
Standard Operating Procedure  revised January 8, 2017 
Water Quality Equipment  Page 1 of 21 

Standard Operating Procedure – Water Quality 
Equipment 

Table of Contents 
1 POINT OF CONTACT .............................................................................................................................. 2 

2 OBJECTIVE ............................................................................................................................................. 2 

3 DEFINITIONS AND ABBREVIATIONS ...................................................................................................... 2 

4 OVERVIEW ............................................................................................................................................. 3 

5 SOURCES ............................................................................................................................................... 5 

6 MATERIALS AND EQUIPMENT ............................................................................................................... 5 

6.1 Getting the water sample – digital or manual? ............................................................................ 6 

6.1.1 Digital Options ....................................................................................................................... 6 

6.1.2 Manual Options ..................................................................................................................... 9 

6.2 GPS Coordinates (decimal degrees) ............................................................................................ 11 

6.3 Total Depth (m) ........................................................................................................................... 12 

6.4 Temperature (°C) ........................................................................................................................ 12 

6.4.1 Digital Option ...................................................................................................................... 12 

6.4.2 Thermometer ($60 - $80) ................................................................................................... 13 

6.5 Salinity (ppt, ‰, PSU) .................................................................................................................. 13 

6.5.1 Digital Option ...................................................................................................................... 13 

6.5.2 Refractometer ($310 - $360) .............................................................................................. 13 

6.6 Dissolved Oxygen (mg/L, ppm, % saturation) ............................................................................. 14 

6.6.1 Digital Option ...................................................................................................................... 14 

6.6.2 LaMotte Winkler Titration Kit ($55) .................................................................................... 14 

6.7 Chlorophyll a (µg/L, RFU) ............................................................................................................ 14 

6.7.1 Digital Option ...................................................................................................................... 15 

6.7.2 Filtered Water Sample ($80 - $200) .................................................................................... 15 

6.8 Turbidity (NTU or Secchi Depth) ................................................................................................. 16 

6.8.1 Turbidimeter ($1,300) ......................................................................................................... 16 

6.8.2 Secchi Depth ($30 - $80) ..................................................................................................... 17 

7 Examples of Equipment Configurations .............................................................................................. 17 

7.1.1 Sampling Gear - Example 1 (digital water quality, digital water clarity) ............................. 18 

7.1.2 Sampling Gear - Example 2 (digital water quality, manual water clarity & chlorophyll) .... 18 



Standard Operating Procedure  revised January 8, 2017 
Water Quality Equipment  Page 2 of 21 

7.1.3 Sampling Gear - Example 3 (digital water quality, manual water clarity & chlorophyll) .... 18 

7.1.4 Sampling Gear - Example 4 (manual water quality, manual water clarity & chlorophyll) .. 19 

7.1.5 Sampling Gear - Example 5 (manual water quality, manual water clarity & chlorophyll) .. 19 

7.2 Required Replicates and Verification .......................................................................................... 20 

8 TROUBLESHOOTING / HINTS ............................................................................................................... 20 

9 DATA PROCESSING AND STORAGE ..................................................................................................... 21 

10 REFERENCES .................................................................................................................................... 21 

 

1 POINT OF CONTACT 

NAME:   Peter Linderoth, Save the Sound / CFE, Water Quality Program Manager 
ADDRESS: 545 Tompkins Ave, 3rd Floor, Mamaroneck, NY 10543 
EMAIL:  plinderoth@savethesound.org  
PHONE:  914-263-6233 

2  OBJECTIVE 

Choose equipment appropriate for sampling water quality and water clarity within an embayment 
following guidelines of the Unified Water Study (UWS). A monitoring group may receive permission to 
use different sampling supplies than listed in the SOPs by conferring with the UWS coordinator, who will 
in turn confirm acceptability of substitutions with the science advisors. Please note – proceeding to use 
substitutions without receiving permission may disqualify your data from inclusion in the UWS. 

3 DEFINITIONS AND ABBREVIATIONS 

Embayment: A recess in a coastline or an indentation off a shoreline which forms a bay. In Long Island 
Sound, the names of embayments often include the words Harbor (27%), River (23%), Cove (19%), 
Bay (10%), Creek (10%), and Pond (7%); with a few including the names Brook, Gut, Inlet, or Lake. 

Field Team: Person or group of people working together to sample a station. 

Macroalgae (macroalga, singular.): Commonly referred to as seaweed. This is a group of plant-like 
organisms. They do not have the vascular system and roots of a true plant. The “macro” prefix 
indicates these organisms are visible with the naked eye, no magnification is required to view the 
whole organism; although, magnification with a hand lens or loupe may be necessary to view the 
structure of the organism. In comparison, microalgae are the phytoplankton in the water which are 
too small to see with the naked eye. 

Macrophyte: Plants and macroalgae that are viewable with the naked eye. This term includes 
macroalgae, seagrass (eelgrass, Zostera marina; widgeon grass, Ruppia maritima), and marsh grass. 

Monitoring Group: The group conducting the field work. 

Seagrass: A true plant, not an alga; they have the vascular system and roots of a land plant. These plants 

mailto:plinderoth@savethesound.org
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are fully submerged at all times (though there are a few species not found in Long Island Sound 
which are intertidal). Long Island Sound has two species of seagrass: Zostera marina (eelgrass), 
which is the most commonly seen seagrass in our area; and Ruppia maritima (widgeon grass).  

Section: The reporting regions for the embayment report card. Each section must include a minimum of 
three stations. Sections will be assigned a unique name by the UWS; examples are included below. 

Number of Sections 1 2 3 

Name of Sections whole inner   outer inner  middle  outer 

Abbreviations for Sections W I         O I           M          O 

 

Site: The whole embayment, as defined by the UWS list. Each site has a unique three letter code 
assigned by the UWS; for example, Little neck Bay, NY is “LNE”. 

Sonde: An instrument probe that automatically transmits information about its surroundings 
underground, under water, in the atmosphere, etc. 

SOP: Standard operating procedure; this document is a SOP. 

Station: The location where samples are collected, identified by a GPS location. 

UWS: Unified Water Study 

UWS Coordinator: The person designated as the point of contact for the UWS. 

UWS Scientific Advisor: Estuarine or water quality scientists designated as advisors to the UWS.  

4 OVERVIEW 

A monitoring group may receive permission to use different sampling supplies than listed in 
the SOPs by conferring with the UWS coordinator, who will in turn confirm acceptability of 
substitutions with the science advisors. Please note – proceeding to use substitutions without 
receiving permission may disqualify your data from inclusion in the UWS. 

Sampling occurs in the months of May through October, though a shorter season is acceptable for 
inclusion in the UWS.  
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Three types of stations are included: 

1) Water quality stations are sampled within three hours of sunrise. A minimum of four per 
embayment are required. If multiple sections of the embayment are to be evaluated, a minimum 
of three stations are required per section. Water quality stations are sampled a minimum of once 
per month from June to September. Ideally, sampling occurs twice per month from May to 
October. 

2) Secchi Disc stations are included for groups who cannot logistically return to the water quality 
stations between the hours of 9 a.m. and 2 p.m. When a group has many water quality stations, 
fewer secchi disc stations may be required. Secchi disc stations should be located in areas that are 
deep enough that the Secchi disc disappears. A nearby Secchi disc station may be designated 
when a water quality station is located in a shallow area (where the bottom is viewable). Secchi 
disc stations are sampled at the same frequency as water quality stations. 

3) Macrophyte stations are land-based or boat-based. They are sampled only mid-summer and will 
typically be sampled on different days from the water quality or Secchi disc stations. Sampling 
occurs on three separate days between July 15 and August 7. 

Monitoring groups must collect the following data to be included in the UWS: 

 for each water quality station 
 GPS coordinates of stations, recorded each sample date 
 date and time 
 total depth 

o 0.5 m below the surface, 0.5 m above bottom, mid-depth if total depth >10 m  
 temperature 
 salinity 
 dissolved oxygen (if using Winkler titration, also collect barometric pressure) 

o 0.5 m below the surface  
 chlorophyll a 
 turbidity (choose between turbidity and Secchi depth) 

o at 1 station per field day, conduct two profiles and read depth and GPS twice 

 for each Secchi depth station (choose between Secchi depth and turbidity) 
 GPS coordinates of stations 
 date and time 
 total depth 
 Secchi depth 

 for each macrophyte station 
 GPS coordinates of stations 
 date and time 
 photos of macrophytes 

 within 2 days of the field sampling day, read the GPS of a land-based reference station 
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5 SOURCES 

These procedures are based on the EPA Volunteer Estuary Monitoring Manual (EPA, 2007) and follows 
methods used in the EPA National Coastal Assessment (EPA, 2001). The EPA Volunteer Estuary 
Monitoring Manual (EPA, 2007) provides a wealth of specific data for monitoring groups. All groups 
should refer to the EPA manual for specific guidance. This SOP provides specific monitoring details 
relevant to the UWS. 

6 MATERIALS AND EQUIPMENT 

The choice of sampling gear for water quality and Secchi depth will depend on the funds available for 
purchasing equipment and the number of teams you will be fielding. Examples of arrangements are 
provided in the following table with details provided in the sections indicated. Other combinations are 
also possible; consult with the UWS coordinator for assistance in choosing the appropriate gear. 

The following refers only to the non-consumable equipment. Consumables are not included in this cost 
estimate. Consumables include items such as standards, filters, dissolved oxygen titration refill kits, 
Kimwipes, maintenance supplies, sample storage bottles, etc. 

Table 1: Examples of Gear Configurations 

PARAMETER 

TECHNIQUES                                                                                               Note – prices shown are estimates 

Example 1 Example 2 Example 3 Example 4 Example 5 

Section 7.1.1 Section 7.1.2 Section 7.1.3 Section 7.1.4 Section 7.1.5 

depth multiparameter 
sonde 
$8,900 - $16,000 

multiparameter 
sonde 
$6,200 - $12,000 

multiparameter 
sonde 
$6,200 - $12,000 

metered line 
$15 

metered line 
$15 

temperature multiparameter 
sonde 

multiparameter 
sonde 

multiparameter 
sonde 

thermometer 
$60 - $80 

thermometer 
$60 - $80 

salinity multiparameter 
sonde 

multiparameter 
sonde 

multiparameter 
sonde 

refractometer* 
$310 - $360 

refractometer* 
$310 - $360 

dissolved oxygen multiparameter 
sonde 

multiparameter 
sonde 

multiparameter 
sonde 

LaMotte titration 
kit $55 

LaMotte titration 
kit $55 

chlorophyll a – 
station 

multiparameter 
sonde 

filtered water 
sample 
$80 - $200 

filtered water 
sample 
$80 - $200 

filtered water 
sample 
$80 - $200 

filtered water 
sample 
$80 - $200 

chlorophyll a  - 
bucket 
verification 

filtered water 
sample 
$80 - $200 

not required not required not required not required 

turbidity multiparameter 
sonde 

not required water sample in 
bottle &  
turbidimeter* 
$1300 

not required water sample in 
bottle & 
turbidimeter* 
$1300 

Secchi disc not required Secchi disc 
$30 - $80 

not required Secchi disc 
$30 - $80 

not required 

cost per field 
team 

$9,000 - $16,200 $6,300 – $12,300 $7,600 - $13,600 $550 - $800 $470 - $710 
+ $1300 per 
organization 

sample time sunrise + 3 hours sunrise + 3 hours 
9a.m. to 2p.m. 

sunrise + 3 hours sunrise + 3 hours 
9a.m. to 2p.m. 

sunrise + 3 hours 

* refractometer and turbidimeter may be provided one per field team or one per monitoring group (organization) 
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6.1 Getting the water sample – digital or manual? 

6.1.1 Digital Options 

These options involve a probe attached to a cable that is lowered to the target sample depth. A 
handheld unit is required to read the data from the probe. No water is collected. 

Multiparameter sondes will require maintenance kits as specified by the manufacturer, factory 
calibration and maintenance as specified by the manufacturer, and solutions for calibrating and verifying 
the readings. 

OTHER REQUIRED MATERIALS AND EQUIPMENT 

o bucket 
o See “UWS Filtered Chlorophyll SOP.” For each sonde, the field team will need all equipment and 

material listed for chlorophyll. Filter two samples per field day for verification of sonde readings. 

STANDARDS 

o ASTM type I (ultrapure) water or equivalent for 0 NTU turbidity standard solution and 0 RFU 
(and 0 µg/L) for chlorophyll a calibration, $76 / 20L (FisherSci catalog #9150-5) 

o ASTM Type III water (distilled or reverse osmosis) or better, for 0 ppt salinity standard solution, 
$38 / 10L (FisherSci catalog #NC0467154) 

o YSI turbidity standard (124 NTU) (YSI SKU: 607300), $340 / 1 gallon – Sharing of this standard 
among groups is recommended, it is reusable (does not need to be disposed after each 
calibration). Contact the UWS coordinator for more information. 

o salinity standard between 20 and 32 ppt; or a conductivity standard between 30 and 50 mS/cm 
(30,000 to 50,000 µS/cm). Examples: 

o Sodium Chloride, 0.5078N, Conductivity = 47,600µS/cm, APHA for Salinity, Ricca 
Chemical (FisherSci catalog #7225-16 or #7225-32; Ricca #722516 or #722532), $35 / 
500 mL - $55 / 1L 

o YSI Conductivity Calibrator Solution, 3169: 50,000 µS/cm (YSI SKU: 060660), $124 / eight 
1-pint bottles 
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6.1.1.1 All-In-One 

SAMPLING ALL PARAMETERS WITH ONE DEVICE ($8,900 - $16,000) 

sample depth, temperature, salinity, dissolved oxygen, chlorophyll a, turbidity 

→ Each field team receives a multiparameter sonde equipped with the following probes: 

o depth 
o temperature 
o salinity  
o dissolved oxygen 
o chlorophyll a 
o turbidity  

Examples of instruments include: 

 YSI EXO 1 with EXO Handheld Display 
 Eureka Sub 3+ with Amphibian 2 Data Display 

With this option, you will still need to filter for chlorophyll once per day, to verify the chlorophyll 
readings. 

SAMPLING MOST PARAMETERS WITH ONE DEVICE ($6,200 - $12,000) 

sample depth, temperature, salinity, dissolved oxygen 

→ Each team receives a multiparameter sonde equipped with the following probes:  

o depth 
o temperature 
o salinity  
o dissolved oxygen 

Examples of instruments include: 

 YSI EXO 1 with EXO Handheld Display 
 Eureka Sub 2 with Amphibian 2 Data Display 
 YSI Pro Plus  
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6.1.1.2 Parameter-Specific Devices 

You may choose to sample a subset of parameters with other devices that are specific to a parameter. 
These handheld devices are still lowered into the water, but only measure one or two parameters. For 
example, you may choose to purchase a dissolved oxygen sensor (which typically also has temperature), 
but measure salinity with a manual method. Be sure to check that the item includes a handheld display, 
probe, and cable. 

Only one or two examples are provided for each type, but many other instruments are available.  

Check with the UWS coordinator to see if an instrument is appropriate for use in the UWS. 

6.1.1.2.1  Temperature ($825) 

handheld display:  EZ100 EZ Portable Sensor Display  $473  

probe:  WQ101 Temperature Sensor    $352 

6.1.1.2.2 Salinity and Temperature ($1,400) 

handheld display:  YSI Pro1030 Waterproof Handheld   $770 
pH/Conductivity Meter 

cable & probe: YSI 6051030-10 Pro Series pH/ISE/ORP/  $565  
Conductivity Cable; 10-meter L 

6.1.1.2.3 Dissolved Oxygen and Temperature ($900 - $1,200) 

all inclusive:  YSI DO300 Model 550A Dissolved Oxygen  $900 
Meter, 12-ft (3.7-m) probe cables    

handheld display: YSI 6050020 Pro20 Dissolved Oxygen Meter,  $595 
waterproof           

DO probe:  YSI 605203 605202 Pro Series Replacement  $195 
DO Probe; Polarographic        

Cable:  YSI 60520-10 Pro Series Dissolved Oxygen  $320 
Cable; 10-meter L             

6.1.1.2.4 Turbidity ($2,900) 

Global Water, a Xylem Brand, provides dedicated turbidity sondes.  
http://www.globalw.com/products/turbidity.html#Options 

probe: WQ730 Turbidity Sensor,0-50 & 0-1000 NTU         $1,256 

handheld display: WQ770b Turbidity Meter,0-50 & 0-1000NTU $1,630 

http://www.globalw.com/products/turbidity.html#Options
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6.1.1.2.5 Chlorophyll a ($4,500) 

Chlorophyll probes begin at about $3000. At this price point, you should be monitoring the other 
parameters digitally and adding chlorophyll as your budget allows. 

6.1.2 Manual Options 

If water is needed, these methods provide a way to sample water from a specific depth. If using a 
multiparameter sonde to measure all parameters, no water collection is necessary. Descriptions of the 
procedures used to collect water are provided for reference, to aid in selection of a method. The most 
up-to-date procedures are available in the Sampling Plan SOP. If these methods differ from those shown 
in the Sampling Plan SOP, follow the Sampling Plan SOP, not these methods.  

6.1.2.1 Subsurface Oceanographic Sampling Bottles ($225 - $400) 

Used for sampling at depth. Can be used to sample at 0.5 m.  

The Van Dorn bottle is typically aligned horizontally while the Niskin 
bottle is typically arranged vertically. Either bottle is fine, the UWS does 
not have a preference; water should be relatively well-mixed at the 
sample depth. 

o Cock the water sampler according to manufacturer’s instructions. 
o Lower the sample bottle to the desired depth. 
o Swish at the target depth to rinse the sample bottle.  
o Send the messenger down the rope to close the water sampler. 
o Pull the water sampler to the surface with a slow and steady motion. 

These bottles are not specifically designed for collecting water for dissolved oxygen. 
Using these samplers for dissolved oxygen without modification will agitate the water 
as it enters the dissolved oxygen sample bottle, introducing bubbles and changing the 
dissolved oxygen concentration. Check with the UWS coordinator before using the 
following method for dissolved oxygen via the titration method; additional training is required. 

 If the sample bottle has an outlet nozzle, attach a plastic tube to the nozzle. 
The tube should be long enough to reach to the bottom of the dissolved 
oxygen sample bottle. With the tube outlet at the bottom of the dissolved 
oxygen bottle, allow the water to overflow three times the volume of the 
dissolved oxygen sample bottle. 

 If the sample bottle does not have an outlet nozzle, you will need a bucket. 
Rinse the bucket three times with surface water. Collect the water sample. 
Very gently – empty the water into the bucket. Use a plastic tube to 
siphon water from the bucket into the dissolved oxygen sample 
bottle. The tube should be long enough to reach to the bottom of 
the dissolved oxygen sample bottle. With the tube outlet at the 
bottom of the dissolved oxygen bottle, allow the water to overflow 
three times the volume of the dissolved oxygen sample bottle. 
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6.1.2.2  LaMotte Dissolved Oxygen Sampler, 1054-DO ($130) 

The design of this sampler specifically collects water in a manner that is appropriate 
for dissolved oxygen determination via titration. This sampler avoids agitating the 
water, avoiding introducing air bubbles and changing the oxygen concentration of 
the water. 

o Rinse the sample bottle and housing three times with surface water before 
sampling. 

o Remove the plastic center plug with inlet tubing attached. 
o Insert the collecting bottle, with the cap removed, into the chamber of the 

cylinder. 
o Replace the plastic center plug. Ensure the inlet tubing is in the collecting 

bottle. 
o Attach two-pound weight to the bottom bridle of the sampler by the snap 

clamp. 
o Attach the snap clamp on the calibrated line to the bridle on the top of 

sampler. 
o Quickly lower the water sampler to the desired depth and leave until full. 

Usually 3 – 5 minutes and can be determined when the bubbles from the 
sampler cease to appear.  

o Carefully retrieve the water sampler. 
o Remove the plastic center plug to expose the collecting bottle in the inner chamber. 
o Immediately remove the sampling bottle and fix chemically for dissolved oxygen determination. 
o Immediately insert thermometer into the water left in the sampler. 
o The remaining water in the sampler may be used for determination of other parameters. 

6.1.2.3 Subsurface Sampling Poles ($420) 

These sampling poles are designed to sample water from a specific depth. A pull-ring 
extending from the handle opens and closes the plunger on the telescoping pole once the 
jar is at the appropriate depth. The 7300 Series Telescopic Jar Samplers have a chemical-
resistant polypropylene sampler head connected to an aluminum telescoping pole. The 
head accepts a wide variety of wide-mouth jars.  

7300 Series Telescopic Jar Sampler, 24 foot telescoping pole  $414 
Other pole lengths are available. 

o Rinse the sample bottle three times with surface water. 
o Lower the water sampler to the desired depth, open the plunger and leave until 

full. May be determined by when the bubbles from the sampler cease to appear. 
o Close the plunger and retrieve the sample. 

6.1.2.4 Homemade Sampling Pole (??) 

A sampling pole can be fabricated by a handy member of your organization. The key criteria 
for acceptability is the ability to sample from a specific depth without contaminating the 
sample. The method often involves reaching into the water with the sample bottle inverted and full of 
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air, then righting the bottle and allowing it to fill at the appropriate depth. 

Homemade poles will typically work only for 0.5 m below the surface; deeper depths require alternate 
methods of sampling. The issue with deeper sampling depths is the need to cover the sampling bottle so 
that water from the surface is not mixed in to a deep sample as the open container is pulled up through 
the water column. 

A homemade pole may also be used to allow the field team to reach below the surface when standing 
on a dock or some other structure that puts you too high above the water surface to reach to 0.5 m 
below surface with your arm. 

o Rinse the sample bottle three times with surface water. 
o Remove the cap from the bottle. 
o Holding the bottle with the mouth down, lower it to 0.5 m below the surface. 
o Invert the bottle so that air empties out of the bottle and the bottle fills with water.  
o Bring to the surface. 

6.1.2.5 Reaching in with Your Arm ($0) 

You may use your arm and a sample bottle to sample 0.5 m below the surface. 

For Tier 1 UWS protocol, gloves are not required. For Tier 2 UWS protocol (sampling of nutrients), this 
collection method involving placing your hand over the mouth of the bottle is unacceptable.  

The bottle must be rinsed three times before filling. Follow the filling procedure, discarding rinse water. 

o Remove the cap from the bottle. 
o Holding the bottle with the mouth down, lower it to 0.5 m below the surface. 
o Invert the bottle so that air empties out of the bottle and the bottle fills with water.  
o Place your hand over the mouth (or cap the bottle) and bring to the surface. 

6.2 GPS Coordinates (decimal degrees) 

GPS Coordinates for the target station will be generated when you are working through the station 
selection process (UWS Station Selection SOP). You will record the GPS position of your actual location 
at each station for each sample date. If you do not record the GPS points, your data can still be used as 
part of the UWS. However, every effort should be made to record the GPS coordinates because your 
actual location while on station will not be on the targeted GPS coordinates (which is fine!). 

The goal with obtaining the GPS coordinates is to roughly verify that you were in the right spot. The 
coordinates are also used when there is confusion about the name of a station. If you think you are at 
station 1, but the UWS map has it listed as station 5, the GPS coordinates will help sort things out. 

 Marine GPS units can be purchased for as low as $220 (check Amazon.com).  

 Apps are available for your smart phone that allow you to easily log and return to GPS 
coordinates. The accuracy of the GPS on your phone is dependent on Wi-Fi signals and cellular 
signals. 

 “Bad Elf GPS for Lightning Connector” is a module that connects to your Apple device and 
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provides access to the GPS satellites directly to your phone. We have not tried this one out, but 
it has promise, as do other similar smart phone add-ons. ($90 on Amazon.com) 

Dead reckoning to get yourself on station should only be used if your GPS options have failed or if you 
are in a small enough embayment that station location can accurately be done by dead reckoning. Verify 
the suitability of this option by discussing your plans with the UWS Coordinator. 

6.3 Total Depth (m) 

Total depth at the station is required to determine the number of sample depths. The total depth can 
also provide information about the station. For example, depth can be used to verify or create a 
bathymetry map; depth information is often absent in these shallow systems. By looking at the depth 
(correcting for tidal stage) with GPS points over time, we can see if the area is generally flat or if the area 
of the station is steeply sloping. Options include: 

 Depth sounder / fish finder  

 Depth as recorded by a multiparameter sonde 

 Metric graduated line (0.1 meters) with weight sufficient to take line to the bottom. If the 
current is pulling the line at an angle, the line needs more weight.  ($15 - $60) 

Everyone should have a weighted line with markings at 0.25 m, even if using a depth 
sounder or a sonde as the main method for determining depth. The line can be rope 
with markings and a weight. Depth sounders have a minimum depth limit which can 
be as deep as 1 m, depending on the draft of the boat and the mounting location of 
the depth transducer. The presence of eelgrass and some macroalgae will “confuse” a 
depth finder. This is evident by the bottom jumping up and down on the view screen. 
In these cases, the weighted line is a back-up for verifying the depth. 

6.4 Temperature (°C) 

Select a thermometer with the smallest temperature range available which includes -1°C to 30°C. A 
smaller range makes the thermometer easier to read and leads to greater accuracy when reading. For 
example, a thermometer with a range of -20 to 200 is harder to read than a thermometer with a range 
of -1 to 60. 

6.4.1 Digital Option 

A multiparameter sonde or parameter-specific sonde. See Section 6.1.1 (page 6). 
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6.4.2 Thermometer ($60 - $80) 

NIST certified thermometer. This certification assures the accuracy of the thermometer.  

If using a thermometer as your option of choice to measure 
temperature, field teams are highly encouraged to bring two, 
in case one breaks. An alternative is to have a few spares for 
the monitoring group overall. However, consider that if a 
thermometer breaks in the field, the field day will likely be lost 
because you may not be able to get the replacement in time 
to sample within the appropriate time window. 

DO NOT choose a mercury thermometer. Please use a digital 
or alcohol thermometer. 

Choose a thermometer with the smallest range possible that includes the range of -1°C to 30°C. Some 
available options: 
 H-B Instrument Company Certified Glass Thermometer Enviro-Safe® Laboratory 

Thermometers; -1 to 61oC range 
 Digi-Sense Calibrated Remote Probe Digital Thermometer, Waterproof 

6.5 Salinity (ppt, ‰, PSU) 

6.5.1 Digital Option 

A multiparameter sonde or parameter-specific sonde can be used for salinity. See Section 6.1.1 (page 6). 

6.5.2 Refractometer ($310 - $360) 

NIST certified refractometer and dropper/pipette, some available options:  

 REED R9600-NIST Salinity Refractometer with NIST Traceable Certificate 

 VeeGee STX 3 with NIST Traceable Certificate Calibration Service (e.g. 
calibration service available from http://www.novatech-
usa.com/Products/Refractometer-Parts-Accessories)  

o If saving samples for later analysis, three 60 mL (or larger) sample bottles 
per station. Bottle may be opaque or transparent. Bottle may be high 
density polyethylene plastic (HDPE), high density polycarbonate plastic 
(HDPC), or glass. This same sample can be used for both salinity and turbidity, BUT NOT 
CHLOROPHYLL.  

o ASTM Type III water (distilled or reverse osmosis) or better (ASTM Type I, ultrapure), for 0 ppt 
salinity standard solution, $38 / 10L (FisherSci catalog #NC0467154) 

http://www.novatech-usa.com/Products/Refractometer-Parts-Accessories
http://www.novatech-usa.com/Products/Refractometer-Parts-Accessories
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o salinity standard between 20 and 32 ppt; or a conductivity standard between 30 and 50 mS/cm 
(30,000 to 50,000 µS/cm). Examples: 

 Sodium Chloride, 0.5078N, Conductivity = 47,600µS/cm, APHA for Salinity, Ricca Chemical 
(FisherSci catalog #7225-16 or #7225-32; Ricca #722516 or #722532), $35 / 500 mL - $55 / 1L 

 YSI Conductivity Calibrator Solution, 3169: 50,000 µS/cm (YSI SKU: 060660), $124 / eight 1-pint 
bottles 

 

6.6 Dissolved Oxygen (mg/L, ppm, % saturation) 

Dissolved oxygen can be read in units of mg/L or % saturation. The unit ppm (parts per million) is the 
same as mg/L, there are a million milligrams of water in a liter of water.  

A sonde will use salinity and temperature to calculate the % saturation from mg/L. The LaMotte titration 
for dissolved oxygen also yields results in mg/L. However, dissolved oxygen % saturation cannot be 
determined using the chart provided in the LaMotte manual. The conversion chart provided by LaMotte 
is for fresh water. For saline waters, the LaMotte technique for calculating percent saturation of 
dissolved oxygen using temperature and barometric pressure WILL NOT WORK. You will need salinity in 
addition to temperature and barometric pressure; to calculate percent saturations, use the USGS DO 
tables for saline waters: http://water.usgs.gov/software/DOTABLES/. 

6.6.1 Digital Option 

A multiparameter sonde or parameter-specific sonde can be used for dissolved oxygen. See Section 
6.1.1 (page 6). 

6.6.2 LaMotte Winkler Titration Kit ($55) 

Dissolved Oxygen LaMotte Titration Kit (5860-01).  

Consumable Material 
o refill of reagents for LaMotte Titration Kit 
o gloves and eye protection  
o hazardous waste container (e.g. empty peanut butter jar, other 

wide-mouth jar) – you will be adding kitty litter to the 
hazardous waste, so choose a jar or bottle that works. You may 
use a drinking bottle and a funnel made of paper to deliver 
kitty litter. 

o kitty litter, any type should work 

6.7 Chlorophyll a (µg/L, RFU) 

Phytoplankton, the microscopic plant-like organisms living in the water, contain chlorophyll a. Thus, the 
chlorophyll a provides a rough approximation of the amount of phytoplankton in the water column. This 
is considered a rough approximation because individual phytoplankton contain varying amounts of 
chlorophyll based on species, size, and environmental factors. 

http://water.usgs.gov/software/DOTABLES/
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Chlorophyll a is sampled only at 0.5 m below the surface. 

6.7.1 Digital Option 

A multiparameter sonde or parameter-specific sonde can be used for chlorophyll a. See Section 6.1.1 
(page 6). 

Even though this option samples the chlorophyll a at station depths, chlorophyll a filtering equipment is 
required for reference samples. The reference sample is a bucket of estuarine water which can be 
collected from anywhere. The sonde is used to read the chlorophyll a in the bucket and water samples 
from the bucket are filtered for analysis at a certified lab. Follow the methods for filtered water samples 
(Section 6.7.2). 

6.7.2 Filtered Water Sample ($80 - $200) 

A water sample is collected, filtered, and analyzed at an analytical lab to determine the chlorophyll a 
concentration using the fluorometric technique (90% acetone extraction).  

At each station, a water sample is collected from 0.5 m below the surface. The sample may be held in 
the dark on ice for up to four hours before filtering. The water sample is filtered through a glass fiber 
filter with pore size of 0.7 µm. Two replicates of the collected water are filtered. The filter is dried by 
passing air through the filter. The filter is stored in the dark on ice until it can be transferred to a freezer 
(within 12 hours of the initial sample collection).  

Monitoring groups should consult and comply with any additional methods associated with the specific 
certified lab chosen. 

Equipment (non-consumable, you can reuse) 

o 500 mL (or larger) sample bottle, bottle must be opaque if not filtering immediately following 
collection. Bottle may be high density polyethylene plastic (HDPE), high density polycarbonate 
plastic (HDPC), or glass. 

o Filter holders, 2.5 cm (preferred: Pall brand, 25 mm Easy Pressure Syringe Filter Holder, Delrin 
Plastic; second choice: Millipore Swinnex Filter Holder, 25 mm polypropylene with silicon gasket, 
Fisher Scientific Catalog Number: SX00 025 00; Millipore Number: SX0002500) 

o 60 mL syringe 
o Forceps for handling filters 
o Airtight container (e.g. Rubbermaid or Ziploc sandwich or snack container) 
o Cooler 
o 2 L high density polycarbonate (HDPC, preferred), high density polyethylene (HDPE), or glass 

bottle; filled with ASTM type III (distilled or deionized) water (ASTM Type II or I are also 
acceptable); store in a bottle which has only held pure water (for field blank)  

Consumable Supplies (these cannot be reused) 

o Glass Fiber Filters (Whatman GF/F with nominal pore size of 0.7 μm), 2.5 cm diameter, (Fisher 
Scientific Catalog Number: 09-874-64; Whatman Number: 1825-025)  

o Blotting paper or unused coffee filter cut into strips 
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o Aluminum foil 

 

6.8 Turbidity (NTU or Secchi Depth) 

Turbidity is a measure of the water clarity. It can be measured using digital methods (turbidimeter) 
within 3 hours of sunrise. It can alternatively be measured by Secchi depth, which must be sampled 
between 9 a.m. and 2 p.m. 

6.8.1 Turbidimeter ($1,300)  

Turbidity is sampled only at 0.5 m below the surface. 

At each station, a water sample is collected from 0.5 m below the surface to determine the turbidity 
(NTU) using an optical meter. The sample may be held up to 6 hours before analysis.  

The use of a turbidimeter can replace the sampling of Secchi depth. 

Samples for turbidity can be collected in the morning and delivered to a central location for analysis. 
This means that for monitoring groups with many field teams, only one turbidimeter is required. 

Turbidimeter; examples of instruments include: 

 2100Q Portable Turbidimeter (HACH Product # 2100Q01) & Portable Turbidimeter 
Sample Cells (HACH Product # 2434706) 

 2020we Portable Turbidity Meter (LaMotte Order Code # 1970-
EPA) & LaMotte 0290-6 Turbidity Sample Test Tubes/Vials; 6/Pk 
(LaMotte Mfr# 0290-6) 

Turbidimeter Consumable Accessories 

o Kimwipes or microfiber cloth 
o Powder-free nitrile gloves (for handling turbidity cell) 
o Silicone oil, 15 mL SCDB (HACH Product # 126936) 
o Pipette 
o YSI Turbidity Standard (124 NTU) (YSI, SKU: 607300) 
o ASTM type I (ultrapure) water or equivalent for 0 NTU standard solutions 
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o If saving samples for later analysis, at least one 60 mL (or larger) sample bottle per station. 
Bottle may be opaque or transparent. Bottle may be high density polyethylene plastic (HDPE), 
high density polycarbonate plastic (HDPC), or glass. This same sample can be used for both 
salinity and turbidity, BUT NOT CHLOROPHYLL. Salinity is sampled at surface, mid-depth (if 
needed), and bottom, thus requiring three sample bottles: one per depth. 

STANDARDS 

o ASTM type I (ultrapure) water or equivalent for 0 NTU turbidity standard solution and 0 RFU 
(and 0 µg/L) for chlorophyll a calibration, $76 / 20L (FisherSci catalog #9150-5) 

o ASTM Type III water (distilled or reverse osmosis) or better, for 0 ppt salinity standard solution, 
$38 / 10L (FisherSci catalog #NC0467154) 

o YSI turbidity standard (124 NTU) (YSI SKU: 607300), $340 / 1 gallon – Sharing of this standard 
among groups is recommended, it is reusable (does not need to be disposed after each 
calibration). Contact the UWS coordinator for more information. 

o salinity standard between 20 and 32 ppt; or a conductivity standard between 30 and 50 mS/cm 
(30,000 to 50,000 µS/cm). Examples: 

o Sodium Chloride, 0.5078N, Conductivity = 47,600µS/cm, APHA for Salinity, Ricca 
Chemical (FisherSci catalog #7225-16 or #7225-32; Ricca #722516 or #722532), $35 / 
500 mL - $55 / 1L 

o YSI Conductivity Calibrator Solution, 3169: 50,000 µS/cm (YSI SKU: 060660), $124 / eight 
1-pint bottles 

o  

6.8.2 Secchi Depth ($30 - $80) 

Secchi disks are used by many monitoring programs as they provide an inexpensive and quick method 
for evaluating the clarity of the water.  

Secchi discs range in size and material. The disc is typically divided into 
four alternating black and white quadrants, though discs can alternatively 
be all white; either is fine for the UWS. Secchi discs used in freshwater 
systems are typically 20 cm in diameter, while Secchi discs used in open 
water (deep) marine systems are typically 40 cm to 50 cm in diameter, 
though they can range in sizes from 5 cm to 1 m. The size is determined 
by the expected Secchi depth for the system. Larger sizes are used in 
clearer waters, where the disappearance from view may be due to the 
size of the disc versus the clarity of the water.  

Instructions for constructing your own Secchi disc (versus purchasing) are available online. 

7 Examples of Equipment Configurations 

The following are examples of possible choices for sampling. Choices of equipment will be determined 
by the finances available and the number of field teams. 
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7.1.1 Sampling Gear - Example 1 (digital water quality, digital water clarity) 

SAMPLE TIME: within 3 hours of sunrise 

→ Each field team receives a multiparameter sonde equipped with the following probes ($8,900 - 
$16,000): 

o depth 
o temperature, salinity 
o dissolved oxygen 
o chlorophyll a 
o turbidity  

→ Chlorophyll a filtering equipment is required for reference samples ($80 to $200) 

7.1.2 Sampling Gear - Example 2 (digital water quality, manual water clarity & chlorophyll) 

SAMPLE TIME: within 3 hours of sunrise & between 9 a.m and 2 p.m. for Secchi disc 

→ Each team receives a multiparameter sonde equipped with the following probes ($6,200 - $12,000):  

o depth 
o temperature, salinity  
o dissolved oxygen 

→ Secchi disc ($30 - $80) 

→ Chlorophyll a filtering equipment ($80 - $200) 

7.1.3 Sampling Gear - Example 3 (digital water quality, manual water clarity & chlorophyll) 

SAMPLE TIME: within 3 hours of sunrise  

→ Each team receives a multiparameter sonde equipped with the following probes ($6,200 - $12,000): 

o depth 
o temperature 
o salinity  
o dissolved oxygen 

→ Turbidimeter and Accessories ($1,300) 

→ Chlorophyll a filtering equipment ($80 - $200) 
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7.1.4 Sampling Gear - Example 4 (manual water quality, manual water clarity & chlorophyll) 

SAMPLE TIME: within 3 hours of sunrise & between 9 a.m and 2 p.m. for Secchi disc 

Each team receives a sampling kit with the following: 

→ Secchi disc ($30 - $80) 

→ Depth line ($15) 

→ Sampling device for retrieving subsurface water without introducing oxygen bubbles ($130) 

→ Sampling device for surface water (0.5 m below surface); may use the subsurface sampler 

→ NIST certified thermometer ($60 - $80) 

→ NIST certified refractometer and dropper/pipette ($310 - $360) 

→ Dissolved Oxygen LaMotte Titration Kit ($55) 

→ Chlorophyll a filtering equipment ($80 - $200) 

7.1.5 Sampling Gear - Example 5 (manual water quality, manual water clarity & chlorophyll) 

SAMPLE TIME: within 3 hours of sunrise & between 9 a.m and 2 p.m. for Secchi disc 

Multiple field teams may collect water and deliver to a centralized location for salinity and turbidity 
analysis. This allows the monitoring group to purchase only one refractometer and one turbidimeter, 
versus supplying one to each field team. 

The monitoring group has a centralized analysis person with one of each of the following: 

→ One NIST certified refractometer and dropper/pipette ($310 - $360) 

→ One Turbidimeter and Accessories ($1,300) 

Each field team receives a sampling kit with the following: 

→ Depth line ($15) 

→ Sampling device for retrieving subsurface water without introducing oxygen bubbles ($130) 

→ Sampling device for surface water (0.5 m below surface); can use the subsurface water sampler (??) 

→ NIST certified thermometer ($60 - $80) 

→ NIST certified refractometer and dropper/pipette ($310 - $360) 

→ Dissolved Oxygen LaMotte Titration Kit ($55)  

→ Chlorophyll a filtering equipment ($80 - $200) 
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7.2 Required Replicates and Verification 

During a field day, use the field data sheet as a reminder for the number of replicates required for each 
parameter. 

Table 2: Required replicates, blanks, and verification readings. 

parameter & 
technique 

replicates required  verification and/or blank 

GPS coordinates 1 reading per station 

at 1 station per day, take a second 
reading before leaving the station 

read a land-based reference station 
within 2 days of the field sampling day 

sampling with 
multiparameter 
sonde 

1 reading at each depth, wait for 
reading to stabilize before 
recording 

at 1 station per day (typically the 
last station), do two replicate 
profiles – do one complete profile, 
then do a second 

verify depth by lowering sonde to 
known depth 

verify chlorophyll a by reading water in 
a bucket and filtering 2 samples from 
the bucket 

read standards at the start and end of a 
sample day (salinity, oxygen in 100% 
water saturated air, turbidity); day 
before and after sample day is 
acceptable 

refractometer 1 reading from each depth 

1 station per day, collect two 
separate samples from each depth 
for analysis 

read 0 ppt water at the start and end of 
the day; day before and after sample 
day is acceptable 

dissolved oxygen by 
titration 

2 independently obtained samples 
from each depth at all stations 

none 

filtered chlorophyll 
a 

2 filtered samples of a single water 
sample collected from 0.5 m below 
the surface at all stations 

2 blanks per day 

turbidity from 
collected water 
sample 

1 reading from a single water 
sample collected from 0.5 m below 
the surface 

1 station per day, collect two 
separate samples for analysis 

read 0 NTU water at the start and end of 
the day; day before and after sample 
day is acceptable 

Secchi depth 3 independent readings of Secchi 
depth at each station 

none 

macrophytes 3-6 stations per embayment photos of each rake toss or the beach 
being sampled, reviewed by UWS 
science advisors 
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8 TROUBLESHOOTING / HINTS 

Confer with the UWS Coordinator. 

9 DATA PROCESSING AND STORAGE 

Record make and model for each instrument. Record lot number and expiration dates for standards and 
chemicals. This information is required in the UWS data template. 
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