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About this document
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[bookmark: _Toc82181695]1.	Sampling Design
[bookmark: _Toc82181696]1.1	Defining Target Population
Once the goal of the monitoring project has been defined and the coastal and/or estuarine area delineated, the next step is to determine the target population for the monitoring project. The size of the target population will depend on the area of the study site (to have overall, statistically robust coverage) as well as the scope of the survey.  In general, there will be three types of sampling sites: primary sites, oversample sites, and one or more reference sites (depending on the purpose of the monitoring program). For an example of a protocol to select sites for a probabilistic survey you may refer to the Appendix I of MassDEP’s Site Evaluation Guidelines for the Massachusetts Probabilistic Monitoring and Assessment Program (MAP2), Coastal Waters. CN 527.0 (April 2020).
[bookmark: _Toc22728295][bookmark: _Toc82181697]1.2	Sampling Site Selection – Point Source Assessment
For point source assessments, the sampling site selection will include stations upstream and downstream of the source under investigation, as well as reference stations. The site selected will be in an area where the effluent has had a reasonable opportunity to mix. In cases where a mixing zone has been defined in a license, sampling will be done immediately downstream of it. Where the effluent plume channels down one bank for great distances (over 1 km), or where localized effluent impact is expected to be severe for a distance beyond the zone of initial dilution, sampling at a site upstream of the source, one or more in the plume, and at least two farther downstream will take place. One downstream site will be located at the point of presumed mixing; subsequent sites will be chosen to assess the extent of impact downstream. The area of initial dilution of an effluent will be determined by visual observation of the plume pattern; by observations of biotic effects attributable to the plume, if evident (e.g., benthic algal biomass growth, die-off patterns); and by transects of conductivity measurements from the outfall, in a downstream direction. Sampling sites will be selected to ensure that the physical characteristics among stations are similar. 
[bookmark: _Toc82181698]1.3	Sampling Site Selection – Baseline water quality assessment
For water quality condition assessment, routine sampling activities will consist of collecting water column measurements and water samples. Routine sampling will be representative of the overall water quality and is relatively unchanging over time to allow comparison to past and future investigations. To meaningfully evaluate water quality condition, sampling locations will be selected to ensure generally comparable physical habitat. At the same time, a random probabilistic type of survey will have sampling sites that are more representative of the varying conditions in the area selected for monitoring. Each selected point is referred to as the “X-site” and defines where sampling activities are targeted.
[bookmark: _Toc82181699]1.4	Site Assessment and Evaluation
Before collecting samples at any site, it is imperative that the field crew correctly assess whether each site is part of the target population. A target population should include a combination of all types of waters within the coastal area that is being monitored. 
Sample locations of both study sites and reference sites will be scouted out ahead of time to identify appropriate reaches and accessibility for sampling.  Reconnaissance activities should be conducted before sampling starts, but not too far in advance as conditions may often be dramatically different than during the sampling index period. Primary sites are evaluated first and replaced as necessary from the list oversample sites. Oversample sites used as replacements for rejected primary sites must come from the list of oversample sites and used in order the sites appear on the list
When conducting site evaluation, it is important to keep track of any changes and the rationale for replacing a primary site with an oversample site. For this purpose, developing a spreadsheet will be useful.  The spreadsheet provides the primary sites and oversample sites for any necessary replacements. The information included in the spreadsheet may include the following information about each site:
· Site ID: Identification code for the site to track sites and samples
· Site Name:  Identifies the source and name of the target population area where site was selected (Source_Name). 
· Longitude: Longitude of the X-site in Decimal degrees (NAD 1983) 
· Latitude: Latitude of the X-site in Decimal degrees (NAD 1983)
· Sample Year: Identifies the year the site is planned to be sampled.
· Panel: Identifies if the site is in the primary or oversample panel.

To achieve the most robust results possible with the probabilistic sampling design, every effort must be made to sample the primary sites. Some sites may be accessed easily while others may require more lengthy or time-consuming trips. It is particularly important not to reject a site based on inconveniences in access. The objective for the desktop evaluation is to eliminate sites that are clearly not part of the target population or cannot be sampled. By using data that is easily obtainable and verifiable, the desktop evaluation locates the site and determines if the selected site is, or likely will be, in the target population and sampleable during the field sampling season. 
Before starting the desktop evaluation, the field crew should retrieve as much information as possible for each site. The desktop process consists of the following steps:
1) Gather information about the site
2) Locate the X-site. 
3) Determine if X-site is within the target population. 
4) Determine sampleability. 
5) Examine nearby area. 
6) Document the findings in the Site Evaluation Spreadsheet. 
i. Is the site part of the target population? 
ii. Is the site accessible and safe to sample? 
iii. Has landowner granted access permission to the site (if necessary)
7) Select replacement sites following protocol. 

After confirming the location of the X-site, the next step is to evaluate the surrounding area surrounding and classify the site into one of four major sampling status categories:  Sampleable, Non-Sampleable (temporary), No Access to site, or non-Target (not sampled). 
The final step is to visit the site, usually as part of site reconnaissance or the first field sampling visit. This is especially important when the results of the desktop analysis are inconclusive. The steps below help with the field site verification.
Site Verification Equipment: 
· Sampling permit and landowner access (if required) 
· Field Operations Manual and/or laminated quick reference guide 
· Site dossier, including access information, site spreadsheet with map coordinates, street, and/or topographic maps with “X-site” marked 
· GPS unit (preferably one capable of recording waypoints) with manual, reference card, extra battery pack
  
Method:
1) Confirm location. 
i. Navigate to the X-site. Navigate the sampling vessel as close as possible to the target X-site using GPS (you must be no more than 0.02 nautical miles (nm) or 37 meters from the target X-site). Compare the target X-site coordinates with the GPS coordinates displayed at the sampling site. 
ii. Record, in the Site Verification Form, the actual coordinates (Y-site within a 0.02 nautical miles or 37 m radius from the X-site) 
2) Assess sampleability 
3) Assess relocations if the X-site itself is not sampleable. 
4) Check the appropriate box on the Site Verification Form (Appendix II). 

For detailed descriptions of how to decide on the target population, select sites, and assess and evaluate each site refer to the following document: MassDEP (2020) Site Evaluation Guidelines for the Massachusetts Probabilistic Monitoring and Assessment Program (MAP2), Coastal Waters. CN 527.0.  Appendix I of this document describes how to conduct a probabilistic survey to determine your target population and the location of the primary and oversample sites. Appendix II provides a site evaluation spreadsheet which can be adapted to the use of your monitoring program.
[bookmark: _Toc22728297][bookmark: _Toc82181700]2.	Sampling Collection, Processing, and Storage
[bookmark: _Toc82181701][bookmark: _Toc22728298]2.1	Sample Collection Methods 
[bookmark: _Hlk81144005]Sampling may include grab samples and direct measurements using electronic instruments in the field. Common water quality parameters that are measured/observed in situ are listed in Table 2.1. 
[bookmark: _Toc17709283]Table 2.1 Marine Field Sampling Summary (example)
	Parameter
	Number of sampling locations
	Rationale of number of samples1
	Rationale for site location2
	Sampling frequency
	Number/type of QC samples3

	Temperature
	10
	probabilistic
	Spatial coverage
	X2 per month
	10% duplicates (1 site)

	Salinity
	10
	probabilistic
	Spatial coverage
	X2 per month
	10% duplicates (1 site)

	Dissolved Oxygen
	10
	probabilistic
	Spatial coverage
	X2 per month
	10% duplicates (1 site)

	Turbidity/PAR
	10
	probabilistic
	Spatial coverage
	X2 per month
	10% duplicates (1 site)

	pH
	10
	probabilistic
	Spatial coverage
	X2 per month
	10% duplicates (1 site)

	Secchi Depth
	10
	probabilistic
	Spatial coverage
	X2 per month
	10% duplicates (1 site)



1Rationale of number of samples will be driven by:
Type of survey - random or probabilistic 
Accessibility considerations 
Proximity to potential pollutant source 
Replication of previous sampling efforts (e.g., by DEP or EPA) 

2Rationale for site location will be determined by: 
Spatial coverage of waterbody 
Features of interest 
Regulatory requirements 
Proximity to impact or suspected pollution source
Capacity (funding or staffing) 
Replication of previous sampling efforts (e.g., by DEP or EPA) 
3QC samples include field duplicates and may also include field blanks. Typically, 10% of field samples are collected as field duplicates and 10% as field blanks. 
When field work includes the collection of water samples, preparations will be made ahead for collecting, handling, and storing the sample. These steps are important to ensure that the sample remains viable until transported to the laboratory for analyses. Table 2.2 provides the type of information needed to be collected for typical water quality parameters. Depending on the parameter to be measured and the holding time before delivery to a laboratory, some samples may need to be processed in the field e.g., chlorophyll a. This would require additional resources and capacity to make sure that the samples are processed according to the standard methods.
[bookmark: _Toc17709284]Table 2.2. Equipment Preparation, Sample Processing, and Storage Requirements 
	Parameter
	Sample collection method
	Container Type and Preparation
	Minimum Sample Quantity
	Sample Preservation
	Maximum Holding Time

	Temperature
	Single or multi-sensor probe
	· 
	· 
	· 
	· 

	Salinity
	Single or multi-sensor probe
	· 
	· 
	· 
	· 

	Dissolved oxygen
	Single or multi-sensor probe
	· 
	· 
	· 
	· 

	Turbidity
	Single or multi-sensor probe
	-
	-
	-
	-

	Turbidity
	Single or multi-sensor probe
	-
	-
	-
	-

	Turbidity
	Manual grab sample
	HDPE
	100 ml
	Chill to -6C
	Deliver to lab and analyze within 48 hrs 

	Total suspended solids
	Manual grab sample
	HDPE
	300 ml
	Chill to -6C
	7 days

	Secchi depth
	Secchi disk
	· 
	· 
	· 
	· 

	PAR*
	LICOR meter
	· 
	· 
	· 
	· 

	pH
	Single or multi-sensor probe
	· 
	· 
	· 
	· 

	Total Kjeldahl Nitrogen
	Manual grab sample
	HDPE bottles
Pre- washed with 10% HCl 
	120 ml
	Freeze immediately
Add H2SO4 (pH<2) and put on ice
	28 days

	Total Nitrogen
	
Manual grab sample
	HDPE 
Pre- washed with 10% HCl 
	120 ml
	Freeze immediately or
Add H2SO4 (pH<2) put on ice <4C
	28 days if acidified

	Nitrate-Nitrite-N
	Manual grab sample
	HDPE 
Pre- washed with 10% HCl 
	120 ml
	Pass through Nucleopore filter, freeze filtrate in 100 ml whir pak until analysis
	28 days if acidified

	Ammonia-N
	Manual grab sample
	HDPE
Pre- washed with 10% HCl 
	120 ml
	Freeze immediately
Add H2SO4 (pH<2) put on ice <4C
	28 days if acidified

	Total Phosphorus
	Manual grab sample
	HDPE
Pre-washed with 10% HCl 
	120 ml
	Freeze immediately
Add H2SO4 (pH<2) put on ice <4C
	28 days if acidified

	Orthophosphates
	Manual grab sample
	HDPE
Pre-washed with 10% HCl 
	120 ml
	Freeze immediately
Add H2SO4 (pH<2) put on ice <4C
	28 days if acidified

	Chlorophyll a
	Manual grab sample
	HDPE (amber or dark) 
	1L (2L if Secchi >3m)
	Filter on shore 
On ice <4C
	Filtered & frozen 21 d
Unfiltered 24 hr

	Microcystin 
	Manual grab sample
	HDPE
	500 mL each
	on ice, then freeze.
	Delivered to lab.

	Enterococci
	Manual grab sample
	HDPE
Sterilized
(Sodium thiosulfate if chlorination is suspected)
	120 ml
	On ice <4C

	lab within 6 hrs .
Analyze within 8 hrs of collection



Prior to sample collection, sample labels (including station location, replicate number, and date) will be taped to the outside of sample containers. The labels may be pre-printed and taped on using clear tape or written directly on write-on colored tape or a pre-printed adhesive label. 
[bookmark: _Toc22728299][bookmark: _Toc82181702]2.1.1	In Situ Water Quality Measurement
In situ water quality measurements include the use of parameter-specific sensors or more commonly, multi-parameter sensors to measure conditions in the water column in real time. Depending on the survey, such parameters may be measured at the surface, at surface and bottom, or along a profile in the water column during downcast and/or upcast. In addition, in situ measurements may be made by equipment specific to a particular parameter, such as the use of a Secchi disk to measure water clarity. 
2.1.1.1 General Calibration Methods: For Multi-Parameter Unit or Individual Units
Prior to field use, the multi-parameter unit (or sonde) or individual sensor units will be calibrated in accordance with the manufacturer’s instruction manual. If no instructions specific to an instrument are available, the following general calibration methods will be followed.
Supply list for taking measurements and calibrating the water quality sensor:
Multi-parameter water quality sensor (with cable and handheld data logger) with pH, dissolved oxygen, temperature, conductivity, and other probes as needed
Extra batteries 
De-ionized water (lab certified preferred, but not required) 
Calibration cups and standards 
Dry wipes or paper towels
Barometer to use for calibration 
Secchi disk (20 cm diameter, weighted) and 100 ft line with clip (marked in 0.5 m intervals) 
Calibration records form
Calibration standards:
pH 7.00 standard buffer solution 
pH 4.00 standard buffer solution 
pH 10.00 standard buffer solution 
1 mS/cm (1,000 μS/cm) conductivity standard 
Sodium sulfite solution (0% dissolved oxygen) 
Supply list for recording measurements:
Sample Log
Field Data Form
Pencils (for data forms)
Temperature sensor 
Check the accuracy of the sensor against a thermometer that is traceable to the National Institute of Standards and Technology at least once per sampling season. 
pH sensor 
Calibration standards required: pH 4.00, 7.00 and 10.00 standard buffer solutions. Calibrate the pH sensor prior to each sampling event in accordance with the manufacturer’s instructions and existing standard operating procedures. Ideally, use a QC solution that is similar in ionic strength to the water samples you will be measuring. 
Calibration method:
· Use small plastic cups (washed and rinsed with distilled water) to hold calibration solutions during calibration. Use calibration solutions at room temperature.
· Ensure that the sensor being calibrated, and the temperature probe are immersed in the calibrating solution during calibration.
· Between calibration steps, rinse the sensors with ambient temperature distilled water, then gently blot with dry wipes or paper towel.
· For each parameter, record the initial reading in the standard solution (before calibration) and the reading after calibration on the instrument calibration form.
· Record the calibration solution lot number and expiration date on the instrument calibration form. 

Dissolved Oxygen sensor 
Calibration standard required: Sodium sulfite solution (0% dissolved oxygen). Calibrate the dissolved oxygen unit before each sampling event following the manufacturer’s instructions. It is recommended that the sensor probe be calibrated in the field against an atmospheric standard (e.g., ambient air saturated with water). 
General calibration method:
· Use small plastic cups (washed and rinsed with distilled water) to hold calibration solutions during calibration. Use calibration solutions at room temperature.
· Ensure that the sensor being calibrated is immersed in the calibrating solution during calibration.
· Between calibration steps, rinse the sensors with ambient temperature distilled water, then gently blot with dry wipes or paper towels. (Note: Never touch the membrane of the dissolved oxygen sensor.)
· For each parameter, record the initial reading in the standard solution (before calibration) and the reading after calibration on the instrument calibration form.

Salinity sensor 
Calibrate the salinity sensor prior to each sampling event in accordance with the manufacturer’s instructions.
Turbidity sensor 
Calibrate the turbidity sensor prior to each sampling event in accordance with the manufacturer’s instructions. 
General Calibration method:
· Use plastic cups (washed and rinsed with distilled water) to hold calibration solutions during calibration. Use calibration solutions at room temperature.
· Ensure that the sensor being calibrated is immersed in the calibrating solution during calibration.
· Between calibration steps, rinse the sensors with ambient temperature distilled water, then gently blot with Kim-wipes or paper towel. 
· For each parameter, record the initial reading in the standard solution (before calibration) and the reading after calibration.
· Record the calibration solution Lot Number and expiration date on the Instrument Calibration Log.  

Multi-Parameter Unit
Calibrate the unit prior to each sampling event by following the user instruction manual and relevant standards applicable to the sensors/parameters on the unit. For each parameter, record the initial reading in the standard solution (before calibration) and the reading after calibration on the instrument calibration form. Record the calibration solution lot number and expiration date on the instrument calibration form.
2.1.1.2 Multi-Parameter Unit Deployment and Measurement
Measurements of the parameters are generally taken 0.1 m (10 cm) below the surface. If survey requires measurement of conditions in the water column, a hydrographic profile at each site will be obtained at stations with water depth greater than or equal to 2 meters. The parameters are measured to detect extremes in conditions that might indicate impairment at depth. In situ measurements will be made using a calibrated water quality multi‐parameter unit or sonde at each station. Single parameter units may also be used. Measurements will be then collected as the sensor is lowered, at prescribed intervals (usually 0.5 m to 1.0 m depending on the station depth) down to 0.5 m off the bottom.
The total water depth at the sampling site is estimated by lowering the depth sounding line (marked in ft) to the bottom of the river and counting the number of taped 1 ft marks on the cable. If possible, sensor measurements will be collected during the downcast from near surface (approximately 0.5–1.5 m) to near bottom (about 0.5 m off the bottom) or along a hydrographic profile.
[bookmark: _Hlk15907556]If taking measurements offshore using a boat, locate the station using a GPS (the X point). When close to the station, position the vessel slightly up current or upwind, with the side from which the unit is to be deployed facing into the wind. (By setting up this way, the expected drift of the vessel will bring the vessel to the station coordinates when the unit is deployed.) Deploy the anchor. Once the vessel has settled, record the coordinates on the Field Data Form (the Y point). The Y point should not exceed 30 m from the X point. If the vessel drifts more than 30m, locate the X point again and repeat the process.  Record data pertaining to weather, sea state, and other ambient conditions about the site on the Field Data Form. 
Supply list for collecting samples:
Multi-parameter unit
Extra batteries

For recording measurements:
Sample Log
Field Data Forms
Sample Label with pre-printed sample ID 
Clear tape strips 
Pencils (for data forms)
Fine-tipped indelible markers (for labels)

Method
1) Measure the total water depth at the station location to the nearest 0.1 m and record it on the Field Data Form. If the unit is attached to a data recorder, save hydrographic profile data as an electronic file. 
2) Turn on the unit and lower over the side of the vessel until the unit is approximately 0.1m below the surface. Allow the sensors to equilibrate for at least 60 seconds. 
3) Lower the unit into the water and record dissolved oxygen, pH, salinity/conductivity, and temperature measurements at specific depths. Typical intervals include: 0.1 m below the surface, 0.5 m below the surface, every 1 m from depths of 1.0 to 10.0 m, and (if the site is deeper than 10 m) every 5 m thereafter. Take the last set of measurements at 0.5 m off the bottom, making sure not to let the unit touch the bottom. Record these results in the downcast section of the Field Data Form.
4) If required by the survey, repeat the full sets of measurements at each of the same depth intervals as the probe is retrieved (upcast). Record all data on the Field Data Form.
5) After all of the in situ measurements have been completed for the sampling day, perform a post-measurement calibration check of the probes. Record these values on the instrument calibration form.
2.1.1.3 Water Column Transparency (Secchi Depth)
Water column transparency is measured using a Secchi disk. A Secchi disk is a 20-cm black and white disk suspended from a non-stretch line that is typically marked in 0.5 m intervals. A Secchi disk is used to measure the water column transparency to nearest 0.1 m. 
If taking measurements offshore using a boat, locate the station using a GPS (the X point). When close to the station, position the vessel slightly up current or upwind, with the side from which the unit is to be deployed facing into the wind. (By setting up this way, the expected drift of the vessel will bring the vessel to the station coordinates when the unit is deployed.) Deploy the anchor. Once the vessel has settled, record the coordinates on the Field Data Form (the Y point). The Y point should not exceed 30 m from the X point. If the vessel drifts more than 30m, locate the X point again and repeat the process.  Record data pertaining to weather, sea state, and other ambient conditions about the site on the Field Data Form. 
Measurements are made at prescribed depths as the Secchi disk is lowered and then again while it is retrieved, starting just below the surface, progressing down to 0.5 m off the bottom, and returning to just below the surface. Below is a step-by-step procedure for measuring water column transparency.
Supply list for collecting samples:
Secchi disk with rope marked at 0.5 m intervals
Measuring tape

For recording measurements:
Sample Log
Field Data Form
Pencils (for data forms)
Fine-tipped indelible markers (for labels)
[bookmark: _Hlk81144052]Method
1) Slowly lower the Secchi disk until it is no longer visible. Record the depth where the marking on the line meets the water level. Interpolate between the 0.5 m markings on the rope to the nearest 0.1 m. (If the disk is still visible when it reaches the bottom at the sampling station, water column transparency depth is greater than the water depth.) 
2) Slowly raise the Secchi disk until it just becomes visible and record the depth. Interpolate between the 0.5 m markings on the rope to the nearest 0.1 m. 
3) Repeat steps 1 and 2 two more times, recording both disappearance and reappearance depths each time. 
4) Repeat the entire process if any one disappearance or reappearance measurement differs from the others by more than 0.5 m. 
5) Record the data on the Field Data Form.
NOTE: For Secchi depth readings, no sunglasses, hats, or any other devices that shade the eyes may be worn by the person who is observing the disappearance and reappearance depths. The Secchi depth is assessed from the shady side of the boat and can only be measured during daylight hours. The same team member must make all three sets of Secchi measurements at a site, and it is desirable to have the same team member complete Secchi depth readings throughout the entire field season whenever possible. 
[bookmark: _Toc22728300][bookmark: _Toc82181703]2.1.2	Grab sampling
This section describes the procedures and methods for the field collection and preservation of the water samples to measure parameters such as turbidity, chlorophyll a, nutrients and other parameters to be analyzed in the laboratory. 
2.1.2.1	Turbidity
Prior to sample collection, a Sample Label (including station location, replicate number, and date) will be taped to the outside of sample containers. The label may be pre-printed and taped on using clear tape or written directly on write-on colored tape or a pre-printed adhesive label. Once the sampling crew is on station and coordinates have been verified, the sampling collection device will be deployed.
If taking measurements offshore using a boat, locate the station using a GPS (the X point). When close to the station, position the vessel slightly up current or upwind, with the side from which the unit is to be deployed facing into the wind. (By setting up this way, the expected drift of the vessel will bring the vessel to the station coordinates when the unit is deployed.) Deploy the anchor. Once the vessel has settled, record the coordinates on the Field Data Form (the Y point). The Y point should not exceed 30 m from the X point. If the vessel drifts more than 30m, locate the X point again and repeat the process.  Record data pertaining to weather, sea state, and other ambient conditions about the site on the Field Data Form. 
Supply list for collecting samples:
Nitrile gloves 
1 L sample container (acid washed)
Cooler with ice 
De-ionized water 

Supply list for recording measurements:
Sample Log
Field Data Forms
Sample Label with pre-printed sample ID 
Clear tape strips 
Pencils (for data forms)
Fine-tipped indelible markers (for labels)
Method (using a sample bottle):
1) Attach a Sample Label to 1 L HDPE bottle and cover with clear plastic tape. 
2) Put on nitrile gloves. 
3) Remove the cap from the bottle just before sampling. Avoid touching the inside of the bottle or the cap. 
4) Rinse the HDPE bottle three times with site water.
5) Hold the bottle near its base and plunge it (opening downward) below the water surface on the opposite side of the boat. Collect a water sample 0.1 m beneath the surface.
6) Recap the bottle carefully, remembering not to touch the inside.
7) Place the bottle in the cooler on ice. 
8) Record the collection data on the sample collection form.

Method (using a sampling device such as a Niskin or Van Dorn bottle):
1) Attach a label to a 1 L HDPE bottle and cover with clear plastic tape. 
2) Put on nitrile gloves. 
3) Rinse the sampling device and the sample containers three times with water from the site. Discard the water away from the sampling location if additional water is to be collected. 
4) Deploy the sampling device to collect a water sample at 0.5 m below the surface and/or at 0.5 m off the bottom. 
5) Fill the HDPE bottle with sample water. Replace the cap and seal tightly.
6) Place sample in a cooler on ice. 
7) Record the collection data on the sample collection form. 

Sample storage and handling:
1) Place the bottles in the cooler with ice and close the lid. 
2) Record the sample IDs on the sample collection form along with the pertinent site information (site name, ID, date, etc.). 
3) At the lab, store samples in a refrigerator at 4°C and process them within 24 hours.

2.1.2.2	Total Suspended Solids
Prior to sample collection, a Sample Label (including station location, replicate number, and date) will be taped to the outside of sample containers. The label may be pre-printed and taped on using clear tape or written directly on write-on colored tape or a pre-printed adhesive label. Once the sampling crew is on station and coordinates have been verified, the sampling collection device will be deployed.
If taking measurements offshore using a boat, locate the station using a GPS (the X point). When close to the station, position the vessel slightly up current or upwind, with the side from which the unit is to be deployed facing into the wind. (By setting up this way, the expected drift of the vessel will bring the vessel to the station coordinates when the unit is deployed.) Deploy the anchor. Once the vessel has settled, record the coordinates on the Field Data Form (the Y point). The Y point should not exceed 30 m from the X point. If the vessel drifts more than 30m, locate the X point again and repeat the process.  Record data pertaining to weather, sea state, and other ambient conditions about the site on the Field Data Form. 
Supply list for collecting samples:
Nitrile gloves 
1 L sample container 
Cooler with ice 
Plastic electrical tape 
De-ionized water 

Supply list for recording measurements:
Sample Log 
Field Data Form
Sample Label with pre-printed sample ID 
Clear tape strips 
Pencils (for data forms)
Fine-tipped indelible markers (for labels)

Method (using a sample bottle):
1) Attach a label to a 1 L HDPE bottle and cover it with clear plastic tape. 
2) Put on nitrile gloves. 
3) Remove the cap from the bottle just before sampling. Avoid touching the inside of the bottle or the cap. 
4) Rinse the HDPE bottle three times with site water.
5) Hold the bottle near its base and plunge it (opening downward) below the water surface on the opposite side of the boat. Collect a water sample 0.1 m beneath the surface.
6) Recap the bottle carefully, remembering not to touch the inside.
7) Place the sample in a cooler on ice. 
8) Record the collection data on the Field Data Form.

Method (using a sampling device such as a Niskin or Van Dorn):
1) Attach a label to a 1 L HDPE bottle and cover with clear plastic tape. 
2) Put on nitrile gloves. 
3) Rinse the sampling device and the sample containers three times with water from the site. Discard the water away from the sampling location if additional water is to be collected. 
4) Deploy the sampling device to collect a water sample at 0.5 m below the surface and/or at 0.5 m off the bottom. 
5) Fill the HDPE bottle with sample water. Recap the bottle and seal tightly. 
6) Place the sample in the cooler on ice. 
7) Record the collection data on the Field Data Form. 

Sample storage and handling:
1) Place the bottles in a cooler with ice and close the lid. 
2) Record the sample IDs on the Sample Log along with the pertinent site information (site name, ID, date, etc.). 
3) At the lab, store samples in a refrigerator at 4°C and process within 24 hours. 

[bookmark: _Toc22728301][bookmark: _Toc82181704]2.1.2.3	Nutrients 
This section describes the procedures for the field collection and preservation of the water samples to be analyzed for nutrients including total nitrogen, nitrates, nitrites, ammonia, total phosphorus, and orthophosphates. 
Prior to sample collection, a Sample Label (including station location, replicate number, and date) will be taped to the outside of sample containers. The label may be pre-printed and taped on using clear tape or written directly on write-on colored tape or a pre-printed adhesive label. Once the sampling crew is on station and coordinates have been verified, the sampling collection device will be deployed.
If taking measurements offshore using a boat, locate the station using a GPS (the X-site). When close to the station, position the vessel slightly up current or upwind, with the side from which the unit is to be deployed facing into the wind. (By setting up this way, the expected drift of the vessel will bring the vessel to the station coordinates when the unit is deployed.) Deploy the anchor. Once the vessel has settled, record the coordinates on the Field Data Form (the Y-site). The Y-site should not exceed 37 m from the X-site. If the vessel drifts more than 30m, locate the X point again and repeat the process.  Record data pertaining to weather, sea state, and other ambient conditions about the site on the Field Data Form. 
Supply list for collecting samples:
Nitrile gloves 
1 L HDPE opaque bottles
Cooler with ice 
De-ionized water 
Van Dorn or Niskin bottles (if using)
Cooler with ice

Supply list for recording measurements:
Sample Log 
Field Data Forms
Sample label with pre-printed sample ID 
Clear tape strips 
Pencils (for data forms)
Fine-tipped indelible markers (for labels)

Method (using a sample bottle):
1) Attach a label to a 1 L HDPE bottle(s) and cover with clear plastic tape. 
2) Put on nitrile gloves. 
3) Remove the cap from the bottle just before sampling. Avoid touching the inside of the bottle or the cap. 
4) Rinse the pre-labeled HDPE bottle three times with site water.
5) Hold the bottle near its base and plunge it (opening downward) below the water surface on the opposite side of the boat. Collect a water sample 0.1 m beneath the surface.
6) Recap the bottle carefully, remembering not to touch the inside.
7) Place sample in a cooler on ice. 
8) Record the collection data on the Field Data Form.

Method (using a sampling device such as a Niskin or Van Dorn):
1) Attach a label to a 1 L HDPE bottle(s) and cover with clear plastic tape.
2) Put on nitrile gloves. 
3) Rinse the sampling device and the sample containers three times with water from the site. Discard the water away from the sampling location if additional water is to be collected. 
4) Deploy the sampling device to collect a water sample at 0.5 m below the surface and/or at 0.5 m off the bottom. 
5) Fill the 1 L HDPE bottle with sample water. Recap the bottle and seal tightly. 
6) Place sample in a cooler on ice. 
7) Record the collection data on the Field Data Form. 

Sample storage and handling:
1) Place the bottles in a cooler (on ice or water) and shut the lid. 
2) Record the sample IDs on the Sample Log along with the pertinent site information (site name, ID, date, etc.). 
3) At the lab, store samples in a refrigerator at 4°C and process within 24 hours. If not analyzed within this time, the samples should be filtered, and the filters frozen for future analysis (within 21 days of their collection). 

If samples cannot be delivered to the laboratory within 6–8 hours following collection, acid preservation may be required. See “Processing nutrient samples” below.
Processing nutrient samples
Method
1) Draw sample water up from a transfer bottle (1 L opaque HDPE) using a 60-mL acid-washed syringe.
2) Push through an in-line Nucleopore 4.7 cm diameter 0.4 µm membrane filter and into a 100 mL pre-labeled plastic bag (e.g., Whirl Pak).
3) Rinse the syringe with de-ionized water and triple-rinse it with site water between each sample. Also rinse the syringe with de-ionized water between each station. Keep samples on ice until they are transferred to the lab; freeze them within 8 hours of collection. 
[bookmark: _Toc22728302][bookmark: _Toc82181705]2.1.2.4	Chlorophyll a
This section describes the methods for the field collection and preservation of the water samples to measure chlorophyll a. 
Prior to sample collection, a Sample Label (including station location, replicate number, and date) will be taped to the outside of sample containers. The label may be pre-printed and taped on using clear tape or written directly on write-on colored tape or a pre-printed adhesive label. Once the sampling crew is on station and coordinates have been verified, the sampling collection device will be deployed.
If taking measurements offshore using a boat, locate the station using a GPS (the X-site). When close to the station, position the vessel slightly up current or upwind, with the side from which the unit is to be deployed facing into the wind. (By setting up this way, the expected drift of the vessel will bring the vessel to the station coordinates when the unit is deployed.) Deploy the anchor. Once the vessel has settled, record the coordinates on the Field Data Form (the Y-site). The Y point should not exceed 37 m from the X-site. If the vessel drifts more than 30m, locate the X-site again and repeat the process.  Record data pertaining to weather, sea state, and other ambient conditions about the site on the Field Data Form. 
Supply list for collecting samples:
Nitrile gloves 
1 L opaque HDPE bottles
De-ionized water
Van Dorn or Niskin bottles (if using)
Cooler with wet ice

Supply list for recording measurements:
Sample Log  
Field Data Form
Sample label with pre-printed sample ID
Pencils (for data forms)
Fine-tipped indelible markers (for labels)  
Clear tape strips
Method (using a sample bottle)
1) Attach the completed label to the 1 L HDPE sample bottle(s) and cover with clear plastic tape. 
2) Put on nitrile gloves. 
3) Rinse the sampling device (such as a Niskin or Van Dorn) and the sample containers three times with water from the site. 
4) Using either a water sampling device (such as a Niskin or Van Dorn) or water pumping system, collect a water sample at 0.5 m below the surface (or mid-depth if station depth is less than 1.0 m). 
5) Fill the HDPE bottle(s) with sample water. 
6) Replace the cap(s) and seal tightly. 
7) Place the sample in a cooler on ice at 4°C. 
8) Record the collection data on the Field Data Form. 

Method (using a sampling device such as a Niskin or Van Dorn):
1) Attach a label to a 1 L HDPE bottle(s) and cover it with clear plastic tape. 
2) Put on nitrile gloves. 
3) Rinse the sampling device and the sample containers three times with water from the site. Discard the water away from the sampling location if additional water is to be collected. 
4) Deploy the sampling device to collect a water sample at 0.5 m below the surface and/or at 0.5 m off the bottom. 
5) Fill the HDPE bottle(s) with sample water. Replace the cap and seal tightly. 
6) Place sample in a cooler on ice. 
7) Record the collection data on the Field Data Form. 

Sample storage and handling:
1) [bookmark: _Hlk81150786]Place the bottles in a cooler (on ice or water) and shut the lid. 
2) Record the sample IDs on the Sample Log along with the pertinent site information (site name, ID, date, etc.). 
3) At the lab, store samples in a refrigerator at 4°C and process them within 24 hours of the collection time. 

If not analyzed within 24 hours, the samples will be filtered, and the filters frozen for future analysis (within 21 days of their collection). See Method: Filtering Chlorophyll a Samples.

Processing Chlorophyll a Samples
Unless samples are taken to a laboratory for processing within 6 hours, the chlorophyll a sample must be processed and submitted to the laboratory as residue on a Whatman GF/F filter. Upon receipt of the filters, the laboratory extracts the pigment from the filter and quantifies it using fluorimetry. A portion of the filtrate produced from collecting the chlorophyll a sample is submitted to the laboratory and processed for dissolved nutrients. 
Supply list for processing samples:
Whatman GF/F 47 mm 0.7 μm filter 
500 mL side-arm filter flask
Filtration unit (blue base filter funnel, 250 mL unit) 
Rubber stopper and large filter funnel adapter vacuum pump (electric or hand) 
De-ionized water 
Nitrile gloves 
Forceps 
Graduated cylinder (250 mL)

Supply list for recording measurements:
Sample Log
Field Data Form 
Chlorophyll a and dissolved nutrients sample labels 
Pencils (for data forms) 
Fine-tipped indelible markers (for labels)  
Clear tape strips

Supply list for sample collection and preservation:
Centrifuge tube (50 mL, screw-top) 
Aluminum foil square 
HDPE bottle (250 mL, white) 
Cooler with dry ice 
Electrical tape 
Plastic bag (sandwich size)

Method
Chlorophyll a samples should be processed in subdued light, out of direct sunlight.
1) [image: ]In low light conditions, set up the filter apparatus with vacuum flask, filter holder, glass fiber filter, and filter funnel. 
2) Using a clean graduated cylinder, measure a precise volume and record the amount on the Field Data Form. 
3) Pour the measured sample into the clean filter funnel and filter with a vacuum pump a minimum of 500 mL of the sample until a visible quantity of green or greenish brown shows up on the filter. NOTE: If you don’t see more than a tinge, filter more sample. Filtering may significantly slow in the later stages as the filter plugs up with material. Figure 1 Filtration set-up for chlorophyll-a and nutrient sample processing.




4) Record the volume filtered to the nearest mL.
5) Remove the filter funnel, and carefully remove the filter from the filter holder using forceps. Fold the filter in half (green side in), and place in an air-drying box and cover.
6) Rinse all equipment (cylinder, filtering apparatus, and forceps) with distilled water before processing additional samples. 
7) When all samples have been filtered, plug in the drying box. Air dry the sample filters for at least 45 minutes or until they are dry. Remove filters with forceps and place in aluminum foil. Label the aluminum foil; prepare it for delivery to the laboratory or freeze it.
[bookmark: _Toc22728303][bookmark: _Toc82181706]2.1.2.5	Enterococci 
This section describes the methods for the field collection and preservation of the water samples to measure Enterococci. 
Prior to sample collection, a Sample Label (including station location, replicate number, and date) will be taped to the outside of sample containers. The label may be pre-printed and taped on using clear tape or written directly on write-on colored tape or a pre-printed adhesive label. Once the sampling crew is on station and coordinates have been verified, the sampling collection device will be deployed.
If taking measurements offshore using a boat, locate the station using a GPS (the X-site). When close to the station, position the vessel slightly up current or upwind, with the side from which the unit is to be deployed facing into the wind. (By setting up this way, the expected drift of the vessel will bring the vessel to the station coordinates when the unit is deployed.) Deploy the anchor. Once the vessel has settled, record the coordinates on the Field Data Form (the Y-site). The Y-site should not exceed 30 m from the X-site. If the vessel drifts more than 37m, locate the X-site again and repeat the process.  Record data pertaining to weather, sea state, and other ambient conditions about the site on the Field Data Form. 
[bookmark: _Hlk81150909]Enterococci levels tend to be highest in the morning prior to high levels of solar irradiation; therefore, these samples must be collected as early in the day and with as little water and sediment disturbance as possible. Regardless of when the enterococci samples are collected, the samples must be filtered within 6 hours from collection. 
Supply list for collecting samples:
[bookmark: _Hlk81150931]Nitrile gloves 
HDPE bottle (250 mL, clear, pre-sterilized) 
Sodium thiosulfate tablet
De-ionized water
Cooler with ice
Van Dorn or Niskin bottles (if using)

Supply list for recording measurements:
[bookmark: _Hlk81150943]Sample Log  
Field Data Form
Sample labels pre-printed with sample ID
Pencils (for data forms) 
Fine-tipped indelible markers (for labels)  
Clear tape strips

Method: Sample Collection (using a sample bottle)
1) [bookmark: _Hlk81150958]Attach a label to the 250 mL sample bottle.
2) Put on nitrile gloves. 
3) Lower the un-capped, inverted 250 mL sample bottle to a depth of 0.5 m below the water surface (or mid-depth if station depth is less than 1.0 m). Avoid surface scum, vegetation, and substrates. Point the mouth of the container away from the boat. Right the bottle and raise it through the water column, allowing it to fill completely. 
4) Add the sodium thiosulfate tablet, cap, and shake the bottle 25 times.
5) Replace the cap and seal tightly. 
6) Place sample in a cooler on ice. 
7) Record the collection data on the Field Data Form.

Method (using a sampling device such as a Niskin or Van Dorn bottle):
1) [bookmark: _Hlk81150973]Attach a label to the 250 mL bottle and cover with clear plastic tape. 
2) Put on nitrile gloves. 
3) Rinse the sampling device and the sample containers three times with water from the site. Discard the water away from the sampling location if additional water is to be collected. 
4) Deploy the sampling device to collect a water sample at 0.5 m below the surface and/or at 0.5 m off the bottom. 
5) Fill the sample bottle with sample water. 
6) Add the sodium thiosulfate tablet, cap, and shake the bottle 25 times.
7) Replace the cap and seal tightly. 
8) Place sample in a cooler on ice. 
9) Record the collection data on the Field Data Form. 

Sample storage and handling:
1) [bookmark: _Hlk81151015]Add the sodium thiosulfate tablet, cap, and shake the bottle 25 times. 
2) Store the sample in a cooler on wet ice to chill (not freeze) for at least 15 minutes. Do not hold samples longer than 6 hours before filtration and freezing. 
3) Place the bottles in the cooler (on ice or water) and shut the lid. 
4) Record the sample IDs on the Sample Log along with the pertinent site information (site name, ID, date, etc.). 
5) At the lab, store samples in a refrigerator at 4°C. Samples will need to be delivered to the laboratory within 6 hours of collection.
[bookmark: _Toc22728304][bookmark: _Toc82181707]2.1.2.6	Harmful Algal Blooms: Microcystins 
[bookmark: _Hlk81151123]The algal toxin (microcystin) sample is collected using the 3 L beaker to fill two 500 mL bottles. A screening test is conducted in the field using dipsticks. If presence of microcystins is detected, and their concentration is higher than acceptable, the sample may be taken to the laboratory for further analysis.
If taking measurements offshore using a boat, locate the station using a GPS (the X-site). When close to the station, position the vessel slightly up current or upwind, with the side from which the unit is to be deployed facing into the wind. (By setting up this way, the expected drift of the vessel will bring the vessel to the station coordinates when the unit is deployed.) Deploy the anchor. Once the vessel has settled, record the coordinates on the Field Data Form (the Y-site). The Y-site should not exceed 37 m from the X-site. If the vessel drifts more than 37m, locate the X-site again and repeat the process.  Record data pertaining to weather, sea state, and other ambient conditions about the site on the Field Data Form. 
Supply list for collecting samples:
[bookmark: _Hlk81151144]Nitrile gloves 
3 L Nalgene beaker 
HDPE bottle (500 mL white, round) 
Cooler with ice
Algal toxin strip test kit for microcystins

Supply list for recording measurements:
[bookmark: _Hlk81151157]Sample Log
Field Data Form
Sample labels with pre-printed sample ID 
Clear tape strips 
Pencils (for data forms)
Fine-tipped indelible markers (for labels) 

Method: Algal Toxin Strip Test for Microcystin
1) [bookmark: _Hlk81151188]Pour 1–2 mL of the sample from the HDPE bottle into the small bottle provided with the test kit.
2) Using the graduated pipette provided, transfer 1 mL of sample to the lysis vial containing the dried lysis reagent.
3) Cap the bottle and shake for 2 minutes. Let rest for 8 minutes.
4) Using the forceps provided, add one reagent paper to the lysis vial. 
5) Cap and shake for 2 minutes. Let rest for 8 minutes.
6) Using the pipette provided, add seven drops of sample to the conical, flip-top tube containing the reagent.
7) Close the conical, fliptop tube and shake it for 30 seconds. Sample will turn purple.
8) Insert test strip into conical, fliptop tube with arrow pointing down (i.e., with the sample pad down). Incubate for 10 minutes.
9) Remove the test strip. Lay flat and allow to continue developing for 5 minutes.
10) Use the strip control and test lines to measure the approximate concentration of microcystins observed. 
11) Replace the cap and seal tightly. Place sample in a cooler on ice. 
12) Record the collection data on the Field Data Form.

Sample storage and handling:
1) [bookmark: _Hlk81151214]Place the 500 mL bottles in a cooler (on ice or water) and shut the lid. If a cooler is not available, place the 500 mL bottles in an opaque garbage bag and immerse them in the stream. 
2) Record the sample IDs on the Sample Log along with the pertinent site information (site name, ID, date, etc.). 
3) Freeze as soon as possible until delivered to the laboratory.
[bookmark: _Toc22728305][bookmark: _Toc82181708]2.2	Sample Handling and Custody 
This section describes the process of sample handling and custody in the field, in the laboratory, and during transport, taking into account the nature of the samples, the maximum allowable holding time before extraction or analysis, and available shipping options and schedules.
Labels with the following information will be attached to sample containers: 
Sample number 
Site ID
Time and date of collection 
Preservation requirements
Name of sampler and organization

Samples for shipment will be prepared as follows: 
All samples will be appropriately preserved and packaged for transport. 
If obtainable samples are missing, the Project Manager will determine corrective action (e.g., reschedule a site visit or return to the site that same day to complete collection of the missing samples). 
All samples will be labeled, and the labels checked for completeness, legibility, accuracy, and consistency.
Sample Labels and Sample Log will be reviewed to ensure consistent sample ID information.
Each sample container will be inspected to make sure there are no leaks and that all containers are properly sealed. 

The Field Coordinator will complete the Chain of Custody Form(s) for samples shipped to a laboratory. A copy of each custody form will be made and retained by the team. The original form will be sent in the container with the sample. Copies of all custody forms will be included in the coolers when samples are sent to the labs. 
[bookmark: _Toc22728307][bookmark: _Toc82181709]2.3	Field Sampling Quality Control
The monitoring project will include appropriate QC samples to assess general data quality issues, as well as specific data quality objectives. Field QC samples will be taken for 10% of all water quality samples taken per sampling event.  Field QA/QC activities include accuracy checks, precision checks and percent of field samples collected for QC.
[bookmark: _Toc22728308][bookmark: _Toc82181710]2.3.1	Field Duplicates
Field duplicates will be taken side by side and simultaneously. Field duplicates are submitted to the laboratory along with all other samples. Field duplicates will be collected from 10% of the total samples to detect both natural variability in the environment and that caused by field sampling methods. For example, if 10 stations are sampled on one day, a field duplicate will be collected from one of the stations for that day.
[bookmark: _Toc22728309][bookmark: _Toc82181711]2.3.2	Field Blanks
Ambient field blanks will be taken at 10% of total samples to evaluate if any sample contamination may have occurred due to improper sample collection, atmospheric fallout, or other causes. A field blank will be created by filling a clean sample bottle with de-ionized or distilled water in the field during sampling activities, then treated the same as other samples taken from the field (i.e., labeled, stored on wet ice in a cooler). Field blanks are submitted to the laboratory along with all other samples and are used to detect any contaminants that may be introduced during sample collection, fixing, storage, analysis, and transport. For example, if 10 stations are sampled on one day, a field blank will be collected from one of the stations for that day.
[bookmark: _Toc22728310][bookmark: _Toc82181712]2.3.3	Quality Control Procedures: Field Operations 
Field data quality is addressed, in part, by application and consistent performance of valid procedures documented in the standard operating procedures. Field crews will verify that all sample containers are uncontaminated and intact, and that all sample labels are legible and intact. 
Before leaving the field, the crews will: 
1) Check sample labels to ensure that all written information is correct, complete and legible. 
2) Place a strip of clear packing tape over the label, covering the label completely. 
3) Record the sample ID number assigned to the water chemistry sample on the sample collection form. 
4) Enter a flag code and provide comments on the Field Data Form if there are any problems in collecting the sample or if conditions occur that may affect sample integrity. 
5) Store the samples on wet ice in a cooler. Keep chlorophyll a filters frozen until shipping on wet ice. 
6) Recheck all forms and labels for completeness and legibility. 
[bookmark: _Toc22728311][bookmark: _Toc82181713][bookmark: _Hlk81144111]2.3.4	Field Quality Control: Multi-Parameter Units
For in situ measurements, each field instrument (e.g., multi-parameter unit) must be calibrated, inspected prior to use, and operated according to manufacturer specifications. For instruments that are factory calibrated and checked, the Project Manager shall ensure that factory-certified diagnostics have been completed according to manufacturer specifications (preferably conducted immediately prior to the sampling season). Sensors such as these do not require the daily calibration steps or the weekly diagnostic/QC solution checks; QC information for sensors must include parameter/probe, description of the check made, frequency of checking, acceptance criteria and a description of corrective action taken if an issue is found. 
Data validation QC is also an important part of the field QC process to ensure data validity. Table 2.3 provides guidance on this step.
[bookmark: _Toc17709288]Table 2.3 Data Validation Quality Control, Multi-Parameter Units
	Parameter and Check Description
	Frequency
	Acceptance Criteria
	Corrective
Actions

	Temperature - Verify performance of temperature probe using wet ice. 
	Prior to initial sampling, daily thereafter 
	Functionality = ±0.50C 
	See manufacturer’s instructions. 

	Depth - Verify depth against markings on cable 
	Daily 
	± 0.2 m 
	Re-calibrate 

	pH - Internal electronic check if available; otherwise check against Quality Check Solution 
	At the beginning and end of each day 
	Alignment with instrument manufacturer’s specifications; or QCS measurement in range 
	AM: Re-calibrate 
PM: Flag day’s data. pH probe may need maintenance. 

	DO - Check calibration in field against atmospheric standard 
	At the beginning and end of each day 
	±1.0 mg/l 
	AM: Re-calibrate 
PM: Flag day’s data. Change membrane 

	Salinity – internal electronic check if equipped; otherwise check against QCS
	At the beginning and end of each day
Alignment with instrument manufacturer’s specifications 
	AM: Re-calibrate 
PM: Flag day’s data. Instrument may need repair. 


[bookmark: _Toc22728312]
[bookmark: _Toc82181714][bookmark: _Toc22728313]2.3.5	Field Quality Control: Chlorophyll a 
Field data quality is addressed, in part, by application and consistent performance of valid procedures documented in the standard operating procedures. Field crews will verify that all sample containers are uncontaminated and intact, and that all sample labels are legible and intact. 
Before leaving the field, the crews will: 
1) Check sample labels to ensure that all written information is correct, complete, and legible. 
2) Place a strip of clear packing tape over the label, covering the label completely. 
3) Record the sample ID number assigned to the water chemistry sample on the sample collection form. 
4) Enter a flag code and provide comments on the Field Data Form if there are any problems in collecting the sample or if conditions occur that may affect sample integrity. 
5) Store the samples on wet ice. Keep chlorophyll a filters frozen until shipping on wet ice. 
6) Recheck all forms and labels for completeness and legibility. 
The table below summarizes field QC procedures for Chlorophyll a.
[bookmark: _Toc17709289]Table 2.4. Field Quality Control Activities: Chlorophyll a
	Quality Control Activity
	Description and Requirements
	Corrective Action

	Chlorophyll-a Containers and Preparation 
	Rinse collection bottles 3x with ambient water before collecting water samples. 
	Discard sample. Rinse bottle and refill 

	Holding Time 
	24 hours 
	Qualify samples 

	Sample Storage 
	Chlorophyll a samples are shipped on wet ice 
	Qualify sample as suspect 

	Filtration 
	Use Whatman 0.7 μm GF/F filter. Filtration pressure should not exceed 3.4 psig to avoid rupture of fragile algal cells. 
Rinse sample bottle for dissolved nutrient 3x with 10-20 mL of filtrate before collecting 250 mL of filtrate for analysis. 
	Discard and refilter 



[bookmark: _Toc17709291]Table 2.5 Data Validation Quality Control: Chlorophyll a 
	Activity or Procedure
	Requirements and Corrective Action

	Range checks, summary statistics, and/or exploratory data analysis
	Current reporting errors or qualify as suspect of invalid

	Review holding times
	Qualify value for additional review

	Review data from QA samples
	Determine the impact and possible limitations on overall data usability



[bookmark: _Toc82181715]2.3.6	Field Quality Control: Nutrients 
Field data quality is addressed, in part, by application and consistent performance of valid procedures documented in the standard operating procedures. Field crews will verify that all sample containers are uncontaminated and intact, and that all sample labels are legible and intact. 
Before leaving the field, the crews will: 
1) Check sample labels to ensure that all written information is correct, complete and legible. 
2) Place a strip of clear packing tape over the label, covering the label completely. 
3) Record the sample ID number assigned to the water chemistry sample on the sample collection form. 
4) Enter a flag code and provide comments on the Field Data Form if there are any problems in collecting the sample or if conditions occur that may affect sample integrity. 
5) Store the samples on wet ice in a cooler. 
6) Recheck all forms and labels for completeness and legibility. 
The table below summarizes field QC procedures for nutrients.
[bookmark: _Toc17709290]Table 2.6 Sample Field Processing Quality Control Activities: Nutrients
	Quality Control Activity
	Description and Requirements
	Corrective Action

	Water Chemistry Container and Preparation 
	Rinse collection bottles 3x with ambient water before collecting water samples. 
	Discard sample. Rinse bottle and refill. 

	Sample Storage 
	Store samples in darkness at 4°C. 
Ship on wet ice within 24 hours of collection. 
	Qualify sample as suspect for all analyses. 



Table 2.7 Data Validation Quality Control: Nutrients 
	Activity or Procedure
	Requirements and Corrective Action

	Range checks, summary statistics, and/or exploratory data analysis
	Current reporting errors or qualify as suspect of invalid

	Review holding times
	Qualify value for additional review

	Review data from QA samples
	Determine the impact and possible limitations on overall data usability



[bookmark: _Toc22728314][bookmark: _Toc82181716]2.3.7	Field Quality Control: Enterococci 
Field data quality is addressed, in part, by application and consistent performance of valid procedures documented in the standard operating procedures. Field crews will verify that all sample containers are uncontaminated and intact, and that all sample labels are legible and intact. 
Before leaving the field, the crews will: 
1) Check sample labels to ensure that all written information is correct, complete and legible. 
2) Place a strip of clear packing tape over the label, covering the label completely. 
3) Record the sample ID number assigned to the water chemistry sample on the sample collection form. 
4) Enter a flag code and provide comments on the Field Data Form if there are any problems in collecting the sample or if conditions occur that may affect sample integrity. 
5) Store the samples on wet ice in a cooler. 
6) Recheck all forms and labels for completeness and legibility. 
The table below summarizes field QC procedures for nutrients.
Quality control activities for enterococci are listed in the following tables.
[bookmark: _Toc17709292]Table: 2.8. Field Quality Control Activities: Enterococci
	Quality Control Activity
	Description and Requirements
	Corrective Action

	Check integrity of sample containers and labels 
	Clean, intact containers and labels 
	Obtain replacement supplies 

	Sterility of sample containers 
	Sample collection bottle and filtering apparatus are sterile and must be unopened prior to sampling. Nitrile gloves must be worn during sampling and filtering 
	Discard sample and recollect in the field. 

	Sample Collection 
	Collect sample at the last transect to minimize holding time before filtering and freezing 
	Discard sample and recollect in the field. 

	Sample holding 
	Sample is held in a cooler on wet ice until filtering. 
	Discard sample and recollect in the field. 

	Field Processing 
	Sample is filtered within 6 hours of collection and filters are frozen on dry ice. 
	Discard sample and recollect in the field 



[bookmark: _Toc17709293]Table 2.9 Data Validation Quality Control: Enterococci
	Check Description
	Frequency
	Acceptance Criteria
	Corrective Action

	Duplicate sampling 
	Duplicate composite samples collected at 10% of sites 
	Measurements should be within 10 percent 
	Review data for reasonableness; determine if acceptance criteria need to be modified 



[bookmark: _Toc22728315][bookmark: _Toc82181717]2.3.8	Field Quality Control: Microcystins
Field data quality is addressed, in part, by application and consistent performance of valid procedures documented in the standard operating procedures. Field crews will verify that all sample containers are uncontaminated and intact, and that all sample labels are legible and intact. 
Before leaving the field, the crews will: 
1) Check sample labels to ensure that all written information is correct, complete and legible. 
2) Place a strip of clear packing tape over the label, covering the label completely. 
3) Record the sample ID number assigned to the water chemistry sample on the sample collection form. 
4) Enter a flag code and provide comments on the Field Data Form if there are any problems in collecting the sample or if conditions occur that may affect sample integrity. 
5) Store the samples on wet ice in a cooler. 
6) Recheck all forms and labels for completeness and legibility. 
Quality control activities for microcystins are listed in the following tables.
[bookmark: _Toc17709294]Table 2.10 Field Quality Control Activities: Microcystins 
	QC Activity
	Description and Requirements
	Corrective Action

	Check integrity of sample containers and labels 
	Clean, intact containers and labels 
	Obtain replacement supplies 

	Holding time
	Hold sample on wet ice and freeze immediately upon return to base. Keep frozen until shipping
	Quality samples

	Sample storage
	Store samples in darkness and frozen (-20C)
Monitor temperature daily
	Qualify samples as suspect



[bookmark: _Toc17709295]Table 2.11 Data Validation Quality Control: Microcystins 
	Activity or Procedure
	Requirements and Corrective Action

	Range checks, summary statistics, and/or exploratory data analysis
	Current reporting errors or qualify as suspect of invalid

	Review holding times
	Qualify value for additional reviews

	Review data from QA samples
	Determine impact and possible limitations on overall data usability


[bookmark: _Toc22728316][bookmark: _Toc82181718]2.4	Instrument/Equipment Inspection and Testing
All equipment used to gather data for in-situ parameters or to collect grab samples will undergo periodic maintenance and calibration verification performed by manufacturer’s representatives or service consultants. These procedures will be documented by date and the signature of the person performing the inspection.  kept in good repair as per manufacturer’s recommendations to ensure proper function. Records of equipment inspection, maintenance, repair, and replacement will be kept in a logbook, along with standard operating procedures for instrument maintenance and calibration. The following table lists typical procedures to be undertaken.
[bookmark: _Toc17709296]Table 2.12 Typical Instrument/Equipment Inspection and Testing Procedures
	Equipment
	Inspection frequency
	Type inspection
	Maintenance, Corrective Action

	Nutrient sample bottles
	Before each use
	Visual for integrity, cleanliness
	Acid washed prior to use

	Filtering apparatus
	Before each use
	Proper functioning, clean storage
	Spare filters, syringe

	Secchi disk, calibrated line
	Before each use
	Visual for integrity, cleanliness
	Wipe tape. Spare disk, spare line.

	Meters
	Before each use
	Battery life, membrane condition
	Spare batteries, spare membranes

	Sampling device
	Before each use
	Visual for integrity, cleanliness
	Repair, replace if necessary



[bookmark: _Toc22728317][bookmark: _Toc82181719]2.5	Field Equipment Calibration 
This section describes how continued quality performance of field equipment and instruments is ensured. 
[bookmark: _Toc22728318][bookmark: _Toc82181720]2.5.1	Pre-measurement Instrument Checks and Calibration 
Field instruments shall be tested and calibrated prior to sampling. Equipment can be calibrated either prior to departure for the site or at the site.  Field crews will have access to backup instruments if any instruments fail the manufacturer performance tests or calibrations. Instrument calibration procedure must include and record the following for each parameter or instrument: type of inspection, frequency of inspection, standard used, and corrective action taken if needed. Prior to departure, the following checks and calibrations shall be performed:
If using a handheld GPS unit, turn on the GPS receiver and check the batteries. Replace batteries immediately if a battery warning is displayed. Boat-mounted GPS units run off of the boat electrical system. 
Test and calibrate the multi-parameter unit or sonde. Follow the manufacturer's calibration and maintenance procedures to calibrate multi-parameter sensors. 
· For instruments that are factory calibrated and checked, ensure that factory-certified diagnostics have been completed according to manufacturer specifications (preferably conducted immediately prior to the sampling season). sensors such as these do not require the daily calibration steps or the weekly diagnostic/QC solution checks. 
· Once each week, verify that the sensor is functioning properly by performing manufacturer-recommended internal diagnostic checks. These are manufacturer- and model-specific, but typically involve accessing internal diagnostic readouts (e.g., pH millivolts, cell constants, and/or other diagnostic readings). Record results in a logbook or other documentation and save them. 
· For sensors without internal check capabilities, check pH against a commercially available QC solution with properties similar to confidence solution of the instrument being used. Record the successful completion of the internal checks or the expected values and measured values of the QC solution. Record pre-measurement calibration data on the instrument calibration form.
If using a commercially purchased pH QC solution for the weekly quality checks, ensure that:
· The pH QC solution containers should be labeled with expected values and preparation dates. 
· The pH of the QC solution should approximate the pH expected at sampling sites. 
· Bulk solutions should be replaced according to the manufacturer’s specifications or at any time if the crew suspects they have become contaminated. 
A commercially purchased primary conductivity/seawater standard as the QC solution for weekly quality checks of conductivity/salinity can be used. A secondary conductivity/seawater standard that is referenced against a certified standard may also be used: 
· If a secondary standard is used, preparation and certification test procedures and results must be logged in a QA notebook and maintained by the state or contractor in-house QA personnel. 
· The standard should be representative of the conditions expected in the field (~0.5–35 ppt for marine waters). 
· The conductivity/seawater calibration standard and QC solution containers must be labeled with expected values and preparation dates. 
· The standards should be replaced with fresh solutions at least every 3–4 days to void contamination.
· Bulk solutions should be replaced according to manufacturer’s specifications or if the crew suspects that they may have become contaminated. 
At least once per sampling season calibrate the temperature sensor against a National Institute of Standards and Technology–traceable thermometer. 
[bookmark: _Toc22728319][bookmark: _Toc82181721]2.5.2	Post-Measurement Calibration Check 

Multi-Parameter Unit
After the in situ measurements have been completed for the sampling day, a post-measurement calibration check of the multi-parameter unit must be performed. To do this, pH and conductivity of one of each of the respective calibration standards that were used earlier in the day to calibrate the instrument must be measured and values recorded. If significant drift is detected (as defined the manufacturer), the sensor may need service; data collected since the last successful calibration and post-measurement calibration check should be flagged. Discontinue use of any sensor that is not functioning properly.
[bookmark: _Toc82181722]2.6	Inspection/Acceptance of Supplies and Consumables 
The Project Manager will be responsible for ensuring correct sample handling by:
Ensuring availability of all required sampling supplies in the field.
Properly labeling all sample containers for biological samples in the field.
Recording all relevant sampling information on the Sample Log, Field Data Forms, and Chain-of- custody Forms.
Coordinating the transfer of all samples from the field to laboratories for analysis.
Delegating tasks as indicated in the table below.
[bookmark: _Hlk81144176]Table 2.13: Critical Field Supplies, Acceptance Criteria, and Responsibility for Critical Field Supplies
	Critical Supplies and Consumables
	Inspection Requirements 
and Acceptance Criteria
	Responsible Individual

	Sample containers
	Visually inspected for cracks, breakage, and cleanliness. May be reused.
	

	Multi-parameter units; individual sensors
	Functional checks to ensure proper calibration and operating capacity.

	

	Sampling equipment 
	Visually inspected for obvious defects, damage, and contamination.
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