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INTRODUCTION

The Commonwealth of the Northern Mariana Islands (CNMI) is a Commonwealth of the
United States comprising all the islands of the Northern Mariana archipelago chain in the
Northwest Pacific, except for the island of Guam. The capital and major population center of
CNMI is the island of Saipan. Saipan, the largest of the Northern Mariana Islands, has a land
area of 122 km2 and is approximately 20 km long and 9 km wide. The island consists of a
volcanic core enveloped by younger coral reef-derived limestone formations. The island has the
most diverse types of coral reefs and associated habitats in the Commonwealth. A fringing and
barrier reef system protects the majority of the beaches along the western and coastal plains. The
western side of the island is the most populated and the coral reefs along these areas are
negatively affected by human activity. Continuing sediment, nutrient, and microbial pollution,
combined with stressors such as temperature-induced bleaching, affect many of Saipan’s western
and southeastern reefs.

Management of environmental and coastal quality in the Commonwealth, including water
quality surveillance and management, comes under the jurisdiction of the CNMI Bureau of
Environmental Coastal Quality (BECQ). BECQ is responsible for monitoring, assessing, and
protecting water quality within the CNMI, as well as managing land, air, water, and coastal
quality. Both Commonwealth and U.S. Federal laws and regulations mandate this responsibility
(Yuknavage, 2018).

As a whole, CNMI’s marine waters meet the high water quality standards designated by
the CNMI BECQ. The majority of CNMI’s marine waters are designated “Class AA” which
reflects the highest water quality. However, there are still a variety of point and non-point
sources of nutrient and microbial contamination that can lead to impaired waters and potentially
affect both public health and ecosystem health, including coral reefs. For known point sources,
only two sewage outfalls (Agingan and Sadog Tasi, Saipan) exist in the CNMI. Both sewage
treatment plants are operated by the Commonwealth Utilities Corporation (CUC) and are
designed to provide secondary treatment for an average daily flow of 3 and 4.8 million gallons
per day, respectively. The Sadog Tasi’s treated effluent is discharged through a marine outfall,
approximately 365 m offshore into the Class A receiving waters off Tanapag Harbor, Saipan
Lagoon at a depth of 15 m. The Agingan plant’s treated effluent is discharged at the surf line
through an intertidal outfall into the Class A receiving waters of Tinian Channel. Reverse
osmosis units and individual wastewater collection treatment facilities used by some hotels and
other tourist-related facilities are also discharged into the lagoon in several locations
(Yuknavage, 2018).

There are also many non-point-source inputs of Land Based Sources of Pollution (LBSP)
to the coastal waters of CNMI. In recent years, many microbiological violations of enterococci
fecal indicating bacteria (FIB) levels occurred in areas with heavy stormwater runoff. Many of
these sites were within the highly developed Garapan district, where drainage issues are in the
process of being addressed. Other frequent violations occur within Saipan’s marinas or in waters
surrounding docks, or at high-density tourist swimming sites such as the “Grotto” (Yuknavage,
2018). Previous studies have shown that high densities of bathers at marine beaches can shed
substantial levels of fecal indicator bacteria such as Enterococci and skin-associated bacteria
such as Staphylococci (Elmir et al, 2009; Plano et al, 2011), as well as pathogens (Gerba, 2000).
In addition there are large numbers of dogs that roam the island, especially in developed areas
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around the central western lagoon shore, which can contribute significant loads of fecal bacteria
to terrestrial runoff as non-point-source discharges. This dog fecal contamination may both
represent a potential public health risk and may also confound water quality assessments based
solely on general FIB measurements as dog feces can contain very high levels of enterococci
(Solo-Gabriele, 2001; Cinquepalmi et al, 2013).

There are 240.5 miles of ocean shoreline in the CNMI, of which 50.5 coastline miles
(21% of CNMI coastline miles) were found to be impaired due to exceedance violations of
Enterococci FIB levels in the year 2018, as reported by BECQ in the 2018 CNMI 305(B) and
303(D) Water Quality Assessment Integrated Report (Yuknavaage, 2018). Of these, 32.7 miles
of enterococci-impaired coastline surround Saipan (Figure 1). As in previous years, the most
common sources of Enterococci contamination were from point sources, such as failing sewer
lines and other municipal wastewater collection, or individual on-site wastewater collection
systems, and non-point sources (NPS). NPSs include: 1) sediment-laden storm water runoff
with naturally occurring Enterococci from urban runoff, secondary coral roads, erosion from
construction sites and new developments, etc.; 2) Illicit wastewater discharges from animal pens
and outhouses; 3) waste from free-range feral and domestic livestock; and 4) in the case of
remote tourist locations, an increase in visitor numbers in conjunction with a lack of available
public restroom facilities at these sites. In Figure 1, note particularly the prevalence of impaired
water listings involving Enterococci FIBs at beach sites along the coastline of the western Saipan
Lagoon region (Yuknavage, 2018).

The BECQ regularly monitor the microbiological water quality of coastal CNMI waters
during their routine Water Quality surveillance program, testing for Enterococci fecal bacteria
with the IDEXX EnteroLert testing system (IDEXX Laboratories) and for Escherichia coli with
the IDEXX ColiLert testing system (IDEXX Laboratories) as per the manufacturer instructions
and EPA guidelines. Enterococci and E. coli enumeration by live culture methods using either
the mEI agar plate test method (EPA method 1600) or the commercial IDEXX Most Probable
Number Chromogenic Substrate Method (EnteroLert and ColiLert) are the only regulatory
promulgated bacterial water quality criteria and methods for environmental recreational waters in
the US. However, the US EPA has provided an alternative molecular method based on
quantitative PCR (qPCR) of ribosomal 16S genes specific in Enterococci spp. (EPA method
1611) that US States and Territories may adapt for use in developing alternative criteria and/or
supplemental testing. However, these current Fecal Indicating Bacteria are general FIBS that
can be found in many animal species or other environmental sources and are not exclusive to the
human gut, thus they are not exclusive indicators of human-source feces that is considered the
high risk for fecal contamination of environmental waters. The qPCR testing of enterococci for
water quality assessment, particularly based on the Entero1A (Haugland et al, 2005; Haugland et
al, 2016) assay, which is now incorporated into the EPA method 1611 (US EPA, 2012), is
gaining more wide spread use, resulting in various commercially-available kits and
instrumentation for conducting such qPCR assessments. However, both the traditional culture
based and the qPCR based tests for general Enterococci do not have a source-tracking capability
and do not discriminate the animal host fecal sources the detected enterococci FIBs may have
come from. Thus, such enterococci monitoring can be useful for identifying “hot spots” and
zones of water quality exceedance, but may be of more limited utility in helping resource
managers understand why there are such exceedances or where the microbial contamination may
be coming from.
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Figure 1: Saipan Coastal Consolidated Assessment and Listing Methodology (CALM) Categories and the
causes of impairment. Note especially the coastline areas considered impaired for Enterococci exceedance.
Source: Yuknavage et al. (2018), “2018 CNMI 305(B) and 303(D) Water Quality Assessment Integrated Report” by
CNMI BECQ.
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Many strains and species of gut microbial flora have co-evolved with their animal hosts
and contain unique gene sequences that can be diagnostic for particular FIBs indicating fecal
contamination specific to particular host animals (such as humans, dogs, birds, pigs, cows, etc.).
Therefore, being able to enumerate the relative abundance of such host-specific fecal indicating
bacteria can be a useful tool for resource managers to help investigate “hot spots” of microbial
contamination and potentially provide better insight into the possible sources and patterns of
transport for LBSP that might be contributing to the microbial contamination affecting impaired
waters. Patterns of excessive human-source fecal indicators can suggest infrastructure problems,
sanitary leakage, etc., while targets such as canine-source FIB markers may indicate increase
contamination inputs from surface runoff sources, and of course various agricultural FIB markers
can draw attention to closer inspection of possible livestock fecal inputs, while excessive bird
marker may indicate background inputs from wildlife populations. Such Microbial Source
Tracking (MST) can add another set of tools to the resource management toolbox which, in
combination with other methods, may help better direct investigation and mitigation efforts.
Microbial Source Tracking, or MST, is a DNA-based technology that enables the water-quality
management community to determine whether humans or other animal species are responsible
for microbial fecal contamination in an aquatic environment. Beach water-quality managers use
microbial source tracking – also known as microbial source identification – to gain insights into
the degree of health risk posed by fecal contamination at a given site; human fecal matter is far
more likely to be infectious to humans than the feces of seagulls, livestock and most other
animals.

A variety of methods for molecular Microbial Source Tracking of fecal indicator bacteria
have been developed, tested, and deployed, and applications for MST in water quality
management are becoming increasingly common. Note that MST methods are not yet
promulgated for regulatory criteria and there are currently no abundance threshold exposure
limits promulgated for regulatory purposes for any host-specific MST genetic markers. Rather,
MST assessment of the relative abundance of host-specific fecal bacterial genetic markers are
currently utilized more commonly in conjunction with the regulatory general FIB assessments
for enterococci as a troubleshooting approach to investigate chronic microbial water quality
problems. This type of study can be highly effective when integrated into a multi-tool, multi-
tiered approach for water quality assessment, as described in the “The California Microbial
Source Identification Manual: A Tiered Approach to Identifying Fecal Pollution Sources to
Beaches” (Griffith et al, 2013) by the Southern California Coastal Water Research Project
(SCCWRP). This manual describes how a multi-tiered integrated microbial source tracking
study can be organized and also provides specific molecular protocols that have been validated
by multi-lab performance testing for conducting qPCR MST assays to detect a variety of host-
source specific fecal indicating bacteria genetic markers.

The Molecular and Environmental Microbiology Program at the NOAA Atlantic
Oceanographic and Meteorological Laboratory (AOML) is part of the national laboratory system
of the National Oceanic and Atmospheric Administration (NOAA) Office of Oceanic and
Atmospheric Research (OAR). NOAA AOML is one of the recognized leading national labs
that is developing, deploying, and conducting technology transfer training of qPCR-based MST
methods. AOML works closely with partner labs in federal agencies (especially the EPA), State
/Territorial agencies, local county/city agencies, and in academia to develop, test, and teach
others such MST technology. AOML has been a participant lab in the multi-laboratory
validation testing of MST assays with both the US EPA and with SCCWRP. AOML conducts a
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robust Technology Transition program in MST methods, and has helped to set up and train
molecular microbial source tracking facilities at other agencies, including the Florida Department
of Environmental Protection, the Broward County Environmental Monitoring Laboratory, and
now with the CNMI Bureau of Environmental and Coastal Quality.

In September of 2017, in March of 2018, and again in July/August of 2018, NOAA
AOML personnel traveled to Saipan to modify and adapt the Pall GeneDisc qPCR system that
was already at BECQ to be able to run MST assays, and to train BECQ lab personnel on select
MST methods from the SCCWRP California Source Identification Manual for human-source
Bacteroides (HF183 assay and the EPA Hum-M2 assay), dog-source Bacteroides (DogBact
assay), cow-source Bacteroides (Cow-M2 assay), pig-source Bacteroides (Pig2Bact assay), and
seagull/seabird-source Catellicoccus marimammalium (Gull2 assay). This MST Technology
Transition to CNMI BECQ was part of the NOAA Coral Reef Conservation Program, CRCP
Project 31184. The transitioned MST technology was then used by BECQ to conduct an MST
study of host-specific fecal indicating bacteria associated with LBSP in Saipan coastal waters
during the wet and dry season of 2018, with personnel from both NOAA AOML and American
University in Washington DC participating in the study. Travel and sample analysis for the
LBSP MST study in Saipan was funded by both NOAA project CRCP 31184 and by the NOAA
AOML ‘Omics Initiative.

MST Study of LBSP Host-Specific Fecal Indicators in Saipan Coastal Waters

Field Program Overview and Sampling

The field program for this study was conducted from March 12-19 2018 and from July 31 to
August 8 2018. There were also a few preliminary samples collected on September 13 2017, but
these were primarily samples for demonstration and were used to teach MST methods to BECQ
personnel during the first CRCP project 31184 Technology Transition Workshop for MST in
Saipan in September of 2017. All of the samples collected, along with results of the MST
analysis are shown in the final MST data table in Appendix 1. Locations of the sample sites are
show in Figures 2A-2C, with the GPS coordinates of the sample sites listed in Table 1A and
Table 1B. The field program sampling consisted of two parts: (1) regular BECQ water quality
surveillance samples collected as part of the on-going water quality monitoring program – these
samples include the term “BECQ” in the sample name; and (2) special sampling conducted by
team of Dr. Kiho Kim from American University for nitrogen isotope source tracking and radon
measurements – the additional samples they collected for us to analyze by MST include the term
“KK” in the sample name. On the map in Figure 2, site numbers starting with “NEB” (for north
east beach), “SEB” (for south east beach), or “WB” (for west beach) are part of the regular
BECQ water surveillance program sites and correspond to their regular BECQ site names. Sites
with numbers starting with “S” (for shore), “R” (for reef), or “LL” (for Lao Lao Bay) were
collected by American University as part of the “KK” samples. Ground water and sediment
samples correspond to the same location as the same numbered shore site (for example, S18,
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GW-S18, and sedGW-S18 are shore water, ground water, and beach sediment samples
respectively taken at the same S18 shore site).

Figure 2A: Location of all sample sites used for MST analyses. “NEB”, “SEB” & “WB” were collected by
BECQ, “S”, “R”, & “LL” were collected by American University.
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FIGURE 2B: Location of sample sites collected by BECQ used for MST analyses.
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FIGURE 2C: Location of sample sites collected by American University used for MST analyses.
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Table 1A: GPS Coordinates for Saipan MST study sample sites collected by American University
Personnel during their Nitrogen Isotope source tracking study. Site labels correspond to the AU
study site IDs.
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Table 1B: GPS Coordinates for Saipan MST study sample sites collected by BECQ personnel

from their regular CNMI BECQ Water Quality Surveillance Program sample sites. Site labels

correspond to the regular BECQ WQS site IDs.

METHODS

Sample Collection, Filtration, and Preservation:

Water samples intended specifically for molecular MST analysis were collected in sterile

1.5 L Whirlpak bags (Nasco), then held on ice and transported back to the BECQ laboratory and

filtered within 6 hours of initial sample collection. At the BECQ laboratory in Saipan, 1 L

aliquots of sample were filtered through sterile 0.45 micron, 47mm diameter cellulose ester

filters (Pall GN6, Pall Corporation) using disposable sterile filter funnels (Pall Microfunnel, Pall

Corporation). In some cases a smaller volume was filtered for samples where the water was too

turbid to allow filtration of 1 L. In all cases, the actual volume filtered was recorded and used in

subsequent calculations for MST target copy number. For the training demonstration samples

used in September of 2017 and for the groundwater samples used in August of 2019, water

sample were filtered through the sterile 0.4 micron, 47mm diameter polycarbonate filters that

come as part of the Pall disposable Microfunnels (Pall Corporation). Sample filters were rolled
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FIGURE 3: Dean Palacois of BECQ (foreground) and Dr. Maribeth Gidley of UM-CIMAS (Background) in

the BECQ lab at Saipan preparing environmental DNA extracts for MST analyses in March 2018

used flame-sterilized forceps and aseptically transferred to “Lysing Matrix E” bead beat tubes

(from the FastDNA Spin Kit for Soil, MPBiomedicals). Filters in these tubes were then

preserved by adding approximately 2 mL of the DNAgard-Tissue preservative solution and

stored frozen until later DNA extraction and purification. The exception to this were the original

training demonstration sample filters from September 2017, where the polycarbonate filters were

placed in empty sterile 2mL tubes and stored frozen until extraction, without the use of any

addition DNA preservative solution.

Most of the DNA sample filters were extracted and purified at the BECQ laboratory in

Saipan, however the samples collected on March 19, 2018 and on August 7-8, 2019 were

preserved in DNAgard and transported back to the NOAA-AOML laboratory in Miami, where

they were extracted and purified. The same DNA purification method was use both in the

Saipan BECQ lab and in the Miami NOAA-AOML lab for all samples from the 2018 sampling

events. Note that the samples taken to Miami spent approximately 3 days at room temperature

during transport in carry-on baggage via commercial airline, but the DNAgard-Tissue

preservative solution (Biomatrica) stabilizes the DNA during room-temperature storage, and this

time-frame is well within the effective room-temperature storage-life for DNAgard-preserved

samples (Biomatrica). Upon arrival at the Miami NOAA-AOML lab, the sample filters were

then frozen until subsequent DNA extraction and purification.

In the case of the 5 beach sediment samples collected during the American University

groundwater sampling during the last day of the project, 1 gram samples of sand were placed
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into 2mL sterile screw-cap centrifuge tubes and preserved by the addition of approximately

1.5mL of DNAgard-Tissue DNA preservative solution (Biomatrica). These preserved sediment

tubes were then transported back to the NOAA-AOML laboratory and stored frozen at -80°C,

where they currently remain stored. As of the time of this writing, these 5 sediment samples

have not yet been extracted, purified, or analyzed and remain archived in cryo-storage pending

later extraction and analyses.

Live Enterococci FIB Enumeration via the Commercial IDEXX EnteroLert Method:

Live Enterococci were measured using the standard EPA-approved regulatory method of

the IDEXX EnteroLert™ Chromogenic Substrate method, following EPA guidelines, established

BECQ protocols, and manufacturer instructions. All samples analyzed by IDEXX EnteroLert

were done at the BECQ laboratory in Saipan. All samples collected by BECQ personnel and

most of the samples collected by American University personnel were done by BECQ personnel

using BECQ supplies and BECQ IDEXX equipment. IDEXX EnteroLert analysis of some

samples collected by American University personnel were done by American University

personnel while at the BECQ laboratory using their own EnteroLert consumable supplies but

with the BECQ IDEXX equipment. Not all of the data set from the IDEXX EnteroLert analysis

has been communicated with AOML as of the time of this writing, so a more complete set of

EnteroLert data may be available by contacting the BECQ laboratory directly. The viable

Enterococci abundance in MPN/100mL as estimated by IDEXX EnteroLert test is shown in the

study data table of Appendix 1. The label “?” indicates a sample for which EnteroLert was

either not done or the EnteroLert data for that sample was not provided to AOML as of the time

of this writing.

Extraction and Purification of Total Microbial Community Genomic DNA from Samples:

For the twelve MST Workshop training demonstration samples that were collected in

September of 2017 on 0.4 um polycarbonate filters, extraction and purification of total genomic

DNA was conducted by the protocol of the GeneDisc Ultra-Purifier Extraction System (Pall

Corporation) as per manufacturer instructions for GeneDisc Recreation Water E. coli and

Enterococcus spp. assay kit (Pall, Corporation). This was conducted on the Pall Extractor System

equipment in the BECQ lab (shown in the background of Figure 4) using the Extraction Pack

Environment 1 Kit (Pall Corporation). In brief, the sample filter was aseptically transferred to a

lysis tube from the extraction kit, using flame-sterilized forceps, then sonicated in kit lysis

buffer, heated at 110°C for 20min. The lysate was then filtered under vacuum onto a silica

DNA-binding column from the kit in the Pall Ultra-Purifier instrument to bind the DNA and then

washed twice with the kit washing buffers #1 and #2 under vacuum. The column was dried and

then the bound purified DNA was eluted from the silica binding column with a total of 200uL of
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pre-heated elution buffer from the kit. The eluted DNA was collected under vacuum into the

final DNA recovery tubes from the kit, and the purified genomic environmental DNA extract

was stored frozen at -20°C until analysis.

For all of the regular Saipan

LBSP MST Study samples from

March and September 2018 collected

and stored on 0.45 um cellulose ester

filters, the extraction and purification

of total genomic DNA was

conducted by the protocol of the

FastDNA Spin Kit for Soil

(MPBiomedicals, Thermo-Fisher)

according to manufacturer

instructions with minor

modifications as follows. Filters

were stored until processing in

“Lysing Matrix E” bead tubes from

the kit (MPBiomedicals) filled with DNAgard-Tissue preservative solution (Biomatrica) as

described above. In the case of frozen filters, the samples preserved in the bead-beat tubes were

completely thawed first. Tubes were centrifuged down for 5 minutes as 12,000xg, and the

majority of the DNAgard preservative solution was gently pipetted off and discarded without

disturbing the filter, beads, or cell pellet. The rest of the extraction processing was as per the kit

instructions. In brief, 978uL of the kit sodium phosphate buffer and 122uL of the kit MT lysis

buffer were added to the bead-beat tubes with the filter, and the cell samples on the filter were

then lysed and homogenized by vigorous bead-beating using the hand-held beat-beating

homogenizer instrument “Super FastPrep-2” (MPBiomedicals) as per manufacturer instructions

at a speed setting of 20 for a duration of 5 seconds. This gives equivalent bead-beating

homogenization as to that achieved using a standard benchtop bead-beating instrument such as a

“FastPrep-24” (MPBiomedicals) using an impact speed setting of 6 m/s for 60 seconds (however

the hand-held Super FastPrep-2 can only process two tubes at a time). After that, the DNA from

the supernatant is bound to the kit’s Binding Matrix column, washed twice with the kit’s wash

buffer, and then finally eluted with heated elution buffer from the kit. Binding columns were

eluted with a total of 80uL of elution buffer into kit recovery tubes, then the eluted DNA was

stabilized for room temperature storage by the addition of 20uL of DNA-Stable-Plus preservative

solution (Biomatrica), giving a final extracted elution volume of 100uL. These elutions were

subdivided into replicate aliquots, so that part of the DNA samples remained stored at the BECQ

lab in Saipan and replicate aliquots of the DNA samples were transported back to the NOAA-

AOML lab in Miami. Samples were kept stored frozen until analysis, except for the brief period

of time of a few days when samples were being transported at room temperature from Saipan

Figure 4: Dean Palcois of BECQ setting up molecular MST

reactions. The Pall GeneDisc DNA Extractor system at the

BECQ lab can be seen in the background.
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back to the NOAA-AOML lab in Miami (with the room-temperature protection of the DNA-

Stable-Plus) preservative.

Modification of MST qPCR assays to run on the Pall GeneDisc qPCR Thermocycler

Instrument:

To date the established molecular MST protocols as described in the SCCWRP

Microbial Source Identification Manual (Griffith et al, 2013), have been deployed using typical

research-grade quantitative real-time PCR thermocylers that are highly customizable, and a

variety of such platforms have been tested and validated in a number of multi-lab trials. Current

MST methodology and protocols require substantial laboratory facilities and resources and

personnel who are highly trained in the methodology and protocols, and utilizes extensive

pipetting and reagent preparation, and molecular reaction setup. It is not a simple nor user-

friendly process, and requires high precision in the setup and handling of the reagents and

reference standards needed to properly conduct the assays, along with a variety of both positive

and negative controls, and appropriate scientific interpretation of both the sample and control

results.

Conversely, the Pall GeneDisc qPCR Rapid

Microbiology System thermocycler (Figure 5, Pall

Corporation) is specifically designed to be very simple

and user-friendly but by its nature this cycler is not

typically customizable. This is a commercial

applications thermocycler rather than the more versatile

but complicated research-grade thermocyclers, and the

GeneDisc thermocycler is an automated system designed

to run pre-prepared GeneDisc plate kits with all reagents,

primers, probes, and other assay components already

loaded and preserved in the plate wells, so the end-user

only has to add their DNA samples to the plate and scan the barcodes, and the GeneDisc system

does everything else in an automated fashion, controlling the qPCR reactions, measuring the

target abundances, and calculating and interpreting the results automatically for the end-user.

This system has primarily been developed for quality control in the commercial food and

beverage industry, and requires minimal laboratory facilities and minimal personnel training.

While most of the developed commercial assays for this system are for typical food/beverage

contaminants and pathogens, the company does also have a commercial recreational water

quality plate available that measures Enterococci and E. coli, based on the standard general

qPCR assays available in the public domain that have been developed by the US EPA (i.e. the

same enterococci 16S ribosomal gene target utilized in EPA Method 1611). However, due to the

nature of the instrument, the end-user is typically prevented from running any customized assay

or thermocycling protocols, and the GeneDisc system at the time of this BECQ MST study in

Figure 5: The Pall GeneDisc Rapid

Microbiology System Thermocycler
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Saipan did not have any commercially available MST assays that could run on a GeneDisc

format.

The CNMI BECQ environmental quality laboratory in Saipan had acquired one of these

Pall GeneDisc systems (along with an associated Pall GeneDisc DNA Extractor system) about a

year prior to the start of the LBSP MST study reported here. The BECQ laboratory had used this

Pall GeneDisc system along with the commercial PALL GeneDisc recreational water quality

assay kit to test for both Enterococci and E.coli as proxy markers for contamination in Saipan

coastal waters. However, as described above, their GeneDisc system had no capability of

conducting actual source tracking for samples found to contain excess fecal indicators, or for

identifying host-specific fecal contaminants, due to the constraints of their commercial qPCR

thermocycler system and their lack of training in state-of-the-art MST methodologies.

The primary goal of the NOAA Coral Reef Conservation Program Project # 31184 (with

Principal Investigator Christopher Sinigalliano) was to conduct a technology transition of this

MST technology to the CNMI BECQ laboratory in Saipan by helping them to adapt their

available Pall GeneDisc instrument to be able to conduct custom MST qPCR thermocycling and

to train members of their BECQ laboratory personnel in how to properly perform such molecular

microbial source tracking analysis with their own equipment in-house at the BECQ

environmental laboratory facility in Saipan. The goal of the subsequent NOAA-AOML ‘Omics

Initiative project was to help support the BECQ in the implementation of this new MST

analytical capability to conduct an MST study of LBSP patterns of host-specific fecal indicating

bacterial in Saipan coastal waters, especially Saipan Lagoon, to help aid local BECQ

management efforts in coral reef protection and management. The results of that MST LBSP

study are reported here. NOAA-AOML formed a collaborative research partnership with CNMI

BECQ and with the Pall Corporation GeneDisc Division for research and development to adapt

the GeneDisc instrument at the BECQ laboratory for conducting such MST assays. Pall

GeneDisc developed and made available special “open” or “blank” GeneDisc plates that did not

have pre-prepared reagents load in them, and modified the instrument software to allow AOML

and BECQ personnel to bypass the typical commercial end-user restrictions and be able to

custom program the cycler to run the specific conditions necessary to perform the MST assays as

per the SCCWRP California Microbial Source Identification Manual protocols (as appropriately

modified by AOML to run on the format and size of the GeneDisc plate wells). A new set of

BECQ MST protocols was established (based on the SCCWRP protocols) specifically for

running the following MST assays on the BECQ GeneDisc instrument in Saipan: (1) Human-

source Bacteroides assay “HF183”; (2) Human-source Bacteroides assay “HumM2”; (3) Dog-

source Bacteroides assay “DogBact”; (4) Cow-source Bacteroides assay “CowM2”; (5) Pig-

source Bacteroides assay “Pig2Bact”; and (6) the “Gull2” assay specific for Catellicoccus

marimammalium fecal bacteria found in the gut of most seagulls, as well as potentially other

birds (especially seabirds) that may co-habit, scavenge, or nest with seagulls (depending on

geographic location this may include species of terns, pelicans, geese, and very often pigeons).
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RESULTS

The detailed results of all Microbial Source Tracking assessments for this study are

shown in the final project data table in Appendix 1, and summarized in Figures 7-10. The

results of the associated Nitrogen Istope source tracking and groundwater Radon study by the

American University research group have been reported elsewhere (see Kim et al, 2019, Final

Report to NOAA CRCP). Our MST study with the CNMI BECQ in Saipan found that both

human and dog fecal bacterial genetic markers were relatively widespread, while seagull/seabird

marker appeared to be somewhat more localized. Both agricultural markers for cow and pig

fecal bacteria were much lower than had been anticipated and were only rarely seen during this

study, and never above background DNQ (detected by not quantified) levels. The reason for the

lower than expected detection of these agricultural markers is not clear, and further detection

sensitivity testing of the cow and pig markers for local Saipan livestock populations may be

warranted. For cows in particular, the US EPA has determined that detection of the cow-specific

Bacteroidales marker “CowM2” may vary somewhat by region depending on the diet and age of

the cattle (young calves may not

have developed the target

populations in the ruman yet).

59 samples out of 182 total

samples (32.4%) demonstrated

levels of human-source fecal

Bacteroides marker at over 100

target sequence copies per 100mL.

Of these, 11 samples out of 182

(6.0%) were over 1000 tsc/100mL

for the human fecal Bacteroides

marker (Figure 7). While there are

no regulatory thresholds or

exposure guidelines for these

human FIB markers, we suggest

here that such levels over 1000

target sequence copies per 100mL

might reflect potential public

health risk from exposure. In

addition, a recent study on

Quantitative Microbial Risk Assessment (QMRA) was conducted for human fecal contamination

of various ages in environmental waters as measured by the human fecal Bacteroides marker

HF183 (Boehm et al., 2018). This study relates that swimmer exposure to sewage after it has

aged 3 days results in median risks less than 30/1000 illnesses. They suggest a water quality

threshold of the HF183 human Bacteroides marker of 1000 copies per 100 mL for exposure to a

Figure 7: Boxplots summarizing the overall results of MST
analysis for host-source fecal indicator bacteria 16S ribosomal
gene marker abundance in Saipan coastal water for all water
samples collected during the study for MST from September
2017 through August 2018. Black horizontal bars indicate the
median, and red horizontal bars indicate the mean.



Final Data Report to BECQ – MST of LBSP FIBs in Saipan Sinigalliano

20

fresh known sewage source of an age of 3 days or less. However, this study recommends that

exposure to sewage contamination that is greater than 3 days age or of uncertain age should

utilize a risk-based water quality threshold for the HF183 human Bacteroides gene marker in

surface waters that takes into account uncertainty in contamination age – the authors’ QMRA-

derived exposure threshod for human fecal contamination of uncertain age was determined to be

4100 copies per 100 mL of HF183 marker in surface water.

In our study of Saipan waters, 3 samples showed human FIB marker at over 10,000 copies per
100mL, which may reflect a serious exposure risk to public health and might be suggestive of
significant leakage of sanitary infrastructure at those sites on those sample dates. It should be
noted that all of these extreme exceedances of the HF183 marker at over 10,000 tsc/100mL were
all relatively close to each other (the American University KK sites S20 and S18), they occurred
within a few days of each other in the region of the western central Saipan Lagoon shoreline.
Two of these extreme exceedance samples were actually groundwater samples from the same
site S18 collected on August 3rd and August 7th respectively of 2018. The third extreme level of
human FIB marker was observed for the shoreline sample of American University KK site S20
collected on August 2nd 2018 (Figure 8, Figure 9).

BA

CFigure 8 (A-C): Boxplots summarizing the overall
analysis by sampling event for host-source FIB
genetic marker in Saipan coastal water, representing
all sample sites for both BECQ and American
University samples collected for MST. Panel(A) =
September 2017, Panel (B) = March 2018, and Panel
(C) = July/August of 2018. Black horizontal bars in
the boxplots indicate the sample median, while the
red horizontal bars indicate the sample mean.
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It should be noted that the associated study of nitrogen isotope source tracking by Dr.
Kiho Kim’s group from American University found that the majority of Saipan shoreline surface
water sites had δ15N values greater than 3‰, suggesting the availability of sewage-derived N in
the nearshore waters. Indeed, three clusters of sites along the western coast — around sites 8, 18
and 26 — had δ15N values greater than 10‰, strongly suggesting that sewage derived N was the
dominant source of N in the environment (Kim, 2019). In contrast, algae collected along the
reefline had comparatively lower δ15N values, indicating limited availability of sewage-derived
N offshore. The availability of sewage-derived N was higher during March than in August (Kim,
2019). Radon measurements highlighted the spatially and temporally variability in the input of
groundwater into the lagoon. As expected, groundwater inputs were higher during August (i.e.,
rainy season) and were the most pronounced near site 18. When surface and ground water were
analyzed for nutrients, groundwater nitrate concentrations were nearly an order of magnitude
higher than those in surface water, indicating that groundwater flow is an important pathway of
nitrogen pollution (Kim, 2019).

The observations by the
American University group for
sewage-derived nitrogen, Radon
patterns in surface and
groundwater, and nutrients were
complementary and consistent with
our own microbiological source
tracking observations regarding
likely sources of sewage inputs to
Saipan coastal waters. The whole
region of the west central Saipan
Lagoon shoreline appeared to be a
relative “hot spot” for human FIB
marker during the August 2018
sampling event. It was also a
region of elevated human FIB
maker during the earlier March
2018 sample event, but not to the
same extreme degree as seen in the
August 2018 samples. In general the
region of the Saipan Lagoon from
sample site S17 through S22 appears
to be chronically elevated in human
FIB marker over 100 tsc/100mL level
for all the sample times observed
(Figure 9). This likely represents a
combination of non-point-source runoff and of groundwater discharge that has been
contaminated by contact with human fecal material, perhaps indicating sanitary infrastructure
problems (especially in the case of the groundwater contamination).

Figure 9: Boxplots summarizing the MST analysis for host-
source FIB marker abundance for all of the water samples
collected from the central shoreline of Saipan Lagoon where the
highest human FIB marker exceedances were observed. The
three highest outliers shown for the human marker boxplot
represent groundwater samples taken from sites S18 and S19
(see Appendix 1 for specific values). Black horizontal bars
indicate the median, and red horizontal bars indicate the mean.
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Another area of chronic but highly variable elevation for human FIB marker was the

“Grotto” site NEB01. Out of 6 samples collected from the Grotto during the three sampling

events in Sept 2017, March 2018, and August 2018, 4 samples were over 100 tsc/100uL for

human FIB marker, and 2 samples were over 1000 tsc/100mL (Figure 10). The highest levels

were observed for samples collect on 3-16-2018 (at 3,003 tsc/100mL) and for samples collected

on 9-13-2017. It is likely this highly variable but chronic appearance of human-source FIB

marker may be due to direct

shedding from high densities of

recreational bathers and divers at

this site. The Grotto is an extremely

popular tourist destination, with a

difficult and step stone stairway to

the waters and the bottom of the

Grotto and the only restroom

facilities are at the top of the vehicle

parking area of the Grotto, a

difficult climb that many visiting

swimmers may not be willing to

make just for a use of a restroom

facility. The random but high

densities of visiting swimmers at

this site most probably contributed to

the pattern of FIBs that have been

observed here. In addition, the high

density crowds at the Grotto have

been observed to potentially represent other health and safety risks, particularly during the ascent

and descent of large crowds along the steep stairway leading from the parking area to the waters

of the Grotto. More robust crowd control and/or limiting the bather density at any one time at

the Grotto and/or allowing periods of low or closed activity at the Grotto to permit natural

flushing of local waters might serve to improve both general safety and water quality of this

popular and unique Saipan attraction.

A number of other coastal shore sites have also shown relatively high levels of human

Bacteroides FIB marker at various times during the study (see MST data table in Appendix 1),

but there appear to be few consistent long-term patterns, other than chronic high levels along the

shore of the central Saipan Lagoon. The area around the Garapan fishing dock seems chronically

elevated, as does the drainage area of the Dai Ichi Hotel. However, a chronic enterococci hot

spot at the American Memorial Park drainage does not appear to also be chronically elevated for

human marker, even though it was frequently and significantly elevated for seagull/seabird

marker. Other sites appear more temporally variable, for example the area around the Jeffery’s

Beach was very low for human FIB marker in March and August of 2018 even though there

Figure 10: Boxplots summarizing the overall results from the
Grotto for all sampling dates. Only human and bird markers were
at significant levels. Black horizontal bars indicate the median,
and red horizontal bars indicate the mean.
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were high levels of Enterococci, but there was elevated human FIB marker at Jeffery’s Beach

during the September 2017 sampling event. However, there were also frequently seabird FIB

markers at Jeffery’s Beach and it is likely that at least some of the observed Enterococci

exceedances at this site may be due to bird fecal contamination.

Unsurprisingly, little human marker or agricultural marker was observed around Bird

Island, and the predominant FIB marker was indeed for seagull/seabird.

Dog fecal bacterial marker appeared to be relatively wide-spread about the island, and

many sample sites had significantly elevations of dog FIB marker, including sites like the

Tanapag Meeting Hall area, the Hafa Adai and Dai Ichi hotels, the Central Repair Shop area, the

Garapan Fishing Dock area, and in general throughout the western central region of the Saipan

Lagoon shoreline.

Again no significant cow or pig associated FIB marker was observed anywhere during

these studies, even though some roaming cattle were observed.

Regarding the offshore reef sites, significant levels of human-associate FIB genetic

markers at levels over 100 tsc/100mL were found at 3 reef sites in March of 2018: at sites R06,

R07, and R09, while in August of 2018 human FIB marker at levels over 100 tsc/100mL were

found at reef sites R06 and R07. This indicates that LBSP derived microbial contaminants are

indeed reaching the reef tract and that corals of this area of Saipan Lagoon are being exposed to

these contaminants and therefore potentially exposed to pathogens and other contaminants that

might be associated with this LBSP pollutant transport. Coral tissues were not tested during this

particular study so it is not clear at this time if these microbial contaminants are being taken up

into or influencing the coral holobionts at these reefs, but such impacts of LBSP microbial

contaminants on coral microbiota have been documented at other coral reefs such as in southeast

Florida (Staley et al, 2017). A follow up-study to actually test coral tissue along the reef tract for

presence of fecal indicator markers would be useful to further define the reef exposures. From

the pattern of results from this Saipan MST source tracking study, it would appear the most

likely source of the exposure and impact to these reef sites is the western central Saipan Lagoon

shoreline area, particularly in the region from roughly site S17 through S22 (i.e. roughly from the

area of the Garapan Fishing Dock through to Susupe). Of particular note is the level of human-

associated FIB genetic marker from area around sites S18 and S19 (particularly in groundwater)

observed in August of 2018 that were orders of magnitude higher than had been observed earlier

in the year during the March 2018 sampling event. These observations represented the highest

levels of human fecal microbial contamination of the entire study. Due to the limited timeframe

of the sampling, it is unclear if these extremely high levels were an isolated incident or reflective

of broader chronic problems in this area, although elevated levels of human marker were

observed in the region at all sampling time points. We suggest that this area warrants further

investigation. It would be wise to conduct a more careful examination of the watershed for this

region, particularly with an eye for improperly functioning or illicit sanitary infrastructure that
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might be impacting ground water and shore water quality in this vicinity which in turn appears to

represent a significant exposure source of microbial contaminants to the reefs of Saipan Lagoon.

CONCLUSIONS

 Both Human and Dog fecal bacterial indicators were found widespread throughout the

coastal waters of Saipan, and both appear most frequently elevated in the western central

shoreline region of Saipan Lagoon.

 Observations of elevated Human FIB marker are likely reflective of inputs from inadequate

or improperly functioning sanitary infrastructure. This is especially likely in the area of the

western coastline of the Saipan Lagoon. The results warrant further study of the temporal

and spatial variability of human marker in groundwater, stormwater runoff, and surface

waters, as well as an aggressive assessment of the current condition of sanitary infrastructure

in the region.

 Some cases of isolated high temporal variability in human FIB marker (especially in remote

but popular swim areas) may also reflect some degree of bather/swimmer shedding. Bather

impacts may be a possible explanation for some chronic but highly variable FIB areas such

as the Grotto, Jeffrey’s Beach, Hidden Beach, etc. The Grotto especially is a high density

bathing area with significant and frequent detection of human marker. While the Grotto

clearly receives multiple inputs, the human input represents a substantial high-risk

component of this. Further observations of the temporal variability of human marker in

association with observations of human bather density at the Grotto are clearly warranted.

 Groundwater discharges into the western central region of Saipan Lagoon appear to have

high levels of human fecal bacterial indicators, including some extremely high levels in the

area ranging from sites S18 through S20. It is necessary to determine if these observations

were isolated incidents during the period of this study or if they are representative of a larger

chronic problem, thus a follow-up study of potential groundwater contamination is highly

encouraged.

 Dog FIB levels were high at several regions around the island, especially around the Garapan

area, the Tanapag area, and throughout the western central shoreline of the Saipan Lagoon.

A better understanding of the temporal and spatial contributions of dog fecal contribution to

regional water quality is needed, thus a follow-up study of this topic is highly encouraged.

 Birds would appear to be significant contributors of FIB to areas such as the American

Memorial Park drainage, the Lau Lau Bay area, the Grotto area, Jeffry’s Beach, Old Man by
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the Sea, and of course Bird Island. Such bird fecal contamination is probably not

manageable in a practical sense except in certain high-effort and expensive circumstances.

However, the potential of bird fecal contributions and their relatively lower-risk should be

considered when assessing observed exceedances of general fecal indicators such as

Enterococci or E. coli, especially as bird fecal contributions may serve to confound general

water quality assessments. If significant bird contribution is determined to be a primary

contributing factor in recreational water sites of chronic exceedance without any other high-

risk fecal input sources, then alternative site-specific water quality criteria may need to be

considered. In this case, a combination of methods, including MST, would need to be

deployed to prove that any such alternative criteria promulgated by the BECQ are equally

protective of the public and environmental health.

 The greatest chronic export of high levels of fecal indicating bacteria, and particularly high-

risk human-source fecal indicating bacteria, appears to be coming from the shoreline runoff

discharge and the groundwater discharge of the western central Saipan Lagoon region

stretching from roughly the Garapan Fishing Dock to Susupe, with the worst of the discharge

from areas near sites S18 through S20. This is likely the LBSP microbial contaminant source

causing the greatest risk exposure of pathogens to the coral reefs of Saipan Lagoon (at least

during the time of this study) Reef waters offshore of this area showed the greatest

abundance of LBSP microbial contaminants at the reef, particularly human FIB marker.

 This study demonstrates that MST can be an effective tool for helping to inform and enhance

natural resource management for Saipan coastal waters by the BECQ. Maintaining and

utilizing MST analytical capability may continue to help guide and inform management

moving forward.

 We recommend follow-up source tracking studies to supplement the BECQ water quality

surveillance program, including further investigation of groundwater, and we also suggest a

further potential study examining actual coral tissue for evidence of LBSP microbial

contaminant exposure to the coral reef holobiont communities.

Action Recommendations to BECQ:

 Further investigation of sanitary infrastructure and potential leakages especially in the region

of the west central Saipan Lagoon shoreline area. Aggressively pursue the detection and

repair of sanitary infrastructure in the region.
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 Further investigation of potential groundwater contamination, particularly in the region of the

west central Saipan Lagoon shoreline area. Groundwater testing during the current study was

extremely limited and a larger and more systematic assessment of groundwater quality is

essential.

 Further investigation of potential contamination of stormwater runoff, especially in the

Tanapag region, Garapan district region (including American Memorial Park), and

particularly the Susupe region, and the west central Saipan Lagoon shoreline region in

general.

 Implementation of more robust control measures for dealing with animal waste, particularly

dog fecal contamination, and especially along the western coast of Saipan Lagoon. A large

number of dog fecal marker hotspots suggest that dog fecal influence is widespread. Among

other things, consider mandating dog fecal cleanup policies, and provide resources to make

such dog fecal cleanup in public spaces easy and cost-effective. We are not saying that dogs

should be banned from beaches or recreational water spaces, however there are many good

examples of effective dog-beach management practices. Still, it should be recognized that

effective management of such animal waste needs to extend beyond just the beaches and be

implemented throughout the watershed.

 Implementation of more robust bather crowd control measures at high density bathing

beaches and recreational water areas, especially at the Grotto, along with more accurate

bather density monitoring of crowds at the Grotto. Managing crowds at the Grotto to allow

more time for better natural flushing between crowds might be advantageous to maintaining

better water quality at the site, and would also likely provide a benefit in increased physical

safety resulting from such crowd control.

 In addition to their routine water quality monitoring assessments, BECQ might consider also

implementing a special study on the water quality impacts of tourism and how those impacts

can be minimized and/or mitigated while still maintaining a healthy and active tourism

industry. Along with this, a public education campaign on beach and recreational water

hygene (particularly for tourist populations) could be useful to better inform the public of

both the risks and health benfits of using Saipan’s natural recreational water resources, and

how they can minimize the risks from recreational water exposure while maximizing the

health benefits of such exposure. The public should be highly encourage to continue to

utilize these “blue gym” resources as much as possible since the health benefits are extensive

and undeniable, but their personal behavior and hygene at the beach or the Grotto can have

an impact on their personal health risk exposure and the area’s water quality.
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 Integration of periodic microbial source tracking assessments into the more routine water

quality monitoring efforts of BECQ would permit a better understanding of the seasonality,

infrastructure, environmental and social factors influencing source contributions to local

waters. Consider future special MST studies or perhaps quarterly MST assessments to

complement regular ongoing monthly water quality monitoring operations.

 Given the fact that fecal detection of cow and pig livestock contamination was much lower

than originally expected, further testing of the local detection sensitivity levels for the

CowM2 qPCR assay and the Pig2Bact qPCR assay for known feces dilution concentrations

of local Saipan livestock populations could be useful to determine if there are any local or

regional factors (livestock diet, etc.) that might affect the local detection sensitivity of these

two livestock assays in Saipan specific samples. If this turns out to be the case, then

modified protocols could be developed in collaboration with BECQ to boost detection

sensitivity for local livestock fecal contamination.

 Additional and on-going training for current and future BECQ workforce in molecular water

quality assessment techniques needs to be considered and planned for to maintain an

enhanced BECQ analytical capability for environmental water quality assessments. A

training and proficieny validation plan should be developed and implemented for the BECQ

workforce employed in such water quality assessments with appropriate resources for

maintaining future proficiency of new analytical staff.
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"?" = Idexx test not conducted or IDEXX data not provided to AOML. "x" = not applicable. "nd" = not detected, value below instrument detection threshold.

Any MST values less than 50 copies/100mL = "DNQ" based upon the LLOQ. Any MST values < 100 copies/100mL should be considered insignificant.

Unique sample

filter ID # Sample Site ID BECQ WQS site name sample date

Time sample

was

received at

BECQ lab

sample

volume

filtered for

DNA

extraction

Viable

Enterococci
by IDEXX

EnteroLert in

MPN/100mL

MST for

HUMAN source

Bacteriodes by

HF183 qPCR in

copies/100 mL

MST for DOG
source

Bacteriodes by

DogBact qPCR in

copies/100 mL

MST for PIG
source

Bacteroides by

Pig2Bact qPCR in

copies/100 mL

MST for COW
source

Bacteroides by

CowM2 qPCR in

copies/100 mL

MST for

Seagull/Seabird
source Catellicoccus

marimammalian by

Gull2 qPCR in

copies/100 mL Additional Comments

March 2018 - Saipan - American University Samples

Saipan_001 KK-S01 x 3/13/2018 13:45 600mL <30 89 27 4 42 4
Saipan_002 KK-S02 x 3/13/2018 13:45 600mL <30 60 nd nd nd 40
Saipan_003 KK-S03 x 3/13/2018 13:45 600mL <30 92 61 nd 12 43
Saipan_004 KK-S04 x 3/13/2018 13:45 600mL <30 7 nd nd nd nd
Saipan_005 KK-S05 x 3/13/2018 13:45 500mL <30 5 nd nd nd nd
Saipan_006 KK-S06 x 3/13/2018 13:45 600mL <30 64 nd nd nd 33
Saipan_007 KK-S07 x 3/13/2018 16:45 1 L <30 58 nd nd nd nd
Saipan_008 KK-S08 x 3/13/2018 16:45 1 L <30 97 nd nd nd nd
Saipan_009 KK-S09 x 3/13/2018 16:45 1 L <30 121 514 nd nd nd
Saipan_010 KK-S10 x 3/15/2018 12:15 1 L 74 nd 263 nd nd nd
Saipan_011 KK-S11 x 3/15/2018 12:15 1 L 30 8 663 nd nd nd
Saipan_012 KK-S12 x 3/13/2018 16:45 1 L <30 5 144 nd nd nd
Saipan_013 KK-S13 x 3/15/2018 12:15 1 L 62 nd nd nd nd nd
Saipan_014 KK-S14 x 3/15/2018 12:15 1 L <30 nd nd nd nd 373
Saipan_015 KK-S15 x 3/15/2018 12:15 1 L 51 600 62 nd nd 110
Saipan_016 KK-S16 x 3/15/2018 12:15 1 L <30 67 36 nd nd nd
Saipan_017 KK-S17 x 3/12/2018 12:15 600mL <30 203 84 nd nd 55
Saipan_018 KK-S18 x 3/12/2018 12:15 600mL <30 390 nd nd nd 31
Saipan_019 KK-S19 x 3/12/2018 12:15 600mL <30 242 33 nd nd nd
Saipan_020 KK-S20 x 3/12/2018 13:00 600mL <30 230 468 nd nd nd
Saipan_021 KK-S21 x 3/12/2018 12:15 600mL <30 131 19 nd nd nd
Saipan_022 KK-S22 x 3/12/2018 12:15 600mL <30 351 38 nd nd nd
Saipan_023 KK-S23 x 3/12/2018 12:15 600mL <30 49 nd nd nd nd
Saipan_024 KK-S24 x 3/13/2018 16:45 1 L <30 20 nd nd nd nd
Saipan_025 KK-S25 x 3/12/2018 16:45 600mL <30 355 100 nd nd nd
Saipan_026 KK-S26 x 3/12/2018 16:45 600mL <30 123 409 nd nd 71
Saipan_027 KK-S27 x 3/12/2018 16:45 600mL <30 194 83 nd nd 85
Saipan_028 KK-S28 x 3/12/2018 16:45 600mL <30 104 163 nd nd nd
Saipan_029 KK-S29 x 3/12/2018 16:45 600mL <30 119 31 nd nd nd
Saipan_030 KK-R02 x 3/14/2018 13:10 1 L <30 nd nd nd nd 26
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Saipan_031 KK-R03 x 3/14/2018 13:10 450mL <30 94 nd nd nd nd
Saipan_032 KK-R04 x 3/14/2018 13:10 800mL <30 6 nd nd nd nd
Saipan_033 KK-R05 x 3/14/2018 13:10 1 L <30 25 nd nd nd nd
Saipan_034 KK-R06 x 3/14/2018 13:10 1 L <30 147 nd nd nd nd
Saipan_035 KK-R07 x 3/14/2018 13:10 1 L <30 126 69 nd nd nd
Saipan_036 KK-R08 x 3/14/2018 13:10 1 L <30 4 nd nd nd nd
Saipan_037 KK-R09 x 3/14/2018 13:10 1 L <30 144 59 nd nd nd
Saipan_038 KK-R10 x 3/14/2018 13:10 1 L <30 7 30 nd nd nd
Saipan_039 KK-L01 x 3/17/2018 11:30 750mL ? nd 18 nd nd nd
Saipan_040 KK-L02 x 3/17/2018 11:30 600mL ? 38 nd nd nd 31
Saipan_041 KK-L03 x 3/17/2018 11:30 600mL ? 70 25 nd nd 106
Saipan_042 KK-L04 x 3/17/2018 11:30 800mL ? nd nd nd nd 111

MARCH 2018 - Saipan - BECQ regular WQ survey samples

Saipan_043 BECQ-NEB01 Grotto 3/16/2018 11:00 1 L <30 3,003 nd nd 12 357
Saipan_044 BECQ-NEB02 Bird Island 3/14/2018 11:25 1 L 187 nd nd nd 22 4,896
Saipan_045 BECQ-NEB03 Jeffrey's Beach 3/14/2018 11:25 1 L 4,106 nd nd nd 113 1,009
Saipan_046 BECQ-NEB04 Old Man by the Sea 3/14/2018 11:25 1 L 121 nd nd 4 nd 117
Saipan_047 BECQ-NEB07 Hidden Beach 3/14/2018 11:25 1 L <30 4 nd nd nd 208
Saipan_048 BECQ-WB07 Tanapag Meeting Hall 3/16/2018 9:45 1 L <30 nd 8,107 nd nd nd
Saipan_049 BECQ-WB08 Central Repair Shop 3/16/2018 9:45 1 L 31 8 1,490 nd nd nd
Saipan_050 BECQ-WB10 DPW Channel Bridge 3/16/2018 9:45 1 L <30 7 nd nd nd nd
Saipan_051 BECQ-WB12.1 American Memorial Park Drain 3/16/2018 9:45 1 L 121 377 44 nd nd 945
Saipan_052 BECQ-WB16 Dai Ichi Hotel 3/16/2018 9:45 1 L <30 832 47 nd nd nd
Saipan_053 BECQ-WB17 Drainage #1 (Dai Ichi) 3/16/2018 9:45 1 L <30 579 314 nd nd nd
Saipan_054 BECQ-WB19 Hafa-Adai Hotel 3/16/2018 11:00 1 L <30 36 224 5 nd nd
Saipan_055 BECQ-WB20 Drainage #2 (Hafa-Adai Hotel) 3/16/2018 11:00 1 L <30 107 114 nd nd nd
Saipan_056 BECQ-WB21 Garapan Fishing Dock 3/16/2018 11:00 1 L <30 247 149 nd nd 116
Saipan_057 BECQ-WB22 Garapan Beach 3/16/2018 11:00 1 L <30 498 19 nd nd nd
Saipan_058 BECQ-WB23 Drainage #3 (Garapan) 3/16/2018 11:00 1 L <30 nd 62 nd nd nd
Saipan_059 BECQ-WB30 Sugar Dock 3/16/2018 11:00 1 L <30 331 32 nd nd 216
Saipan_060 BECQ-WB31 CK Dist #2 Drain 3/16/2018 11:00 1 L <30 74 4,117 3 nd nd

Saipan_061 BECQ-NEB01 Grotto 3/19/2018 11:30 1 L ? 196 nd nd nd 200
Saipan_062 BECQ-NEB02 Bird Island 3/19/2018 11:30 1 L ? 36 nd nd 40 6,019
Saipan_063 BECQ-NEB03 Jeffrey's Beach 3/19/2018 11:30 1 L ? nd nd nd 72 310
Saipan_064 BECQ-NEB04 Old Man by the Sea 3/19/2018 11:30 1 L ? 29 nd nd nd 419
Saipan_065 BECQ-NEB07 Hidden Beach 3/19/2018 11:30 1 L ? 18 nd nd nd 262
Saipan_066 BECQ-WB07 Tanapag Meeting Hall 3/19/2018 9:50 1 L ? nd 2,630 nd nd nd
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Saipan_067 BECQ-WB08 Central Repair Shop 3/19/2018 9:50 1 L ? 47 1,643 nd nd nd
Saipan_068 BECQ-WB10 DPW Channel Bridge 3/19/2018 9:50 1 L ? 5 nd nd nd 36
Saipan_069 BECQ-WB12.1 American Memorial Park Drain 3/19/2018 9:50 1 L ? nd nd nd nd 680
Saipan_070 BECQ-WB16 Dai Ichi Hotel 3/19/2018 9:50 1 L ? 25 418 nd nd nd
Saipan_071 BECQ-WB17 Drainage #1 (Dai Ichi) 3/19/2018 9:50 1 L ? 39 612 nd nd nd
Saipan_072 BECQ-WB19 Hafa-Adai Hotel 3/19/2018 13:15 1 L ? nd 390 nd nd nd
Saipan_073 BECQ-WB20 Drainage #2 (Hafa-Adai Hotel) 3/19/2018 13:15 1 L ? nd 531 nd nd nd
Saipan_074 BECQ-WB21 Garapan Fishing Dock 3/19/2018 13:15 1 L ? 335 1,880 nd nd nd
Saipan_075 BECQ-WB22 Garapan Beach 3/19/2018 13:15 1 L ? 350 nd nd nd nd
Saipan_076 BECQ-WB23 Drainage #3 (Garapan) 3/19/2018 13:15 1 L ? nd nd nd nd 28
Saipan_077 BECQ-WB30 Sugar Dock 3/19/2018 13:15 1 L ? 65 15 nd nd 6
Saipan_078 BECQ-WB31 CK Dist #2 Drain 3/19/2018 13:15 1 L ? 133 1,153 nd nd 28

July/August 2018 - Saipan - American University Samples

Saipan_079 KK-S28 x 7/31/2018 13:30 625 mL 10 nd nd nd nd nd

Saipan_080 KK-S29 x 7/31/2018 13:30 1 L 20 nd nd nd nd 274

Saipan_081 KK-S01 x 8/6/2018 11:30 1 L ? nd 158 nd nd 112

Saipan_082 KK-S02 x 8/6/2018 11:30 1 L ? nd nd nd nd 27

Saipan_083 KK-S03 x 8/6/2018 11:30 1 L ? 14 20 nd 3 60

Saipan_084 KK-S04 x 8/6/2018 11:30 1 L ? nd nd nd nd 21

Saipan_085 KK-S05 x 8/6/2018 11:30 1 L ? 21 3 nd nd 7

Saipan_086 KK-S06 x 8/6/2018 13:45 1 L ? nd nd nd nd nd

Saipan_087 KK-S07 x 8/6/2018 13:45 1 L ? nd nd nd 37 118

Saipan_088 KK-S08 x 8/6/2018 13:45 750 mL ? nd nd nd nd nd

Saipan_089 KK-S09 x 8/6/2018 13:45 400 mL ? nd nd nd nd nd

Saipan_090 KK-S10 x 8/6/2018 13:45 500 mL ? nd nd nd nd nd

Saipan_091 KK-S11 x 8/3/2018 10:30 935 mL ? 49 nd nd nd nd

Saipan_092 KK-S12 x 8/3/2018 10:30 1 L ? 8 nd nd nd 15

Saipan_093 KK-S13 x 8/3/2018 10:30 1 L ? nd nd nd nd 309

Saipan_094 KK-S14 x 8/3/2018 10:30 620 mL ? 53 18 nd nd 101

Saipan_095 KK-S15 x 8/3/2018 13:00 900 mL ? 171 nd nd nd nd

Saipan_096 KK-S16 x 8/3/2018 13:00 1 L ? 91 16 nd nd 161

Saipan_097 KK-S17 x 8/3/2018 13:00 1 L ? 697 nd nd nd nd

Saipan_098 KK-S18 x 8/3/2018 13:00 975 mL ? 8,442 28 nd nd nd

Saipan_099 KK-S19 x 8/3/2018 13:00 900 mL ? 280 97 nd nd 42

Saipan_100 KK-S20 x 8/2/2018 14:00 750 mL 0 52,410 1,070 nd nd 119

Saipan_101 KK-S21 x 8/2/2018 14:00 800 mL 295 8,819 696 nd nd 102

Saipan_102 KK-S22 x 8/2/2018 14:00 1 L 41 133 nd nd nd nd

Saipan_103 KK-S23 x 8/2/2018 14:00 1 L 10 nd nd nd nd nd
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Saipan_104 KK-S24 x 8/2/2018 14:00 1 L 10 nd nd nd nd nd

Saipan_105 KK-S25 x 8/2/2018 14:00 1 L 10 12 62 nd nd 18

Saipan_106 KK-S26 x 8/2/2018 14:00 1 L 10 20 nd nd nd nd

Saipan_107 KK-S27 x 8/2/2018 14:00 850 mL 10 8 12 nd nd 20

Saipan_108 KK-S28 x 8/2/2018 14:00 1 L 10 81 100 nd nd nd

Saipan_109 KK-S29 x 8/2/2018 14:00 1 L 10 nd 17 nd nd 308

Saipan_110 KK-R02 x 8/1/2018 14:50 600 mL ? nd nd nd nd nd

Saipan_111 KK-R03 x 8/1/2018 14:50 750 mL ? nd nd nd nd nd

Saipan_112 KK-R04 x 8/1/2018 14:50 575 mL ? nd nd nd nd nd

Saipan_113 KK-R05 x 8/1/2018 14:50 1 L ? nd nd nd nd nd

Saipan_114 KK-R06 x 8/1/2018 14:50 1 L ? 204 nd nd nd 40

Saipan_115 KK-R07 x 8/1/2018 14:50 800 mL ? 159 25 nd nd nd

Saipan_116 KK-R08 x 8/1/2018 14:50 900 mL ? 39 nd nd nd nd

Saipan_117 KK-R09 x 8/1/2018 14:50 1 L ? 83 26 nd nd nd

Saipan_118 KK-R10 x 8/1/2018 14:50 925 mL ? nd 108 nd nd nd

Saipan_119 KK-L01 x 7/31/2018 13:30 1 L 10 nd nd nd nd nd

Saipan_120 KK-L02 x 7/31/2018 13:30 1 L 10 nd nd nd nd nd

Saipan_121 KK-L03 x 7/31/2018 13:30 1 L 10 nd nd nd nd 20

Saipan_122 KK-L04 x 7/31/2018 13:30 1 L 20 nd 47 nd nd 22

American University Ground Water Samples July/August 2018 - Saipan

Saipan_123 KK-GW-S11 ground water for KK-S11 8/3/2018 10:30 90 mL ? nd 24 nd nd nd

Saipan_124 KK-GW-S14 ground water for KK-S14 8/3/2018 10:30 90 mL ? nd nd nd nd nd

Saipan_125 KK-GW-S16 ground water for KK-S16 8/3/2018 13:00 125mL ? 390 16 nd nd 33

Saipan_126 KK-GW-S18 ground water for KK-S18 8/3/2018 13:00 100 mL ? 46,062 103 nd nd nd

Saipan_127 KK-GW-S19 ground water for KK-S19 8/3/2018 13:00 75 mL ? 5,550 nd nd nd nd

Saipan_128 KK-GW-S04 ground water for KK-S04 8/7/2018 14:00 600 mL ? nd nd nd nd nd

Saipan_129 KK-GW-S18 ground water for KK-S18 8/7/2018 14:00 850 mL ? 30,293 nd nd nd nd

Saipan_130 KK-GW-S19 ground water for KK-S19 8/7/2018 14:00 800 mL ? 4,814 nd nd nd nd

Saipan_131 KK-GW-S20 ground water for KK-S20 8/7/2018 14:00 700 mL ? 413 nd nd nd nd

Saipan_132 KK-GW-S28 ground water for KK-S28 8/7/2018 14:00 750 mL ? 12 27 nd nd nd

Saipan_133 KK-sedGW-S04 sediment at GW for KK-S04 8/7/2018 10:40 sed ? x x x x x

Saipan_134 KK-sedGW-S18 sediment at GW for KK-S18 8/7/2018 12:00 sed ? x x x x x

Saipan_135 KK-sedGW-S19 sediment at GW for KK-S19 8/7/2018 12:15 sed ? x x x x x

Saipan_136 KK-sedGW-S20 sediment at GW for KK-S20 8/7/2018 13:00 sed ? x x x x x

Saipan_137 KK-sedGW-S28 sediment at GW for KK-S28 8/7/2018 9:45 sed ? x x x x x

July/August 2018 - Saipan - BECQ regular WQ survey samples

Saipan_138 BECQ-NEB01 Grotto 8/1/2018 13:45 1 L 63 42 nd nd nd 160

Saipan_139 BECQ-NEB02 Bird Island 8/1/2018 13:45 1 L 148 nd nd 2 6 812
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Saipan_140 BECQ-NEB03 Jeffrey's Beach 8/1/2018 13:45 1 L 41 45 nd nd nd 1,616

Saipan_141 BECQ-NEB04 Old Man by the Sea 8/1/2018 13:45 1 L 10 13 nd nd nd 218

Saipan_142 BECQ-NEB07 Hidden Beach 8/1/2018 13:45 1 L 10 17 nd nd nd 41

Saipan_143 BECQ-WB07 Tanapag Meeting Hall 7/31/2018 10:30 1 L 10 129 118 nd nd 96

Saipan_144 BECQ-WB08 Central Repair Shop 7/31/2018 10:30 1 L 10 137 nd nd nd nd

Saipan_145 BECQ-WB10 DPW Channel Bridge 7/31/2018 10:30 1 L 31 99 nd nd nd 27

Saipan_146 BECQ-WB12.1 American Memorial Park Drain 7/31/2018 10:30 927 mL 228 nd 40 nd nd 2,006

Saipan_147 BECQ-WB16 Dai Ichi Hotel 7/31/2018 10:30 956 mL 10 227 nd nd nd 60

Saipan_148 BECQ-WB17 Drainage #1 (Dai Ichi) 7/31/2018 10:30 939 mL 10 81 nd nd nd 93

Saipan_149 BECQ-WB19 Hafa-Adai Hotel 7/31/2018 11:45 1 L 20 97 nd nd nd nd

Saipan_150 BECQ-WB20 Drainage #2 (Hafa-Adai Hotel) 7/31/2018 11:45 900 mL 10 58 10 nd nd 44

Saipan_151 BECQ-WB21 Garapan Fishing Dock 7/31/2018 11:45 1 L 426 1,430 208 nd nd nd

Saipan_152 BECQ-WB22 Garapan Beach 7/31/2018 11:45 600 mL 63 166 52 nd nd nd

Saipan_153 BECQ-WB23 Drainage #3 (Garapan) 7/31/2018 11:45 600 mL 132 137 nd nd nd 117

Saipan_154 BECQ-WB30 Sugar Dock 7/31/2018 11:45 1 L 10 16 24 nd nd 42

Saipan_155 BECQ-WB31 CK Dist #2 Drain 7/31/2018 11:45 550 mL 10 68 30 nd nd 13

Saipan_156 BECQ-SEB05 Ladder Beach 8/1/2018 10:45 1 L 683 nd 359 nd nd 55

Saipan_157 BECQ-NEB01 Grotto 8/6/2018 11:30 1 L <1 nd nd nd nd 219

Saipan_158 BECQ-NEB02 Bird Island x x x x x x x x x sample not collected or lost

Saipan_159 BECQ-NEB03 Jeffrey's Beach 8/6/2018 11:30 600 mL 20 nd 21 nd nd 106

Saipan_160 BECQ-NEB04 Old Man by the Sea 8/6/2018 11:30 600 mL 1,989 163 43 nd nd 482

Saipan_161 BECQ-NEB07 Hidden Beach 8/6/2018 11:30 400 mL 6,867 411 129 nd nd 251

Saipan_162 BECQ-WB07 Tanapag Meeting Hall 8/7/2018 13:15 1 L ? nd nd nd nd nd

Saipan_163 BECQ-WB08 Central Repair Shop 8/7/2018 13:15 1 L ? nd nd nd nd nd

Saipan_164 BECQ-WB10 DPW Channel Bridge 8/7/2018 13:15 1 L ? 51 20 nd nd 20

Saipan_165 BECQ-WB12.1 American Memorial Park Drain 8/7/2018 13:15 850 mL ? nd 79 nd nd 1,814

Saipan_166 BECQ-WB16 Dai Ichi Hotel 8/7/2018 13:15 1 L ? 93 5 nd nd 22

Saipan_167 BECQ-WB17 Drainage #1 (Dai Ichi) 8/7/2018 13:15 750 mL ? 48 nd nd nd 154

Saipan_168 BECQ-WB19 Hafa-Adai Hotel 8/7/2018 10:30 1 L ? 114 nd nd nd nd

Saipan_169 BECQ-WB20 Drainage #2 (Hafa-Adai Hotel) 8/7/2018 10:30 1 L ? nd nd nd nd nd

Saipan_170 BECQ-WB21 Garapan Fishing Dock 8/7/2018 10:30 900 mL ? 503 103 nd nd nd

Saipan_171 BECQ-WB22 Garapan Beach 8/7/2018 10:30 1 L ? 886 16 nd nd 81

Saipan_172 BECQ-WB23 Drainage #3 (Garapan) 8/7/2018 10:30 1 L ? nd nd nd nd 47

Saipan_173 BECQ-WB30 Sugar Dock 8/7/2018 10:30 1 L ? nd nd nd nd nd

Saipan_174 BECQ-WB31 CK Dist #2 Drain 8/7/2018 10:30 500 mL ? 34 47 nd nd nd

Saipan_175 BECQ-SEB05 Ladder Beach 8/6/2018 11:30 1 L 538 117 19 nd nd 90

Saipan_176 BECQ-NEB01 Grotto 8/8/2018 12:00 1 L ? 487 nd nd nd 150
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September 2017 - Saipan - BECQ regular WQ survey samples (MST training demo samples, before LBSP study)- extracted by PALL method at BECQ in 200uL eluate

BECQ-T08 BECQ-NEB01 Grotto 9/13/2017 x 500 mL ? 1,012 nd nd nd 71

BECQ-T09 BECQ-NEB03 Jeffrey's Beach 9/13/2017 x 100 mL ? 488 122 nd nd 180

BECQ-T10 BECQ-NEB07 Hidden Beach 9/13/2017 x 200 mL ? nd nd nd nd nd

BECQ-T01 BECQ-WB07 Tanapag Meeting Hall 9/13/2017 x 440 mL ? nd 53 nd nd nd

BECQ-T02 BECQ-WB10 DPW Channel Bridge 9/13/2017 x 465 mL ? 410 12 nd nd nd

BECQ-T03 BECQ-WB12.1 American Memorial Park Drain 9/13/2017 x 420 mL ? nd 101 nd nd 4,412

BECQ-T04 BECQ-WB17 Drainage #1 (Dai Ichi) 9/13/2017 x 380 mL ? 4,786 90 6 nd 283

BECQ-T07 BECQ-WB19 Hafa-Adai Hotel 9/13/2017 x 430 mL ? 147 35 nd nd nd

BECQ-T05 BECQ-WB21 Garapan Fishing Dock 9/13/2017 x 370 mL ? 123 181 nd nd 28

BECQ-T06 BECQ-WB30 Sugar Dock 9/13/2017 x 425 mL ? nd 218 nd nd 34

BECQ-T11 BECQ-SEB02 North Lao Lao Beach 9/13/2017 x 465 mL ? nd nd nd nd 81

BECQ-T12 BECQ-SEB03 South Lao Lao Beach 9/13/2017 x 410 mL ? nd 40 nd nd 193

? = data not collected or not provided to AOML "x" = not applicable or not done
nd = "not determined" or "not detected", value was below the instrument detection sensitivity
Note: IDEXX EnteroLert assays for Live Enterococci were conducted on some samples by BECQ personnel and on some samples by American University personnel.
BECQ personnel report any EnteroLert values below 30 MPN/100mL as "<30", whereas the AU personnel report the actual estimated value based on the IDEXX MPN statistical table even if less than 30 MPN/100mL.
LLOQ = "Lower Limit of Detection" based upon the DNA positive control standard curve. LLOQ for all of these MST assays = 10 copies per reaction
DNQ = "Detected but Not Quantifiable" and represents values detected by the instrument but below the LLOQ.
Any MST values for these assays < 50 copies /100 mL should be considered as "DNQ" based upon the LLOQ and the dilution factors of the DNA purification and reaction setup. All DNQ values are NOT SIGNIFICANT and should be ignored.
Any MST values for these assays < 100 copies / 100 mL should probably be considered NOT SIGNIFICANT for representing a serious risk to human health, based upon previous studies and current general consensus.

However there is no regulatory guidance or community consensus on recommended exposure limits for these MST markers.
Although no health exposure limit guidelines exist for these MST markers, we suggest that levels of human marker > 1000 copies/100 mL might represent concern to public health
for possible exposure risk to fecal-associated pathogens (based on some preliminary QMRA studies).


