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Introduction.
Marine water quality monitoring is an important 
tool for the management of marine resources, 
as it allows the assessment of temporal and 
spatial trends in the quality or state of the 
environment (Baird et al., 2017). Monitoring 
the quality of marine water allows for the 
implementation of mitigation actions to prevent 
and deter environmental degradation. In the 
Mesoamerican Reef System (MAR) region, an 
increase in macroalgae has been reported in 
recent years (McField et al., 2020). Macroalgae 
blooms threaten the resilience of coral reefs as 
they grow on corals, prevent larval settlement, 
and compete for space (Mumby et al., 2014). 
Algal overgrowth is related to low herbivore 
populations and nutrient contamination due 
to inefficient wastewater management and 
unsustainable agricultural activities (McField 
et al., 2020).

Due to this problem, the need arose for better 
data on levels and sources of nutrient pollution 
in the MAR ecosystem, which is currently 
threatened and possesses many species that 

are in critical danger of extinction (e.g. Nassau 
Grouper and species of the Acropora genus; 
Aronson et al., 2008). Although there are water 
quality data (WQ) monitoring programs in the 
MAR, their distribution is irregular in space and 
time.

Currently, travel restrictions and local lockdowns 
implemented within MAR countries as a result of 
the COVID-19 outbreak provide an unprecedented 
“natural experiment” to better understand a 
major source of nutrient pollution: tourism. 

Due to this opportunity, a coordinated WQ 
monitoring program throughout the MAR was 
launched. This will allow any change in water 
quality to be quantified, particularly those 
parameters associated with wastewater 
impacts, along with changes in tourism levels 
as countries reopen their economic activities.

This project is divided into two phases to 
evaluate WQ in the MAR. Phase 1 consists of 

6



considered. Consequently, 5 sampling locations 
have been identified in each of the three MAR 
countries most affected by tourism (Honduras, 
Belize, and Mexico), and these are divided into 
three locations impacted by tourism and two 
control locations. At each of these sites, the 
main water quality parameters designed to 
elucidate and quantify these impacts will be 
sampled monthly. 

This is the first coordinated water quality 
sampling project to be implemented in the 
MAR region, which will lay the foundations for 
prioritizing and targeting additional sampling 
needs, as well as more specific solutions. 

generating critical information focused on 
quantifying the human impacts derived from 
wastewater. Priority will be given to the sites 
where a greater impact of tourism is expected 
and will include key control sites that are not 
influenced by tourism-related fluctuations, 
providing much-needed quantitative data. The 
data collected during Phase 1, as well as from 
several complementary projects in a similar 
timeframe, would set the stage for a second 
phase. Phase 2 will spatially expand Phase 
1 sampling sites to jointly assess nutrient 
enrichment arising from urban, agricultural, 
industrial, and tourist sources. All of this data 
will support growing efforts to implement 
specific solutions to improve regional water 
quality.

The project tries to answer the question of 
what is the relative and absolute contribution 
of wastewater generated by tourism activity, 
compared to other sources of nutrients in the 
key destinations of the MAR. For this, data with 
high spatial and temporal resolution will be 
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Project Objectives.
Gather high spatial, and temporal,  resolution data at 
sites where tourism-related sewage is expected to be 
a dominant pollution source, as well as comparison 
low-tourism (control) locations.  

Quantify any changes in water quality, particularly 
those parameters associated with sewage impacts, 
alongside the changes in tourism levels as countries 
reopen their economies. 

Coordinate regional research efforts aimed at 
understanding and improving water quality, including 
initial outreach to regulators and stakeholders.
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Protocol Handbook Objectives.
Standardize monitoring protocols for the region, 

considering the methods for data collection of 
biophysical, pathogens, nutrients and isotopes 

parameters, to ensure comparisons among data. 

Develop a unified database with the collected results 
on marine water quality in the MAR region.
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For this study, we are considering analyzing 
four types of indicators: biophysical, 
pathogens, nutrients, and isotopes. Each 
indicator has specific parameters that will 
help detect the effect of wastewater on 
marine waters of the MAR (Table 1). We will 
collect standard biophysical parameters in 
situ with a multi-parametric probe (YSI brand), 
including temperature, pH, salinity, oxygen, and 
chlorophyll (as a result of nutrient contamination 
in oligotrophic waters). To specifically target 
human wastewater, we will measure fecal indicator 
bacteria (enterococci and total coliforms) at all 
sites and perform an N isotope analysis (from 
macroalgae and seagrass), to estimate the 
percentage of nitrogen incorporated into the plant 
that is derived from human sewage. In addition, 
samples will be collected for immediate laboratory 
analysis of nutrients (nitrogen in various forms and 
total phosphorus) at beach sites where proximity to 
nutrient sources allows potential measurement even 
in oligotrophic tropical ecosystems. Samples will be 
analyzed in an established and certified laboratory in 
Mexico and in the main local laboratories in Honduras 
and Belize, thus ensuring the project helps build local 
capacity and national acceptance of the results. The 
units for each parameter are described in Annex I.

Parameters Descriptions.
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Indicator Parameter Measurement Justification

Biophysical

Surface
Temperature On-Site Required in some calculations; Global Climate 

Change Indicator (GCC).

pH On-Site Required in some calculations; GCC.

Total Suspended
Solids On-Site

Nutrient and sediment runoff indicator. It can 
reduce photosynthesis and the growth of coral 

reefs.

Dissolved
Oxygen On-Site

Generally reduced as nutrient pollution 
increases. Low levels cause direct mortality 

of marine life.

Conducivity On-Site Required for some calculations and 
instrumentation.

Salinity On-Site Changes can indicate a freshwater runoff or 
advection of different water masses.

Turbidity On-Site Indicator of nutrient runoff and sedimentation 
and possible phytoplankton blooms.

Chlorophyll On-Site

Proxy for phytoplankton biomass and, 
potentially, indicator of nutrient contamination 

in an oligotrophic environment, because 
phytoplankton immediately absorb nutrients 

from water.

Pathogen
Enterococcus Laboratory Specific indicator of human wastewater in 

marine waters.

Total Coliforms Laboratory Generalized indicator of human wastewater, 
included in most regulations.

Nutrients

Nitrate Laboratory

Final by-product of wastewater after biological 
treatment (natural or within a treatment plant) 
that provides N in the most available form for 

the growth of algae, bacteria and diseases, and 
ecological changes towards the proliferation of 

macroalgae with the decrease of corals.

Nitrite Laboratory Intermediate product after some denitrification.

Ammonia Laboratory Original by-product in human wastewater.

Total 
Phosphorus Laboratory

It can be the most limiting nutrient for the 
growth of macroalgae, also included in the 

wastewater effluent.

Isotope N15 Laboratory It allows estimating the proportion of nitrogen 
in macroalgae derived from human wastewater.

Table 1. Water Quality Parameters and Justification for Measurement 
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Sampling Design.
Site selection and sampling in this phase will focus on nine major tourist locations and six control 
locations least affected by tourism, including beaches and reefs that are expected to be the most 
affected by tourism-related wastewater pollution. Samples will be taken from coastal beaches 
and reef ecosystems that are expected to have a high impact from tourism-related wastewater 
and from places where such impacts are expected to be minimal based on existing knowledge 
of tourism infrastructure and physical oceanography (see Figure 1 and Table 2). 

Our Before-After-Control-Impact approach provides a rigorous scientific basis for evaluating the 
impacts of tourism on WQ in the MAR. BICA’s seven-year monthly sampling in the Bay Islands of 
Honduras has revealed substantial inter-site and intra-site variability; using this same monthly 
sampling frequency in this spatially expanded study will allow us to better understand the drivers 
of water quality in the MAR.

Camp Bay

West End

West Bay

Utila Town

Turtle Harbour

Placencia

Goff’s Caye

St. George’s Cay

Caye Caulker

San Pedro

Sian Ka’an

SE Cozumel

Cozumel

Playa del Carmen

Cancun

Mesoamerican Reef Water Quality
Monitoring Sites

Figure 1. Proposed Water Quality Monitoring Sites 
in the Mesoamerican Reef System (MAR).
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Country Treatment Location Ecosystem No. of Sites

Mexico

Control
Sian Ka’an

Beach 3
Reef 3

Southwest 
Cozumel

Beach 3
Reef 3

Impacted

Cozumel
Beach 3
Reef 3

Cancun
Beach 3
Reef 3

Playa del Carmen
Beach 3
Reef 3

Belize

Control
St. George’s Cay

Beach 3
Reef 3

Goff’s Cay
Beach 3
Reef 3

Impacted

San Pedro
Beach 3
Reef 3

Caye Caulker
Beach 3
Reef 3

Placencia
Beach 3
Reef 3

Honduras

Control
Camp Bay

Beach 3
Reef 3

Turtle Harbour
Beach 3
Reef 3

Impacted

West End
Beach 3
Reef 3

West Bay
Beach 3
Reef 3

Utila Town
Beach 3
Reef 3

Total Sites 90
Total Reef Sites 45

Total Beach Sites 45
Total Sites Impacted 54
Total Control Sites 36

Table 2. Water Quality Sampling Sites in the MAR.
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Field Safety.
On the sampling day, a field safety plan will be sent to the organization coordinating the monitoring, 
which includes: data on the monitoring participants (names and surnames, identification number, 
insurance number and telephone number), description of the vessel (name, registration number, 
port, names of the owner and captain and their contacts), time, date, place where the monitoring 
will be carried out and an emergency contact to contact in the event that the vessel does not 
arrive at the time indicated in the field safety plan (Annex II). Additionally, each boat should have 
a first aid kit, life jackets, radio, hypothermic blankets and water/juices. Furthermore, notice will 
be given to MPA officials no less than 24 hours before departure.

Site Characterization.
The sites selected for this study were based on the presence of reefs and beaches, as well 
as the number of tourists they receive. However, each site has different conditions according 
to its geographic location, such as the type of marine habitat and the flow speed of marine 
currents. These aspects are key considering the transport and diffusion of pollutants to other 
areas through marine currents (Table 3). This characterization will be validated in the field using 
CZMAI’s site characterization sheet (Annex III).

Quality Assurance and Quality Control (QA/QC).
An important step in monitoring is to check the integrity of the water samples, thus according 
to the Canadian Council of Ministers of the Environment (CCME) it is necessary to take quality 
control samples or “blanks”. Blank samples can be used to determine if contamination could 
enter a water sample during transport (shooting blank) or throughout the sampling process 
(blank field). Blank samples are useful for: 

1.	 Testing the purity of chemical preservatives.
2.	 Check for possible contamination of sample containers, filter papers, filtration equipment 

or any other equipment used in the collection, handling or transport of samples.
3.	 Detect contamination that occurs during sampling.
4.	 Detect other systemic and random errors that occur from the time of sampling to the time 

of analysis.

Blank samples are generally prepared in the laboratory and simply travel with the sample bottles 
from the laboratory to the sample site and then back to the laboratory unopened until the time 
of analysis (CCME, 2011). Blank sample preparation is detailed in each parameter section.
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Country Location Marine Habitat     
Average Speed 
of Sea Currents 

(m/s)
Source

Mexico

Sian Ka’an

Coral structure, 
octocorals, and debris, 

seagrass, rocky reef and 
coastal lagoon

0.31

Cerdeira-Estrada 
et al., 2018; 

Tyberghein et al., 
2012

Southwest
Cozumel Coral structure 0.85

Cancun

Coral structure, 
seagrasses and 

macroalgae, stumps and 
coral pieces

0.55

Playa del Carmen
Stumps and pieces 

of coral, macroalgae, 
octocorals and corals

0.74

Belize

St Georges Cay Reef patches, shallow 
reef and seagrass 0.10

Tyberghein et al., 
2012; Maidens 

and Burke, 2005

Goff’s Cay
Reef patches, shallow 

reef, seagrasses, 
channels and ridges

0.11

San Pedro
Reef patches, shallow 

reef, seagrasses, 
channels and ridges

0.12

Caye Caulker
Reef patches, shallow 

reef, seagrasses, 
channels and ridges

0.09

Placencia
Reef patches, shallow 

reef, seagrasses, 
channels and ridges

0.15

Honduras

Camp Bay

Pavement with 
gorgonian and turf 

algae, aggregated reef 
patch and seagrass

0.24

Purkis L., 2016; 
Tyberghein et al., 

2012

Turtle Harbour
Aggregate reef, reef 

patch and lagoon and 
seagrasses

0.17

West End Pavement with 
gorgonian and turf algae 0.22

West Bay
Aggregate reef 

patch, pavement with 
gorgonian and turf algae

0.22

Utila Town Aggregate reef and reef 
patch and seagrasses 0.15

Table 3. Characterization of the Sites that will be 
Monitored in Phase 1 of the Project. 
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Labeling Samples.

The samples must be identified according 
to categories (Table 4): site, type of analysis 
and the order of collection. As a first step for 
nomenclature, it is recommended to define and 
assign the characters used in each collection 
location. Table 3 provides a reference to the 
nomenclature by location. It is recommended to 
label sterile jars before sampling. 

Sequentially, each site within the locality must 
be accompanied with the numbering “1”, “2” 
and “3”. In addition, it is recommended to place 
the type of analysis that will proceed after the 
collection of the sample: 

“C” for Coliforms
“E” for Enterococci
“N” for Nitrate
“NI” for Nitrite
“A” for Ammonia 
“F” for Phosphorus 
“I” for Isotopes      

For enterococci samples, 3 replicates are 
collected per site. Thus, a sample number must 
be included in the nomenclature to indicate each 
replicate. Finally, assign a date. 

Example:
[Letter (location), number (site), letter (analysis), 

number (samples)] + Date (dd/mm/yy)

For example, the samples taken for enterococci 
at the first reef site in Utila Town will be as 

follows: 

UTA1E01 
01/07/21

Location Site Abreviation

Sian Ka'an
Beach SKP
Reef SKA

Southwest 
Cozumel

Beach SCP
Reef SCA

Cozumel
Beach CZP
Reef CZA

Cancún
Beach CAP
Reef CAA

Playa del Carmen 
Beach PCP
Reef PCA

St. Georges Caye
Beach SGP
Reef SGA

Goff’s Caye
Beach GCP
Reef GCA

San Pedro
Beach SPP
Reef SPA

Caye Caulker
Beach CCP
Reef CCA

Placencia
Beach PLP
Reef PLA

Camp Bay
Beach CBP
Reef CBA

Rock Harbor- 
Turtle Harbor

Beach RHP
Reef RHA

West End
Beach WEP
Reef WEA

West Bay
Beach WBP
Reef WBA

Utila Town
Beach UTP
Reef UTA

Blank sample
Beach BP

Reef BR

Table 4. Nomenclature for Each 
Monitoring Location.
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Water Sampling.
Sample collectors should keep their hands clean, wear gloves during sample collection and 
refrain from eating or smoking while working with water samples. Exhaust gases and cigarette 
smoke can contaminate samples with lead and other heavy metals (CCME, 2011).

According to the Standard Methods for the Examination of Water and Wastewater, the procedure 
for sample collection is as follows: 

1.	 Keep the sterile 100 mL bottles (previously labeled) in the cooler at a temperature of 4° C 
± 2° C for transport.

2.	 Put on protective gloves.
3.	 Remove the cap from the container.
4.	 Rinse the bottle 3 times with water from the site to be sampled.
5.	 Grab the bottom of the container and immerse it (upside down) at approximately 20-30 

cm.
6.	 Rotate the container toward the current or waves and away from the boat (See Figure 2).
7.	 Allow the water to enter the container for 30 seconds.
8.	 Cover the container while submerged and immediately remove it from the water (it is 

recommended to put parafilm on the bottle cap to secure the sample).
9.	 After removing the container from the water, a small portion of the sample should be 

discarded to allow adequate mixing before analysis (EPA, 2009).
10.	Place the sample in the cooler over the ice (not on the melted water) at a temperature of 

<10 ° C and transport the samples to the laboratory.
11.	It is recommended to take 3 samples from each site as a backup.

Figure 2. Technique for Taking Samples 
in Surface Waters. Source: EPA, 2009.
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Pathogen Collection Protocol.
Fecal coliforms and enterococci are the 
most appropriate indicators to determine the 
presence of fecal contamination in a body 
of water (Herrera and Suárez, 2005). The 
presence and degree of fecal contamination is 
an important factor in assessing water quality. 

Examination of water samples can detect 
the presence of organisms of the coliform 
bacteria group, providing an indicator of 
contamination. Since the ability of some 
organisms of the coliform bacteria group to 
survive in water is limited, their numbers can 
also be used to estimate the degree of recent 
fecal contamination. On the other hand, the 
measurement of enterococci is a specific 
indicator of fecal contamination in water (Baird 
et al., 2017) responsible for gastroenteritis; 
their presence indicates recent contamination. 

Several studies have indicated that enterococci 
are the best indicators for detecting the 
presence of microbiological contamination in 
recreational waters (Shibata et al., 2004).

Materials and Equipment.
The materials and equipment necessary for the 
collection of samples to analyze pathogens per 
sampling site are reflected in Table 5.

Materials and Equipment Amount per Site Total MAR sites

Sterile 100 mL Jars 4 360

Coolers 2 180

Cubed Ice Bags 4 360

Field Sheets on Waterproof Paper 2 180

Graphite Pencil Package 1 90

Permanent Marker 2 180

Secchi Disk 1 10 (number of MAR partners)

GPS 1 10 (number of MAR partners)

Waterproof Camera (optional) 1 10 (number of MAR partners)

Table 5. Materials and Equipment to be Used in Marine Water Monitoring in MAR.
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The biophysical parameters are taken by 
means of a YSI ProDSS multiparameter probe. 
This instrument is calibrated 1 to 3 days before 
the sampling day. 

YSI ProDSS Calibration.
During the calibration of the pH, conductivity 
and turbidity parameters, the following 
indications should be considered (YSI, 2014):

•	 Make sure the calibration beaker, sensor 
guard, and all sensors are clean.

•	 If you are using the calibration cup, be sure 
to install the sensor shield before placing 
the sensors in the calibration cup.

•	 The sensor shield and calibration cup 
should be used for the calibration of 
turbidity and dissolved oxygen. Other 
calibrations can be performed on other 
glass instruments.

•	 Make sure to use a clean probe protector 
during calibration to avoid contamination 
of the calibration environment.

The following steps should be taken:
1.	 Install a clean, dry sensor and sensor 

protector on the head.*
2.	 Fill the calibration cup with a moderate 

amount of water and fit the calibration 
cup on the head. Use the water to rinse 

the glass and the sensor to be calibrated. 
Discard the rinse water.

3.	 Thoroughly rinse the calibration beaker 
with a small amount of calibration standard 
to allow for the calibration of the sensor. 
Discard the calibration standard.

4.	 Refill the calibration beaker with new 
calibration standard to approximately the 
first line for pH and turbidity calibration. 
Fill to the second line for conductivity 
calibration (See Figure 3).**

5.	 Immerse the sensors in the standard and 
fit the calibration beaker on the device’s 
head.***

6.	 Calibrate the sensors.****

* Install a gray port plug on all exposed ports. All 
sensors must have a sensor or port plug installed.
** Volumes may vary. Make sure the temperature 
sensor and the sensor to be calibrated are 
submerged in the calibration solution, except 
when performing a % of dissolved oxygen 
saturation calibration.
*** Take care to avoid cross contamination with 
other standards. 
**** These rinse recommendations are only 
suggested guidelines for maximum data accuracy. 
Be sure to follow your organization’s Standard 
Operating Procedures (SOPs) for instrument 
calibration and operation.

Biophysical Parameters Collection Protocol.

1.	 Line One: All* 
Calibration Solutions 

       *Except for conductivity
2.	 Line Two: Conductivity 

Calibration Solution
3.	 Gasket
4.	 Retaining Nut
5.	 Calibration Cup Installed

Figure 3. Standard Volume of Calibration 
Vessel. Source: YSI ProDSS Manual, 2018.
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Calibration Menu:
Follow the instructions below, which are based 
on the instruction manual for the YSI ProDSS:

1. Press the Cal key to access the Calibration
menu (Figure 4). Highlight a submenu and
press the ENTER key to view the submenu
options.

2. Predefined or user-selected parameters
are indicated in brackets ([  ]).

3. See the Calibration section for specific
calibration procedures (see previous
section).

NOTE: Connected sensors are listed according 
to the header port in which they are installed.
NOTE: User ID, Probe ID, and User Fields #1 
and #2 must be enabled in the GLP menu to 
appear in the Calibration menu.

1. Sensors Connected to the Head 5. User ID
2. Optional Depth Sensor Calibration 6. Probe ID
3. Barometer Calibration 7. User Field
4. Restore Default Calibration

(Factory Settings)

Figure 4. YSI Probe Calibration Menu.
Source: YSI ProDSS manual, 2018.

On-site Biophysical Data Collection.
Once you arrive at the sampling site, in the YSI ProDSS probe go to the option “Register a sample”, 
choose the code of the site to be sampled, immerse the sensors 50 cm in the site and press the 
option “Register now”.  Wait for the values to stabilize and proceed to write the data for: 

• Time, Temperature, DO (Dissolved Oxygen), SPCOND (Conductivity), SAL (Salinity), pH,
CHL (Chlorophyll) and PE (Total Algae-Phycoerythrin).

Values should be recorded 3 times at each site (both on the YSI and on the data sheet). If it’s 
possible, for sites with a deph of ≥ 6 ft, biophysical data should also be collected at that depth 
by immersing the sensor as close to the substrate as possible.

Materials Amount per Site Total MAR Sites
Sterile 250 mL Jars 4 360

Coolers 2 180
Cubed Ice Bags 4 360

Waterproof Field Sheets 2 180
Package of Graphite Pencils 1 90

Permanent Marker 2 180

Table 6. Materials for the Collection of Nutrients in the MAR’s Marine Water.

20
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Nutrient Collection Protocol.
The collection of nutrient parameters will 
be carried out exclusively in beach sites, 
since reef sites tend to be oligotrophic, 
and nutrients are rapidly consumed, which 
makes it hard to obtain a signal. Monitoring 
parameters include ammonia (an omnipresent 
pollutant), nitrate, nitrite and total phosphorus 
(Baird et al., 2017; O’Dell, 1993).

Ammonia (NH3).

• Take a 250 mL water sample in a container 
that has been labeled and sterilized; the 
collected volume must be sufficient to ensure 
representativeness of the sample.
• Minimize exposure of samples to air as much as 
possible (EPA, 2001). The most reliable results are 
obtained with fresh samples.
Samples must be analyzed within 24 hours of 
collection.
• Refrigerate at 4°C, without acidifying. For 
preservation up to 28 days, freeze at -20 °C without 
acidifying or preserve samples by acidifying to a pH 
of 2 and storing at 4 °C.
• If acid preservation is used, neutralize samples 
with NaOH or KOH immediately before making the 
determination.

CAUTION: Although acidification is suitable for certain types of 
samples, it causes interference when exchangeable ammonia is 
present in unfiltered solids. 

TYPE OF CONTAINER: Samples should be collected in wide-
mouth plastic or glass jars with the minimum possible air space 
within the sample (EPA, 2001).

21
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Protocol to Obtain Ammonia 
in the Laboratory.

1.	 Load and run the AC2012 method.
2.	 Fill a clean 24 mm round AQUAfast vial, 

cat. No. AC2V24, with a 10 mL sample. 
Close the vial tightly with the cap. Clean 
the outside of the vial.

3.	 Place the vial in the sample chamber 
holder and close the chamber door.

4.	 Touch the “Blank” soft key to measure the 
blank.

5.	 Open the sample chamber door and 
remove the vial from the holder.

6.	 Add the n. 1 ammonia tablet directly from 
the package to the vial. Crush the tablet 
with a clean stirring rod.

7.	 Add the n. 2 ammonia tablet directly from 
the package to the same sample in the vial. 
Crush the tablet with a clean stirring rod.

8.	 Close the vial tightly with the cap and twist 
or invert several times until the tablets are 
dissolved. Clean the outside of the vial.

9.	 Wait for a reaction during a 10-minute period.
10.	Place the vial in the sample chamber holder 

and close the chamber door.
11.	Touch the “Sample” soft key to display the result 

in mg/L ammonia as N.

NOTES: 
•	 This method is an adaptation of Standard Methods 

4500-NH3 F, used by BICA.
•	 This method requires the commercial test kit AC2012. 
•	 This method has a detection range of 0.02 - 1 mg/L N.
•	 The AC2012 commercial kit is compatible with the 

following instruments: Orion AquaMate Vis and UV-
Vis Spectrophotometers, Orion AQUAfast AQ4000 
Colorimeter, Orion AQUAfast.
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Quality Control.

Method Blank: Follow the same procedure previously 
described in “Method to obtain ammonia” but use 
ultrapure water instead of a sample. Results must not 
be greater than half the minimum reportable limit (> 
1/2 MRL). In this case, the results should not be greater 
than 0.01 mg/L N. Samples with a contaminated blank 
must be re-analyzed. Perform the Method Blank 
before analyzing the samples.

Laboratory Fortified Blank (LFB): Follow the same 
procedure previously described in “Method to 
obtain ammonia” but use ultrapure water to which a 
known analyte concentration has been added. The 
concentration must be at least 10 times the minimum 
detection level (MDL) or minimum reporting level 
(MRL). For this test, use a 0.2 mg/L N solution. To 
prepare this solution, dilute 0.7638 mg NH₄Cl in 1 
L of ultrapure water. Process solution as a normal 
sample.

Laboratory Fortified Matrix (LFM): Follow 
the same procedure previously described in 
“Method to obtain ammonia”, use a sample 
(not distilled water) to which a known analyte 
concentration has been added. The added 
analyte concentration must be equal to the 
LFB, in this case 0.2 mg/L N. Prepare the 
solution in the same way: dilute 0. 7638 mg 
NH₄Cl in 1 L of sample (not distilled water). If 
you do not have enough sample, adjust the 
volume to maintain a concentration of 0.2 mg/L 
N. Separately determine the concentration of 
the sample prior to adding the reagent and 
correct the results based on the background 
concentration.
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Nitrite (NO2).
•	 Take a 250 mL water sample (the collected volume must be 

sufficient to ensure representativeness of the sample), the 
sample container must be previously labeled and sterilized.

•	 Never use acid preservation for samples that will be tested 
for NO2.

•	 Perform determination immediately on fresh samples to 
avoid bacterial conversion of NO2 to NO3 or NH3.

•	 For short-term preservation of 1 to 2 days, freeze at -20° C 
or store at 4° C.

Protocol to Obtain Nitrite in the Laboratory.
1. Load and run method AC2046.
2. Fill a clean 24 mm round AQUAfast vial, cat. No. AC2V24, 
with 10 mL of sample. Close the vial tightly with the cap. Clean 
the outside of the vial.
3. Place the vial in the sample chamber holder and close the 
chamber door.
4. Touch the “Blank” soft key to measure the blank.
5. Open the sample chamber door and remove the vial from 
the holder.
6. Add one LR nitrite tablet directly from the package to the 
vial. Crush the tablet with a stirring rod.
7. Close the vial tightly with the cap and twist or invert 
several times until the tablet is dissolved. Clean the 
outside of the vial.
8. Wait for a reaction during a 10-minute period.
9. Place the vial in the sample chamber holder and close 
the chamber door.
10. Press the “Sample” soft key to display the result in 
mg/L nitrite as N.

NOTES: 
•	 This method is an adaptation of the Standard Methods 4500-

NO2 B used by BICA.
•	 This method requires the commercial test kit AC2046. 
•	 This method has a detection range of 0.01 - 0.5 mg/L N.
•	 The AC2046 commercial kit is compatible with the 

following instruments: Orion AquaMate Vis and UV-Vis 
Spectrophotometers, Orion AQUAfast AQ4000 Colorimeter, 
Orion AQUAfast.
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Quality Control.
The samples should not be preserved in acid as this causes them to transform into nitrate. Three 
different quality control methods will be applied:

Method Blank: Follow the same procedure previously described in “Method to obtain nitrite” 
but use ultrapure water instead of sample. Results must not be greater than half the minimum 
reportable limit (> 1/2 MRL). In this case, the results should not be greater than 0.005 mg/L N.
Samples with a contaminated blank must be re-analyzed. Perform the Method Blank before 
analyzing the samples.
 
Laboratory Fortified Blank (LFB): Follow the same procedure previously described in “Method to 
obtain nitrite” but use ultrapure water to which a known analyte concentration has been added. 
The concentration must be at least 10 times the minimum detection level (MDL) or minimum 
reportable limit (MRL). For this test, use a 0.1 mg/L N solution. To prepare this solution, dilute 
0.4926 mg NaNO2 in 1 L of ultrapure water. Process solution as a normal sample.

Laboratory Fortified Matrix (LFM): Follow the same procedure previously described in “Method 
to obtain nitrite” but use a sample (not distilled water) to which a known analyte concentration 
has been added. The added analyte concentration must be equal to the LFB, in this case 0.1 
mg/L N. Prepare the solution in the same way: dilute 0.4926 mg NaNO2 in 1 L of sample (not 
distilled water). If you do not have enough sample, adjust the volume to maintain a concentration 
of 0.2 mg/L N. Separately determine the concentration of the sample prior to adding the reagent 
and correct the results based on the background concentration.

Nitrate (NO3).
•	 Take a 250 mL water sample in a labeled and sterilized container; the collected volume 

must be sufficient to ensure representativeness of the sample.
•	 Collect samples in polyethylene, fluoropolymer, or glass containers. If possible, start NO3 

analyzes immediately after sampling.
•	 Samples can be stored without acidification for up to 48 hours at 6 °C. Acidification 

transforms any nitrite (NO2) to nitrate (NO3). As a result, the NO3 values of acidified samples 
are the sum of NO3 and NO2.

•	 If samples have to be stored for prolonged period of time they should first be stored for 
48 h, acidified to pH 2 with sulfuric or hydrochloric acid (depending on method) and lastly 
stored at 6° C or 2 to 6° C.  Samples using this method are in accordance with SDWA (US 
Safe Drinking Water Act) and last up to 28 days. Chlorinated samples are stable for at least 
14 days without acid preservation. 
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Protocol to Obtain Nitrate in the Laboratory.
1.	  Load and run method ACR007.
2.	  Open a 16 mm reaction vial (Reagent A) and add 1 mL of deionized water (this is the blank   

 vial).
3.	  Open a second 16 mm reaction vial (Reagent A) and add 1 mL of sample (this is the sample  

 vial).
4.	  Add the contents of one packet of chromotropic nitrate powder directly from the packaging  

 to each bottle.
5.	  Close the vials tightly with the stoppers and gently invert about 10 times to mix the contents.  

 Some solids may not dissolve. Clean the outside of the vials.
6.	  Wait for a reaction during a 5-minute period.
7.	  Place the blank vial in the sample chamber holder and close the chamber door.
8.	  Touch the “Blank” soft key to measure the blank.
9.	  Open the sample chamber door. Remove the blank vial from the holder.
10.	 Place the sample vial in the sample chamber holder and close the chamber door.
11.	 Touch the “Sample” soft key to display the result in mg/L nitrate as N.

NOTES: 
•	 This method requires the commercial test kit ACR007.
•	 This method has a detection range of 1 - 30 mg/L N.
•	 The ACR007 commercial kit is compatible with the following instruments: Orion AquaMate Vis and UV-

VisSpectrophotometers, Orion AQUAfast AQ3700 Colorimeter.

Quality Control 
Laboratory Fortified Blank (LFB): Follow the method described in the previous section  in 
“Method to obtain nitrate” but use ultrapure water to which a known analyte concentration has 
been added. The concentration must be at least 10 times the minimum detection level (MDL) or 
minimum reportable limit (MRL). For this test, use a 10 mg/L N solution. To prepare this solution, 
dilute 72.182 mg of KNO3 in 1 L of ultrapure water. Process solution as a normal sample.

Laboratory Fortified Matrix (LFM): Follow the method described in the previous section  in “Method 
to obtain nitrate” but use a sample (not distilled water) to which a known analyte concentration 
has been added. The added analyte concentration must be equal to the LFB, in this case 10 mg/L 
N. Prepare the solution in the same way: dilute 72.182 mg KNO3 in 1 L of sample (not distilled 
water). If you do not have enough sample, adjust the volume to maintain a concentration of 10 
mg/L N. Separately determine the concentration of the sample prior to adding the reagent and 
correct the results based on the background concentration.
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Total Phosphorus (P).

•	 Take a 250 mL water sample (the collected 
volume must be sufficient to ensure 
representativeness of the sample), the sample 
container must be previously labeled, sterilized, 
and rinsed with a 10% hydrochloric acid solution 
to prevent phosphorus from adhering to the 
container walls.

•	 If forms of dissolved phosphorus are to be 
distinguished, filter the sample immediately 
after collection.

•	 Sample should be immediately frozen at or 
below 10 °C. In case of not having adequate 
refrigeration preserve with HgCl2, 40 mg HgCl2 / 
L can be added to samples (Wong et al., 2017). 

•	 If total phosphorus is to be determined, add H₂SO₄ 
or HCl at a pH of 2 and cool at 4° C, or freeze 
without additions.

•	 Do not store samples containing low concentrations 
of phosphorus in plastic bottles unless they are kept 
frozen because phosphates can be absorbed by the 
walls of the plastic bottles.

•	 Rinse all glass containers with hot diluted HCl, then 
rinse several times with reagent water. Never use 
commercial detergents that contain phosphate 
to clean glassware used for the analysis of total 
phosphorus. Stronger cleaning techniques can be 
used.

CAUTION: HgCl₂ is a dangerous substance; take the 
necessary precautions for its elimination. If it is not strictly 
necessary, the use of HgCl₂ is not recommended. Do not 
add acid or CHCl₃ as a preservative when determining 
the forms of phosphorus.
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Protocol to Obtain Phosphorus in the Laboratory.
1. Open a 16 mm PO4-P Acid Reagent Digestion Tube and add 5 mL 
of sample.
2. Add the contents of one packet of Potassium Persulfate F10 
powder directly from the packet to the bottle. Use a funnel to add 
the reagent.
3. Close the vial tightly with the cap and invert the vial several times 
to mix the contents. 
4. Heat the vial for 30 minutes in the preheated reactor at a 
temperature of 100 ° C. CAUTION: The vial will be hot. Remove the 
vial from the reactor and allow it to cool to room temperature.
5. Open the cooled digestion vial and add 2 mL of 1.54 normal 
sodium hydroxide solution to the bottle.
6. Close the vial tightly with the cap and gently invert the vial 
several times to mix the contents. Clean the outside of the vial.
7. Load and run method ACD095 on the spectrophotometer.
8. Place the vial in the sample chamber holder and close the 
chamber door.
9. Touch the “Blank” key to measure the blank.
10. Open the sample chamber door. Remove the vial from the 
holder.
11. Add the contents of one packet of Potassium Persulfate 
F10 powder directly from the packet to the vial. Use a funnel 
to add the reagent.
12. Close the vial tightly with the cap and shake the vial for 
10-15 seconds to mix the contents. The reagent will not 
dissolve completely. Clean the outside of the vial.
13. Wait for a reaction during a 2-minute period.
14. Place the vial in the sample chamber holder and close 
the chamber door.
15. Touch the “Sample” key to display the result in mg/L of 
total phosphorus.

NOTES: 
•	 This method is adapted from Standard Methods 4500-P E.
•	 This method requires the ACD095 commercial test kit.
•	 This method has a detection range of 0.02 - 1.1 mg/L P.
•	 The ACD095 commercial kit is compatible with the following 

instruments: Orion AquaMate Vis and UV-Vis Spectrophotometers, 
Orion AQUAfast AQ3700 Colorimeter.
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Quality Control.
The samples must be collected in jars previously rinsed with a 10% HCl solution to prevent 
phosphorus from adhering to the walls of the flask. 3 different quality control methods will be 
applied:

Method Blank: Follow the same procedure previously described in “Method to obtain phosphorus” 
but use ultrapure water instead of a sample. Results must not be greater than half the minimum 
reportable limit (> 1 / 2 MRL). In this case, the results should not be greater than 0.01 mg/L P. 
Samples with a contaminated blank must be re-analyzed. Perform the Method Blank before 
analyzing the samples.

Laboratory Fortified Blank (LFB): Follow the same procedure previously described in “Method 
to obtain phosphorus” but use ultrapure water to which a known analyte concentration has 
been added. The concentration must be at least 10 times the minimum detection level (MDL) or 
minimum reportable limit (MRL). For this test, use a 0.2 mg/L P solution. To prepare this solution, 
dilute 0.8787 mg of KH₂PO₄ in 1 L of ultrapure water. Process solution as a normal sample.
	
Laboratory Fortified Matrix (LFM): Follow the same procedure previously described in “Method to 
obtain phosphorus” but use a sample (not distilled water) to which a known analyte concentration 
has been added. The added analyte concentration must be equal to the LFB, in this case 0.2 
mg/L. Prepare the solution in the same way: dilute 0.8787 mg of KH₂PO₄ in 1 L of sample (not 
distilled water). If you do not have enough sample, adjust the volume to maintain a concentration 
of 0.2 mg/L. Separately determine the concentration of the sample prior to adding the reagent 
and correct the results based on the background concentration.
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Isotope Collection Protocol.
The following protocol has been adapted from Dustan, 2021. Since there is no clear knowledge 
of when tourism will restart, a design scheme has been created that allows for fine-scale 
oversampling and then choosing samples to reflect the temporal nature of the restart (P. Dustan 
personal communication).

•	 The samples will be collected using gloved hands, so as not to contaminate or transfer 
nitrogen to the samples in any way. 

•	 Sampling seasonality will be determined once the sites have been characterized. Take care 
to select individual plants that reflect fresh growth during the sample period. Seagrass 
samples (Thalassia spp.) will be taken at coastal sites and green macroalgae (Halimeda 
spp.) at reef sites. 

•	 In general, plants should be far enough apart to ensure each thallus (“leaf”) is from a different 
plant. Ten (10) thalli (1-2 cm in width) will be collected at each site. Each site will have 3 
replicates, each replicate will be comprised of 3 thalli.

•	 Any excess debris will be cleaned off each sample before storing it in a small container 
to avoid physical damage. Once out of the water, the samples will be rinsed with double 
distilled water to rinse off any debris, small encrusting organisms, or other impurities. If 
clean distilled water is not available, use the cleanest seawater you can obtain. All the 
samples should be washed in the same water to ensure they are all exposed to the same 
conditions. Again, samples will be handled with gloved hands to prevent contamination. 

•	 After rinsing, the leaves should be dabbed dry with a paper towel and then placed in 
folded aluminum foil square. The thallus is stored flat on aluminum foil. Each sample will be 
photographed including a scale and the sample label to take morphometric measurements 
in the future.

•	 Samples should be dried to the point of being “crispy” in a food dehydrator for a period 
of 6-12 hours. A rice cooker, or oven on warm may suffice if temperatures do not exceed 
~50-60 °C. Samples should be stored in a dry environment prior to shipping to the lab for 
analysis.

Materials Amount per Site Total Amount
Small Sterile Containers 4 360

Roll of Aluminum Foil 2 180
Box of Latex Gloves 1 90

Waterproof Field Sheets 2 180
Package of Graphite Pencils 1 90

Permanent Marker 2 180

Table 7. Materials for the Collection of Isotopes in the MAR’s Marine Water.

Collection.
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Aluminum Foil Handling to Prevent Contamination.
•	 Wear nitrile or latex gloves to prevent 

contamination.
•	 Unroll an aluminum sheet approximately 

50 cm with the inside surface (cleanest 
side) facing up as a working surface.

•	 Unroll shorter lengths to be cut into 
squares (~15x15 cm) and place on the 
working surface foil with the inside facing 
up

•	 Fold the working surface foil into a small 
envelop to store cut squares.

•	 Place a single thallus on a square, fold 
lightly to allow for dehydration to occur.

•	 Dehydrate sample, then tighten fold for 
storage.

•	 Group collections into small aluminum 
“envelopes” and add a label on the inside 
using the sample nomenclature.

•	 Write label using permanent ink on both 
the paper label as well as on the outside 
of each aluminum foil packet.

•	 Store sample packs in humidity-controlled 
container- large jar with desiccant, in an 
air-conditioned room to keep dry.

•	 Samples will be transported to the lab for 
analysis.

Stable Isotope Analysis.
Samples will be sent to the United States to be analyzed for: δ13C, δ15N, %N and C:N tissue 
nutrient concentrations.

Recording Information and Database Format.
The information collected will be entered into an Excel spreadsheet predesigned for the needs of 
the project. The spreadsheet will be uploaded to the drive storage site for everyone to access. 
In addition, 2 physical copies will be kept for data security.
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Annexes.
ANNEX I. Units for Each Parameter.

Parameter Unit of Measurement
Temperature Sea surface temperature values in ° C

pH Hydrogen potential
Total Suspended Solids Total suspended solid concentration in mg/L

Dissolved Oxygen Dissolved oxygen concentration in mg/L
Conductivity (SpCond) Temperature corrected conductivity in µS / cm

Salinity Salinity in PSU
Turbidity Turbidity value in FNU

Chlorophyll Chlorophyll in µg/L
Enterococcus (average) Enterococcal bacteria average in MPN / 100mL

Total Coliforms NMP/100mL Total coliforms in MPN / 100mL
Nitrate Nitrates present in the sample in mg/L
Nitrite Nitrites present in the sample in mg/L

Ammonia Original by-product in human wastewater in mg/L

Total Phosphorus Orthophosphate + polyphosphate + organic phosphorus 
compounds in mg/L

N15 Indicates the proportion of nitrogen in macroalgae derived 
from human wastewater; measures amount of N15.

ANNEX II. BICA Field Safety Plan Sheet.
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ANNEX III. CZMAI Site Characterization Sheet.
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