activitics developed a
suiting in high water classifi-

turbidity levels, with readings over 1,400 NTUs (nephelo-
metric turbidity units) (Figure 8). In the Geus River, Khos-
rowpanah et al. {2015) recorded turbidity readings as high
as high 1,000 NTUs. Around 17 October 2017, approxi-
mately 8.8 cm (3.46 in) of rain fell in the Manell watershed
over a 24 hour period, producing turbidity readings as high
as 774 NTU. However, in July 2018, a rainfall total of only
3.7 cm (1.46 in) produced a turbidity reading of over 800
NTUSs, perhaps demonstrating the variability of the system.

From these results, it appears that both the Ajayan and

the As Liyog rivers respond rapidly to rainfall in terms of
stream height and as was shown for the Ajayan, also for
turbidity. This is perhaps not surprising given the slope of
the watershed, which results in the rapid delivery of water
and eroded soils to the lower elevations of the watershed.
This rapid response highlights the need for restoring and
maintaining good soil cover in the watershed, in order re-
duce the amount of water and sediment transported into the
rivers and then out onto the Achang Preserve and the rest of
Cocos Lagoon.

Guam Water Quality Stundards

The marine and surface waters in Guam have been clas-
sified {Guam EPA, 2001) based on their use and desired
water quality. Those classifications are shown in Table 5.
Marine and surface waters have been divided into three cat-
egories. M1 (marine) and S1 (surface waters) are the desig-
nations given to those waters that should exhibit excellent
or the highest water quality, either for recreational activities
and the preservation of marine life (M1), or for drinking

cation map with areas designated as to their desired water
quality (Guam EPA, 2001). Cocos Lagoon is designated as
MI. The Manell watershed appears to be designated as S2.

Water quality standards for Guam were adopted in accor-
dance with the US Water Pollution Control Act (Clean
Water Act), Public Law 92-500, and the Guam Water
Pollution Control Act (Guam EPA/USEPA, 2018). For

the current project, four standards, including those for the
suspended sediment concentration, turbidity, nitrate and
orthophosphate, were most relevant. By necessity, the
sites monitored in the Ajayan, As Liyog and Sumay rivers
were located where they were accessible, that is adjacent to
the highway bridges that cross these rivers. For the Ajayan
and the As Liyog rivers, the locations represent the inter-
face between marine waters and surface waters. Because of
this, the figures presenting the results for the four parame-
ters include both the marine and the surface water standards
(e.g., M1 and S1).

Table 6 contains a summary of the monitoring of the
suspended sediment concentration (SSC), Hach turbidity
(also measured in NTUs), and nutrients. The Ajayan and
As Liyog rivers were sampled and analyzed a total of 76
times. The site in the Sumay River was added a little later
in the project, and was sampled 71 times. Table 7 lists the
Guam water quality standards for SSC, turbidity, nitrate,
and orthophosphate.

Suspended Sediment Concentration (SSC)
The mean SSC across all sites was 12.7 £1.20 mg/l SSC
(Table 6). More detailed data from the analysis of SSC can

9
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Table 6. Summary of results for the monitoring of suspended sediments, Hach turbidity, and nutrients from the three rivers in the

Manell watershed.

Ajayan River {n ~ 76) As Liyog River (n = 76) Sumay River (n = 71} Ovenall

Parameicr Meon 1SC - Mmimum  Maxinum Mean $SE Minimum  Maximum Mean $SE Minimum  Maxinom Mecan 1SC Moimum Maxinmnn
Suspended Sedinent
Comcontmation (SSC) 752121 14 812 148267 3N 129.1 7.50 £1.43 145 6 12.7 £1.30 14 129
(mg)
l:‘;:f‘""""’ 1068219  LI3 135.5 178211 a3 M6 751143 43 756 1B LL16 1.13 146
:‘:z’:lgm 0 0011000 00 009 001000 00 0 0191001 00 oM 007 001 0.00 0.
=
:‘“‘:‘:N‘;"Oﬂ 0011000 0O 001 0013000 00 001 00000 00 001 0,01 £6.00 0.00 0.0l
ng
::‘::n“‘:;'”“ (NHDY  porsom oo 022 0.09 2001 003 025 0.04 2000 oz 0.16 0.07 $0.00 00} 035
H:;l (N'";‘ LCONIL)  o033000 00 008 0022000 0. 0.06 £.01 £0.00 0.0 0,08 002 :000 0.00 0.08
Onhophospliue

008001 001 a3l 012001 ool 03 DOS:00L 001 046 008 2000 000 046
(HFO,) (mgAP)
(5":;)‘"5'00 03078 1M 20l 7774062 08B 19 RWOTHA 343 00 1351068 081 400
-
:;:‘u": 3‘;"’3"" 051004 027 205 0548002 03 099 0578002 04 12 0531001 027 295
:;’L‘;]' ::;"’“"“’“" 0121001 003 03 0142001 005 037 010000 003 a8 0.12 10,01 00 083

Abbreviation: SE, stamdard crror

be found in Appendix A. With a mean of 23.4 £2.67 mg/l,
SSC at the As Liyog site was the highest. The maximum
SSC recorded during this project was also at the As Liyog
site, at 129 mg/l, and occurred in October 2017, SSC was
significantly different in the three rivers (Chi-Square =
82.7, p<0.0001). The correlation between SSC and water
level was highly significant for both the Ajayan (Spear-
man’s Rho = 0.3670, p <0.0001) and the As Liyog sites

(Spearman’s Rho =0.2944, p <
0.0001), indicating that increased
water level (proxy for flow and
runoff from the watershed) was
correlated with increasing sedi-
ment in the water column.

The SSC mean for the Ajayan
and Sumay rivers (Table 6) can
be compared to the water quality
standard for SSC (Table 7). The
means for both the Ajayan and
the Sumay river sites were below
the M2/S82 (good) standard of

20 mg/l, but slightly higher than
the M1/S1 {excellent) standard
of 5 mg/l. The mean for SSC

at the As Liyog River site (23.4
+2.67 mg/l) was between the M2/
S2 and the M3/83 (good to fair)
standard.
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Table 7. Guam water quality standards for suspended sedi-

ments, turbidity and nutrients.

Catcpory
Marine Waters MI M2 M3
Suspended sediment n
concentration {SSC) il 0mgh 40 mg/
Turbidity* 0.5NTU LONTU LONTU
Nitrate nitrogen (NO3-N} 010 mg/1 0.20mg/l  0.50 mg/|
Orthophosphate {PO,-P)  0.025mgd 005 mgAd  0.10 mg/]
Category
Surface Waters Si S2 S3
Suspended sediment
conceniration (SSC) 5 mg/l 20mgl 40 mg/l
Turbidity* ’ 0.5NTU LONTU 1LONTU
Nitrate nitrogen (NO,-N 0.10mg/l 0.20mg/1  0.50 mp/l
Orthophosphate (PO ,-P) 0.025mgl 0.05mg/l 010 mg/l

* Above ambicnt concentration

Figure 9a and 9b show results of the SSC analysis graphi-
cally. The sampling for SSC did not begin until April 2017.
The SSC graphs were divided in two in order to make it
easier to view the results over the course of the project.
Also superimposed on the graphs are the Guam water
quality standards for SSC. The collection of water samples
on 14 October 2017, indicated substantially elevated SSC
in all three rivers, with SSC values higher than the 40 mg/|

SSC water quality stan-
dards for M3 and 83 (fair)
waters (Figure 9a). The
As Liyog River recorded
an SSC value of 129.1
mg/l, substantially higher
than the fair SSC standard.
During this period, nearly
25 c¢cm (9.82 in) of rain
fell, which likely lead to
increased amounts of SSC.
As will be seen, there was
an increase in turbidity
during this time as well.

In Figure 9b, it appears that
SSC could have been lower
in the second half of 2018.
A variety of factors could
impact the SSC found

in the rivers. Lower rainfall would reduce the amount of
runoff, however, rainfall during this period (Figure 8) was
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fairly normal, with some of the higher rainfall totals in the
July to October timeframe, as is typical for Guam. An-
other possibility is the effect of restoration activities in the
Manell watershed, including the
planting of vegetation along the
hillsides in order to reduce erosion.
One of these efforts has focused on
the As Liyog River, since 2014 (EA
Associates, 2014).

901 R = 0.066

A plot of SSC versus time for the |
As Liyog River site can be seen

in Figure 10. The line has a nega-
tive slope. Although the R* value
is small {0.066), the p value (p = 20-

y = 1300.7 - 3.548e-7x

sampling event, when water samples were collected for

SSC and nutrients. Figure 11 shows an image of the tur-

bidity plume moving out into the Achang Preserve from the
Ajayan River.

The mean Hach turbidity
measured during this project

¢ was 11.8 £1.16 NTU (Table 6).
Turbidity varied by site (Chi-
Square = 82.7, p < 0.0001). The
highest average turbidity by
site, as with SSC, was in the As
Liyog River with a mean tur-
bidity of 17 NTU, followed by
the Ajayan (10.6 NTU) and the

0.0402) was significant. The same ol "o P O o 'l Sumay (7.53 NTU) rivers (Table
plot for the Ajayan and the Sumay | 04/01/2017 | 10/082017  O4/01/2018  10/04/2018 6). Not surprisingly, turbidity
river sites both showed negative Dale was highly correlated with SSC

slopes, but with smaller R* val-
ues. Itis not clear if there was any Liyog River.

temporal trend in SSC at the As

Liyog River site. In addition to the restoration efforts in
the watershed, the effects of wildfires leaving the soil bare,
followed by revegetation either naturally or as a part of
restoration efforts, could lead to a decrease in the amount
of bare soil present, and perhaps to less erosion. Addition-
al monitoring, and surveys of ground cover would help to
determine any trends,

Towards the end of the
project, an additional site
was established on the Geus
River in the adjacent Geus
watershed. The Geus River
site was sampled a total of
nine times. The mean SSC
concentration on the Geus
River was lower, 2.55 £1.53
mg/l. SSC data from EPA's
STORET (WQP, 2019} for
Guam was also reviewed.
Mast if not all of the SSC
data appeared to have been
generated by the US Geo-
logical Survey, for the La Sa
Fua River near Umatac, and
the Ugum River near Talofofo. The mean SSC concentra-
tion was 676.5 £48.1 mg/l, quite a bit higher than what was
found in the current study.

Haclt Turbidity
Turbidity measurements using a Hach turbidimeter {Hach
turbidity) were also made in the three rivers during each

12

Figure 10, Bivariate fit of SSC over time in the As

Figure 11. Qutfiow from the Ajayan River into the Achang Preserve.
Note the turbidity plume going out into the Preserve.

(Spearman’s Rho = 0.7336, p
<0.0001). Turbidity was also
correlated with water level in the
rivers. An analysis of the data indicated significant correla-
tions between water level and turbidity for both the Ajayan
(Spearman’s Rho = 0.2204, p < 0.0010) and the As Liyog
(Spearman’s Rho = 0.1369, p < 0.0445) sites.

Graphs of the results of the Hach turbidity measurements
over time can be seen in Figures 12a and 12b. The Guam
turbidity standards for M1/S1 waters have been designated
as 0.5 NTU above the
ambient concentration
(Table 7). For the

| other two marine (M2
and M3) and surface
water (S2 and S3)
classifications, the
standard is 1.0 NTU
above the ambient tur-
bidity. As an estimate
of ambient turbidity
for the three sites in
the project, the mean
turbidity value (11.5
NTU) was used.

As with SSC, there
were a number of occasions when turbidity exceeded the
estimated Guam turbidity standards. The highest turbidity
recorded as with SSC, was during the collection of the 14
October 2017 samples (Figure 12a), and as noted, was also
during a period of increased (approximately 25 cm) rain.
The highest turbidity measured during this time was at the
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As Liyog River site with 146 NTU, followed by the Ajayan
(135.5 NTU) and Sumay {75.6 NTU)} rivers. Turbidity was
also found to be high during the 15 April and 28 April 2018
sampling (Figure
12b). Rainfall
during this time
was approximate-
ly 18.6 cm or 6.62
in.

The town (and
municipality)

of Merizo (Fig-
ure 13} is split
between the
Manell and Geus
watersheds. In
the Geus water-
shed, the mean
turbidity from
the nine sam-
plings conducted
towards the end of this project was lower, 3.34 NTU. Data
from EPA’s STORET (WQF, 2019) for Guam was assessed
for turbidity measurements, The mean turbidity for Guam
was 33.6 £4.01 NTU, higher than the mean found for the
current project.

Nitrate

The results from the analysis of the water samples for ni-
trate are also summarized in Table 6. More detailed infor-
mation can be found in Appendix C. Sources of nitrogen
can be varied and include agricultural activities such as the
growing of crops and animals, wildlife, and septic systems
(CUCE, 2005).

The mean nitrate concentration across all three sites was
0.07 £0.01 mg/l N. Nitrate varied significantly across the
three rivers (Chi-Square = 165.3, p <0.0001). The highest
mean nitrate of any site occurred at the Sumay River site
with a mean of 0.19 £0.01 mg/I N. Nitrate at the Sumay
River site was significantly higher than at the Ajayan and
As Liyog sites. There was no difference, however, in the
mean nitrate concentration between the Ajayan and As
Liyog river sites. .

As noted earlier, the Sumay River site appears to have less
influence from tidal waters (Table 3), being located further
upstream than either the Ajayan or As Liyog sites, which
may limit mixing with waters from the Achang Preserve.
Results of monitoring nitrogen in the Manell watershed
can be seen in Figures 14a and 14b. The Sumay River site
had some of the higher nitrate values recorded during the

14

Figure 13. Houses in the town of Merizo bordering Cocos Lagoon.

project. Superimposed on the graphs are the Guam water
quality standards (Table 7) for nitrate. The Sumay River
site was frequently higher than the M2/S2 (good) standard
for nitrate,
putting it in
the good to fair
range. The
Ajayan and the
As Liyog sites
were in the ex-
cellent to good
range.

It is not clear
why nitrate

at the Sumay
River site was
higher than ei-
ther the Ajayan
or the Liyog
river sites.
One possibili-
ty is the location of the Sumay River site, which is further
upstream, and likely experiences less mixing with tidal wa-
ters, Another possibility are the few dwellings near the site
on the Sumay River, which could be a source of nitrogen.

A series of Spearman’s nonparametric correlations were
calculated for nitrate. Nitrate was negatively correlated
with salinity (Spearman’s Rho = -0.7853, p < 0.0001).
Higher nitrate concentrations would more likely be asso-
ciated with terrestrial sources. As noted, the Sumay River
site is further upstream, and the salinity was lower than at
either the Ajayan or Liyog sites.

Nitrate was also negatively correlated (Spearman’s Rho
=-0.3038, p <0.0001) with SSC, and with Hach turbidi-

ty (Spearman’s Rho = -0.3926, p <0.0001). Nitrate was
not significantly correlated with water level at either the
Ajayan (Spearman’s Rho = 0.1243, p = 0.0664) or the As
Liyog (Spearman’s Rho = 0.0965, p = 0.1594), although the
Ajayan correlation was not too far from being significant.

Nadeau and Denton (2016) assessed nutrients in the Togcha
River along the southeast coast of Guam, and detected
nitrate at concentrations up to 0.36 mg/I N, similar to

what was found in the current study. Denton ef al. (2005)
conducted a study in Agana Bay and Tumon Bay, popular
tourist areas on the west coast of Guam, and found elevated
levels of nitrate, ranging from 1.34 to 4.01 mg/I N in Agana
Bay, and in Tumon Bay nitrate concentrations ranged from
0.08 to 0.79 mg/ N, higher than was found in the current
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study. A review of STORET data (WQP, 2019), indicated a
mean of 0.010 £0.00 mg/g N for nitrate for Guam environ-
mental sampling, which is slightly above the mean found in
the current study.

Orthophosphate

While sources of orthophosphate (HPO,") include natural
weathering from rocks, the major human-influenced sourc-
es include sewage, runoff from agricultural sites (fertiliz-
ers and farm animals), and application of lawn fertilizers
(Oram, 2014). Phosphorus is an important element for
both plants and animals. Orthophosphate is readily taken
up by plants and in unpoliuted waters, the concentration is
typically at very low concentrations.

Elevated levels of
nutrients such as
orthophosphate in
freshwater and marine
environments can lead §
to an overabundance
of phytoplankton
and algae, and in the
marine environment
can shade out corals
and seagrasses. [n
seagrasses, an over-
abundance of nutri-
ents has also been
shown to result in
increased epiphytes,
which can lead to
reduced seagrass growth and survival as a result of shading
(Nelson, 2017).

A summary of the results from the analysis of orthophos-
phate in the water samples are included in Table 6. De-
tailed results can be found in Appendix C. The overall
mean of orthophosphate was 0.08 0,00 mg/l P, which is
higher than the Guam water quality M2/52 (good) limit. As
with nitrate, the highest orthophosphate reading (0.46 mg/I
P) occurred at the Sumay River site. However, the high-
est mean orthophosphate (0.1 mg/t P) (Table 6) occurred
at the As Liyog River site (Figure 15). Orthophosphate
_varied across the sites (Chi-Square = 54.076, p < 0.0001).
In addition, a Kruskal-Wallis test indicated that all three
sites were different from one another. There was a positive
correlation between orthophosphate and Hach turbidity
(Spearman’s Rho = 0.1714, p = 0.0114), as well as between
orthophosphate and SSC (Spearman’s Rho = 0.4148, p <
0.0001).

i6

Figure 15. As Liyog Rer looking upstream froﬁl ihe‘Route 4 bridge.

The results of the monitoring of orthophosphate for the
Ajayan, As Liyog and Sumay river sites are shown graphi-
cally in Figure 16a and 16b. Superimposed on both graphs
are the Guam water quality standards for orthophosphate
for marine and surface waters. In Figure [6a, it can be seen
that all three sites exceeded not only the M1/S1 (excellent)
and M2/82 (good) standards, but at times, all three sites
exceeded the M3/S3 (fair) standard of 0.025 mg/| ortho-
phosphate.

In Figure 16b, there appear to be far fewer exceedences of
the M3/S3 standard for the period December 2017 through
December 2018. 1t is not clear why there was a difference
in the two time periods. A nonparametric Wilcoxon test in-
dicated that there was a significant (Chi-Square = 74.0285,

p < 0.0001) difference
3| in the concentrations
of orthophosphate
between the two time
periods. The separa-
tion of results in Fig-
ures 16a and 16b was
somewhat arbitrary in
order to better present
the data, however, it
appears there was a
difference in the or-
thophosphate concen-
trations between these
two designated time
periods.

e | ¥ ¢
% P ¥

[n Figure 17a, the concentration of orthophosphate in the
water samples from the Ajayan River is plotted against
time. An overall negative slope can be seen in this graph.
The R? value for this line was 0.408, and p <0,0001, In
Figure 17b, orthophosphate in the As Liyog River is also
plotted against time. Again, there is a negative slope to the
line, however the R* value (R*= 0.149019, p = 0.0006) was
less than that for the Ajayan site.

A graph of the rainfall during the course of the project can
be seen in Figure 17c. The slope of the line is slightly
positive. If, for example, rainfall during the period between
November 2017 and December 2018 was much lower than
the period from December 2016 to October 2017, it might
be expected that less rainfall could result in less surface wa-
ter runoff, and subsequently lower orthophosphate levels.
As noted, orthophosphate is more likely to be associated
with surface water runoff than nitrate, as nitrate tends to
percolate through the soil into groundwater.
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It’s possible there is a link between revegetation of the hill-
sides either through restoration efforts (e.g., replanting of
native species of plants) or natural regrowth of grasses after
wildfires, to reduced inputs of SSC and orthophosphate into
the rivers. However, additional monitoring would be nec-
essary to better understand the relationship between ground
cover and inputs of SSC over time.

In the Togcha River on the southeast coast of Guam, Na-
deau and Denton (2016) detected orthophosphate up to 0.02
mg/l P, lower than what was found in the current study.

In their study in the popular tourist areas of Agana Bay

and Tumon Bay on the west coast of Guam, Denton et a/.
(2005} found levels of orthophosphate, ranging from 0.13
to 0.31 mg/l P in Agana Bay, and in Tumon Bay orthophos-
phate concentrations ranged from below detection limit to
0.39 mg/l P, similar to the range found in the current study.
A review of STORET data (WQP, 2019), indicated a mean
orthophosphate concentration of 0.22 £0.01 mg/g P for
Guam environmental sampling, slightly above the mean
found in the current study.

Other Nutrients

The results from the analysis of other nutrients can be seen
in Table 6 and in Appendix C. Results for a couple of the
additional nutrients are summarized below.

Ammonium. The mean concentration of ammonium was
0.07 £0.00 mg/I N. The highest concentration detected
during this project was 0.25 mg/I N (Table 6). A Krus-
kal-Wallis analysis indicated a significant (Chi-Square =
54.0382, p < 0.0001) difference in the ammonium con-
centration among sites, and that the Liyog River site was
significantly higher. Ammonium was significantly cor-
related with Hach turbidity (Spearman’s Rho =0.2776, p

< 0.0001), and with SSC (Spearman’s Rho = 0.5052, p <
0.0001). Ammonium was correlated with water level in the
As Liyog (Spearman’s Rho = 0.3295, p < 0.0001), but not
correlated with daily rainfall { Spearman’s Rho = -0,0324, p
= (.7809).

The presence of ammonium is pH dependent. At a lower
pH (below 7), the ammonia (NH,) is ionized to ammonium
(NH,"). The reverse is true at a higher pH. Guam EPA
does not have standards for ammonium, but does have stan-
dards for ammonia, however it is for toxicity to aquatic an-
imals. The first ammonia standard is the Criteria Chronic
Concentration (CCC), which is the 30 day average concen-
tration for all waters that should not be exceeded more than
once every three years. The second standard is the Criteria
Maximum Concentration or CMC, which is the one hour
concentration that should not be exceeded more than once
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Figure 17c. Rainfall in the Manell watershed study area over
time,



every three years. Ata pH of 7.5, the CCC is 2,28 mg/I N;
at a pH of 8, the CCC is 1.27 mg/I N. Ata pH of 7.5, the
CMC is 19.9 mg/I N; at a pH of 8, the CMC is 8.40. The
highest concentration of ammonium found in this study was
0.25 mg/I N. At a pH between 7 and 8, approximately 10
to 20 percent of the ammonium would be in the ammonia

form. Given that, the estimated yple §. Spearman correlations between nutrient species.

amount of ammonia present
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runoff and erosion from terrestrial areas, it was thought that
these two parameters might be linked to silica.

As with ammonium, silica in the water samples varied
over time. Plots of the silica concentration by river can
be seen in Appendix E. The slopes of the lines for silica
over time were negative, but
the R* values for the Ajayan

Spearman Rho Prob>lp| (r*=(.17528), As Liyog (R®

would be below both the CMC —ulrient by Nutrient
and CCC. IR NOy
HSI10; HPO4
As with orthophosphate, am- HSIO; NO;
monium in the water samples NH4 HPO4
varied over time. Plots of NH4 HSIOy
the ammonium concentration NH,' NO;y
during tl}e project !Jy river can NO, NO;
be seen in Apgendlx D. The NO.- NH,'
slopes of the lines for ammo- N O:' HPO4"
nium were negative, although 75 :
the R? values for the Ajayan NO, HSIO?
(R* = 0.2834), As Liyog (R? TotalN NO;
=0.1638), and the Sumay (R* Total N NOy
= 0.1939) river sites were not Total N NH,'
high. TotalN HPO4
TotalN HSIOy
In the Togcha River in Guam, Total P NO;
Nadeau and Dfenton (2(?16) de-  Total P NO-
tected ammonium ranging from Total P NH,'
below the detection limit to
2.54 mg/I N, higher than what ~ 1021P alder
was found in the current study. 191! P HSIO;
In their study in Agana Bay Urea NO;
and Tumon Bay, Denton et al. Urea NO,
(2005) found ammonium con- Urea NH,'
centrations ranging from below Urea HPO4
the detection limit to 0.23 mg/I Urea HSIO;

-0.3913  <0.0001 =0,02224), and the Sumay

-0.0395 0.5578 (R*=0.23116) river sites were

0.7228 <0.0001 relatively small.

0.7089 <0.0001

-0.1249 0.0626 Urea. Urea(CHN.Q)isa

-0.3905 <0.0001 Product of the metabolism of

-0.5531 <0.0001 ?iI:rogen-t?onta;‘iningdctamlploulPds
ike proteins, formed in the liv-

g;;_],f 23%: er from ammonia, and excreted

s : in the urine by mammals. Urea
-0.3556 <0.0001 s also used in fertilizers.
0.3999 <0.0001
-0.1871 0.0051  The mean concentration of urea
0.0982 0.1436  in the water samples from the
0.0682 0.3103 Manell watershed was 0.02
0.2705 <0.000] *0.00 mg/IN. The highest
-0.1894 0.0045 conc:ntratil(l)n {0.08 mg/I N)

was from the Sumay River
gﬂg; :gggg: site. A Kruskal-Wallis non-

: ’ parametric analysis indicated a
0.6976 <0.0001 significant difference between
-0.0596 0.3758  gites {Chi-Square = 37.1476,
-0.369 <0.0001 p <.0001}, with all sites being
0.6729 <0.0001 significantly different from one
0.6582 =0.0001 another. Urea, however, was
0.5837 <0.0001 not correlated with daily rain-
-0.1825 0.0063 fall (Spearman’s Rho = 0.0241,

N in Agana Bay, and in Tumon
Bay ammonium concentrations
ranged from below detection limit to 0.39 mg/I N, higher
than that found in the current study.

Silica. The mean concentration of silica (HSiO,’) was 13.5
£0.68 mg/l. The highest concentration detected during this
study was 40 mg/l at the Sumay River site (Table 6). A
Kruskal-Wallis analysis indicated that silica varied by site
(Chi-Square = 76.2688, p < 0.0001), with all sites being
significantly different from one another.

Somewhat surprisingly, silica was negatively correlated
with both SSC (Spearman’s Rho =-0.2979, p < 0.000! and
Hach turbidity (Spearman’s Rho =-0.3190, p < 0.0001).
As silica is sometimes used as an indicator of surface water

p = 0.8360).

Relationships Between Nutrients

Spearman’s rank correlation coefficient analysis between
nutrients for the three sites in this project can be seen in Ta-
ble 8. Whitall et al. (2013) examined correlations between
nutrient species, leaving out those that are autocorrelated
(e.g., orthophosphorus and total phosphorus), and found
that ammonium, urea and orthophosphorus are associated
with runoff, while the oxidized forms of nitrogen (e.g.,
nitrate) tend to percolate into soils during rainfall events,
and eventually into groundwater. The results of the analysis
indicated significant correlations between ammonium and
urea {Spearman’s Rho = 0.6582, p <0.001), ammonium and
orthophosphate (Spearman’s Rho = 0.7089, p < 0.0001),
and urea and orthophosphate (Spearman’s Rho = 0.5837,
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p < 0.0001), nutrients more associated with runoff. As
noted by Whitall et al. (2013}, urea and ammonia should be
tightly linked as the urea can be converted to ammonium
through enzymatic processes.

The more oxidized nitrate were not positively correlated
with any of these nutrients. Somewhat surprisingly, how-
ever, nitrite (NO,’) was negatively correlated with nitrate,
and positively correlated with urea, ammonia, and ortho-
phosphate (Table 8). However, this could be a function
of the very low detections for nitrite throughout the study
(Appendix C).

Silica (HSi0,’) can be a useful indicator of erosion, as silica
accounts for nearly 60 percent of the composition of the
Earth’s crust. A series of correlations carried out for silica
indicated that it was correlated with stream height in the
Ajayan (Spearman’s Rho = 0.4431, p < 0.0001), and the

As Liyog (Spearman’s Rho = 0.3295, p < 0.0044), how-
ever, it was not significantly correlated with either Hach
turbidity (Spearman’s Rho = 0.2242, p = 0.0548), or SSC
(Spearman’s Rho = -0.0563, p = 0.6559), which could be
an indication of the confounding factors of tidal flow into
and out of the Ajayan and As Liyog river sites. Another
factor could be a possible decreasing trend in silica concen-
tration over time. Appendix E contains graphs showing the
concentration of silica over time at the three sites for this
project.

While it appears that a number of nutrient species were pre-
dictively positively correlated, there were some that were
not correlated as expected. More local sources of nutrient
input could also be a factor for the differences. Additional
monitoring in these rivers would help in better understand-
ing the sources of the nutrients as well as the possibility of
more local inputs.

SUMMARY AND CONCLUSIONS

This project, funded by NOAA’s Coral Reef Conservation
Program, and requested by local partners, resulted in the
monitoring of water quality in three rivers that drain to the
Achang Reef Flat Marine Preserve. Local resource man-
agers had expressed concern that inputs from the Manell
watershed could be impacting the Achang Preserve. This
study described the spatial and temporal variation for a se-
ries of parameters including turbidity, suspended sediment
concentration (SSC), and nutrients at sites on the Ajayan,
As Liyog, and Sumay rivers. The project was carried out
to provide a baseline of conditions for these parameters, so
that local resource managers could better understand the
condition of these rivers, and also provide the means for
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assessing the efficacy of restoration activities being carried
out or planned for the Manell watershed.

The sites monitored on the Ajayan and As Liyog rivers
were near where these rivers empty into the Achang Pre-
serve. Because of this, there was some mixing of seawater
with the freshwater flowing down the rivers. The Sumay
River site was a little further upstream of where it empties
into the Achang Preserve. The salinity/conductivity mea-
surements taken reflected the influence of the saline waters
from the Achang Preserve at the sites, with much higher
readings in the Ajayan and As Liyog site, compared to the
Sumay River site. Sites further upstream for the Ajayan
and the As Liyog rivers were not possible due to dense jun-
gle that could not be penetrated even with a kayak, along
with uncertainties regarding land ownership. A total of 76
sampling events occurred in the Ajayan and As Liyog rivers
sites. The Sumay River (71 sampling events) site was add-
ed somewhat later in the project. There were times during
the project when the collection of water samples for SSC
and nutrient analyses could not be carried out due to flood
waters covering the roads to the sites, making it too difficult
and too dangerous to attempt sample collection.

Automated stream level monitoring was carried out during
the course of the project in the Ajayan and As Liyog rivers;
the water level in the Sumay River was too low for the
automated stream level monitoring. At the Ajayan River
site, an automated turbidity logger was also put in place.
An automated rain gauge was established further up in the
Manell watershed as well. Results indicated that stream
level, which was used as a proxy for stream flow, was cor-
related positively with rainfall in the Ajayan and As Liyog
rivers. At the Ajayan River site, rainfall was correlated
with turbidity from the automated logger. Stream level also
varied during the year. Results for stream level were clas-
sified as occurring either in the wet season (approximately
May through November), or the dry season (approximately
December through April). It was found that stream level
for both the Ajayan and As Liyog river sites were positively
correlated with this grouping, that is, higher stream levels
were associated with the wet season.

The results from the monitoring of SSC, turbidity, nitrate,
and orthophosphate were compared to the Guam Environ-
mental Protection Agency water quality standards, The
marine and surface waters in Guam have been classified
according to their expected water quality. Waters are
classified as either excellent, good or fair, and have as-
signed water quality standards for various parameters, and
the concentrations of those parameters needed to achieve
the expected or desired water quality. The area where this



project was carried out was classified in the excellent to
good range.

SSC was found to vary across the sites in the three rivers.
The mean concentration of SSC at the As Liyog River
site was in the good to fair range for SSC. The mean SSC
values for the Ajayan and Sumay river sites were in the
excellent to good water quality range.

In addition to the automated turbidity readings at the
Ajayan River site, turbidity readings were also taken with
a Hach turbidimeter during each round of water sample
collections. Results indicated that turbidity was correlated
with SSC and water level. The Guam water quality stan-
dard for turbidity is set between 0.5 and 1.0 NTUs (nephe-
lometric turbidity units) above the ambient concentration,
For this study, the mean turbidity measurement across sites
was used as the ambient concentration. Given that, there
were a number of times when the water quality was only in
the good to fair range for turbidity in both the Ajayan and
the As Liyog river sites. In some cases, the exceedence of
the standard appeared to be linked to significant rainfall
events.

Measurements of nitrate and orthophosphate from the three
sites were also compared to the Guam water quality stan-
dards. The overall mean nitrate concentration for the three
river sites was in the excellent range. However, for the
Sumay River, nitrate was frequently only in the good to fair
range. [t is not clear why the nitrate concentration in the
Sumay River site was higher than at the Ajayan and As Li-
yog sites. Because the Sumay River site was a liitle further
upstream than the sites on either the Ajayan or As Liyog
rivers, there may have been less mixing with seawater.

For orthophosphate, the mean concentration across sites
was in the good to fair range. The As Liyog River site had
the highest mean orthophosphate concentration, and was in
the fair range.

During the project, a possible temporal trend was seen for a
number of parameters. The concentrations of SSC, ortho-
phosphate, and perhaps ammonium and silica showed some
evidence of a nepative or downward slope in concentrations
over time. Although the R? or coefficient of determination
for these parameters was not high, there was at least the
suggestion of a downward trend in the concentration of
these parameters across sites over time. Rainfall amounts
during the two years of this project appeared to be normal,
with typical wet and dry season rainfall amounts,
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Erosion has been a serious issue in the Manell watershed.
Grazing by feral animals, the presence of off-roading
vehicles, and in particular wildfires set by poachers, all
likely promote the erosion of soils through the removal of
vegetative cover from the steep hillsides, and along stream
banks. There have been various watershed restoration
efforts including public education and outreach, planting
of native species, and the installation of riparian buffer
strips. In addition to these restoration efforts, the effects
of wildfires leaving the soil bare, followed by revegetation
either naturally or enhanced as a part of ongoing restoration
efforts, could all result in a decrease of bare soils present,
and perhaps a detectable reduction in parameters related to
erosion.

If the apparent decreases in SSC, orthophosphate, ammoni-
um and silica seen during the course of this project are real
and are linked to decreases in runoff from the watershed, it
would suggest the need for continued restoration efforts, as
well as public education and outreach. Even if a reduction
in erosion was due to natural revegetation of the hillsides
following wildfires, it would still point to the need for
continued public education and outreach, to further reduce
the incidence of the wildfires, and also highlight the need
for a continuation of the replanting efforts in the watershed.
As noted earlier, since the establishment of the Achang
Preserve, fish stocks there have increased relative to the
rest of Cocos Lagoon. Given that, reductions in the input
of sediments and nutrients into the Achang Preserve would
likely benefit the Preserve, and the rest of Cocos Lagoon.

21



Manell Watershed Report

LITERATURE CITED

ALS Environmental (Columbia Analytical, Inc.). 2011. US
EPA Method 160.2, http://www.caslab.com/EPA-Meth-
od-160_2/. Accessed 16 July 2013.

Armstrong, F. A. J., C. R. Stearns and J. D. H. Strickland.
1967. The measurement of upwelling and subsequent bio-
logical processes by means of the Technicon AutoAnalyz-
er™ and associated equipment. Deep-Sea Research 14(3):
381-389.

Bernhardt, H. and A. Wilhelms. 1967. The continuous
determination of low level iron, soluble phosphate and total
phosphate with the AutoAnalyzer. Technicon Symposium.

Box, S. J. and Mumby, P. J. 2007, Effect of macroalgal
competition on growth and survival of juvenile Caribbean
corals. Marine Ecology Progress Series 342, 139149,

Bricker, S., B. Longstaff, W. Dennison, A. Jones, K. Boi-
court, C. Wicks, and J. Woerner. 2007. Effects of Nutrient
Enrichment In the Nation’s Estuaries: A Decade of Change.
NOAA Coastal Ocean Program Decision Analysis Series
No. 26. National Centers for Coastal Ocean Science, Silver
Spring, MD. 328 pp.

Burdick, D., V. Brown, J. Asher, M. Gawel, L. Goldman,
A. Hall, J. Kenyon, T. Leberer, E. Lundblad, J. Mcllwain,
J. Miller, D. Minton, M. Nadon, N. Pioppi, L. Raymundo,
B. Richards, R. Schroeder, P. Schupp, E. Smith, and B.
Zgliczynski. 2008, The State of Coral Reef Ecosystems of
Guam. Waddell, J.E. and A.M. Clarke, editors. 465-509.

Burke, L., and J. Maidens. 2004. Reefs at risk in the
Caribbean. World Resources Institute. Washington,
D.C. 80pp.

D’Angelo, C. and J. Wiedenmann. 2014, Impacts of nutri-
ent enrichment on coral reefs: new perspectives and impli-
cations for coastal management and reef survival. Current
Opinions in Environmental Sustainability. 7: 82-93.

CUCE (Cornell University Cooperative Extension). 2005.
Nitrogen Basics - The Nitrogen Cycle. Agronomy Fact
Sheet. Fact Sheet 2. Available at: http://cceonondaga.org/
resources/nitrogen-basics-the-nitrogen-cycle

Denton, G.R.W., C.M. Sian-Denton, L.P. Concepcion, and
H.R. Wood. 2005. Nutrient Status of Tumon Bay in Re-
lation to Intertidal Blooms of the Filamentous Gree Alga,
Enteromorpha clathrata. Water and Environmental Re-

22

search Institute of the Western Pacific, University of Guam.
Technical Report No. 110. 54pp.

EA Associates. 2014. Design and Implementation of
Watershed Restoration Projects in the Manell and Geus Wa-
tersheds in Southern Guam. Contract Number: RA-133F-
12-SE-2522. 75pp.

Emery, K.O. 1962. Marine Geology of Guam. Geological
Survey Professional Paper 403-B. United States Depart-
ment of the Interior, Geological Survey. 85pp.

Environmental Protection Agency (EPA) (2011). Toxico-
logical Review of Urea. In Support of Summary Informa-
tion on the Integrated Risk Information System (IRIS)
U.S. Environmental Protection Agency Washington, DC
EPA/635/R-10/005F. 96pp.

Fabricius, K.E. 2005. Effects of terrestrial runoff on the
ecology of corals and coral reefs: review and synthesis.
Marine Pollution Bulletin. 50: 125-146.

Guam Bureau of Statistics and Plans. 2011. Guam Statisti-
cal Yearbook. Office of the Governor of Guam. 486pp.

Guam Coastal Management Program (GCMP). 2013.
Geus/Manell Conservation Action Planning Workshop.
Bureau of Statistics and Plans, Overview of Results Updat-
ed with 2013 Merizo community input. 28pp.

Guam Environmental Protection Agency (Guam EPA).
2001. Guam Water Quality Standards. 2001 Revision.
133pp.

Guam EPA/USEPA. 2018. Guam Water Quality Standards,
2015 Revision. https://www.epa.gov/wgs-tech/water-quali-
ty-standards-regulations-guam. Accessed October 2019.

Hansen, H.P. and F. Koroleff. 1999, Determination of
nutrients. [n: Grasshoff, K., K. Kremling, M. Ehrhardt
(eds.). Methods of Seawater Analysis, 3rd ed. Wiley-VCH,
Weinheim, ISBN:3-527-29589-5pp. 159 228.

Harrison, P.L., and S. Ward. 2001. Elevated levels of nitro-
gen and phosphorus reduce fertilisation success of gametes
from scleractinian reef corals. Marine Biology. 139: 1057-
1068.

Harwood, J. E. and A. L. Kuhn (1970). A colorimetric
method for ammonia in natural waters. Water Research 4:
8305 - 811.



ISRS (International Society for Reef Studies) (2004) The
effects of terrestrial runoff of sediments, nutrients and other
pollutants on coral reefs. Briefing Paper 3, International
Society for Reef Studies, 18pp.

Khosrowpanah, S., M. Lander, J. Rouise, and B. Whitman,
2015. Assessment of Turbidity in the Geus River Water-
shed in Southern Guam. University of Guam Water and
Environmental Research Institute. Technical Report No.
156. 40pp.

Marubini, F., and P.S. Davies. 1996. Nitrate increases
zooxanthellae population density and reduces skeletogene-
sis in corals. Marine Biology. 127: 319-328.

Nadeau, M.T., and G.R.W. Denton. 2016. Nutrient Assess-
ment of Togcha River, Estuary and Bay: Use of Dominant
Sedimentary Phosphorus (P) Fractions to Identify Anthro-
pogenic P Contributions and Potential Impacts. Water and
Environmental Research Institute of the Western Pacific,
University of Guam. Technical Report No. 160. 93pp.

Nelson, W.G. 2017. Development of an epiphyte indicator
of nutrient enrichment: a critical evaluation of observation-
al and experimental studies. Ecological Indicators. Vol. 79:
207-227.

NOAA (National Oceanic and Atmospheric Administration.
2007. Report on the Status of Marine Protected Areas in
Coral Reef Ecosystems of the United States, Volume 1:
Marine Protected Areas Managed by U.S. States, Territories
and Commonwealths. Edited by Dana Wusinich-Mendez
and Carleigh Trappe. NOAA Technical Memorandum
CRCP 2, 153pp.

Oram, B. 2014. Phosphate in Surface Water Streams
Lakes. Water Research Center. Available at: https://wa-
ter-research.net/index.php/phosphate-in-water.

Porter, V., T. Leberer, M. Gawel, J. Gutierrez, D. Burdick,
V. Torres, and E. Lujan. 2005. Status of the Coral Reef
Ecosystems of Guam. University of Guam Marine Labora-
tory. Technical Report No. 113. 68pp.

Rogers, C.S. 1990. Responses of coral reefs and reef organ-
isms to sedimentation. Marine Ecology Progress Series 62:
185-202.

Tracey, Jr., I.1., S.0. Schlanger, I.T. Stark, D.B. Doan, and
H.G. May. 1964. General Geology of Guam. Geological
Survey Professional Paper 403-A. United States Depart-
ment of the Interior, Geological Survey. 111pp.

Manell Watershed Report
Waddell, J.E. (ed.) 2005. The state of coral reef ecosystems
of the United States and Pacific Freely Associated States:
2005. NOAA Technical Memorandum NOS NCCOS 11.
NOAA/NCCOS Center for Coastal Monitoring and Assess-
ment’s Biogeography Team. Silver Spring, MD. 522pp.

WQP (Water Quality Portal) 2019. STORET data. Ac-
cessed October 2019. Available at: https://www.waterqual-
itydata.us/portal/. Accessed October 2019. 6pp.

Wen, Y., S. Khosrowpanah, and L. F. Heitz. 2009. Water-
shed Land Cover Change in Guam. University of Guam
Water and Environmental Research Institute. Technical
Report No. 124, 46pp.

Whitall, D., L.J. Bauer, C. Sherman, K. Edwards, A. Ma-
son, T. Pait, and C. Caldow. 2013. Baseline Assessmefit of
Guanica Bay, Puerto Rico in Support of Watershed Resto-
ration. NOAA Technical Memorandum NOS NCCOS 176.
Prepared by the NCCOS Center for Coastal Monitoring and
Assessment Biogeography Branch, Silver Spring, MD. 169

pp.

23



Manell Watershed Report

Appendix A. Results of water quality monitoring in the Manell Watershed, Guam.

. - Temperature Dissolved Dissolved  Conductivity Salinity  “Turbidity 88C
e 0 g (°C) _ Owpen(mgl) Owgen(%)  Gsm)  (pp)  (NTU) _ (mw)
Liyop Bridge 1.001-01 17112006 1625 323 7.39 100 48,124 30.90 6.99
Ajaynn Bridge A001-01 12112016 1700 31.0 5.15 735 40274 26 88 4.51
Liyog Bridge L002-01 12/19/2016 1640 21 59 90.1 44,106 2836 280
Ajyan Oridge A002-01 121182016 1700 23 5480 844 41,448 .73 531
Liyog Bridge L0O3-01 120262016 1615 36 6.02 951 46435 3013 2135
Ajoyon Bridge A0D3-01 1272672016 1650 301 546 755 14,515 11.54 11.35
Liyog Bridge L0001 12012017 1535 310 6.48 100 48,122 3125 13.95
Ajayon Bridge AD4-01 172012017 1610 28.8 543 B0.5 14,681 8.43 9.50
Liyog Bridge LO05-01 172412017 1610 304 6.11 977 49,081 31.89 873
Ajyan Bridge A0D5-01 172472017 1635 292 57 862 40,965 25.50 423
Liyog Bridge L00G-01 2512017 1610 0.7 6.20 951 47,160 3055 8.88
Ajayon Dridge A0DG-01 252017 1625 290 5.36 782 33349 2083 4,95
Liyog Dridge 1.007-01 22612017 1650 L8 5.65 899 49420 207 914
Ajaynn Bridge AQ07-01 226/2017 1710 30.5 548 827 36,655 25 i
Liyog Bridge LO0B-01 342017 1540 2R9 s 540 41469 26.51 427
Ajayan Dridpe AO08-(H 3472017 1603 W04 4.53 70.7 42315 2112 270
Liyog Brilge 1.009-01 362017 925 270 78.70 8.7 49,559 3244 14.65
Ajayan Bridge A009-01 Yar2017 1000 278 4.10 609 40,800 26.55 5.45
Sumay Bridge S009-01 a7 1010 B2 4.30 595 A3 1274 541
Liyog Drilge 1.010-01 momy 1700 303 50 79.8 47,887 3105 890
Ajaynn Bridge ADIO-01 AB2M7T 1720 31.2 3n 48.6 40277 2552 494
Sumay Bridge S010-01 B2M7 1735 288 in 515 5360 409 287
Livop Bridge Lo11-01 3232017 1700 M 575 97.6 48,966 3164 1485
Ajayun Bridpe AOL-01 322007 1735 309 4.39 654 26624 16.37 8.03
Sumay Dridge §011-01 307 1755 284 37 48,1 1412 070 157
Livog Bridpe L012-01 32612007 1735 324 587 8965 49443 3264 73
Sumay [iridge S012-01 3262017 1750 321 523 804 36239 i ) | 267
Ajryan Bridpe AM2-01 3262017 1800 31 420 04 44,141 2861 440
[-tyog Bridge LOL3-01 3282017 1545 M4 566 955 49,323 3a 13.60
Sumay Bridge S0§3-01 3282017 1605 243 3Rl 49.0 1,674 08 368
Apyan Bridge ADI13-01 3282017 1620 39 A 66 6 3377 2133 812
I.iyog Bridge L(14-01 72017 1550 317 539 90§ 49,585 325 9.54
Sumay Bridge S014-01 72017 1605 30.1 4 57 646 15,004 852 244
Ajvan Bridge AOL4-D1 4127 1625 HS5 389 &l 6 39,793 ikl 531
Liyop Bridge LO15-01 1572017 1650 308 1.39 N 36039 ¥ 26 80 3560
Sumay Bridge S015-01 41502017 1720 283 351 455 1,635 0.82 1 4 80
Ajayan Bridge A015-01 H152007 1735 333 4.26 68.0 45418 2913 339 11.20
Liyog Dridge 1.016-01 $242M7 1330 302 4,50 65.5 36,144 26l 16.70 2400
Sumay Bridge S016-01 412472017 1405 286 3.68 477 1,683 084 282 340
Apyan Dridge AD16-01 HIM2017 1430 313 2 326 23,766 14 62 7.1 960
Liyog Bridge L0O17-01 473072017 1805 316 427 628 21,800 1277 14.10 2040
Sumay Bridge 5017-01 47302017 18) 284 3.60 46.5 1,802 0.90 |84 2
Ajayan Bridge ADI7-01 4/30:2017 1840 319 477 737 33584 2107 6,75 1140
Liyog Bridge 1.018-01 5mM7 1540 350 580 95.0 6410 29.94 13.60 24 80
Sumay Dridge §018-01 50M7 1550 287 348 453 2265 115 1.85 260
Ajayon Bridge AOIB-01 502017 1615 350 407 M9 49298 32N 440 1220
Livog Bridge L019-01 5222017 1600 327 562 935 51121 3332 9462 17.60
Sumay Bridge 5019-01 52212017 1615 36 543 81 34,197 2133 4.16 893
Ajayan Bridge A0I9-01 5/22/XN7 1630 33l 507 827 45,331 .t Jouie 408 8.40
Livog Bridge L020-01 52912017 1250 306 368 579 43,400 2028 16.90 3540
Sumay Bridge 5020-01 5292017 1305 23 279 37.1 6448 352 290 820
Ajayan Bridge A020-01 5129/2017 1320 37 In 584 40303 2546 33 840
Livog Bridge L021-0F 6/32017 1705 kx ¥ 495 829 48,714 3148 9.34 16.00
Sumay Bridge $021-01 6/312017 1730 .0 391 5315 10,583 6,00 245 340
Ajayan Bridge A021-01 6/3/2017 1755 36 53 88.1 44,737 862 4.08 8.60
Ajayan Bridpe A022-01 6/6/2017 1025 312 250 395 45,083 29.01 6.10 12.80
Livog DBridge 1L022-0) &/62017 1045 31.2 236 369 42,650 2123 11.25 18.80
Sumay Bridge §022-01 6/6/2017 1105 %0 329 432 2132 1.42 215 3.00
Sumay Bridge 5023-01 6142017 2 300 338 516 3335 21.09 25 333
Liyog Bridge L0O23-01 614720017 1132 3.6 ] 535 49,788 3235 1210 240
Ajayan Bridge A023-01 &1412007 Hdd 14 3098 65.7 50,862 3335 khus 560
Ajyan Bridge A024-01 222017 1344 333 s5m T2 29617 18.79 927 10.27
Liyog Bridge L024-01 6/222M7 1412 32 056 16.1 50,240 3272 2410 2940
Sumay Bridge 5024-04 6222017 1435 286 3.56 454 1976 1.00 I4.25 36.80
Liyog Bridge L025-01 8017 1235 327 2.53 ELE. 29771 18.29 10.55 19.00

Notes: mgfl, mifligrams/liter; ps/cm, microsicmens/centimeter, ppt, parts per thousand; NTU, nephelometric turbiday unit; S8C, suspended sediment concentration
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Appendix A. Results of water quality monitoring in the Manell Watershed, Guam (cont.).

Temperature Dissolved Dissolved  Conductivily  Salimity  Twrbidity  5SC

Lo 2 ot Tie (°C)  Ospenimyl Owpen(®%)  Gsfem)  (ppt)  (NTU)  (mgl
Sumay Bridge S TR 7T T ) 50 316 aa 2315 100 285 1240
Ajayan Bridge A0l 782017 1310 n1 275 21 BOO 048 620 860
Liyog Bridge L026-01 132017 1210 R1x) 483 724 45075 2996 14 00 1493
Suray Brilge SI601 AT 1240 288 263 14 348 167 465 33
Ajayan Bridge ABOL NI 1305 22 283 102 1739 9% &S 167
Livog Bridge L2l T 1610 30, 621 93 6992 064 1520 1760
Sumay Bridge Sir0l W 1628 83 341 40 1457 01 537 427
Ajayan Bridge ADZTOL  TNTROIT 1640 03 3.57 520 26,571 16.60 839 560
Liyog Bridge Lo 5EMT 1415 1353 342 534 BML 1601 130 1520
Sumay Brilge SOOI 75017 1430 291 182 18 2006 2 29 320
Aftyan Bridge ADBOL /OO LS B4 201 3 921 (786 638 680
Liyog Brilge LOO-0I 822017 955 302 225 M3 705 msL 1910 2580
Sumay Bridge 0901 820017 1010 06 281 362 2421 125 2 267
Ajayan Bridee ADNO)  B22017 1030 3 219 324 6353 1592 3.4 387
Liyog Bridge L00-01 8182017 920 304 1.60 254 10,865 3248 15.55 2549
Sumay Drilge SO0 wIs2017 930 285 303 27 33m 17 39 250
Ajayan Bridge AGOOI  BIB0I7 940 30 230 30 3N 193 85 673
Livog Bridge LON0I  BAsE017 1310 319 445 70 £MT %M M 2106
Sumoy Brifge SBIOl 83207 4ms 283 39 159 332 161 323 500
Ajayan Bridge A031-01 82572017 1440 285 3.65 a7 3508 4.77 64.55 887
Sumay Bridge S03201 919017 B30 284 28 31 12060 675 981 533
Lijog Bridge L0320 9192017 850 294 241 374 oM 3235 1545 192
Afayan Bridge AOZZO)  ON9R017 910 301 273 a4 BB 26 762 1327
Liyog Bridge LOBOl 9302017 855 298 1.35 04 257 w3k s R
Sumay Bridge sl a7 910 %2 3 180 1238 091  4m 152
Ajayan Bridge A0l 9302017 925 307 291 450 HBE 852 65 683
Lijog Bridge L3O 1062017 1120 29 204 246 0551 M9 1030 109
Sumay Brilge SO0l 1062017 113 %9 286 385 1098 540 406 301
Apyan Bridge A0M-0] 10/672017 1150 k1N 165 544 24,593 1490 6.63 139
Lijog Bridge L0350 1042017 1085 272 670 83 683 033 H600 12906
Sumay Bridge SISO WMR0I7 1110 73 479 602 536 02 7555 5060
Ajayan Bridge ADISD IO 118 %6 626 7 198 024 13550 8217
Liyog Bridge LO3601 102772017 1655 35 a4 78 43,386 2736 338 35.00
Suray Bridge sol60l 10272017 1710 26 330 32 1,469 013 an 343
Ajayan Bridge ADIGOI 10772017 7S 308 186 75 B2 R 43 598
Liyog Bridge L3kl a7 Bs %9 233 363 nem  Wer 146 860
Sifiy Bridgs S037.01 112017 850 %3 3 104 1619 081 2% 1189
Ajyan Bridge ADYLOL  UA201T SO0 296 286 430 V04 AT 39l 477
Liyog Bridge LOB0) 142017 1100 294 287 23 B4 1881 96 453
Sumay Bridge SO3B01 IUMANT 1S s 139 59 1,549 077 3% 268
Ajiyon Bridge AOBDI 42017 113 304 1% 584 MO17 W24 530 748
Liyog Brilge Lo3g-m 117202017 1405 302 357 55.6 49,862 2930 — 1493
Sumay Bradge S03001 1202017 M %9 28 371 1,693 085 — %
Ajayan Bridge ADOOL 1102017 1430 207 17 5.1 751 N’B - 536
Liyog Bridge LO001 1302017 1040 %®2 255 369 MBS 2B 1B 276l
Sumuy Bridge SMO01 (/302017 1050 %3 304 12 1479 07 460 415
Ajayan Bridge ABIOOL 117302017 1105 289 9 9.5 44,894 89 705 11.28
Liyog Brilge LOLOI 1262017 1148 %8 5.30 823 so6ts 3310 BW 2706
Sumay Bridge SO0 1262017 1210 22 507 730 025 1789 46l 650
Ajyan Bridge ABHLOL 1267017 1220 295 %0 745 291 %8 416 593
Lijog Bridge LO2O  LVISEONT 1105 86 462 2 #5593 Wa3 A5 3280
Sumay Bridge 01201 12152017 111s %6 359 166 1474 073 59 930
Ajasan Bridge ABROL I2ISR017 130 23 367 541 Mgt e 458 492
Liyog Bridge W30l 127 90 4 353 508 1888 2048 1395 1797
Simay Bridge M0l 122772007 935 80 37 183 1,455 012 218 153
Ajyan Brdge AGBO 12017 955 29.1 " 261 391 06 B2 58 588
Liyog Bridge LOMOL 142008 1540 292 413 610 M0 W 1340 258
Sumay Bridge SOH0 L4018 1600 5 3.49 153 2008 102 468 789
Ajayan Bridge AOHOI (42018 1610 303 313 184 ABL w69 509 589
Liyog Brilge LOS50L  UNOIE 1045 18 6.5 955 6100 WE D85 4765
Sumay Bridge SM301 UAI20I8 110 21 364 168 1527 016 451 382
Ajayan Bridge A0l LN0IB WS 303 351 543 s we 34l 625
Lijog Brilge L0601l V192018 1605 290 s 776 700 00 290 4224
Sumay Bridge SME0I 1192018 1620 87 400 525 1553 241 om 824
Ajayan Bridge AGISO1 1192018 1635 304 364 507 14121 B 7% 553

Notes: mg/l, milligrams/Aier; ps/cm, microsiemens/centimeter; ppt, pans per thousand, NTU, nephelometric wrbidity unit; SSC, suspended sediment concentrmtion
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Appendix A. Results of water quality monitoring in the Manell Watershed, Guam (cont.).

. . . Tempemiture Dissolved Dissolved  Conductivity  Salmay  Turbidty  SSC
Location 0 e Wi °C)  Owypen(mpl) Owypen(%)  (skem) (p)  (NTU)  (mg)
Liyog Bridge L037-01 1272018 900 259 486 708 46212 2996 1245 2473
Sumay Bridge S4701 108 910 279 378 482 1450 072 308 500
Ajayan Bridge AMTOL 12772018 925 283 429 563 7870 433 530 176
Livog Bridge LS80l 0018 1445 88 498 763 47018 046 1735 340
Sumay Dridge S4801 V2018 1455 85 421 546 1816 09I 797 818
Ajayan Bridge AMBOL I8 1510 301 354 505 2179 1326 766 545
Liog Bridge 1640-01 200018 1600 301 533 843 49747 140 4055 11335
Sumay Hridge SMO01 297018 1615 232 431 554 3667 192 B MY
Ajsyan Bridae AMOOL W08 1650 309 46l 714 41318 630 439 6.17
Livog, Bridge LOSO-01 172018 1440 297 563 88,2 48944 IR 080 6667
Sumay Dridge SOS0-01  VIT20IB 1455 387 338 59 1,600 0,80 54 420
Afwyan Dridus ADSOOL  MITR0I8 1505 313 3R 463 14,188 814 473 a7
Liyog Dridge 105101 U201 1620 M5 43l 654 45598 94 1385 2440
Sunay Dridge 05101 232018 1635 M6 116 152 7089 387 667 #21
Ajwyan Bridge AOSI-OL 220018 1650 311 517 722 11358 640 841 618
Livo Bridge 105201 BP0 1405 93 491 764 48731 O AT 90
Sumay Bridae 05201 3/M018 1420 5 0.97 127 7429 407 251 417
Ajyun Bridge AOS2OL 387018 1430 320 299 432 17448 018 54 637
Liyog Bridue 105301 3M2018 1645 279 161 511 4906 W6 1215 £4.03
Surmay Bridge 5053-01 302018 1700 284 0.72 95 9,061 504 560 149
Afyan Bridge AOSROL 38018 1720 324 363 523 14705 845 1025 590
Afyan Bridge AOSKOL  IISC0I8 1035 297 371 07 12293 6.99 558 273
Livog Bridge L0S40l  MIS20I8 1050 M0 a0 636 49,187 206 1600 2577
Sumay Bridge S05401  MISP018 111S 44 297 14 2337 119 576 49
Livop Bridse LOSSOl 240018 1640 %7 368 554 HE MH7 1505 2549
Sumay Bridge 05501 3018 1650 W6 201 2% 1 2310 112 596 1188
Ajuyan Bridge AOSS01  IM42018 1700 35 439 67 25190 152 5 88 498
Livog: Bridge LOS6-0I 457018 160 320 330 523 42208 697 IO 1968
Surmay Beklge SOS601  A/SP018 1620 91 0.53 70 5540 207 418 63
Afyan Bridge ADSG0l  A/SP01B 1640 318 37 528 12391 703 9.6 1041
Liyog Bridge LOST-OI 4050018 1405 %64 624 84 1469 073 6605 1467
Sumay Bridge S05T-01  ANSROIR 1415 72 431 545 917 045 3155 1293
AbivanDridse AOSHOI  4MSP0I8 1635 264 611 76.1 765 037 645 979
Sumay Bridge SOSE01 4082018 1M0 283 029 38 1438 07 N 836
Liyog Bridge LOSE-0I 4787018 1350 292 1.70 7 12280 698 4960 1152
Afyan Bridoe AOSBOL 4282018 1410 287 560 77 1340 066 5270 114
Livug Bridee LOSS-0I  S/10P018 1725 1348 52 848 41533 %36 R 874
Sumay Dridge S059-01  S1020i8 1740 26 12 426 1620 081 230 370
Ajtyan Bridge AOSS-0I  S10P0I8 1755 37 6.15 918 27768 1693 199 364
Liyos Dridee L06-01  S/162018 1345 322 i 522 19,553 502 973 1
Surty Bridee SO60-01  S/I6P018 1405 299 647 882 10434 585 257 201
Ajyan Bridge ADGOI  SNGR0I8 1420 333 34 555 41,556 %40 470 678
Livog Bridge LOGI-OI  GI272018 1105 202 651 99 37911 412 1295 523
Sumay Brilge S061-01  &I22008 1120 29,4 367 73 1354 067 52 290
Ajyan Bridge AOGI-01  @I22018 1140 306 437 6.9 19,194 24 81 413 53
Livog Bridge LOG2-01 6197018 1540 310 418 615 15417 26 582 812
Sumay Bridge S062-01  &I192018 1600 26 286 371 1,508 091 249 206
Afyan Bridge ACG20I 194018 1615 323 161 N 36,569 293 313) 393
Livog Bridge LO63-01 52018 1635 267 623 7.1 1391 069 1875 4229
Surmay Bridpe S063-01  TSP0I8 1645 276 460 85 978 048 5435 7157
Afayan Bridge AG630l  TSPOIS 1700 %8 595 746 1,061 052  M&0 434
Livog Bridge 106801  WI4018 1255 324 252 360 12,576 7.13 i 1845
Slaray Beilgs SO6L01  TI42018 1310 89 30 13 1617 08I % 495
Ajyan Bridge AGGLOL 42018 1320 109 421 579 8162 449 4 240
Geus End of IE.R GOM6S 02018 K000 263 805 98 265 0.12 il 23
Geus Dam GOl-65 202018 G030 26,2 BT3* 100 246 0.12 o 254
Geus Bridge (ER)  GOG-65 7207018 1100 6.7 743 08 206 0.14 s 072
Gous Bridge (Rt4)  GO265 7202018 WIS 271 692 87.1 351 0.17 — 27
Liyeg Bridge LOGS-0l  7RA0IB 1255 325 341 55.1 45789 045 1075 1285
Sumay Bridge 06501 7MDOI8 1310 21 381 499 1554 0.78 1.57 1.99
Ajayan Bridae ADGS-01  TBR018 1330 324 356 552 34833 2195 174 361
Livor Bridge LOS60I  BAR0IR 1545 W06 am 656 42386 W0 A3 1900
Sumay Bridge S06601  BA20I8 1550 279 a0 514 L0 0.55 963 571
Ajayan Bridge AOGS-DI  BO0I8 1610 291 166 703 41,632 658 1430 839
Geus Bridge (Rtd)  GO2-66 #3018 1630 272 704 896 367 0.17 355 246

Notes: mg/l milligrams/Aier; ps/cm, microsicmens/centimeter; ppt, pants per thousand; NTU, nephelometric turbidity unit; SSC, suspended sediment conceniration
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Appendix A. Results of water quality monitoring in the Manell Watershed, Guam (cont.).

Temperature Dissolved Dissolved  Conductivity  Salinity  Twbidty  85C

Location [3] Date Time °C) Oxypen (mgfl) _ Oxygen (%) (psfem) (ppt} (NTU)  (mgfi)
Geus Bridge (ER.) G00-66 B/372018 1650 270 741 930 304 0.14 1265 14 58
Geus End of E R. G03-66 B8/372018 1700 68 793 992 258 0.12 40.75 24 49
Liyog Bridge L067-01 8/1072018 140 328 6.06 989 46,636 30.05 177

Sumay Bridge S067-H B/102018 14535 288 42 545 937 046 251 413
Ajyan Bridge A067-01 8/102018 1510 333 847 100 46,896 30.22 766 913
Geus Bridge (Rt.4) G02-67 8/10/2018 1525 294 74 976 493 023 068 1.30
Geus Bridpe (E.R.) G00-67 B/§0/2018 1545 280 6,57 840 429 02 083 097
Gews End of ER. G03-67 B/10/2018 1555 276 728 923 414 02 0.86 098
Gews Dam GO01-67 8/1072018 1625 26.8 17 964 384 0.18 1.60 1.37
Liyog Bridge L068-01 B252018 1435 37 207 334 48238 3125 22.55 3
Sumny Bridge 5068-01 B2572018 1500 288 3.88 504 1,144 0.56 826 433
Ajyan Bridge ADGE-01 8252018 1525 304 768 100 6448 349 26.35 1.40
Liyog Bridge L0&9-01 932018 1550 329 6.46* 100 51,180 3336 403 692
Sumay Bridge 5069-1 9/3720i8 1605 297 44 600 11,528 6.52 633 4.63
Ajayan Bridpe A069-01 9312018 1620 3y 6,83 100 48916 3.7 6.10 432
Geus Bridpe (Rt.4) G02-69 9/3/2018 1635 289 739 96.1 496 024 095 042
Geus Bridge (ER.) G00-69 9372018 1650 270 67 B4 428 02 1.01 0.38
Geus End of E.R. G03-69 9/372018 1700 264 6.82 BL7 457 02 1.62 0.75
Geus Dam G01-69 9312018 1735 264 767 053 415 02 1.90 0.56
Liyog Bridge LO70-01 9/B2018 1225 30.0 32 502 47,730 3094 16.35 B.17
Sumay Bridge SO70-01 9/B2018 1240 292 6.7 8.0 2129 1.08 517 1.81

Ajayan Dridge A070-01 9/8/2018 1250 304 3.5 504 23061 13.83 2340 581

Sumay Bridge 5071-01 9/12:2018 1350 286 428 554 1,066 0.52 176 277
Ajyan Bridge A071-01 9/1272018 1410 28.7 52 70.5 14,895 861 1340 5.29
Liyog Bridge LO71-01 91272018 1425 293 167 62 6082 328 1720 16.14
Geus Bridge (Rt.4) GO2-71 9122018 1440 288 655 39 391 0.19 269 .02
Geus Bridge {ER.) G00-71 9/1272018 1450 77 6.81 36.7 3397 0.16 3.30 0.39
Geus End of E.R. G03-71 91272018 1500 276 768 976 309 015 515 198
Geus Dam Go1-71 9122018 1535 276 77 98.7 ey, 013 366 .77
Liyog Bridge L072-01 9/17/2018 1625 36 7.57* 100 5034 3275 12.60 4 86
Sumay Bridge S072.01 9172018 1640 286 441 571 1,051 0.52 i4.40 1.8

Apyon Bridge A072:01 9172018 1650 e ] ) 719 100 39445 497 933 329
Liyog Bridge L073-01 1071372018 1455 323 533 872 49349 e 8.13 11.21

Sumay Bridge S073-01 1071322018 1510 288 441 573 1,324 0.66 338 1.62
Apyan Bridge A0T3-01 10/13/2018 1555 .33 447 7.2 46,189 2978 434 563
Liyog Bridge LO7M4-01 10/2372018 1000 289 369 569 48,018 3118 617 594
Sumany Bridge S07-01 /232018 1010 283 357 46.1 1,230 0.6 343 1.45
Ajayan Bridge AOM-01 1072372018 1025 207 an 436 50,159 nn 113 4.72
Liyog Bridge L075-01 11/271018 230 2097 200 310 46,150 298 999 984
Sumay Bridge 5075-01 117212018 850 282 38 479 1,255 062 497 3.83
Ajayan Bridpe A075-01 11722018 900 08 32 511 49453 322 4.12 4.82
Geus Bridge (Rud) G02-75 112272018 930 217 770 94.0 470 o2 1,32 0.51

Geus Bridge (E1R) GO0-75 11/22018 M3 272 67 85.2 400 019 124 0,38
Geus Endofl &R G03-75 117212018 955 169 703 88.1 37 018 299 0.19
Geus Dam GO01-75 117222018 1030 26.7 765 95.6 354 a17 314 0.59
Liyog Bridge 1.076-01 1171872018 1035 310 on i2.3 47912 31.03 12,30 6.27
Sumay Bridze S5076-01 11/1872018 1050 286 37 488 1,170 058 a2 2.85
Ajpyan Bridge A076-01 11/1872018 1105 300 33 529 50,821 332 554 289
Geus Bridge (R4} G02-77 1212018 1525 294 893 100 412 02 1.12 1.77
Geus Bridpe (ER.) G00-77 1212018 1545 275 706 89.5 351 017 Ind 1.44
Ajayan Bridge A0T7-0] 12/172018 1620 e 502 80.6 47351 3061 397 4,10
Liyog Bridge LO77-01 12/1/2018 1635 H3 T69* 100 45,178 2895 4.81 576
Sumay Bridpe 507701 12172018 1650 285 353 457 1202 059 248 29]

Liyog Bridpe 1.078-01 i2/8721 8 1135 283 491 44 45828 2961 153 13.59
Sumay Bridge 5078-01 12/872018 1150 286 433 56.0 136 036 1.43 3.16
Ajoyan Bridge A078-01 12/872018 1205 290 436 67.1 46,892 30,36 2.37 4.46
Geus Bridge (Rt.4) G02-78 12/872018 1215 285 11.57 100 437 021 1.76 3.3
Geus Bridpe (ER.) GO00-78 1Y/872018 1235 276 6.83 867 437 0.21 248 333
Livog Bridge LO79-01 1272372018 1310 29 6.31 961 43913 2821 813 879
Sumay Bridge 5079-0] 12/23/2018 1315 282 391 503 1,266 0.63 415 1.61

Ajayan Bridge A079-01 122372018 1335 290 6.08 936 47,191 30,57 627 47
Geus Bridge (R14) G02-79 122372018 1350 276 702 892 428 02 1.17 0.83
Geus Bridpe (ER.) GO0-79 12/23/2018 1405 %9 6.90 B6 6 37 0.18 1.19 0.78

Notes: mg/l, milligrams/liter; ps/cm, microsiemens/centimeter, ppt, pants per thousand; NTU, nephelometric wurbidity unit; SSC, suspended sediment concentration
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Appendix B. Spearman correlation coefficients between parameters.

Variable Variable Spearman's Rho p value
Ajayan Water Level SSC (mg/L) 0.3670 <0.0001
Ajayan Water Level Turbidity (NTU) 0.2204 0.001

As Liyog Water Level SSC (mg/L) 0.2944 <0.0001
As Liyog Water Level Turbidity (NTU) 0.1369 0.0445
HPO,™ (mg/l) Turbidity (NTU) 0.1714 0.0114
HPO, (mg/l) SSC (mg/L) 0.4148 <0.0001
As Liyog Water Level Ajayan Water Level 0.5607 <0.0001
NH," (mg/l-N) Turbidity (NTU) 0.2776 <0.0001
NH," (mg/l-N) SSC (mg/L) 0.5052 <0.0001
NH,* (mg/l-N) Ajayan Water Level 0.3295 <(.0001
NH," (mp/N) As Liyog Water Level 0.0335 <0.0001
NH,* (mg/I-N) Rainfall (in) -0.0324 0.7809
NH," (mg/FN) DO (mg/L) -0.2348 0.0004
NO; (mg/I-N) Salinity (ppt) -0.7853 <0.0001
NO;™ (mg/l-N) SSC (mg/L) -0.3038 <0.0001
NO;™ (mg/l-N) Turbidity (NTU) -0.3926 <0.0001
NO;” (mg/l-N) Ajayan Water Level 0.1243 0.0664
NO; (mg/l-N) As Liyog Water Level 0.0965 0.1594
Rainfall (in) Ajayan Water Level 0.0147 0.0001
Rainfali (in) As Liyog Waler Level 0.0335 <0001
Rainfall (in) Turbidity (NTU) 0.0880 <.0001
Rainfall (in) SSC (mg/L) 0.1434 0.0412
Rainfall (in) Salinity (ppt) -0.1503 0.022

SSC (mg/L) Turbidity (NTU) 0.7336 <0.0001
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Appendix C. Results of nutrient monitoring in the Manell Watershed, Guam.

Sample Calect NOy NOy HPO," HPOS  HSIOy HSi0y NH,* NHy+ =73 NOY' Urea Unia  NOy+ND;" TolalN TolN  Toldd P TotalP
D Site Date eone, cone, eone, cong. cone, cone, cone, cone, cone. cone. cong, cone, cane. cone, cone, conc. conc.
{umol)  (mgA N} (moll} img/I P} {umoll) (mg/ Si0y (umoll) (mgAN} (umoll) (mgd Ny (umoll] (mgdN) @My  (umoll) (mgdN) (umoli) {(mgiP)
ADOID1  Ajayan 121118 000 0.00 1.73 0.05 41.84 218 258 0.04 018 .00 D42 0.0 0.18 2266 632 21 0.07
ADOZ01  Ajsyan 1211818 000 0.00 437 0.14 168.51 1282 581 0.08 039 0.01 t12 .02 0.39 19.314 027 4.58 0.14
AQDIQ1  Ajsysn  12128M8 w 0.08 539 a7 5.36 1108 1M 00s 055 o0 254 004 4.54 2426 034 1.78 D.24
ADO4-01  Ajsyan  DH20NM7 40t 0.08 254 008 2717.08 2108 299 004 032 0.00 102 o 42 29 0.32 537 0.17
ADOS-01  Alaysn 0172417 000 0.00 78 o112 118.51 Y- s 0.0s 029 o400 0.8 om 029 3451 048 416 0.13
ADDE-Ot  Ajsysn  0/0SMT 000 0.00 7.20 022 .37 1578 835 0.0 048 ool 12 0.02 0.48 21.06 0.2 7.03 0.22
ADUTO1  Alayan  OR28M7 0.00 .00 584 o7 a7e w1 492 007 o4 oo 142 0.02 o 2694 033 570 0.1
ADDBO1  Ajsyan  DT4NT 000 .00 439 0.14 130.96 1209 435 006 034 000 115 002 oM 2239 031 5.02 0.16
ADDZ01  Alayan  OVOS/HT 000 0.00 208 009 110.58 a4t B8 0.05 029 o000 0.85 0.01 oz 4.7 035 i7s 0.12
ADI0-01  Alayan  O3/0BMT Q.00 .00 a8g 024 w47 2073 8.59 0.09 0.5 0.0t M 0.02 .51 15.70 a28 7.83 0.24
ADI101  Alayan  CV22/47 43 0.08 348 o1 283.05 21.54 825 0.09 0.38 oot 126 o 4.6% 54.83 077 545 017
ADIZ01  Ajsyan  QV28M7 .00 0.00 5.00 o.15 19791 15.08 588 008 03e 001 128 ooz 3] 4331 061 578 0.18
A0 Ajsysn  COR28M7 0.00 0.00 782 0.24 27742 211 8.88 0.12 0353 0.0 208 0.03 083 2884 0.40 9.23 [1F.:]
ADVADT  Ajayan  Q4OINT 000 000 EX.1) 0.12 $34.50 1023 385 0.08 an oon 108 ooz P 29.03 oa 413 0.13
ADIS01  Ajsysn  D4NSNT 000 0.00 318 010 11653 :1:H an 0.05 03¢ 000 070 0.0 430 30.98 04 198 012
100101 Asllyog t2/13/18 0.00 0.00 0.89 [+54x] 4897 57 am 003 012 0.00 o Q.00 on 2961 aar 219 0.07
100201 As Livog 12115416 048 0.01 404 0.12 8107 a7 478 ooy o4 o0 068 oot 0.88 37.52 053 548 a.17
G301 AsLiyog 1272618 0.10 0.00 .12 0.13 9451 7M 4460 oos 1] 0.00 078 oot 038 26.48 .37 393 0.12
L0401 AsLiyeg D1720M7 010 000 883 o1 161.48 1229 ae7 010 043 o 1 002 0s2 4328 0.62 an a1
LO05-01 As Uyog 0172417 000 0.00 182 0,08 5888 4.48 2% Q.03 0.13 0.00 0.2 0.00 0.13 4335 a6l 1.76 0.05
LD0S-01  As Liyog (0517 0.19 0.00 485 0.15 105.70 8.04 454 0o7 an 0.00 0.88 oo 0.50 48.32 0.68 478 215
LOC7-0t As Liyog (22817 060 0.00 244 ao7 5880 448 242 0.03 0.18 0.00 0.40 o 0.18 4867 &g 236 0o?
o030t Asliyeg 0304NM7 190 om 575 018 140.75% 1"nxR p k] 0.0 05 am 128 002 243 38.30 D.54 579 018
o090 As Liyeg 03067 an 00e 27 .10 at.68 a1 285 0.04 0.20 0.00 0.42 0.0 0.43 3988 0.56 435 013
L1001 AsLiyeg 03087 0.00 0.00 2n 0.08 85683 499 201 0.04 0.9 0.00 0.53 001 0.1 4182 0.59 315 0.10
L0310 As Liyeg 0322147 008 0.00 7.01 0.24 17733 13.49 745 0.10 0.51 o001 1.57 o 0.58 P ] [+ 211 7.84 0.24
L0127 As Liyng 037417 000 0.00 1.69 a.0s 58.88 433 242 003 0.12 oo .28 0.00 012 254 on 213 om
L30T As Liyeg 02817 0.12 0.00 511 0.18 135.78 1033 829 009 039 oot .96 a0 a5 5262 o7a 503 0.18&
L1401 As Liyog 0407117 0.00 oo 289 0.08 1227 550 285 0.04 0.17 Q00 038 .01 0.17 5184 an 289 0.09
LOIS01 As Uyog 041517 137 oo2 185 024 252.13 19.18 10.49 Q.15 080 oot 147 0.02 197 sa.10 o 812 0.25
5009-01 Sumay QY087 1438 020 278 009 85,88 27.08 2% .03 0.38 000 1.50 .02 1472 4474 064 5.51 017
S0I001  Eumay 020BNT7 1553 oxn 247 aga w531 W08 255 004 023 0 064 &0l 1576 3.0 08 478 015
S011.01 Sumay OM22M7  18.1% 0.25 1.88 008 308 48 W 235 ¢.03 oir a0e 0. o.00 18.37 45.08 063 358 01l
501201 Suray 02817 128 Q.10 240 028 w27 2085 762 on 0.53 0.01 168 0.02 78 m718 .40 9.03 028
501301 Sumay 032817  16.56 023 1.35 004 400.42 W47 293 0.04 [ 3} 0.00 0.32 0.00 16.73 48.713 07 57 o
501401 Sumay MANT 184 028 208 o008 o 28.3% s 005 028 000 100 0.0t 18.70 S71.70 [11.14 431 01
SOIS01  Sumay  DBHMSMT 1895 07 175 00% 380 30 2082 272 0.04 a18 000 017 0.00 19.33 49.43 0.6 398 0.12
LD18-0t As Liyop Odr24n7 102 04 8,88 021 218.82 18.50 1383 a.19 o.a oM 178 0.02 ian 5215 on 853 0.16
ADIGD!  Aleysn  D4724117 474 007 555 017 195.48 1407 a4 oos 060 0.0 268 0.04 53 66.97 094 a.30 026
SO18-07  Sumay 42417 108.81 028 144 0.04 400.84 .50 103 o.04 018 o.oo 029 0.00 $8.00 9102 17 38 612
LOt7-01  As Liyog 043047 807 008 404 013 217.19 18 52 684 009 onR 000 141 002 830 51.92 on 6.16 0.19
ADITO1  Ajaysn  O430NMT7 000 0.00 10.10 o 84.9% LX) 1287 0.18 083 00 330 0.0 .83 4804 0.67 11.36 035
S037-01  Sumay MANMT  24.48 o.M 1.18 o604 358.30 2n.28 401 008 o7 000 0.90 0.0t 2485 4874 X 375 0.12
LOt8-01 As Liyog QS/0917 000 .00 0.08 0.03 57.67 429 10680 015 07 oo 275 0.04 0T 4189 ns9y 362 o1
AQIB01  Ajayan  DSQNIT 000 ©.00 044 L1141 kTS 1] 854 0.12 5?7 LY 204 o03- 0.5 621 as1 209 0.06
501801 Sumay Q507 19.67 o260 142 o4 9984 3025 214 004 023 ¢o0 0.43 o 19.90 49.18 0.e 88 0.12
L015-01 As Lyog ON22117 000 0.00 o oot 1064 ost 982 *R 1 e o0l 243 0.02 084 3454 048 227 0.07
ADIG01  Ajsyan  OS/22117 a.co oo 270 o008 wes 288 741 010 051 o0t 1.68 om .51 41.55 113 235 0.07
501901 Sumey 082217 1.56 om 860 020 8am 518 .26 0.34 (1] o0 2m 004 228 g ¢a3 168 0.24
L020-01 AsLliyog Q&/2917 103 oo 138 210 10655 Bt 803 a8 043 oot 14 oo t.48 50.24 [y 400 0.12
AD20-01 Ajayan  0S28M17 0.00 0.00 75 012 510 301 1010 0.4 0.73 oot 258 0.04 on 2786 039 4.06 013
50201 Sumay 0825117 19.44 0.27 11 003 364 62 2774 82 aos 02 0.00 0.3 0.01 1938 5048 on 422 0.13
102101 As Liyog 08/02NM7 000 0.00 214 0.07 4488 34 018 0.13 o8t oot 228 0.03 0.8 50.95 nan 154 [s1:
AD21-01  AJayan  DEOIT 1Y) 0.00 280 008 118.18 g4 288 o4 on oog 064 ool on 2813 039 396 0.12
5021-0t Sumay OMOMMT 1892 02 204 006 30088 2974 aor 004 030 o000 ot 001 1842 48.95 am 470 015
L0220t Asliyeg OR/0GMT 000 0.00 278 0.0% £8.55 508 1238 a7 [+1: 11} 0.0 254 oo4 0.80 67.12 0.94 5.30 0.16
A022-0f  Ajsyan  08/08M7 ooo 0.00 243 0.08 £0.10 457 978 0.14 087 001 253 0.04 .87 45.06 a63 in 0.11
502201 Sumay O&MENT AT 0.26 1.02 00 403 08 nes 250 ao4 019 oo 0.0 oo0 1982 53.80 075 an o1
L0230 As Liyeg 08114147 o000 00 258 008 8.1t 427 058 12 080 00 182 0.03 0.80 36.07 051 102 0.09
AD23-01  Ajaysn  D&/14117 000 0.00 17 oor 67 88 517 2868 a14 )] om 224 003 0.88 25.24 0.3s 417 013
S023-01 Sumay 0614117 493 o7 15.01 0.48 14484 1402 uwim 0.18 080 am an 005 5.8 a7 0.53 26.89 0.83
L2401 Aa Liyog 0DBR2117 om 0.00 8.20 a.19 9088 758 (LY. -] o 0.8 0o 279 004 oes 51.25 080 10.53 033
AD2401  Ajayan 082217 oo Q.00 430 018 68,78 508 11.45 0.8 o5 oam 242 003 07s 44,51 0.57 814 0.25
S02401 Sumay 082217 1880 024 0.92 [+11x] 41082 28 254 0.04 0.19 0.00 00 0.00 19 49.43 a® 144 011
02501 Asliyog O7/0B/17 ore 001 €0 030 11329 882 1479 02t 072 ao 20, om 5 39.85 a56 10.63 033
AlDR5-01 Ajayan {O7/0BM7 000 0.00 a4 027 8338 8M 1224 017 081 0.01 24 0.04 ot un Q46 9.33 028
S025-01 Sumay OTR8NMT 1838 ) 150 0.0 W s 29.49 298 o4 .19 Qoo 0.48 RG] 18.58 4.5 o8 3161 o1
w2801 Aslysg T7HINY - 000 000 123 022 59.75 455 1218 0.47 075 001 286 0.04 0.75 488 0.68 1.54 025
A028-01  Ajmyan  OT13NT M 0.08 401 o.t2 259.40 19.74 547 008 0.48 oot 1.72 0.02 8.17 4493 6.& 5.86 018
5020-01 Sumay 07317 180 0 o.91 0.03 6285 201 208 0.04 0.19 000 044 0.01 18.50 357 6.50 405 013
o701 Asthog OIAINT? 0.00 0.00 503 0,38 51.00 388 12.38 LA 074 0.0t 24 .03 074 3463 049 551 017
AQ27-01  Ajayan  OMATHT am 0w 188 on 280095 2138 873 009 o8 0ot 195 003 560 3691 052 625 0.19
502701 Sumay OTHTMT 1513 0.2% 1.23 0.04 400.18 .45 261 004 0.18 000 0.27 0.00 15.3¢ 53.44 oS am Q.12
LOZ801  As Liyog OF725H7 ¥ ] 0.09 5.t9 0.18 258.5t 1967 8.8 0,10 0.55 oM 23 0.03 X <] 70.82 0.99 7.55 03
AO28-01  Ajsyan  OT/25M7 475 0.07 574 o018 208.2% 15.84 459 0.06 o8 o FA L) 0.04 543 5374 07s 147 03
502801 Sumay OTRSMT 1837 0.28 123 0.04 uin €020 25 0.04 0.17 0.00 on 0.00 10.44 az.87 060 ER:3 o1
LD20-01 As Liyog CQ/02117 103 o0 838 020 65.19 498 1327 ¢19 on 001 n 003 1.74 6268 1] 679 on
ADZE01  Ajaysn  QE/ONT 432 408 AT 0.12 30024 28 4 ¢.05 045 0.0 104 0.03 an 46.16 065 559 0.17
802601 Sumay 00217 1810 025 t45 0.04 389.92 2987 208 0.04 020 0.00 0.3 6.01 18.20 43,59 a6l .23 D.10
LOJO-01  As Liyog OM18N17 .77 0.02 .58 .20 117 87 13.52 17.58 .25 .58 001 182 0.03 2.38 50.90 0.71 .03 0

NOjy, nitraie; HPO,", orthophasphals; HSIOy , silica; NH,", smmonium; NOy |, nitila; Tola) N, lotal nitrogen; Totat P, tota) phosphorus
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Appendix C. Results of nutrient monitoring in the Manell Watershed, Guam (cont.).

Sample Colection MOV NOy  HPOS HPOS  MSIOy  HSiOy NHS* NHg¢  NOy NO; Ures Uma  NOy4NO: TotslN  TonlN  TetaiP  Tolal P
0 Sile Dale cone, cone. cone. cane. cone conc. cone. cone. cone cone. cone.  conc. cone. cone.  cone. cone. cone.
{umoll) (mp N} (umoll) (mpP} (umoll) (mg/SiDy) (umoll) (mg/t N) (umotl) (mohy (umoll) (mgiMN) wa) (umolh) (molK) (umoll) (mg/l P)
ADJ-01 Ajayan  OMiEN? 078 oot 9,18 026 23280 mn 1548 022 082 (1] 222 noa 138 4299 06D 10.05 0.31
S030-01 Sumay OBIBIT 1747 D.34 0.04 003 38745 27.98 4.53 0.08 0.30 0.00 0.38 040 1747 4308 08 i 010
L0310t AsLiyog O&25M7  0.16 0.00 1043 032 28170 1215 10.78 045 085 o.01 222 0.0 081 B 054 10.57 0.33
ADM-D1  Ajsyan O0B25M7 618 0.2 134 004  t40.40 10,65 aea 0.05 021 000 0m 001 6.37 6109 085 390 012
S0M.01 Sumay OA2S1NT 1218 07 118 004 35135 873 279 004 0.47 .00 083 001 1235 478 061 3.28 0.0
LO32-01 As Liog 9/19/2017 088 001 290 o 1ha2o 13.03 469 007 043 0.01 121 0402 1 &5 038 3.5 01l
A32-01 Ajayan 9/19/2017 0.16 .00 287 pog  I1ase 18.25 558 008 0.8 a.01 205 003 108 n7 o} n 0.12
503201 Sumay 915/2017 2.2 017 086 o3 39080 2872 248 0o 0.15 0.00 0zr 0.00 1237 as2 o 1.30 0.04
L033-01 AsLiyog 9/30/2017 020 .00 851 020 68 14 518 748 on 083 oo 210 0.03 192 058 043 B4s 0.26
AC33-01 Afsyan 9/30/2017 000 0.00 552 0.47 5394 410 7es 0.1 0.93 o001 ] 003 0.83 4734 066 8.25 026
S033-01 Sumsy 9/30/2017 1612 023 099 D03 49312 37.60 z.15 003 0.15 0.00 0.1 0.00 1827 345 047 195 0.06
L034-01 As Uyog 10/6/2017 012 0.00 ¥ 010 15745 1109 see ooa 080 a.01 183 0.03 08 65 050 3176 0.12
ADM-O1 Alayen 10/6/2017 364 0,08 LAl 003 WM 28.01 850 009 047 a0t L 002 4n .25 0n 112 0.03
503401 Sumay 10/6/2017 19840 027 119 0.04  525.0¢0 3595 an 0.04 021 00 032 0.00 8.8 858 040 13 0.04
LOIS-01 As Liyog 10/14/2017  4.83 0.07 155 pos 31528 2399 305 004 a1 o000 029 a.00 4989 2244 0N 176 0.05
ADI5.01 Ajayan 10/14/2017 1.4 o0z 136 oot 17.02 1362 298 004 014 0.00 022 0.00 1,58 478 0.61 2.4 0.08
SMS01  Sumey 10/14/2017 6.5 0.09 121 004 28110 2139 253 004 a7 0.00 012 0.00 689 4957 08 m 008
L0360 As Liyog 10/27/2017 0.4 0.00 218 0.07 90.64 7.50 479 007 07 o0t 23 0.03 .85 549 050 152 008
ADG-01 Ajayan 10/27/2017 017 0.00 228 oo7 04 1373 526 007 0.81 0.01 22 0.03 097 207 o041 127 0.10
S036-01  Sumay 10/27/2017 1577 022 a2 0oy MW 28 10 19 003 017 000 o 0.00 15.84 35.76 0so 1.46 045
L3701 Aslyog 13/1/2017 028 0.00 490 015 26254 21.50 T49 0.10 0.82 0.01 188 0.03 109 306 04 539 0.17
ADI7-01  Afayan  11/1/2017  0.08 0.00 178 005 B4 82 .44 532 0.0? 017 0.01 167 0.02 0.83 1955 027 244 0.08
S037.01 Sumay IN12017 1757 025 108 0oy 401 R 242 0.03 047 0.00 a3 0.00 1774 3760 053 194 006
LOIB-01 As Liyog 11/14/2018 081 oo 617 0.19 89.29 528 LR 012 088 om 214 003 189 a1 08 12m 037
ADIB-01 Alayan 11/132008 0.5 0.01 2i0 oo7  imae 1384 43 0.06 0.59 0.01 108 002 110 627 037 17 .09
SHIB0L  Sumey 11/14/2018 17.51 025 144 004 49048 3732 270 0.04 07 0.00 013 0.00 1768 3597 050 27 00
L039-01  As Uyeg 11/20/2018  0.40 [1:1] 252 0.08 03.83 180 520 0.07 0.74 oo 189 0.0d 144 3082 043 314 a.10
AD39-01 Alsyan 11/20/2018 Q.18 0.00 R3] 0.10 0203 7.07 a2 0.07 078 0.01 170 oc2 0.87 231 on a2 013
5039-01 Sumay 11/20/2018 1292 0.8 140 po4 3283 2402 537 0.08 0.43 001 13t 0.02 1335 3357 047 1.43 0.04
LMO-01  As Liyog 11/30/2017 046 oo AT 015 25151 19.94 785 an 0.82 001 175 0.02 127 830 058 5.68 0.18
AD40-01  Ajayen 11/3/2017 022 000 2.4 oot 11838 0.87 513 0.7 079 00 156 ooz 102 B35 037 2.85 0.09
5040-01 Sumay 11/30/2017 1883 024 115 D04 48892 3720 244 o0 o.e 0.00 035 0.0 1o 3684 052 1.95 D.06
t41-01 As Liyeg 12/6/2017 022 000 1.18 004 1218 093 503 0.07 0.5t 0.01 174 o002 1.03 28.27 0.40 208 006
ACALOL  Ajaysn 13/6/2017 02 0.00 n 007 12620 078 519 007 0.60 001 174 o002 1.00 674 037 277 009
SO0 Sumay 1Z/6/2017 123 oo 118 oip 17828 1341 582 aon 0.50 ool 194 00 Z4 W65 0.40 4.8 R ¥
L042-01 A3 Liyog 12/15/2017  0.45 o0l M 008 491 375 605 008 079 001 212 003 109 63z 065 EX: 008
ADA2 01 Ajaysn 12/15/1017 025 000 1e2 00 1885 598 5ot .08 [L.}] o0 188 1) (2 1551 0.50 20 oo
§042.01 Sumay 12/15/2017 1487 0N 107 o 24981 18,99 422 008 027 000 090 om 1524 a1 0S8 117 004
W43-01 As Liyog 12/27/2017 0.74 oot 5.02 0.18 15557 1164 10.21 0.14 090 om 207 003 164 am 062 o o
AC43-01 Ajeysn 12/27/2017 0.45 001 248 oos 17081 1298 107 0.10 oeo 0.0t te4 0.02 1.25 3505 D.49 n 010
S043-.01 Sumay 12/27/2017 1746 024 126 Do+ 25008 19.70 87 004 0.13 0.00 04 0.00 1750 3548 051 2.06 0.06
L0440 Asliyog 1/4/2018 o0.X2 000 269 nga 85.68 5.01 487 o009 083 om 177 002 1.5 40.13 0.58 342 a1
ADW-OT  Ajsysn  1/4/2018 023 0oo 2.87 009 14084 1.40 819 009 087 om 174 002 1.40 10 041 18 on
5044-01 Sumay 1/4/2018 1577 022 144 004 2701 055 40 D08 0.30 0.00 0.68 00t 1807 3574 050 135 004
WD45-0L Asliyog 1/11/2018 O 000 134 0.04 2009 227 545 0.08 088 0.01 147 002 085 230 045 2.42 008
ADAS-01  Ajsyan 1112018 0.18 000 1.42 004 8396 525 527 oor a7 0.0 1.42 0.02 087 152 0.41 13 007
504501 Sumay 111/2018 1740  0.24 o 003 30158 2205 288 0.04 0.18 0.00 043 0.01 758 ma2 054 18 0.0
L4601 AsUyog 1/19/2018 029 0.00 120 0.04 18.58 149 495 007 orr a.01 im 0.02 1.05 297 042 b 007
ADAED1  Alayan  1/19/2018 238 003 0.58 003 17742 .50 552 ooe 0.24 £.00 0.82 am 282 955 055 124 0.04
504601 Sumay 1/19/2018  7.19 0.10 " 008 33700 2585 6.18 003 ose oo 1.84 0.03 1 28.36 040 15 0.07
1047-01 As Liyog 1/27/2018 027 0.00 204 0.00 48.29 387 579 0.08 078 not o 002 1.06 8.9 0.8 2.81 00
ADAT-0L  Ajayan  1/27/2018 125 0.02 0% 003 24039 18.00 192 003 0909 000 043 0.01 LM nn o 0.93 00
5047-01 Sumay 1/27/1018 1589 0.22 073 o0 20404 2313 298 no4 018 ngo o5y .01 15.87 35.60 0.0 as? 0.03
WaB-01 Asliyog 2/1/2018 0B L] 15 0.05 %529 573 25 0.04 0.28 000 23 1Y) 114 39.96 0.56 18 0.0
AD4B-D1  Alaysn  2/1/2018  1.88 0.03 128 004 267.37 204 38 0.05 0.32 0.00 (A ] 0.02 2.8 3805 0353 144 0.04
5048-01 Sumay 2/1/2018 857 0.00 188 008 %87 27.14 6.20 0.08 0.58 0.01 209 0.03 715 3050 043 214 007
LD45-01 Asliyop 2/9/2018  0.08 0.00 174 0.05 14458 1.10 507 0.07 £.82 0.01 183 0,03 0.89 3955 055 3106 009
ADAS-01 Alaysn 2/8/2018  0.00 0.00 135 0.04 nn 302 482 0.08 nie oo 1.84 0.0z 0.7¢ 579 050 1687 006
5043-01 Sumay 2/9/2018 983 13 173 [T TR E 2344 568 0.08 o.48 oo 164 0.02 101t 4.4 0.58 17 0.05
w0S0-01 As Liyop 2/17/2018 042 0.00 202 0.08 nn 287 492 0.07 0.72 001 144 0.02 0.84 3436 048 334 0.10
ADSO-O1  Ajayan  2f17/2018 160 0.02 0.08 poy 29608 2253 258 0.04 018 0.00 073 0.0t 178 B0 049 0.96 0m
$050-01 Sumsy 2/17/2018 1779 0.25 094 003 32829 24.8) ez 0.05 019 000 el [TH] 17 88 a6.86 066 03 0.03
1051-01 As Liyop 2/22/2018 0.22 0.00 22t 0.07 a792 547 6.52 009 083 0.01 185 0.03 1.04 /02 055 19 0.09
ADS1-DL  Ajayen 2/22/2018 180 0.03 097 o3 28140 19.13 207 003 0.13 000 085 0.01 193 4192 0R 0.9 00
505101 Sumay /211018 1873 0.23 150 oos o 24 57 280 o.04 o.10 o.60 050 o.01 16,84 0.99 09% 10 o7
LOS201 As Liyeg 3/3/2018 042 0.01 168 0.05 5258 4.08 3s2 0.05 0.37 001 o 0o 0.7 036 0 2.80 0.09
ADS2-01 Ajaysn  3/3/2018 150 0.02 003 03 28000 19.79 293 004 0.22 0.00 o7e 0.01 t72 5201 073 117 0.04
505201 Sumsy 3/3/2018  8.47 0.1 182 008 43922 2342 507 0.08 0.50 o0 14 o LT.1} 4118 058 1.83 D.06
L0S3-01 AsLiyog 3/9/2018 037 oo 247 0.08 842 8.2t 840 [11:] 082 o.m 179 oo 119 ».30 041 in nin
A053-01 Ajsyan 3/9/2018 117 o 197 pos 242 20,80 287 004 019 0.00 058 oot 137 21094 285 1.3 0.04
S053-01 Sumey 3/9/2018 1673 023 1.58 005 41534 3150 2683 0.04 010 0.00 013 000 1883 5513 079 235 oo7
1054-01 AsLiyog 3/15/2018 185 003 282 n.0a 75.93 578 804 [ R]] 078 0.01 213 003 264 9.43 0.41 1.08 0.10
AD54-01 Ajsyan 3/15/2018 138 002 0.87 003 25083 1984 2m 0.04 018 0.00 0.58 0ot 154 3913 0SS 1.18 0.04
505401 Sumay 3/15/2018 1058 015 0.98 DO} 25505 2701 468 007 0.40 001 1t 002 1008 1316 046 168 0.0s
LOSS01 AsLiyog 024118 0.0 0.00 182 008 88.a7 528 504 0.07 087 0.01 133 002 067 3706 OS2 276 0.05
ADSS-01  Ajaysn 02418 000 000 1.53 005 15627 11.88 133 002 oo 0.00 %] 0ot 098 %553 0% 336 0.10
508501 Sumay OQV24M18 1618 D23 0.04 003 44192 1382 1.03 0.03 on 0.00 %] 00t 1827 1340 047 3.m 009
L0S601 AsLlyog 040518  0.00 000 188 005 81.68 823 818 009 055 0.01 110 .02 0.55 077 043 265 0oa
AOS6-01  Ajmjan 040518 0.00 0.00 0.58 003 48.11 a8 0.83 0.0t 0.01 0.00 614 0.00 0.01 2950 042 3.40 [1h}]

NOy, nitrate; HPO,", othophosphate; HSIDy |, silica; NH,", smmonium; NOy', nille. Totasl N, tolal nitrogen, Total P, ioisl phosphomus
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Appendix C. Results of nutrient monitoring in the Manell Watershed, Guam (cont.).

Sampla colsetion MY NOy  HPOS WP HSIOy  HSIDy NHs" NH,+ NOy' NOy Urea Usa  NOs+NO; TolslN  TolalN  Totel P Tolal P
b Site Date cone. cone. cone. ¢onc. conc. conc. cone. conc. conc. cone. conc. conc. cone, conc. cong. conc. canc.
(umolf) (Mg N)  fumol® (Mg P}  (umoll) {mgd Si0s)  (umolll (MmN} (umoll) (mg Ny (umolll (Mg N} jum)  (umall) (Mg N)  (umoll)  (mgl F)
505801 Sumsy D40518 659 0.08 o.70 002 47.54 162 129 0.02 0.08 0.00 0.15 0.00 885 34.67 0.49 164 0.05
LOST-01 As Liyog 04158 266 0.04 13 D04 4522 244 222 003 008 0.00 0.04 0.00 274 49,65 0.70 5.43 017
ADST-01  Ajayan O4It8  0.66 [ D1 0.68 002 4132 315 240 003 0.08 000 0.00 0.00 078 40,83 057 b1 ] 0.03
5057.01 Sumay 041818 1158 0.18 [{-] 0o 28518 2170 248 .03 0.28 000 0.19 0.00 1.81 3733 1] L6l 0os
LOSBD1 As Liyog DA2B/48 0.7 oo 121 004 29.75 228 128 003 008 0.00 0.00 0.00 oal 36.28 0.51 2,98 012
ADSB-01 Alsyan 0428/  0.63 0.04 043 oot 2205 251 27 0.03 0.08 0.00 0.00 0.00 088 4288 (1] 8 0.0%
S05B-01 Sumsy 042818 543 008 049 [+1: ] £6.62 500 221 0.03 [ R]] 000 0.00 0.00 554 4044 o0s? 299 [iY: )
L0530t Aslhog O5/40MB  0.00 0.00 204 008 7147 580 13 0.05 081 04 1.48 a0 o8 ne (k] 198 006
ADSB-01  Ajeyan  OS/tQME Q.00 000 024 om 4185 319 110 0oz 0.10 000 .82 o.0 0.10 076 029 388 012
505801 Sumay 051018 B.19 0.1 0es 002 a1.99 an 159 0.02 0.10 0.00 032 0.00 L] 3043 043 295 009
LOC-01 As Liysg 0511818  0.00 0.00 2.18 0or 87.58 868 455 0.08 0.65 oo 1.48 n.o2 068 34.00 0.48 283 009
ADBD-0f  Ajayan 051818 0.00 0.00 1.80 008 3524 288 an 0.04 057 o.01 129 002 057 4 034 150 006
506001 Sumay 0S8N 870 008 0.50 002 13128 L3 ] 170 ooz oos 000 042 [ L] 578 31.48 04 273 0.08
L8101 Asliyog 081218 000 0.00 s on 3,39 277 385 0os 080 o0 104 003 0.80 26.42 037 6.96 022
ADS1-01  Ajsyan OBHZME 000 0.00 184 005 8242 475 320 Dos 052 0.01 1.01 001 052 3192 0.45 00 0.06
506101 Sumsy 081218 820 0.1 0.51 D02 7462 588 136 002 0.08 0.00 000 000 828 000 041 258 0,08
106201 AsLiyog 0BMBMB  0.91 0.01 219 007 18654 1270 538 oo8 0322 .00 210 b0 113 32325 045 08 1o
ADB2.O1  Ajayan  OENIBIE Q.00 0.00 118 004 54.10 492 208 004 08 om 1.19 0.0z 058 2207 o 147 0.os
506201 Sumay OBNBB 1552 022 0.83 00) 32670 2488 203 0.03 0.18 0.00 0.29 000 1570 3137 044 188 0.09
LOS301 Asliyog 070518 075 0.61 089 003 6154 488 1.90 0.0 [ 0.00 147 0.02 083 49.47 [+L::] 527 016
ADG01  Ajeyan 070518 025 0.00 043 0404 48.38 353 1.85 003 005 0.00 0.00 000 0.30 w054 178 0.09
508301 Sumay 070518 1085 015 LT 002 24484 1863 .70 0oz 018 0.00 [Ix ] ooz 1081 3857 055 180 009
LOS4-01 AsLiyog Q7114718 254 0.04 a8 010 179.40 13.65 570 008 018 0.00 041 0ot 2.70 3197 045 453 0.14
ADB4-01  Ajsysn O7/14/18  0.42 0.0t 080 002 70.82 5.37 437 1] oo7 000 0.0y 0.00 049 697 038 325 0.10
506401 Sumay 0714118 14.02 0.20 087 002 31228 07 1.87 0.03 0.15 0.00 221 0.03 1437 3186 045 174 0.08
LOB501 AsLiyog 072818  0.32 0.00 318 0.10 40.52 2,08 5.12 007 0.80 003 181 o mm 760 039 &m 021
ADB5-01  Alayan OTAMME 0.00 ¢.00 .35 0.04 8247 835 29 (17 085 oot 2 0.2 055 333 033 1.38 00
508501 Sumay 072618 1361 0.19 071 002 14532 1.08 1.89 003 0.14 000 o 0.00 1275 397 049 273 0.08
GO085 Geus 0728 761 0.1 0.34 am 10272 782 098 ool 0.08 000 0.18 0.00 7.87 2648 037 189 006
L066-D1 As Liyog 0&/0MIE  0.00 0.00 21 0.07 80.62 8.8 5.80 D08 D8s om 148 ooz 088 3651 sl 235 ao?
ADBG-0! Alsyan OADAIE  0.00 .00 184 0.05 56.70 432 4T 007 0.8y om 150 1] 089 988 042 1.69 a0s
S068-0% Sumay QAOVIE 1488 0.2 0.44 001 27569 2099 139 002 0.18 [«1+4] 143 0.02 1506 5031 00 246 008
G006 Geus D&OMIB  5.00 0.07 021 001 188.82 14.21 0.78 oot 009 000 0390 0.01 5.00 2458 03 226 007
LO67-0t AsLiyog 0B/1G/E  0.00 0.00 188 0.08 10055 7.65 3.58 005 08t oo 148 002 0.61 2853 040 226 ao?
ADBT-01  Ajayan OBMO/MB 000 0.00 180 0.08 75.88 5.77 288 0.04 053 [ 1] 115 0.0 053 2629 a3y 175 aos
5087.01 Sumay OBNOMA  B.58 0.2 0.87 ooz 12228 930 149 002 009 1] 000 0.00 8.65 s 0.44 271 0.08
G007  Geus DBMGNE 183 0.05 032 oot 80.44 8.12 099 001 005 0.00 1.80 002 a7 1742 024 212 a.a?
LDBB01 AslLlyog DE/Z5/18  0.02 0.00 are 0.1t 30.80 234 451 008 0ea a0 1.96 003 050 3360 047 7.02 1 3]
ADBB-01  Ajayan OB/Z51M8 050 0.01 137 004 12100 921 3.90 005 008 0.00 1.23 042 058 3087 04 154 D.09
5088.01 Sumay OR/258MB 8.7 0.09 0.83 0.02 83.37 482 134 082 008 0.00 0BS 001 884 211 a8 2.33 no?
LO6B-01 As Liyog DR/OXI8  0.00 1] 053 0oz 8a.18 &h z48 00 0.00 000 1.85 00 000 2324 033 1.60 D.05
ADBS-01  Ajsysn OWOV1B 000 0.00 147 004 00.44 603 2.99 004 085 0.01 1.30 002 D.65 78 0% 147 0.05
506501 Sumay 09018 838 0.09 072 002 4507 143 170 002 0.08 0.00 0.70 0.0t 645 3154 047 254 008
GO0-89 Geus O09OWIS 523 0.07 0.56 002  208.09 15,83 087 0.01 0.0% 0.00 1.98 0.03 528 213 a4y 159 0.06
07001 As Liyog O9/08M18 0.0 0.00 130 010 .50 am 438 .06 081 004 183 0.0 08 2832 04 691 021
AQTDO1  Ajayan  0RONTE 023 0.00 149 005 8338 650 350 005 oM 000 .50 om 0.57 3859 054 127 0.10
507001 Sumsy O09/ONiE 782 o1 135 o4 BE.33 857 .47 0.02 o.10 0.00 0.4 0m 792 541 Q50 273 008
LOTH01 Asliyeg 0912118  0.82 0.01 089 o002 45.28 LX) 185 0.03 .07 0.00 021 0.00 0.59 3599 050 arn 0.12
AOT101  Ajsyan 091248 0.00 0.00 0.76 0.02 7.8 582 275 0.04 0.30 0.00 070 0. 020 291 o3z 174 o012
S07101 Sumsy OBMMEA  A10 0.08 017 oo 89.51 529 12 0.0z o7 000 .38 0.0 6.17 3293 D.45 218 o.o7
GOO-7Y  Geus 0912t 322 oor 042 001 279.07 2t.23 068 oot 0.05 0.00 1.35 0.02 527 336 6.33 167 005
LO7201 Asliyog 0BMTE 0.00 0.00 216 007 88.40 857 404 0.06 0.64 am 1.51 oo 0.84 4226 0.59 214 ao7
ADT2-01 Alayan  O9/THB  0.00 0.00 102 003 53.56 4.48 214 DG4 0.57 o.01 1.29 0.0z 057 26.44 0.37 12 004
§072.01 Sumay O0OATHE 1238 0.7 120 004 41780 a7 148 0.02 0.4 o.00 208 o3 125t 3935 0% 277 no9
LOT3-01 As Liyog 10832018 .94 0.0t EE~] on 199.81 15.20 510 oot o 000 44 008 125 33.50 0.47 422 213
AO73-01  Ajsyan 10/93720t8  0.13 0.00 163 -1 ] 27.58 210 184 0.03 045 o0 090 0.01 0.58 19.63 027 369 011
50730t Sumay 101M320%8 $8.87 027 128 oo4  29eE 2929 148 0.02 0.13 0.00 .57 0.08 1940 4346 D61 286 0.09
LOT4D1  As Liyog 10232008  0.21 0.00 a8 0.12 8368 485 4.00 0.08 0.75 0.01 251 0.04 0.8 3189 oas 284 012
ADTA0t  Ajayan 107232008 D15 0.0g 175 (1] nM 174 195 [i]x] 044 oo 0.59 oo 05 2238 oa 378 012
507401 Sumay 10232018 1894 0.24 124 004 34 25,69 177 002 0.4 000 123 002 1708 3198 048 274 008
LO7501 Asliyog 11272018 008 0.00 £ 2] 0.12 46.09 3857 8.37 0.0% 0.78 0.01 z.14 0.03 082 46.82 0.65 481 015
AOTSY  Ajsyan  11/2/2018 000 0.00 188 0.08 38.67 2.4 328 005 030 0.01 0B 0.0t 050 M8 034 373 012
SOTS-01  Sumay 1022018 AMD 0.10 053 0.02 5003 s 1M o002 o7 0.00 013 om 886 Ay 043 2.86 a0
G076 Gous  1UXZ0IA 40t 0.08 022 00t 80.60 813 197 002 oo 000 037 o0t 412 2154 030 198 .06
LOTB-01 As Liyog 11/1872018 304 0.04 520 018 2120 18.83 599 poa oel 0.0 415 0.08 aer .99 0.49 508 019
AGTE-D1  Afsyan 111102018 D00 0.00 08t 042 90.30 7.48 1% 0os 025 000 on 0.00 023 27.42 [ik".] 165 atl
507601 Sumsy 11182018 775 0.1 105 003 a2m 4n .85 003 0.07 0.00 ") o T8 523 0.49 28 a10
LOT7-01 As Lyog 121172018 0.53 om 20t 006 17547 1333 258 004 023 0.00 213 o o7 19.32 aa 403 a12
AGTT00  Ajayan 121172018 000 0.00 1n 0405 6478 49 238 [1x] 0.49 o0 0.81 0.01 0.49 .75 030 1.50 a.11
507701 Sumay 12(1/2018  B.B8 0.14 0.85 003 13590 10,34 1.38 ooz o.m 0.00 2% 0.03 9.95 3542 050 308 010
GUO-T7  Geus 121172018 183 0.03 043 0 5278 402 1.2 002 001 000 247 0.m 184 35 040 25 n.a7
LO78-01 As Liyog 123/2018  0.04 0.00 1.30 004 10370 7.89 EX)) 0.03 0.08 0.00 0.87 am 0.13 5% 035 154 012
AOTB01  Ajsyan 1282018 0.00 0.00 1.5 0.08 28 250 2% ooy as0 (L] oet 001 0.50 065 029 5.69 0.18
5078-01 Sumay 12372008 1820 0.27 12 005  456.09 34.70 m 002 0.13 0.00 27 0.04 1932 3442 048 332 0.10
GO0-78  Geus 1282018 8.5 0.09 054 002 38M 4.8 13 002 004 0.00 FR 1] 0., 860 1946 027 207 0.06
LOTO-01  As Liyog 1212372010 0.00 €.00 218 .07 38 5.89 142 005 081 0.01 0.81 0.0 08t 679 014 170 0.11
ADTS-01  Ajsyan 12212018 0.00 0.00 t38 0.04 78.78 84 208 0.03 035 0.00 088 0.m 0238 25.61 036 3156 011
507501 Sumay 122M2018 18.80 026 1.41 on 4332 312 172 002 0.12 0.00 1.5 0, 180 34,34 0.48 163 oo8
G079 Geus  12/232018  8.07 Q.13 0.58 002 337985 25.71 1.23 0.02 0.03 0.00 1.4 0.02 8.10 2500 035 192 0.06

NOj, nitrate; HPO,", orthophoaphate; HSIOY | silica; NH,', st NO;, niliite: Total N, 1otal nitregen; Tolal P, tolal phosphors
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Appendix D. Ammonium concentrations over time at the three sites in the Manell watershed.
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Appendix E. Silica (HSiO,- ) concentrations over time at the three sites in the Manell watershed.
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