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NOTICE

Mention of trade names, products, or services does not convey, and should not be interpreted as
conveying, official EPA approval, endorsement, or recommendation.

This document is NHEERL/AED contribution number AED-00-023

The appropriate citation for this report is:

Strobel, C.J. 2000. Coastal 2000-Northeast Component: Field Operations Manual U. S.
Environmental Protection Agency, National Health and Environmental Effects Research
Laboratory, Atlantic Ecology Division, Narragansett, Rl. EPA/620/R-00/002.
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SECTION 1
INTRODUCTION

As a regulatory agency, the U.S. Environmental Protection Agency (EPA) is charged with the
mission to set environmental policy, obtain funds for research and development, and evaluate the
efficacy of environmental regulations in preserving the Nation's natural resources. EPA’s National
Coastal Assessment (Coastal 2000 or C2000) is a five-year effort led by EPA’s Office of
Research and Development to evaluate the assessment methods it has developed to advance
the science of ecosystem condition monitoring. C2000 represents the current state of evolution of
EPA’s Environmental Monitoring and Assessment Program (EMAP). EMAP was originally
designed to provide a quantitative assessment of the regional extent of environmental problems
by measuring status and change in selected indicators of ecological condition. EMAP provides a
strategy to identify and bound the extent, magnitude, and location of environmental degradation
and improvement on a regional scale.

Beginning in the year 2000, C2000 will attempt to assess the condition of the Nation’s
estuarine waters through statistically valid subsampling. Whereas the original EMAP effort was
conducted primarily by EPA and contract staff, C2000 is being implemented in partnership with
the 24 coastal states. This partnership recognizes that each of these entities plays an important
role in estuarine monitoring. Wherever possible, existing state monitoring programs are being
incorporated into the C2000 design. This provides for the maximum utilization of a limited budget,
and the flexibility of allowing states to often “continue doing what they’ve been doing.” Many of
these state programs have been in existence for many years, providing a basis for possible
C2000 trends analyses. Each state will conduct the survey and assess the condition of their
coastal resources independently. These estimates will then be aggregated to assess the
condition at EPA Regional, biogeographical, and National levels. Through this partnership EPA
hopes to build infrastructure within the coastal states to improve, and make more inter-
comparable, the multitude of estuarine monitoring programs throughout the country.

As stated above, C2000 is being implemented in cooperation with the coastal states. Most of
the field sampling, and some of the sample analysis, will be conducted by state agencies through
cooperative agreements with EPA. A common suite of “core” indicators will be measured using
comparable methods:

sediment contaminant concentrations

sediment toxicity (Ampelisca abdita)

benthic species composition

sediment characteristics (grain size, organic carbon content, percent water)
water column dissolved nutrients

chlorophyll a concentrations,

total suspended solids concentration,

surface and bottom dissolved oxygen, salinity, temperature, and pH
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water clarity

contaminant levels in fish

external pathological condition of fish
fish community structure

These are listed in more detail in Table 1. The goal is to collect data on all these indicators at
all stations.

C2000 is designed as multi-year program. In the northeast portion of the United States
(Delaware to Maine), estuarine waters will be sampled over a two-year span (2000-2001).
Approximately 30 to 40 stations will be sampled per state each year. Tentatively, the following
two or three years will be dedicated to other ecosystems, such as coastal waters and/or salt
marshes, with the hope of returning to estuaries in years five and six.

Each major region (west coast, Gulf of Mexico, southeast coast, northeast coast, Alaska) will
be coordinated through a central location. EPA’s Atlantic Ecology Division (AED) is responsible
for coordinating C2000 activities in the northeast (C2000-NE).

The purpose of this manual is to document suggested field data and sample collection
procedures for C2000-NE. These protocols have been developed by EMAP over the past 10
years. They will be identical to, or at least comparable with, those used in other regions of the
country. Individual states may prefer to use other methods, especially if they are currently being
used in existing programs. This is acceptable providing that comparability can be demonstrated
to the C2000-NE Field Coordinator and the QA Officer.
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SECTION 2
OVERVIEW OF FIELD SAMPLING ACTIVITIES

2.1 Sampling Period

The sampling period for C2000-NE is based on the index period established for the EMAP-
Estuaries effort in the Virginian Province (VP), which is the portion of coastline extending from
Cape Cod, MA south to the mouth of Chesapeake Bay. This is based on the time frame in which
the benthic biota are most active and hypoxia is most prevalent. The established index period is
July through September. Some deviation from this period may be acceptable for areas outside
the Virginian Province if the criteria for defining the index period are met.

2.2 Sampling Design

The EMAP-Estuaries sampling design on which C2000 is based combines the strengths of
systematic and random sampling with our understanding of estuarine systems. It provides a
design that will allow probability-based estimates of the status of the Nation's estuarine systems,
the variability associated with that status, its spatial and temporal components, and the temporal
trends associated with changes in these systems. The Coastal 2000 sampling design is based on
a single, annual sampling season of each station during the Index Period. The design differs from
previous EMAP designs in that existing monitoring programs were incorporated where
appropriate. “Biased” programs, such as those designed to evaluate the effects of a treatment
plant, would NOT be appropriate for inclusion. Working with the states, the C2000-NE design
team was able to identify a large number of sites that are currently being monitored and meet the
criteria for being unbiased in their location. Many were randomly located in the original monitoring
design.

The objective of the sampling design is to provide a statistically defensible strategy for
collecting information about selected indicators of ecological condition and their variability. The
design is flexible to allow alternative future uses.

In developing the sampling design, a list frame was used to represent the population of
estuaries in the United States. This list frame was subdivided to represent all estuarine systems
within the northeast with a surface area greater than 2.6 km?.

2.3 Indicators of Ecosystem Health
The primary goal of C2000 is to provide an assessment of overall ecosystem condition. To

accomplish this goal, a number of "indicators" of ecosystem health will be monitored. The core
set of indicators agreed upon by all entities involved in this project is listed in Table 1.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Coastal 2000 Field Operations Manual

Date: 4/26/00

Page 4 of 68

Table 1. List of core ecological indicators being measured by C2000

Water Quality Indicators

Hydrographic Profile
- dissolved oxygen
- salinity
- pH
- temperature
- depth
- light attenuation (PAR, transmittance)
- secchi depth

Water Quality Samples
- dissolved nutrients (ortho-phosphates, nitrites, nitrates, ammonia)
- chlorophyll a
- total suspended solids (TSS)

Sediment Quality

Composited Surficial Sediment
- sediment contaminants (organics and metals)
- sediment TOC
- sediment toxicity (amphipod)
- percent silt/clay

Biota
Fish/Shellfish
- community structure (species; abundance; total length, up to 30 individuals)
- tissue contaminants (organics and metals)
- external pathology (fish)

Benthos
- community structure (minimum, 2 replicates)

Habitat

- SAV (presence/absence)

- basic habitat type (e.g., open water, tidal flat, marina, harbor, inlet, tidal river/stream, seagrass bed, rocky

bottom, shelly bottom, coral reef, etc.)
- marine debris (presence/absence)
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2.4 Site Reconnaissance

Prior to the start of field activities, a thorough reconnaissance of the area to be sampled
should be performed whenever field crews will be working in new areas. This includes
determining the locations of boat ramps, hotels, and dry ice suppliers; visiting any stations that
may fall in water too shallow for boats; and attempting to identify any potential problems that the
field crews may face during the Index Period. Needless to say, reconnaissance may not be
needed in areas with which state field crews are familiar.

2.5 Station Location

The randomly selected sampling locations for each state (or specific study area) will be
provided to the field crews as coordinates of latitude/longitude in degrees-minutes, expressed to
the nearest 0.01 minute (i.e., 00° 00.00"). The crews will use GPS (preferably DGPS) to locate
the site. Three different locations will be provided for each station. These are identified as “A”,
“B”, and “C”. The primary site is the “A” location; “B” and “C” are backups. If the primary site is
not accessible, or the bottom is too rocky to obtain a sediment sample, then the crew may move
to the “B” site. If that site is also unsampleable, then they should move to the “C” site. If all three
are unsampleable, then the site is not sampled. If one of the sites can be sampled for only some
of the indicators, then that sampling should be conducted. It is important that the crew note on
the datasheet at which of these locations (A, B, or C) the samples were collected.

Crews will attempt to navigate to the location to within 0.02 nm (£ 37 m) of the given
coordinates. This reflects the accuracy expected from a properly functioning GPS unit of the
caliber that will used for the study. The crew will record the actual coordinates of the vessel after
anchorage, NOT the initial intended coordinates, on the field data sheet.

2.6 Sampling

In order to collect data as efficiently as possible and reduce the potential for sample
contamination, the samples should be collected in the order shown in Figure 1. Details about
each sampling procedure can be found in following chapters. A complete list of needed supplies
and equipment can be found in Appendix A. As stated in the Introduction, variations from these
methods must be approved, in advance of sampling, by the Northeast Field Coordinator and the
Northeast QA Officer. An overview of Quality Control/Quality Assurance (QC/QA) protocols for
each sampling technique can be found after the description of each procedure. A more detailed
account of QC/QA proposals can be found in the C2000 Quality Assurance Plan.

In areas where most of the bottom is expected to be rocky, and therefore unsampleable
(Maine for example), the crew should attempt to obtain a grab sample as one of their first
activities. If the bottom is too rocky to obtain a sediment sample, they should move to the first
backup location. Any sediment sample; muddy, sandy, gravely, or shelly; is considered
acceptable. Some movement (i.e., changing the amount of anchor line out) around the prescribed
station location is acceptable, and may be tried before relocating the station.
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Arrive on Station
Record Coordinates
Record Weather & Sea Conditions
& Presence of Trash, SAV, Macroalgae
Determine Secchi Depth
I
Collect Water Column Profile

and Light Measurements
l Filter for Chlorophyll
z Save Filter

Collect Appropriate Water Samples Save Filtrate for
E for Chlorophyll, Nutrients, & TSS at Dissolved Nutrients
: Surface, mid, and Bottom
Collect 1 liter sample for
U TSS
a 3 Whole Grabs for
/ Benthic Community
Collect Sediment for Community Analysis
> & Chemistry, Toxicity, Grain Size, & TOC
= (Biology Grabs Interspersed Among Chem/Tox)
m Surficial Sediment Homogenized
- ¢ | | | |
ﬁ TOC Organics Inorganics Toxicity Grain Size
n Conduct Fish Trawl(s)
Identify, count, measure, Fish

m & examine fish Chemistry

Figure 1. Flow chart of sampling activities conducted at C2000-NE stations.
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SECTION 3
FIELD DATA BASE MANAGEMENT

Management of data in the field is of paramount importance. Without proper data
management the quality of the data generated is questionable. Field data management consists
of two categories; written data sheets and electronic data.

In general all data will be recorded on hard-copy datasheets while on-station, and entered into
a computer back on shore. The use of bar code readers will facilitate the entry of sample
numbers and eliminate transcription errors. AED can provide datasheets and electronic forms for
data entry if desired. AED can also assist in the procurement of bar codes. C2000-NE
datasheets are included in Appendix C. Although their use is not required, it is highly
recommended.

It is the responsibility of the chief scientist to guarantee the quality of the data. At the end of
each day it is his/her responsibility to review the data collected that day and "sign-off" on it.

3.1 Sample Tracking Procedures

A variety of water, water quality, sediment, and biological samples are collected during the
C2000 sampling effort. These include physical samples (i.e., sediment and nutrient samples) and
non-physical samples (i.e., Hydrolab and YSI cast data). It is vital that all of these samples and
data be tracked from collection to the receipt of analytical results. To accomplish this purpose, all
samples collected are assigned unique sample identification numbers (SAMPLE IDs) composed
of the station number and a sample-type code. These numbers are used to track samples from
collection to inclusion in the final National database.

3.2 Station and Sample Numbers

Because Coastal 2000 is a large-scale national monitoring program being implemented by
many agencies with data feeding into a centralized database, it is critical that all stations and
samples be assigned unique identifiers. All information sent to the national database must be
associated with a station using the C2000 convention. Station names will include the state in
which the station is located, the year of sampling, and a number. The format adopted is as
follows:

SSYY-XXXX
Where,
SS is the state where the station is located,
YY is the last two digits of the year (00 for year 2000), and
XXXX is a four-digit incremental identifier, beginning at 0001.

So, for example, the first 35 stations in Massachusetts, New Hampshire, and Maine, sampled
in year 2000 would be identified as:
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MAOO0-0001 to MA0OO-0035
NHO00-0001 to MAOO-0035
MEOO0-0001 to MA0OO-0035

Note that were one state entity will be sampling in another states waters, the station number is
based on the “location” not the organization conducting the sampling. This is likely to occur when
one state will be responsible for an entire water body even though portions fall within the
neighboring state’s jurisdiction.

Sample numbers will be made up of the station code with a sample type identifier attached to
the end. Sample number formats are illustrated in Table 2. All sample information sent to the
national database must use this format.

3.3 Use of Bar Codes

The use of bar codes to label samples is highly recommended. Ten years of experience with
EMAP has demonstrated their utility. Bar codes are preprinted for every sample that might be
collected during the sampling season, with side-by-side duplicates for each sample, by a
professional service. Each label contains both the bar code itself, and the printed sample
number. Labels are waterproof and do not come off when frozen or immersed in formalin.

When a sample is collected, one of duplicate labels is placed on the sample and the other on
the datasheet. When the data are transcribed from the datasheet into the computer, the sample
numbers need not be typed in. They can just be scanned with a bar code reader. This virtually
eliminates transcription error.

Bar codes also make shipping of samples easier. As a sample is placed in the shipping
container, the sample ID is scanned into the computer. A packing list can then be printed out for
inclusion with the shipment.

3.4 Electronic Data Entry

All information recorded on the datasheets must be entered into a computer for eventual
transfer to the national database. This should be done as soon as possible, while the sampling
event is “fresh” in the crew’s mind. It is the responsibility of the chief scientist to ensure the
accuracy of the electronic data file.

One method to facilitate this process is to use form-filler software. This software can be used
to design and print hard-copy datasheets, and to create an identical electronic form. Having the
computer screen as an exact copy of the field forms facilitates data entry. QA is easier as the
completed electronic form can be printed out for side-by-side comparison with the original field
form.

C20000-NE can provide both the field and electronic datasheets to any participate desiring
them. The participant would only need to purchase the appropriate commercial software to
access the C2000-NE electronic forms.
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Table 2 Sample numbers assigned to each sample type. Sample number consists of the station number (state/year -
number, e.g., RI00-0001 for Rhode Island, year 2000, station 1) followed by a sample type code. The list below uses
station RI00-0001 as an example. For QA samples, the state identifier is replaced with “QA” and the station
designator is sequential rather than being associated with a given station. The link is made in the database.

Sample Type Type Code Example Sample Number Bar-Coded?
CTD Cast CTD R100-0001-CTD N
Light measurement (PAR) profile PAR RI00-0001-PAR N
Surface chlorophyll SCL R100-0001-SCL Y
Surface suspended solids SSS RI00-0001-SSS Y
Surface dissolved nutrients SN RI00-0001-SN Y
Mid-depth chlorophyll MCL RI00-0001-MCL Y
Mid-depth suspended solids MSS RI00-0001-MSS Y
Mid-depth dissolved nutrients MN RI00-0001-MN Y
Bottom chlorophyll BCL R100-0001-BCL Y
Bottom suspended solids BSS RI00-0001-BSS Y
Bottom dissolved nutrients BN RI100-0001-BN Y
Benthic infauna (1) BIl RI00-0001-BI1 Y
Benthic infauna (2) BI2 RI100-0001-BI2 Y
Benthic infauna (3) BI3 RI00-0001-BI3 Y
Sediment Toxicity ST RI00-0001-ST Y
Sediment grain size SG RI00-0001-SG Y
Sediment Organics SO R100-0001-SO Y
Sediment Metals SM R100-0001-SM Y
Sediment TOC ocC R100-0001-OC Y
Standard fish trawl STRL RI00-0001-STRL N
Non-standard fish trawl TRL RI100-0001-TRL N
Fish chem. species 1 composite FC1 RI00-0001-FC1 Y
Fish chem. species 1 individuals FC1-1to FC1-9 RI00-0001-FC1-1

To RI00-0001-FC1-9 Y
Fish chem. species 2 composite FC2 RI00-0001-FC2 Y
Fish chem. species 2 individuals FC2-1to FC2-9 RI00-0001-FC2-1

To RI00-0001-FC2-9 Y
“Other” sample type 1 OTH-1 RI00-0001-OTH-1 Y
“Other” sample type 2 OTH-2 RI00-0001-OTH-2 Y

Quality Assurance Samples (full range of sample numbers given for C2000-Northeast)

Fish pathology QA PATH QAO00-0001-PATH

To QA00-0500-PATH Y
Chlorophyll QA CL QA00-0001-CL

To QA00-0300-CL Y
Dissolved nutrients QA N QAO00-0001-N

To QAO00-0300-N Y
TSS QA SS QA00-0001-SS

To QA00-0300-SS Y
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SECTION 4
WATER QUALITY MEASUREMENTS

One of the activities to be performed at every station is the collection of water quality
information (salinity, temperature, pH, and dissolved oxygen [DO]). At every station a vertical
profile through the water column is obtained using a profiling instrument. Listed below are
instructions for crews using the Hydrolab DataSonde3 datalogger (referred to as either “Hydrolab”
or “DataSonde”) attached to a Surveyor 4 deck unit. This is the equipment used by AED field
crews. The protocols following are excerpted from past EMAP-Virginian Province field manuals.
This section describes the instrument and data collection procedures. Similar procedures should
be followed by field crews using other instruments.

Included in this section is the operation of a YSI model 58 DO meter. Protocols require a
duplicate measurement, using a different instrument or method, at each station for the purpose of
Quality Assurance. Winkler titrations are recommended for crews experienced with this
procedure. If this wet chemistry method is not practical, a duplicate surface measurement can be
made with a separate properly-calibrated DO meter. For the data to be acceptable, both values
must agree to within 0.5 mg/L.

4.1 Hydrolab Datasonde3® unit

Obtaining a vertical profile of the water column using a Hydrolab Datasonde3® or similar unit is
one of the first activities performed at every station. A Hydrolab is a sophisticated instrument
designed to collect high-quality data for salinity, temperature, dissolved oxygen (DO)
concentration, pH, and water depth. At each station the instrument will be used as a CTD
(instrument that measures Conductivity, Temperature, and Depth - in this case, also measures pH
and DO) to obtain a vertical profile of water column conditions. Training of all personnel expected
to operate this instrument is necessary to assure reliable operation and acceptable data.

Below are general instructions for calibrating and deploying these units.
4.1.1 Setup and Calibration

The following is a brief summary of the calibration of the Hydrolab. The manual should be
referred to for detailed instructions and should be read prior to calibration. During calibration, the
Datasonde unit should be attached to the gel pack battery to conserve the unit’s internal battery
supply. Calibration should be performed every morning prior to the start of sampling.

1. To calibrate the Hydrolab Datasonde units, the software package “Procomm” will be
used. Attach the DataSonde unit to the computer with the data cable, making sure the
computer is reading from the correct port (com 2 on AED “Rocky” laptops) and at a baud
rate of 9600bps. The first time you calibrate the Hydrolab, you will have to select the
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parameters that C2000 will be using and remove any other parameters (in order to save
memory and battery power). Once you are in Procomm, lines of data will be displayed (if
this is not the case check the battery or refer to the manual). Pull up the menu by
depressing the space bar. To select the parameters hit ‘P’.

2. You can now add the following parameters by hitting the letter in parentheses for each
parameter and then choosing E for (E)nable. The parameters that need to be added are:

(P)H
(S)alinity
D(O)

(%) Sat
(D)epth/Level
(B)attery

3. Then remove the following parameters by choosing (D)isable:
Specific (C)onductance/Resistivity
(R)edox

4.1.2  Calibration of the salinity sensor

The salinity sensor will be calibrated against a sample of seawater that has a known salinity
[from a high quality laboratory salinometer calibrated with IAPSO Standard Seawater (a.k.a.
"Copenhagen" water)]. The Hydrolab will always be equipped with the salt water cell block.
Rinse the sensor & calibration cup 3 times with a small amount of the salinity standard (shaking
vigorously with the calibration cap in place). Fill the calibration cup to within a centimeter of the
cup’s edge and make sure there are no bubbles in the conductivity cell block. From the Calibrate
menu, choose (S)alinity and enter the standard value in parts per thousand.

4.1.3 Calibration of the pH sensor

Rinse the sensors and calibration cup thoroughly with deionized water prior to and following
filling the cup with the standard pH buffers. Fill the calibration cup with the pH 7 standard buffer.
Wait until the reading stabilizes to hit the space key, access the calibrate menu and enter the pH
value. Now finish calibrating the pH sensor using the pH 10 standard. It is important that there is
not a lot of drift in the measurement before entering the calibration standard value. If you cannot
get the readings to stabilize, it is time to clean the sensors and check the battery power.

4.1.4  Calibration of the Dissolved Oxygen sensor

The calibration of the dissolved oxygen sensor is highly sensitive to the maintenance of the
sensor itself. To make the calibration process go more smoothly, it is important to examine the
DO membrane and make sure it is has not dried out, become damaged or dirty, that there are no
bubbles in the electrolyte, and that you have waited at least 12 hours (preferably 24 hours)
after changing a membrane to calibrate.
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With the unit turned upside down, fill the calibration cup with ambient room temperature tap
water (or DI) to the O-ring line on the DO sensor, making sure all of the sensors have been well
rinsed prior to this. Tightly put the calibration cap on and shake the unit to aerate the water.
Remove the cap on the calibration cup and, using the corner of a kimwipe, remove all water
droplets from the membrane surface. Put the calibration cap on (upside down). Wait for the
readings to stabilize, and then depress the space key to access the calibration menu. Enter
760mm for the barometric pressure (if a barometer is available the exact pressure can be
entered, but the range at sea level has only a minimal effect on the calculated DO reading), and
then enter the DO percent saturation (100% for the standard membrane).

4.2 Obtaining Hydrolab Profile
At each station, the general procedures for collection of data are as follows:

1 Connect the Hydrolab to the end of the winch cable with a shackle and TIGHTEN THE PIN.
Make sure a "pinger" is attached to the unit. A 50 pound weight should be hanging
approximately 0.5 meter below the unit, and one float (sufficient buoyancy to float the
Hydrolab without the weight) attached to the top. This will prevent the unit from impacting the
bottom.

2. Remove the protective cover from the probes and connect the stirrer.
3. Connect the unit to the Surveyor 4 deck unit and initialize logging.
4. Connect the stirrer to the upper bulkhead connector.

5. Lower the unit over the side and allow it to equilibrate at the surface for at least two minutes
after the unit begins logging.

6. While the unit is equilibrating, lower a YSI probe (see Section 4.3) with stirrer over the side to
the same depth as the Hydrolab. Record the reading from the YSI on the CTD datasheet.
This serves as a Quality Control check on the operation of the Hydrolab. A surface salinity
and temperature should also be obtained with a refractometer and the YSI meter or
thermometer, respectively.

Make sure that the Hydrolab surface readings agree with those from the QC check (e.g., the
DO readings must agree to within 0.5 mg/L). If they agree, continue with the cast. If they do
not agree, recalibrate the YSI and obtain another surface reading. If they then agree, continue
with the cast. If they do not, try another Hydrolab.

7. Lower the Hydrolab according to the following schedule:

Shallow sites (_2 m) - every 0.5 m interval;
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Nominal depths (>2<10 m) - 0.5 m (near-surface) and every 1-m interval to near-bottom
(0.5 m off-bottom);

Deep sites (>10 m) - 0.5 m (near-surface) and every 1-m interval to 10 m, then at 5-m
intervals, thereafter, to near-bottom (0.5 m off-bottom).

Allow the unit to stabilize at each stop during descent. Save the data from each depth on the
Surveyor unit and record the values on the Hydrographic Data Sheet. Once the weight hits
the bottom the unit will float 0.5 meter above.

8. Repeat the process on the upcast.

9. Connect the Surveyor to the computer and download the data (this can be done back at the
dock). The file should be saved as “XX00xxxxctd.csv” where XX00xxxx is the station number
(e.g., MA0O0O0OO1ctd.csv).

4.3 YSI Model 58 Dissolved Oxygen Meter and Probe

The YSI will be used to take oxygen measurements at the surface as a Quality Control check
on the Hydrolab. The following information details the maintenance and operation of the YSI
Model 58 Dissolved Oxygen Meter.

4.3.1 Initial Setup of The YSI

1. The YSI Model 58 has two separate sets of batteries, one for the oxygen meter and the
other for the stirrer. Both sets consist of 4 D-size Alkaline batteries. These are accessed
by removing the four screws on the back panel then carefully pulling the meter back
away. The upper battery holder is for the oxygen meter, the lower holder for the stirrer
batteries. Note that the stirrer batteries will probably require more frequent replacement,
whereas the meter batteries will most likely last throughout the entire field season.
Observe correct polarity whenever changing batteries in either holder.

2.  When the YSI meter batteries are low, the LOWBAT warning will show continuously on
the display (the LOWBAT warning may flash momentarily as the meter knob is turned off,
but this is normal). The initial appearance of LOWBAT indicates about 50 hours of meter
battery life. The normal life for the meter batteries is about 1000 hours.

To check the YSI stirrer batteries, turn and hold the STIRRER knob to the BATT CHK
position. If the LOWBAT warning shows continuously on the display then the stirrer
batteries should be changed. The initial appearance of the LOWBAT warning in the
BATT CHK position indicates 5 hours or less of stirrer battery life. The normal life for the
stirrer batteries is about 100 hours.
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3.  While the meter is still open, observe the position of the sliding switch in the upper right
hand corner of the meter. This switch sets the meter sensitivity for the type of membrane
on the oxygen probe. The switch should be in the middle position, set for a 1 mil
("standard") membrane.

4. Close the meter housing and gently tighten the corner screws. DO NOT OVER
TIGHTEN these screws, as they are easily stripped. As you close the meter, work the
rubber gasket so that the outer edge overlaps both halves of the housing.

4.3.2 Changing the YSI Probe Membrane

The procedure for changing the YSI probe membrane is similar to that for the Hydrolab
membrane. However there are some differences, so it's important to be familiar with both
procedures. The YSI membrane should be changed weekly, or sooner if the probe is difficult to
calibrate or is slow to respond. Visual inspection is the best indication of when to change the
membrane: if the membrane is fouled, wrinkled, cut, has bubbles underneath it, or the gold
cathode is tarnished...then it's time. Try to schedule membrane replacement at the end of a field
day, or the night before. This allows the membrane more time to "relax" and equilibrate.

1. Prepare the electrolyte by dissolving the KCI crystals in the dropper bottle with distilled
water. Fill the bottle to the top.

2. Unscrew the sensor guard, and remove the O-ring and membrane. Rinse the sensor with
distilled water and then with electrolyte. Gently wipe the gold cathode ring with a kimwipe
or paper towel.

3.  Fill the sensor with electrolyte. If you're right-handed, grasp the sensor in your left hand
with the pressure compensating vent to the right. Successively fill the sensor body with
electrolyte, then pump the diaphragm with the ERASER end of a pencil or with some
similar soft, blunt tool. Continue filling and pumping until no more air bubbles appear.
Tap the sensor with the pencil to free any bubbles trapped on the sides.

4. Remove a membrane from the "standard membrane" package (DO NOT use the
Hydrolab membranes - they are different). Secure the membrane under your left thumb.
Add a few more drops of electrolyte to the sensor to form a meniscus over the gold
cathode.

5. With the thumb and forefinger of your other hand, grasp the free end of the membrane.

6. Using a continuous motion, stretch the membrane UP, OVER, and DOWN the other side
of the sensor. Stretching forms the membrane to the contour of the probe.

7. Secure the end of the membrane under the forefinger of the hand holding the probe.
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8. Set the O-ring on the membrane above the probe, and using your thumb and index
finger, roll the O-ring down over the probe until it is seated. Try not to touch the
membrane surface while doing this. Gently tug at the exposed corners to remove all
wrinkles, then trim away the excess membrane below the O-ring and replace the sensor
guard. Inspect the membrane to make sure there are no bubbles, wrinkles, or_cuts.

9. The probe should be stored in the open-ended plastic bottle provided for that purpose.
Moisten the sponge or paper towel in the end of the storage bottle to prevent the
membrane from drying out. The membrane needs to relax for a minimum of 12 hours
following installation.

4.3.3 Calibration of the YSI Oxygen Meter

The YSI should be calibrated before sampling at EACH station, and the meter and attached
probe should be turned on for at least 10 minutes prior to calibration or sampling. In practice this
means turning the meter on at the beginning of the day and leaving it on (with the possible
exception of very long transit periods between stations). On field days when the probe is not
being used leave the meter in the % switch positions (or, in the case of the model 57, in the 0-10
MG/L position).

1. Calibration will be done in the probe storage/calibration chamber. Confirm that a moist
piece of towel or sponge is present in the bottle. Remove any water droplets from the
membrane surface by drying with the corner of a paper towel.

2. Set the function switch to ZERO, and when the display reading has stabilized, readjust
display to read 0.00.

3. Reset the function switch to % mode. When the display reading has stabilized, unlock
the O2 CALIB control locking ring and adjust the display to read 100%. Relock the
locking ring to prevent inadvertent changes. Avoid exposing the calibrated probe to large
thermal changes, such as from direct sunlight or lying on a hot deck.

4.3.4 Operation of the YSI Oxygen Meter
In general the YSI will be used to confirm the proper operation of the CTD.
1. Calibrate the YSI (See above; Section 4.3.3).
2. Remove the storage/calibration chamber and the sensor guard, and CAREFULLY screw
the probe into the stirrer. The probe membrane should NOT touch the stirrer blades.
Membrane damage occurs most often when the probe is being inserted or removed from

the stirrer. If a measurement isn't to be taken immediately, wrap the stirrer-probe unit in
a moist towel and set it out of the sun.
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4. To perform a surface YSI check place the probe next to the CTD DO probe with the
stirrer ON. Set the YSI salinity from refractometer reading. Record temperature from a
thermometer, and DO from the YSI on the "CTD CAST DATA SHEET".

5. If using the Hydrolab to obtain a bottom water dissolved oxygen concentration:

A. Collect a bottom water sample in the GO-FLO bottle.

B. Draw out a small sample from the bottle and measure the salinity using the
refractometer. Set the SALINITY switch to this value, and record the salinity on
the "CTD CAST DATA SHEET".

C. Prop open the Go-Flo bottle. A Hydrolab sensor guard without the weight works

well for this.
D. Insert the stirrer-probe unit into the GO-FLO bottle and turn the stirrer ON.
E. When the meter reading has stabilized, record the oxygen value on the "CTD

CAST DATA SHEET".

F. Remove the probe, turn the stirrer OFF, rinse the probe with freshwater, replace
the storage bottle, and store the unit out of sunlight.

4.4 Light Attenuation

C2000-NE crews will also obtain a vertical profile of light for the purpose of calculation of the
light attenuation coefficient at each station. This can be accomplished using either a PAR
(photosynthetically active radiation) meter or a transmissometer. This profile can be obtained in
conjunction with the CTD profile or separately, depending upon the equipment available. PAR
sensors require no field calibration, however, they should be returned to the manufacturer prior to
each field season for annual calibration.

To obtain a PAR profile using an independent datalogger such as the LI-COR LI-1400:

1. Connect a deck sensor and an underwater sensor to the LI-1400. Make sure the correct
calibration factors are entered for each probe. These are supplied by the manufacturer.

2. Place the deck sensor on the boat in a location where it will is not shaded.

3. Lower the underwater sensor on the SUNNY (or at least unshaded) side of the boat to a depth
of about 10 cm (represents “surface”).

4. Once readings stabilize, record the values from both sensors (LE/m?/s), along with the water
depth of the underwater sensor, on the datasheet. Log the values in the datalogger.
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9.

Lower the underwater sensor to 0.5 meters, allow the values to stabilize, and record the
values from both sensors, along with the water depth of the underwater surface.

Repeat at the following schedule:
Shallow sites (2 m) - every 0.5 m interval;

Nominal depths (>2<10 m) - 0.5 m (near-surface) and every 1-m interval to near-bottom (0.5
m off-bottom);

Deep sites (>10 m) - 0.5 m (near-surface) and every 1-m interval to 10 m, then at 5-m
intervals, thereafter, to near-bottom (0.5 m off-bottom).

If the bottom is impacted with the meter, allow 2-3 minutes for the disturbed conditions to
settle before taking the reading.

If the light measurements become negative before reaching the bottom, terminate the profile
at that depth.

Repeat the process on the upcast.

4.5 Secchi Depth

The Secchi disk is used to give a measurement of the transparency of the water column, also

called the secchi depth. This measurement is made at every station and is recorded on the CTD
datasheet. A 20 cm black and white Secchi disk is held by a non-stretch line that is marked in two
tenths of a meter intervals. To determine the Secchi depth:

1.

2.

3.

Slowly lower the Secchi disk on the shady side of the boat until it is no longer visible and note
the depth using the markings on the line (interpolate between markings to the nearest 0.1
meter). If the disk hits the bottom, meaning the Secchi depth is greater than the water depth,
note this on the datasheet.

Slowly raise the Secchi disk until it just becomes visible and note the depth.

Perform steps 1 and 2 three times, noting both readings. Record the average of the readings.

QUALITY CONTROL FOR SECCHI DISK

1.

If the range of measurements for the three sets of depth readings is greater than 0.5 m, the
entire process should be performed again.

No sunglasses or any other devices should be used to shade the eyes while this procedure is
being performed.

The Secchi depth should be determined from the shady side of the boat during daylight hours.
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SECTION 5
WATER COLUMN NUTRIENTS

Water samples will be collected at each site and analyzed for:

Chlorophyll a
Dissolved ammonia, nitrites, nitrates, orthophosphates, and
Total Suspended Solids.

Samples should be collected at three depths; surface, mid-water, and bottom, depending upon
the depth of the water:

Shallow sites (< 2 m) - mid-depth sample only;

Nominal depths (2-5 m) - 0.5 m (near-surface) and 1 m off-bottom;

Deep sites (>5 m) - 0.5 m (near-surface), mid-depth, and 1 m off-bottom.

Water samples should be obtained, either using a pumped system or a water sampling bottle
such as a Niskin or 5 Go-Flo® bottle, and transferred to a rinsed (3x with water from the sampling
bottle) one gallon HDPE container.

5.1 Chlorophyll a and Phaeophytin

Chlorophyll samples must be filtered no more than 4 hours after collection. Any further delay is
strongly discouraged due to the possible lysis of phytoplankton cells. Samples that cannot be
filtered immediately after collection must be held at 4°C until filtered. Filtering can be
accomplished by either of two methods. The first requires the use of a vacuum pump, either
electric or hand operated. The second uses positive pressure. The method used must be noted
on the datasheet.

5.1.1 Vacuum filtration

Immediately concentrate the algae by filtering onto two 47 mm GF/F filter pads. Process a
sufficient amount of sample (i.e. 100-1,500 ml) to produce a green color on the filter. Record the
volume filtered on the datasheet. The filtrate should be saved for dissolved nutrient analyses
(Section 4.2). To avoid cell damage and loss of contents during filtering, do not exceed a vacuum
of 15 psi or a filtration duration of greater than 5 minutes. Add 1 ml of saturated MgCO, solution
(10 mg/L) during the last few seconds of filtering AFTER THE NUTRIENT FILTRATE HAS BEEN
REMOVED. This buffers the sample to reduce the possibility of degradation. Carefully remove
the filters using forceps (never touch the filter with your fingers), fold in half, and wrap in clean
aluminum foil. Mark both the volume filtered and the sample number (SCL, MCL, BCL: surface,
mid, or bottom chlorophyll) on the foil. Place both filters in a whirl pak and affix the appropriate
bar code or hand-write the sample number. Place the package on dry ice.
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Note that filter funnels should be rinse with DI water prior to filtration. In addition, graduated
cylinders should be rinsed with site water.

If too much sample is filtered (i.e., there is a thick layer of material on the filter pad), it should
be discarded and the filtration repeated with a smaller volume. Too much material may result in
some “00zing out” when the pad is folded.

5.1.2 Positive pressure filtration

The alternative method is to use positive pressure to push a sample through the filter. A
disposable, graduated 50-cc polypropylene syringe fitted with a stainless steel or polypropylene
filtering assembly is used to filter the site water through 25 mm GF/F filters; the volume of water
filtered must be documented. If conditions allow (based on the suspended solids load), up to 200
ml of site water should be filtered for each chlorophyll sample; for a 50-cc syringe, that equates to
4 fills. To refill when the syringe barrel empties, carefully detach the filter assembly and fill the
syringe to the mark, replace the filter and continue with the filtration until the desired volume has
been processed. The filtrate from this process is saved for the analysis of dissolved nutrients
(see Section 4.2). After filtering the sample, add 1 ml of saturated MgCO, solution (10 mg/L) to
the syringe (AFTER THE NUTRIENT FILTRATE HAS BEEN REMOVED) and pass this through
the filter pad. This buffers the sample to reduce the possibility of degradation. Using tweezers,
carefully remove the filter from its holder and fold once on the pigment side, then place it in foil as
described in 4.1.1. Record the volume of water filtered on both the foil and on the field form. Mark
the sample number on the foil pack, then place the foil pack in a whirlpack and label the whirlpack
with the appropriate bar code. Place on dry ice. Repeat the filtering process for the second
sample and store filter in the same whirlpack containing the first sample. The samples must
remain frozen until time of analysis. Discard the used syringe. Rinse the filtering assembly with
deionized water and store in a clean compartment between sampling stations (a small tackle box
makes a good carrying kit for supplies and equipment used in this activity).

5.2 Dissolved Nutrients

Approximately 40 ml of filtrate from the above chlorophyll filtration will be collected into a
prelabeled, clean 60-ml Nalgene screw-capped bottle and stored on dry ice. Before placing
sample in the freezer, affix the appropriate bar code to the bottle and record the approximate
salinity (2 ppt) on the container. This is a convenience for the analyst who will perform the
nutrient analysis. Depending on the analytical instrumentation used, matrix matching of solutions
(e.g., standards or wash solutions) may be required for certain of the analytes. The salinity value
can be obtained from the water column data or by refractometer reading of the actual water
sample taken by sampling bottle. The nutrient samples should remain frozen until time of
analysis.

5.3 Total Suspended Solids

Approximately 1 liter of unfiltered seawater from the sampling bottle is poured into a 1-L
polypropylene bottle and stored at 4°C to await laboratory analysis.
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5.4 Quality Control
Field duplicates: A field duplicate is a sample taken at the same location and depth as a
regular sample and processed for chlorophyll, nutrients, and total suspended solids. The
duplicate and sample should be taken in quick succession. A field duplicate should be collected
once for every 10 samples. The data from field duplicates indicates sampling precision.
Although some filtering may be done on shore, many times it will be necessary to filter while
on the boat. Working with liquids on a rocking boat presents many opportunities for
contamination, and therefore, special care must be